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Abstract of the Dissertation
The Military-Industrial Complexes of WWII: Research Facility Expansion and Product
Diversification at B.F. Goodrich and the Largest U.S. Industrial Manufacturers, 1941-
1960

In his 1961 farewell address to the nation, President Dwight D. Eisenhower
explained how a “technological revolution during recent decades” was “largely
responsible for the sweeping changes in our industrial-military posture.” As a result, this
dissertation considers how and why post-WWII industrial research became, according to
Eisenhower, “more formalized, complex, and costly.” The origins and characteristics of
a paradigm shift in how American corporations conducted research are identified by
comparing changes in R&D at the B.F. Goodrich Company from 1941 through 1960 to
similar developments at the 200 largest U.S. industrial manufacturers in 1948.

For large-scale firms, WWII mobilization escalated into a crisis when federal
attempts to organize industry for wartime and postwar production threatened to break
down barriers to entry and increase competition in the marketplace. As a participant in
the government’s synthetic rubber program, B.F. Goodrich was required to share patents
and technical expertise with federal agencies and other rubber, oil, and chemical
companies. Fearing that these exchanges might undermine its competitive advantages in
rubber manufacturing, Goodrich reorganized its R&D departments and constructed a new
research center by 1948 as part of its strategic transformation from an industrial
corporation that refined and fabricated one particular raw material (rubber) to a research
company with diverse product lines in rubber goods and chemically related sectors.

Likewise, an analysis of the 200 largest U.S. industrial manufacturers in 1948

reveals that from 1941 through 1960, nearly every one of these firms constructed new



research facilities, hired armies of scientists and technicians, and implemented some type
of product diversification strategy in order to hedge against the uncertainties of an
evolving postwar political economy. These research facilities were themselves small-
scale, brick-and-mortar “military-industrial complexes” where the technical and
functional capabilities of large corporations were enhanced by managers and scientists
who not only secured funding in the form of government contracts, but also coordinated

the activities of corporate and university laboratories to achieve technological innovation.
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Introduction

I. Pioneering a Frontier in Science beyond the Rubber City

Halfway between Akron and Cleveland, tucked into what remains of the
woodlands of northeast Ohio, lies the town of Brecksville. Brecksville was home to less
than 2,600 residents on June 15, 1948, but that day brought an unusual amount of
excitement to this quiet, affluent suburb of Cleveland. Scores of B.F. Goodrich Company
employees had descended on 9921 Brecksville Road, the address of a 261-acre parcel of
land less than three miles west of the Cuyahoga River.! There they would witness the
dedication of the new B.F. Goodrich Research Center, a complex of six structures
dominated by a three-story main building that impressed observers with its modernist
exterior design and sleek, brick facade.? The facility’s official opening seemed to augur a
bright future for a corporation whose strategic aims had been dramatically altered by its
experiences during World War II.

To attend the day’s festivities, the Goodrich board of directors flew from New

York City to Cleveland on the morning of June 15, made the convenient half-hour drive

1In 1880, Benjamin Franklin Goodrich and investor George Crouse incorporated the partnership
Goodrich, Tew & Co. in the state of Ohio as the B.F. Goodrich Company. This corporation underwent
several name changes over the next 130 years. To avoid confusion, | will refer to the B.F. Goodrich
Company as either “B.F. Goodrich” or simply “Goodrich,” two names used by employees and the public
during the decades (the 1940s and 50s) addressed in this dissertation. Later, in 1974, the company adopted
the logo and name “BFGoodrich.” In 1986, the tire division of BFGoodrich merged with Uniroyal to
become the Uniroyal Goodrich Tire Company, which was acquired by the French tire manufacturer
Michelin just four years later. Finally, in 2001, BFGoodrich divested itself of its specialty chemicals
division to focus on its aerospace business, adopting the logo and name “Goodrich Corporation.” The
Goodrich Corporation was acquired by United Technologies Corporation in 2012 and merged with
Hamilton Sundstrand to create a new subsidiary, UTC Aerospace Systems. The Goodrich name lives on in
the BFGoodrich brand of tires, which is still owned by Michelin. For a history of the B.F. Goodrich
Company through 1995, see Mansel G. Blackford and K. Austin Kerr, BFGoodrich: Tradition and
Transformation, 1870-1995 (Columbus: The Ohio State University Press, 1996).

2 B.F. Goodrich Company Public Relations Department, untitled press release, June 23, 1948, pp. 1-4,
Folder labeled “BFG Research Center—Brecksville, OH, Publicity of Opening,” Box 85, Series VII:
Research and Development, B.F. Goodrich Company Records 1868-1990, Archival Services, University
Libraries, The University of Akron, Akron, Ohio (hereafter cited as BFGCR).

1



to Brecksville, and arrived at the research center three hours prior to the 1:45PM
dedication ceremony for a luncheon and guided tour of the facility.® The ease with which
the board and company executives could travel between Cleveland Municipal Airport and
Brecksville was one of the reasons that the research center was built well beyond the
Akron city limits, approximately twenty miles northwest of Goodrich’s headquarters and
primary manufacturing plants.* The Brecksville location also made the facility more
accessible to employees in the company’s new Chemical Division, which had been
established in 1942 and moved to its own separate offices in Cleveland two years later.®
The decision to locate the research center in Brecksville, however, was not just a
matter of convenience. Company managers who oversaw research and development
(R&D), especially Vice President-Research Howard E. Fritz and Director of Pioneering
Research Waldo L. Semon, contended that the Brecksville site had four strategic
advantages. First, the facility’s laboratories were removed from the “noise, dirt, and
vibration” of industrial Akron and Cleveland that might contaminate delicate
experiments.® Second, the acreage around the research center allowed for its future
expansion, as well as for the growing of crops on which to test agricultural chemicals.
Third, the short drive from Brecksville to the corporate offices and manufacturing
plants in Akron ensured that Goodrich scientists could continue to test new technologies

on the factory floor and coordinate their work with sales and production managers. At

3 “Schedule for Visit of B.F. Goodrich Directors to B.F. Goodrich Research Center for Inaugural
Ceremony,” June 15, 1948, Folder labeled “Goodrich Company Research Center, Brecksville, OH, 1948—
Information Dealing with Dedication of Building,” Box 85, Series VII: Research and Development,
BFGCR.

4 Cleveland Municipal Airport was renamed Cleveland-Hopkins International Airport in 1951.

5 Blackford and Kerr, BFGoodrich, 184-86. In 1945, the Chemical Division was named the “B.F.
Goodrich Chemical Company” and made an independent subsidiary of the parent corporation.

6 B.F. Goodrich Public Relations, untitled press release, June 23, 1948, p. 1.

2



the same time, the distance between the research center and Akron headquarters promised
scientists increased independence within the company’s organizational hierarchy, as
executives and production managers could no longer micromanage the Research
Division. In other words, the twenty miles between Brecksville and Akron “removed the
petty problems” that arose with constant interaction among the sales, production, and
research branches of the company, while still enabling these branches to consult when
their respective undertakings had to be reconciled with each other and the long-term
strategic goals of the corporation.” Finally, the Brecksville location gave scientists and
support staff the option to move their families out of Akron to a quieter community.
Waldo Semon, who initially wanted the research center to be built in Akron, later
admitted that the scenic beauty around Brecksville made the town an ideal place to raise a
family and could attract “higher quality men” to the facility.®

The quality of employees was important to management given the sizeable
investment that Goodrich had made in the design and construction of its research center.
The complex cost over $6 million and contained 81 individual laboratories, a 10,000-

volume technical library (purported to be the largest in the industry), a fire-proof vault

"Waldo L. Semon to Howard E. Fritz, November 4, 1942, Folder 8, Box 7, Series IlI: Subject Files
1929-1965, Waldo L. Semon Papers 1926-1990, Archival Services, University Libraries, The University of
Akron, Akron, Ohio (hereafter cited as WLSP). Semon, who in 1942 was director of synthetic rubber
research at Goodrich, favored independence for scientists, believing that they would best serve the long-
term health of the company if they could creatively pursue the theoretical questions encountered in basic, or
“fundamental,” research. At the same time, Semon contended that scientists had to “fraternize” with
production managers and the “applied technical men” who sought to put the results of basic research to use
in the company’s manufacturing plants. Without the grounding effects of fraternization, scientists might
“float around in the higher reaches of the atmosphere and never get back to earth,” forgetting that the end
goal of their research was to discover products and processes that Goodrich could commercialize.

8 Waldo L. Semon, “Moving Laboratory Away from Akron,” handwritten notes, May 3, 1944, Folder
8, Box 7, Series I11: Subject Files 1929-1965, WLSP. Semon was not alone in thinking that the Brecksville
location could attract better talent to the research facility. Director of Koroseal Research and Development
Frank K. Schoenfeld argued against a proposed Akron site for the research center because it was in close
proximity to “low-cost homes” that would be a “poor advertisement” for the company. F.K. Schoenfeld to
Waldo L. Semon, November 12, 1942, Folder 8, Box 7, Series I11: Subject Files 1929-1965, WLSP.
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housing research documents and original lab notes, a water cooling tower with a 300,000-
gallon underground storage tank, workshops and fabrication facilities to build virtually
any piece of equipment required on-site, an emergency lighting system powered by
storage batteries, gas-fired boilers, an auditorium, conference rooms, and office space for
the staff.° Upon opening, the research center employed approximately 100 scientists and
engineers—as well as 125 non-professional personnel—to make use of its world-class
features. 0

Many of these employees were on hand for the 1948 dedication of the center
when President John L. Collyer, along with other executives and the heads of each
research department, posed “a challenge to all members of the B.F. Goodrich team—to
our scientists, engineers, and technicians.”'! Collyer asked those in attendance to “not be
content to rest on laurels won in other years,” but instead “work with skill and energy to
make new gains.”'? The notion that company researchers should “pioneer” cutting-edge
paths to scientific discovery (and, in turn, the sustained growth of Goodrich) was the

unifying theme of the day’s speeches. Dr. Frank K. Schoenfeld told the audience that

% For the cost of the research center, see Hartley W. Barclay, “Goodrich Develops New Chemical
Line,” The New York Times, September 29, 1948, p. 43. For the technical specifications of the facility, see
A.B. Japs, “Chemical Engineering Research at the B.F. Goodrich Company,” Industrial and Engineering
Chemistry 40, no. 11 (November 1948): 2021-27. To better understand the magnitude of Goodrich’s $6
million investment in the construction of the research center, the annual report for 1945—ground was
broken for the facility on January 3, 1946, just after the conclusion of the fiscal year—indicates that the
company’s net income had been $12.3 million, up from $12 million in 1944. Goodrich listed the value of
its capital assets (which included “real estate, buildings, machinery and equipment at cost, less
depreciation, amortization and special reserves of $69.3 million”) at $48.7 million on December 31, 1945.

10 B.F. Goodrich Public Relations, untitled press release, June 23, 1948, p. 3. Six of the 100 scientists
were women: three physicists and three chemists.

1 Collyer became president in 1939 and was elected chairman of the board in 1950 after David M.
Goodrich retired. The first outsider to serve as president of Goodrich, Collyer had risen through the ranks
of the British rubber manufacturer Dunlop, holding the position of managing director there from 1937 to
1939.

12 “Inaugural Meeting—B.F. Goodrich Research Center, Brecksville Ohio,” unpaginated booklet, June
15, 1948, Folder labeled “Goodrich Company Research Center, Brecksville, OH, 1948—Information
Dealing with Dedication of Building,” Box 85, Series VII: Research and Development, BFGCR.
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“the job of a research scientist is to blaze a trail into a new country,” while Howard Fritz
proclaimed that the Brecksville workshops would enable Goodrich to “conquer new
frontiers of thinking, just as our forefathers conquered the untamed forces of the
wilderness.” In fact, two years prior to the dedication ceremony, Waldo Semon proposed
a motto for the research center: “We Pioneer the Frontier in Science.”*® The comparisons
drawn between company scientists and early American settlers of the continent implied
that Goodrich was fulfilling a kind of “manifest destiny” in R&D and the dedication of
the Brecksville facility was a milestone in an inexorable march toward scientific and
technological breakthroughs.

Such confidence in the abilities of Goodrich scientists was not unfounded. As
John Collyer explained at the Brecksville dedication, the company had “an enviable and
unique record of scientific accomplishments which have earned the title—B.F.
Goodrich—FIRST IN RUBBER.”® Since its incorporation in 1880, Goodrich had
become one of the “Big Four” American rubber manufacturers and enjoyed an

oligopolistic position in the industry by making key investments in R&D.® The

13 Waldo L. Semon to Howard E. Fritz, January 25, 1946, Folder 8, Box 7, Series Il1: Subject Files
1929-1965, WLSP.

14 In a letter to Vannevar Bush dated November 17, 1944, Franklin Roosevelt employed the same
optimistic metaphor used by the speakers at the Brecksville dedication four years later, observing that
science offered “new frontiers of the mind” to be “pioneered with the same vision, boldness, and drive with
which we have waged [WWII].” Bush, who was then director of the Office of Scientific Research and
Development, would title his influential 1945 report to the president, Science: the Endless Frontier. In the
report, Bush sought greater government support of R&D, especially exploratory basic research at
universities and government facilities. He also called for the public financing of scholarships to train new
scientists and the creation of an agency to oversee federal funding of research. See Vannevar Bush,
Science, the Endless Frontier: A Report to the President (Washington, D.C.: U.S. Government Printing
Office, 1945), v-ix.

15 “Inaugural Meeting—B.F. Goodrich Research Center,” June 15, 1948.

16 The other manufacturers that made up the “Big Four” were Goodyear, U.S. Rubber, and Firestone.
These corporations dominated the market for rubber-related goods (especially tires) from WWI through the
1960s. In 1948, each of the Big Four possessed over $260 million in total assets: Goodyear was the largest
with approximately $425 million, while General Tire & Rubber, the fifth-largest rubber producer in the
U.S. at the time, possessed assets worth only $70 million.
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company’s reputation as a driver of innovation dated back to 1895, when Charles Cross
Goodrich, son of founder Benjamin Franklin Goodrich, opened one of the first rubber
research laboratories in the U.S.1” It was Goodrich’s early success in tire manufacturing
during the 1890s that attracted other rubber companies to Akron, which soon became
known as the “Rubber City” and “Rubber Capital of the World.”!8

B.F. Goodrich continued to develop new products and manufacturing processes in
its Akron laboratory during the first half of the twentieth century. In 1926, Waldo Semon
discovered a synthetic polymer called polyvinyl chloride (PVC). Commercialized under
the trade name “Koroseal,” PVC would find use in a variety of applications, ranging from
wire insulation to a construction material for piping and flooring. By 1940, Goodrich
scientists introduced “Liberty” tires containing over 50% “Ameripol” (American
polymer) synthetic rubber.'® The federal government would soon call upon this technical
expertise in synthetics, as the Japanese invasion of southeastern Asia threatened
America’s supply of natural rubber before the bombing of Pearl Harbor. Goodrich
worked with federal agencies, other rubber and chemical firms, and university
researchers to essentially build a domestic synthetic rubber industry from scratch in less

than five years, an undertaking that some historians claim was “the most effective

17 Summit County Historical Society, “History of Akron,” November 1951, p. 2, Folder labeled
“History of Akron—Summit Co. Historical Soc.,” Box 95, Series IX: Printed Material, BFGCR. Several
industry histories claim that the original B.F. Goodrich laboratory was the first in the U.S. devoted to
rubber research. However, when Robert Cowen was superintendent of the Boston Woven Hose and
Rubber Company, he hired “college trained men” to staff the first “general” rubber research laboratory in
1894, one year before the Goodrich lab opened and two years before the Diamond Rubber Company built
their own lab in Akron. For more information on the Boston Woven Hose and Rubber research laboratory,
see John M. Ball, Reclaimed Rubber: The Story of an American Raw Material (New York: Rubber
Reclaimers Association, Inc., 1947), 76.

18 Michael J. French, The U.S. Tire Industry: A History (Boston: G. K. Hall & Co., 1991), 22.

19 Waldo L. Semon, “American Rubber,” speech given to the student body of Trinity College,
Hartford, Connecticut, December 14, 1950, pp. 6-7, Folder labeled “Speeches 1941-1950,” Box 85, Series
VII: Research and Development, BFGCR.



combination of government, industry and academia ever assembled up to that point in
U.S. history” to meet a major technological challenge.?°

Given Goodrich’s steady leadership in the rubber industry and its record as a
technological innovator, executives at the 1948 Brecksville dedication justifiably
believed that the research center would help fulfill the pioneering destiny in store for the
company. On the other hand, a sober historical analysis might consider the decision to
build a modern research facility to be unremarkable. Firms of every size and in every
industry continually make investments in plant to complement investments in personnel,
all in an effort to remain competitive in the marketplace. Therefore, to determine the
historical significance of the B.F. Goodrich Research Center, it must be understood in
light of three related developments: the company’s strategic aims shaped by the research
and production demands of WWII; the fluid, nuanced relationships between Goodrich
and its competitors in the nascent synthetic rubber industry; and the emergence of a new
political economy characterized by dynamic networks linking government, business, and
universities. Appreciating where Goodrich’s wartime and postwar R&D investments fit
in this context allows scholars to not only avoid the unbridled optimism that permeates
Whiggish accounts of individual companies or industries, but also ascertain how the
histories of multiple organizations intersected at a given moment in time.

Accordingly, the 1948 dedication in Brecksville was a moment in time that
signaled an already ongoing transformation in the strategic positioning of B.F. Goodrich
with respect to its competitors and the broader political economy. The managerial

decisions to locate the research center in Brecksville and establish a Chemical Division in

20'Vernon Herbert and Attilio Bisio, Synthetic Rubber: A Project That Had to Succeed (Westport,
Connecticut: Greenwood Press, 1985), ix.



Cleveland meant that Goodrich was beginning to pioneer a future in scientific
achievement beyond both the Rubber City and the corporate identity it had forged in
Akron as a focused manufacturer of rubber-related products. These decisions, which
accompanied changes in how Goodrich conducted R&D, were essential components of a
product diversification strategy initiated in response to the construction of government-
funded defense plants for the WWII synthetic rubber program. The formulation,
implementation, and subsequent adjustment of the diversification strategy was a give-
and-take process that had begun in earnest by 1942 and continued through the 1950s—
and whose effects were felt long afterwards—as the company navigated government
regulation of the rubber industry. This dissertation will investigate that process and
consider why it was a historical watershed for B.F. Goodrich. More importantly, the
dissertation will draw conclusions about the American rubber industry and postwar

political economy from an analysis of Goodrich’s strategic repositioning.

I1. An Overview of the Dissertation: Argument and Methodology

The argumentative narrative of the dissertation is as follows: due to the urgency
of the impending natural rubber shortage in 1940, administrators in federal agencies
pooled the organizational capabilities of large-scale rubber, chemical, and petroleum
firms in order to construct and operate over fifty synthetic rubber defense plants
throughout the country. These capabilities consisted of three types of knowledge:
technical (the application and creation of technologies to commercialize new products
and processes), functional (the development, production, and distribution of new

products), and managerial (the administration, integration, and coordination of functional



activities).?! Built to take advantage of such knowledge, the defense plants were, in a
sense, brick-and-mortar “military-industrial complexes,” as were the research laboratories
that tested and refined the chemical reactions necessary for the production of synthetic
rubber. Construction of the plants and laboratories required new relationships—and
altered existing ones—among managers and scientists at competing firms and research
universities. The relationships involved the sharing of intellectual property through
patent pools, the exchange of technical information through professional and trade
organizations, the testing of synthetic rubber samples and manufacturing processes in
research laboratories through a planned division of labor, and the implementation of a
resource-conscious manufacturing strategy through the dictates of government-organized
advisory committees staffed with corporate managers and scientists.

These relationships, though, did not constitute a nefarious conspiracy on behalf of
government and large corporations to take advantage of the public.?> By means of a
quantitatively informed case study that investigates organizational changes at B.F.
Goodrich from 1941 through 1960, I contend that the distrust among firms participating
in the synthetic rubber program led to an internal revision of Goodrich’s R&D aims. The
distrust was fomented by the same relationships needed to construct and operate the
synthetic rubber defense plants: firms like Goodrich were leery of pooling patents and

sharing technical expertise with competitors, anticipating that these exchanges would

2L Alfred D. Chandler, Jr., Shaping the Industrial Century: The Remarkable Story of the Evolution of
the Modern Chemical and Pharmaceutical Industries (Cambridge, Massachusetts: Harvard University
Press, 2005), 6-7. According to Chandler, technical capabilities are the “R,” or research, in “R&D.”
Functional capabilities, especially the development capabilities “required to commercialize a product or a
new or existing technology,” are the “D” in “R&D.”

22 The Nye Committee’s (1934-36) investigation of war profiteering during WWI bolstered public
support for noninterventionism and raised concerns that WWII mobilization would mostly benefit the
nation’s large financial and business interests. See Maury Klein, A Call to Arms: Mobilizing America for
World War Il (New York: Bloomsbury Press, 2013), 14-15.
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undermine their competitive advantages in rubber production. Goodrich also grew
suspicious of the federal government’s persistent regulation of the rubber industry
through 1955, which the company believed would reduce or eliminate barriers to entry.
Concerned about the future of competition in the rubber industry, B.F. Goodrich
began to prepare for demobilization and the postwar economy almost as soon as the
government launched the synthetic rubber program. By 1942, Goodrich had reorganized
its R&D departments as part of its strategic repositioning from a concentrated emphasis
on rubber-related goods to the manufacture of more chemically complex materials like
plastics, synthetic fibers, and pesticides. Soon after the war, Goodrich broke ground on
the Brecksville facility where the company’s scientists could better conduct exploratory
studies into a diverse range of products and technical processes. The new research center
was intended to build and enhance what Alfred D. Chandler, Jr., calls “integrated
learning bases” in polymers, petrochemicals, and specialty chemicals.?® In other words,
B.F. Goodrich underwent a transformation from an industrial corporation characterized
by its competitive advantages in refining and fabricating one particular raw material
(rubber) for commercialization to a research company with a diverse product line in
rubber-related goods and chemically related sectors. Goodrich had conducted some
initial R&D into polymers and chemicals prior to WWII, but the company’s wartime
experiences were the catalyst that led its management to strategically implement product
diversification and exploit its technical, functional, and managerial capabilities so that the

results of those early research efforts could be commercialized.

23 Chandler, Shaping the Industrial Century, 8-10. Learning bases integrate a company’s
organizational capabilities to create competitive advantages. Because of the difficulty in coordinating
technical, functional, and managerial expertise in a given product line, new entrants cannot easily replicate
the learning bases of first movers, thereby establishing effective barriers to entry in the marketplace.
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If the dissertation concluded here, the reader might assume that B.F. Goodrich
was a unique company that merely responded to the unusual circumstances brought about
by the exigencies of WWII mobilization. However, similar changes in product strategy
and R&D expenditures took place at other large-scale, capital-intensive enterprises that
fabricated raw materials and manufactured goods for the war effort. In the rubber
industry, for example, Goodrich’s Big Four competitors (Goodyear Tire & Rubber, U.S.
Rubber, and Firestone Tire & Rubber) continued to sell rubber products after WWI|I
while diversifying their operations into plastics, chemicals, and aviation equipment.
These new product lines were not only related to the core competencies and historical
operations of the Big Four, but were developed at state-of-the-art research complexes
built after the federal government organized patent pools and initiated the synthetic
rubber program. Goodyear and Firestone constructed massive R&D centers in Akron:
Goodyear dedicated its facility in June 1943, and the Firestone laboratories were
completed in 1945.24 That same year, the smaller General Tire & Rubber opened its own
Akron laboratory, while in 1946, U.S. Rubber established a plastics research unit at
Mishawaka, Indiana.?® Thus, by the 1950s, the enterprises which composed the
American rubber oligopoly had repositioned themselves in the marketplace with strategic
investments in research that accompanied the development of new product lines.

Many industrial manufacturers behaved comparably to the Big Four rubber firms

and responded to mobilization—as well as the emergence of the government as a

24 Maurice O’Reilly, The Goodyear Story (EImsford, New York: The Benjamin Company, Inc., 1983),
98; Alfred Lief, The Firestone Story: A History of the Firestone Tire & Rubber Company (New York:
McGraw-Hill Book Company, Inc., 1951), 342.

% General Tire & Rubber Company, 1945 Annual Report, February 28, 1946, p. 5; United States
Rubber Company, 1946 Annual Report, February 5, 1947, p. 8.
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prominent consumer of goods required for the nation’s defense—by devoting more
resources to R&D, building new or expanding existing research facilities, and pursuing
diversification in chemically and technologically complex products related to their
original core competencies. The enterprises that behaved in this manner were among the
largest corporations in the U.S., employing thousands of people and enjoying
oligopolistic positions in their respective markets. They also manufactured, refined, or
fabricated raw materials subject to federal production and price controls from 1940 into
the postwar period. These materials, which included resources (e.g., aluminum,
magnesium, petroleum) used to make or operate the complex machinery and durable
goods needed to wage war, were those deemed to be most critical to mobilization.

The federal administration of controls on critical materials was, at times,
haphazard and ambiguous, undermining the competitive advantages that large industrial
manufacturers might have otherwise enjoyed in a marketplace with more predictable
outcomes.?® Some of the confusion stemmed from the “alphabet soup” of extralegal
agencies and advisory boards to whom President Franklin D. Roosevelt had delegated his
executive authority to regulate the war economy. Among these key agencies were the
National Defense Advisory Commission (1940-41), Office of Production Management

(1941-42), Supply Priorities and Allocations Board (1941-42), War Production Board

2 Barton J. Bernstein, “The Removal of War Production Controls on Business, 1944-1946,” Business
History Review 39, no. 2 (Summer 1965): 243-60. Bernstein argues that the War Production Board’s
sudden removal of price controls on critical raw materials (some of which were removed even before V-E
Day) led to a serious postwar housing shortage and inflation crisis. Unprepared for the economic
consequences of hastily removing controls on construction materials, the Truman administration tried to
reinstitute them in December 1945, but this reversal came too late to stem rising prices. The entire episode
shares similarities with the implementation of the synthetic rubber program: administrators in wartime
federal agencies often had to improvise when faced with difficult decisions, as the unusual circumstances
of mobilization gave officials few, if any, precedents to follow. These improvised decisions sometimes left
the public—especially corporations assisting the mobilization effort—confused by or upset with the
government’s behavior.
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(1942-45), and Office of War Mobilization (1943-46). Their duties often overlapped
with those of other civilian and military bodies as they exercised five legal powers to
oversee the production and distribution of critical materials: procurement, requisitioning,
priorities, allocations, and rationing.?’

While public officials negotiated which wartime agencies were tasked with
certain responsibilities, private sector managers tried to navigate contradictory directives
and overwhelming paperwork demands when multiple agencies made claims on the same
limited resources. Staffed with business representatives, government-organized industry
advisory committees offered consultation on production schedules and procurement
strategies, but they lacked the power to enforce decisions and were criticized by
“nonbusiness elements” who “believed that industrialists tended to be too narrowly
focused on profits instead of the public interests.”?® To add to the administrative muddle,
the threat of antitrust prosecution, the government’s efforts to contract with mid- and
small-scale firms, and the organization of patent pools in critical industries all served to
reduce barriers to entry and expose large corporations to unwanted competition.?°

The adoption of new and diverse product lines was one way, then, for industrial
enterprises to not only exploit market opportunities created when the government became
a major consumer of goods, but also hedge against the economic uncertainties and
increased private sector competition that accompanied mobilization. Product

diversification necessitated a strategic approach to R&D at large corporations, many of

27 Nathan D. Grundstein, Presidential Delegation of Authority in Wartime (Pittsburgh: University of
Pittsburgh Press, 1961), 74.

28 paul A.C. Koistinen, Arsenal of World War 1l: The Political Economy of American Warfare, 1940-
1945 (Lawrence, Kansas: University Press of Kansas, 2004), 87-94.

2 property owned wholly or in part by foreign corporations, including patents jointly held with
American companies, was also subject to confiscation by the Office of Alien Property Custodian.
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which sought to remain competitive by investing in research on a scale previously unseen
in the American economy. Huge outlays were devoted to massive research complexes—
such as laboratories and pilot plants designed to test new production processes—and the
armies of scientists and engineers that staffed them.

The increasing importance of research to large firms gave scientists added
independence within the multidivisional structures of their respective companies, much
like the freedom Goodrich scientists enjoyed after the construction of the Brecksville
facility removed them from the daily interference of corporate headquarters. This
independence was accompanied by the heightened expectations of company management
that R&D resources (e.g., funding, facilities, man-hours) be deployed in an efficient and
productive manner: namely, to establish a diversified line of products and processes that
could fulfill government contracts and be commercialized for consumption by the general
public. As a result, the profession of “research manager” became an “important link”
between company scientists and executives who had to make budgetary decisions
regarding which projects to fund.%°

To ensure the most efficient use of resources allocated to R&D projects, the
organizational structure of corporate research soon “followed” strategic investments in
plant and personnel.3 Firms especially sought better coordination between scientists

performing “basic” and “applied” research. Basic, or “fundamental,” research is

%0 Louis Galambos, “The Role of Professionals in the Chandler Paradigm,” in Management Innovation:
Essays in the Spirit of Alfred D. Chandler, Jr., eds. William Lazonick and David J. Teece (New York:
Oxford University Press, 2012), 130-32.

31 The idea that “structure follows strategy” is the thesis of Alfred Chandler’s Strategy and Structure.
Chandler explains that, in the wake of the post-WW!I depression, large American corporations adopted
multidivisional structures in order to implement product and geographical diversification strategies. See
Alfred D. Chandler, Jr., Strategy and Structure: Chapters in the History of the Industrial Enterprise
(Cambridge, Massachusetts: The M.I.T. Press, 1962), 13-14.
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“performed without thought of practical ends.” It seeks to improve scientific theories and
understanding even though that information may not be immediately used to develop new
technologies or manufacturing processes. Applied research, on the other hand, utilizes
information and theories from basic science to intervene in the natural world with new
technologies.3> Companies like Goodrich coordinated basic and applied research by
organizing their scientists and engineers into a number of different departments, with
each one concentrating on a specific product category or area of science. Highly
departmentalized structures enabled companies to place like-minded experts in smaller,
easy-to-manage work groups, while letting executive-level managers more efficiently
distribute resources among ongoing research projects. Many firms even outsourced basic
research to universities in order to free up resources at their own corporate laboratories
that could be devoted to projects with more immediate commercial promise.33
Commercial considerations meant that firms did not haphazardly choose products
and processes in which to diversify their research efforts. Instead, diversification was
adopted methodically and often took companies into product lines that were related to
their existing competencies or into industrial sectors where they had previous historical

experiences.®* A company that did not stray too far from its core competencies enjoyed

32 Bush, Science, the Endless Frontier, 13-14. Recently, scholars have questioned the usefulness of the
basic and applied research dichotomy by identifying historical instances of innovation in which a scientist
or inventor had no knowledge (or incorrect knowledge) of the relevant basic science before developing a
new technology. I, however, will use the terms “basic” and “applied” science, as B.F. Goodrich and other
companies employed this language when referring to their research departments. For a criticism of the
basic and applied research classifications, see Venkatesh Narayanamurti, Tolu Odumosu, and Lee Vinsel,
“RIP: The Basic/Applied Research Dichotomy,” Issues in Science and Technology 29, no. 2 (Winter 2013):
31-36.

33 Nathan Rosenberg, “Technological Change in Chemicals: The Role of University-Industry
Relations,” in Chemicals and Long-Term Economic Growth: Insights from the Chemical Industry, eds.
Ashish Arora, Ralph Landau, and Nathan Rosenberg (New York: John Wiley & Sons, Inc., 1998), 205.

34 Alfred D. Chandler, Jr., Takashi Hikino, and David C. Mowery, “The Evolution of Corporate
Capabilities and Corporate Strategy and Structure within the World’s Largest Chemical Firms: The
Twentieth Century in Perspective,” in Chemicals and Long-Term Economic Growth, 432-33.
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the advantages of diversification (achieving growth through expansion into new markets,
spreading risk among different product lines, etc.) and exploited the organizational
capabilities its researchers had already developed in a particular product line or industry.
As expertise was accumulated in an industrial sector, researchers could better anticipate
scientific discoveries and the resources needed to achieve them. Large industrial firms
did seek to “pioneer new frontiers” in scientific discovery, but they mitigated the risks of
undertaking projects with ambiguous outcomes by securing federal grants for exploratory
basic research, as the government devoted tax dollars to corporate and university research
that it deemed essential for defense in the wake of mobilization.3®

This “dramatic expansion in basic and applied research” was identified by
President Dwight D. Eisenhower as one of the defining characteristics of the “military-
industrial complex,” the term he popularized in his farewell address to the nation on
January 17, 1961.%¢ Although Eisenhower’s warning about a “permanent armaments
industry of vast proportions” garners the most attention from historians, a substantial
portion of the speech was devoted to how the “technological revolution during recent
decades” was “largely responsible for the sweeping changes in our industrial-military
posture.” The technological revolution that Tke described was not unlike the dramatic
changes resisted by Jacksonian Era Working Men’s parties and “men of the shop,” who

lamented that the industrial factory was gradually eliminating the independent artisan’s

3% David M. Hart, Forged Consensus: Science, Technology, and Economic Policy in the United States,
1921-1953 (Princeton, New Jersey: Princeton University Press, 1998), 6.

% For a transcript of Eisenhower’s speech, see “Farewell Radio and Television Address to the
American People. January 17, 1961,” in Dwight D. Eisenhower, 1960-61: Containing the Public Messages,
Speeches, and Statements of the President, January 1, 1960, to January 21, 1961, ed. Warren R. Reid
(Washington, D.C.: Office of the Federal Register, National Archives and Records Service, General
Services Administration, 1961), 1035-40.
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role in the economy.3” The factory introduced a regimented division of labor along the
assembly line that enabled continuous production and, in conjunction with innovations in
manufacturing processes and equipment, created vast economies of scale.

Eisenhower saw a related development in corporate research as “the solitary
inventor, tinkering in his shop” (the artisan) was replaced by “task forces of scientists in
laboratories and testing fields” (the factory). Ike worried that R&D had taken on features
of the industrial assembly line for the sake of efficiency, and that because of the
tremendous outlays needed to conduct complicated research on a scale that would permit
firms to remain competitive in the marketplace, the “government contract [was] virtually
a substitute for intellectual curiosity.” As research became more formalized and the
scientists conducting it required more funding, they entered a dialectical relationship with
policymakers that Eisenhower believed would threaten American democracy. This
relationship was at the heart of the military-industrial complex (MIC) chronicled in
Eisenhower’s farewell address: just as the “nation’s scholars” could be manipulated by
“federal employment, project allocations, and the power of money,” so too could a
“scientific-technological elite” exert undue influence on policymakers to secure contracts
and pass favorable legislation. Only responsible leadership, according to ke, might serve
as a broker among the many competing interests in the MIC and find an appropriate

“balance” to allow “democracy to survive for all generations.”

7 Walter Licht, Industrializing America: The Nineteenth Century (Baltimore, Maryland: The Johns
Hopkins University Press, 1995), 48-57. Eisenhower, a Cold War Republican, was certainly not aligning
himself with organized labor in his farewell address, but his warning about a “technological revolution”
and the impact it could have on scientific research (and even American democracy) draws on the language
of the “producer ethic” that individuals and organizations of all political persuasions have appropriated to
mobilize popular support for their respective aims. See Michael Kazin, The Populist Persuasion: An
American History (Ithaca, New York: Cornell University Press, 1995), 13-14.
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This dissertation does not intend to critique the MIC or evaluate it in ideological
terms. Rather, the dissertation seeks to identify the origins and features of a paradigm
shift in how American industrial corporations conducted R&D, which was a defining
characteristic of the specific MIC that Eisenhower described in his farewell address. The
material demands of WWII mobilization dictated the structure of the new MIC, a political
economy wherein strict delineations between the public and private sector, between
distinct industries, and even between competing firms within the same industry, were all
blurred. Given the complexity of the political economy that emerged from WWII
mobilization, identifying the pivotal changes in American industrial R&D is one method
by which historians can demonstrate that the postwar MIC was distinguishable from
government-business interactions during WWI1 or the interwar years.

Therefore, using B.F. Goodrich as a case study and comparing its experiences
from 1941 through 1960 with those of other firms in capital-intensive industries critical
to the war effort, several conclusions can be drawn about the changes in the American
economy and industrial R&D detailed in Eisenhower’s farewell address:

e First, the manner in which large industrial manufacturers invested in and
conducted research was transformed because of the new or more frequent
forms of interaction between government officials and private sector
managers when meeting the emergency demands of WWII. During and after
the war, the federal government intervened in the economy by becoming a
major consumer of goods and services, contracting with private firms to
construct and operate defense plants, organizing patent pools to disseminate

technical knowledge among the firms operating the plants, and threatening
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antitrust prosecution against large companies that dominated their respective
industries.

Second, throughout the brief period of mobilization, industrial enterprises
struggled to influence federal agencies and regulatory commissions due to the
government’s unpredictable administration of the war economy, the antitrust
stance of some officials in the Roosevelt and Truman administrations, and
public fears of war profiteering that manifested themselves in congressional
investigations.®® Large corporations expressed anxieties that regulation of the
war economy would increase competition and reduce barriers to entry in
major industrial sectors.

Third, to alleviate concerns over the future of competition in their respective
industries, large corporations implemented product diversification strategies.
These enterprises were often those that manufactured durable goods for the
war effort, and in most cases, they refined or fabricated raw materials subject
to production controls and intensive government regulation. Diversification
took firms into chemically or technologically complex product lines that were
related to their original core competencies, enabled them to secure first-mover
advantages in emerging markets, and served as a hedge against the

uncertainties of achieving regulatory “capture” during and after the war.

3 The most notable congressional committee that led investigations into WW1I mobilization was the
Senate Special Committee to Investigate the National Defense Program, popularly known as the “Truman
Committee.” Harry Truman chaired the committee from its formation in March 1941 until August 1944,
and investigations continued into 1948 under the chairmanships of Senators James Mead (1944-46), Harley
Kilgore (1946-47), and Ralph Brewster (1947-48). The hundreds of reports and thousands of pages of
sworn testimony produced by the Truman Committee and investigatory committees on patents, raw
materials, and defense plants (among other topics) are invaluable to historians interested in mobilization.
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e Fourth, diversification demanded that manufacturers alter their strategic
posture with respect to R&D to develop capabilities that would allow for new
product lines. Firms like B.F. Goodrich allocated more resources to research,
expanded existing or built new laboratories, and hired personnel to staff these
buildings where technical and functional capabilities were enhanced. While
such changes did not quite produce the regimented, “assembly line”-style of
research that Eisenhower warned of in his farewell address, the allocation of
corporate resources to industrial R&D became steadily more efficient as firms
reorganized departments around basic and applied research goals.

e Fifth, because first-mover advantages were vital in capital-intensive industries
and those which required significant technical expertise, many companies
began to strategically plan for demobilization and the postwar economy
shortly after mobilization itself. Large corporations were in a better position
to allocate the R&D resources needed to diversify into industrial sectors
related to their original core competencies, and most had initiated
diversification strategies and made substantial investments in research by the
time Eisenhower delivered his January 1961 farewell address.

e Sixth, an analysis of the 200 largest U.S. industrial manufacturers in 1948
reveals that at least 189 (94.5%) pursued some type of diversification strategy
from 1941 through 1960: 184 (92%) firms broadened their product lines in
markets where they had previously conducted business, while 153 (76.5%)

moved their operations into new industrial sectors.3® Of this same sample of

3 This sample of 200 manufacturers will be analyzed in Chapters 5 and 6. When reference is made to
this sample, the term “manufacturers” will be used to distinguish the 200 corporations in question from
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200 manufacturers, at least 186 (93%) constructed new research facilities
from 1941 through 1960, and 90 (45%) had broken ground on or dedicated
laboratories by 1948.

Finally, the manufacturers that expanded their research facilities were not
limited to those that produced durable goods (electronics, transportation
equipment, etc.) in industries which might appear to be the only ones
technologically complex enough for R&D investment to generate an
acceptable rate of return or take firms into new industrial sectors related to
their original core competencies. Instead, manufacturers that produced
nondurable, consumer staples (food, tobacco, textiles, etc.) also oversaw a
shift in their research aims after 1941. The rapidly changing complexion of
durable and nondurable goods markets due to mobilization forced large-scale
firms like B.F. Goodrich to protect or create competitive advantages by

achieving innovation through diversification and investment in research.

Of course, not every company, even all of the large corporations in war-critical,

capital-intensive industries, modified their approach to R&D in a manner that was the

same as, or even similar to, B.F. Goodrich. For some firms, the formalization of

industrial research was a process that had begun in fits and starts prior to mobilization.

Consequently, my comparison of Goodrich’s wartime experiences with those of other

large industrial corporations seeks identifiable patterns in how these firms adjusted their

research and product strategies during and after WWII. Establishing these patterns

large-scale companies that were classified as utilities (hamely, American Telephone & Telegraph). In
1948, the 200 largest industrial manufacturers in the U.S. were those with over $66 million in total assets.
A list of these firms can be found in Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial
Capitalism (Cambridge, Massachusetts: The Belknap Press of Harvard University Press, 1990), 651-57.
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through qualitative (identifying comparable strategic approaches among a defined sample
of 200 manufacturers) and quantitative (assessing the frequency of those approaches in
that sample) analysis will serve to support the claims made in this dissertation.

This methodology is necessary given the complexity of broad, dynamic topics like
mobilization and the MIC that emerged from WWII. A historian cannot construct a
narrative that considers every strategic decision made by managers at every large
American firm from 1941 through 1960. Such a history would be incomprehensible,
lacking focus and incapable of identifying the pivotal developments in the political
economy (e.g., the transformation in how industrial R&D was conducted) identified by
Eisenhower in his farewell address. A case study of B.F. Goodrich’s wartime
experiences may be limited in scope, but it offers a lens into the precise changes in R&D
that took place at a major corporation following mobilization. Comparing Goodrich with
other large manufacturers that pursued postwar diversification strategies allows a

coherent story to be told about the MIC from the perspective of private enterprise.

I11. Historiographical Contributions to the Field

This dissertation, then, distinguishes itself from other histories of mobilization
and the post-WWII political economy that, instead of analyzing the war effort from the
perspective of business, have narrowly focused on government officials in the War
Production Board (WPB) and related agencies.*® For instance, Paul Koistinen places
Washington, D.C., at the heart of the American “arsenal of democracy,” arguing that a

class of “political, economic, and, ultimately, military elites” dictated the structure and

40 Bruce Catton, The War Lords of Washington (New York: Harcourt, Brace and Company, 1948).
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scope of the wartime economy in a top-down manner.** When Koistinen does explore
how businessmen contributed to mobilization, he concentrates on the “dollar-a-year men”
and other corporate executives that sat on advisory committees or exerted power through
the mechanisms of government agencies, rather than through the large firms whose
economies of scale and scope were required to meet massive production and distribution
challenges.*? Similarly, Arthur Herman claims to recount “the great untold story” of the
“forgotten heroes” (i.e., the managers, engineers, and workers) who manned the home
front, but he views the problems of mobilization through the eyes of the famous
businessmen-turned-bureaucrats, such as Bernard Baruch and William S. Knudsen, that
took on prominent roles in the executive branch.*® Even Maury Klein, who advocates a
movement away from the myth of the “Greatest Generation” in order to consider the wide
range of individual experiences during the mobilization, bookends his history with
narrow discussions of presidential decision-making: specifically, FDR’s prescient efforts
to prepare the country for war and Truman’s order to drop the atomic bombs on Japan.**
One reason why scholars organize accounts of mobilization around government
agencies and officials is that the available sources encourage such an approach. While
these agencies have comprehensive, accessible archival sources (and produced their own
organizational histories), businesses usually do not make historical records available to

the general public, or if they do, have an incomplete archive. As a result, scholars writing

41 Koistinen, Arsenal of World War 11, 6.

42 Ibid., 29. Koistinen’s history is divided into three parts, with each one addressing the major agencies
that oversaw the war effort: the National Defense Advisory Commission, Office of Production
Management, Supply Priorities and Allocations Board, and War Production Board. As a result, the
narrative is organized around these government organizations and how private enterprise worked through
them (as opposed to taking its own initiative) to accomplish the tasks of mobilization.

43 Arthur Herman, Freedom’s Forge: How American Business Produced Victory in World War II (New
York: Random House, 2012), ix-Xi.

4 Klein, A Call to Arms, 3-6, 11-14, 769-775.
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about mobilization tend to treat federal officials as managers of an economic system and
corporations as variable inputs of a war machine whose goal was to meet the nation’s
material demands. This perspective views corporate managers as one-dimensional,
taking Secretary of War Henry Stimson at face value when he observed, “If you are going
to try to go to war...in a capitalist country, you have got to let business make money out
of the process or business won’t work.”#® In histories that analyze the war effort from the
perspective of the government organizations tasked with procurement, private enterprise
lacks initiative and adheres to a simple, self-interested logic.

Although these accounts benefit from the wealth of information in federal agency
reports, Henry Adams once warned that “material furnished by a government seldom
satisfies critics or historians, for it lies always under suspicion.”#® Such material often
gives the impression that the war effort was a well-organized success, even if
mobilization encountered setbacks prior to the formation of the WPB in 1942.4
Accordingly, many scholars—particularly those who assume that corporations were able
to easily “capture” the federal agencies overseeing wartime production—have
marginalized how, for private enterprise, mobilization was a period of great uncertainty.
Firms like B.F. Goodrich expressed anxieties as they tried to navigate the complexities of
war contracting, which included: overlapping directives from multiple government
agencies, suffocating paperwork demands, congressional investigations into war

profiteering, the threat of antitrust prosecution, increased competition as technological

% |bid., 57.

46 The Education of Henry Adams: An Autobiography (1918; repr., Cambridge, Massachusetts: The
Riverside Press, 1961), 271.

47 Michael G. Carew, Becoming the Arsenal: The American Industrial Mobilization for World War 11,
1938-1942 (Lanham, Maryland: University Press of America, Inc., 2010), 4.
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expertise was diffused throughout the economy, and the challenges of influencing newly
formed regulatory bodies that were staffed with inexperienced administrators.

In a recent assessment of the historical literature dealing with regulatory capture,
William J. Novak suggests that “the capture problem” was not “peculiar to the regulatory
form,” but rather “endemic to democratic institutions in general.”*® However, this
dissertation posits that national crises produce brief historical moments of complexity and
uncertainty when capture is a nearly impossible undertaking for corporations. Domestic
war production was not, as Arthur Herman and Maury Klein seem to suggest, the result
of top-down decisions from a few select individuals like FDR, Donald M. Nelson, and
Bernard Baruch. Such a competitive and regulatory environment would have been more
predictable and easier for firms to navigate. Instead, the political economy that emerged
from WWII was structured by innumerable decisions made in the public and private
sectors. Historians writing about mobilization want to find order in this muddled past, as
it feels patriotic and psychologically satisfying to know that some individual or
organization was operating the levers of power behind the scenes. At the same time,
scholars must consider whether contemporary observers could even understand the scope
and intricacies of the war effort and immediate postwar economy, especially since federal
administrators themselves were forced to experiment in the crisis setting.

By not appreciating the confusion and increased competition experienced by
private enterprise as a result of mobilization, many historical accounts of the home front

fail to provide a convincing rationale for why large industrial corporations diversified

48 William J. Novak, “A Revisionist History of Regulatory Capture,” in Preventing Regulatory
Capture: Special Interest Influence and How to Limit It, eds. Daniel Carpenter and David A. Moss (New
York: Cambridge University Press, 2014), 47.
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their product lines during and after WWII. These accounts maintain that because
regulatory capture was widespread, mobilization posed little or no threat to business, thus
allowing firms to confidently participate in the war economy without undergoing any
kind of radical strategic repositioning to cope with new or anticipated competition. In
such histories, public officials actively assisted large corporations at the expense of small
producers. A “dense network of corporate representation” was allowed to dominate
“every phase of domestic economic mobilization,” ensuring that firms with economies of
scale could easily secure defense contracts and “were given preferential status in
acquiring the facilities and stockpiles the government had financed.”#® Likewise, John
Kenley Smith, Jr., argues that in the chemical industry, “government removed the
obstacles to technical change by providing capital, buying the products, and promoting
cooperation between companies.”®® For Smith and other scholars who assume the
primacy of federal agencies in mobilization, the trend toward product diversification in
the private sector was an intended consequence of wartime public policy that promoted
the diffusion of technology among firms and industrial sectors.

If, as this scholarship suggests, business took a back seat to government officials
in the organization of the war economy and the delivery of innovative products required
to win the conflict, when exactly did private enterprise become an active participant in
forging the relationships of the MIC? Is it really believable to suggest that the entire U.S.

defense industry after WWII was organized by and functioned through the dictates of

49 Marc Allen Eisner, From Warfare State to Welfare State: World War I, Compensatory State
Building and the Limits of the Modern Order (University Park, Pennsylvania: The Pennsylvania State
University Press, 2000), 346-47, 358.

%0 John Kenley Smith, Jr., “World War II and the Transformation of the American Chemical Industry,”
in Science, Technology and the Military, eds. Everett Mendelsohn, Merritt Roe Smith, and Peter Weingart
(Boston: Kluwer Academic Publishers, 1988), 320.
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Washington? | argue that during the pivotal years of mobilization, corporate managers
shaped the structure of the postwar political economy by finalizing plans to build
research complexes and diversify the operations of their respective firms. Private
enterprise, then, needs to play a central role in the overlapping stories of WWII
mobilization and the emergence of the MIC.

Some historians have attempted to reconcile the importance of both public
officials and corporate managers in the war effort by suggesting that government
agencies—"blessed with a foreboding sense of national unity”—worked with
corporations to make mobilization more conducive to the needs of business.>* This
perspective owes much to the Ellis W. Hawley’s idea of the “associative state,” which
was a form of flexible national planning wherein government would carry out operations
by securing the voluntary cooperation of “trade associations, professional societies, and
similar organizations among farmers and laborers.”? Herbert Hoover sought to establish
“industrial self-government” unhindered by the rigid structures and administrative
confusion that plague federal bureaucracies, but those plans were foiled after 1929 when
critics charged the associative state with being a “mere fagade” behind which corporate
monopolies “had abused their power and plunged the nation into depression.”®® Hoover’s
vision, though, “legitimized a greater role for the state in the economy and a quasi-
corporatist relationship with key economic interests,” and associationalism lived on in the

“publicly sanctioned cartels” of the National Recovery Administration (NRA) from 1933

51 Harold G. Vatter, The U.S. Economy in World War 11 (New York: Columbia University Press,
1985), 68.

52 Ellis W. Hawley, “Herbert Hoover, the Commerce Secretariat, and the Vision of an ‘Associative
State,” 1921-1928,” The Journal of American History 61, no. 1 (June 1974): 117-18.

58 Hawley, “Herbert Hoover, the Commerce Secretariat,” 126-27, 139. Critics of associationalism
gained traction when voluntary government-business cooperation proved to be incapable of dealing with
the economic crisis.
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t0 1935.54 While government served a “supervisory role” in the creation of NRA
production codes, “business domination of the code-writing process was virtually
inevitable” due to “friendly” administrators who sympathized with private enterprise.>®
Scholars who believe that corporations were able to dominate wartime regulatory
bodies identify a kind of associative regime in the many cooperative relationships
between government and business that were formed to oversee defense procurement,
such as the hiring of “’dollar-a-year men” to work in federal agencies, the organization of
industry advisory committees, and public financing for plants operated by large
manufacturers.>® The weakness in this historical approach is that it ignores the hesitancy
of corporations to enter into cooperative relationships with the state or their competitors.
Before the NRA was ruled unconstitutional in 1935, for example, many firms resisted or
simply ignored the production codes whose enforcement relied on voluntarism rather
than legal coercion.®” During WWII, companies like B.F. Goodrich balked at sharing
trade secrets with competitors and opposed the federal regulation of critical materials that
lasted well into the postwar period. Even if historians disregard all of the evidence—
conflicting initiatives from different agencies and branches of government, overwhelming
paperwork to establish production and price controls on goods and materials, the need for
government organizations to improvise in a crisis setting, etc.—which suggests that the

administration of the war effort created confusion in the marketplace, they still have to

54 Eisner, From Warfare State to Welfare State, 13-14.

%5 Ellis W. Hawley, The New Deal and the Problem of Monopoly: A Study in Economic Ambivalence
(Princeton, New Jersey: Princeton University Press, 1966), 27, 36-42, 56.

%6 Carew, Becoming the Arsenal, 259-61. Carew believes that the “clash” between public officials and
corporate executives who served as managers of procurement programs “hardly amounted to a takeover” of
wartime agencies by private enterprise. However, concerns about regulatory capture during mobilization
“remain in the current literature,” especially among those historians “in progressive political circles” who
are suspicious “of the intents and purpose of [private] enterprise.”

5 Hawley, The New Deal and the Problem of Monopoly, 101-03.
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acknowledge that the associative relationships brought about by regulatory capture
contained a measure of uncertainty, thereby requiring a strategic response from
corporations to protect their interests in an evolving competitive environment.

I, on the other hand, contend that capture did not occur extensively throughout the
industrial economy during the early years of the war, nor was it even possible for most
firms to achieve (at least initially) given the unique circumstances of mobilization. With
a focused case study of B.F. Goodrich’s response to the synthetic rubber program and a
comparison of that response to the experiences of other large industrial corporations after
1941, this dissertation will demonstrate that diversification was a hedge against the
uncertainties of the political economy that emerged from WWII. The increased corporate
investment in R&D—expenditures which enhanced the technical and functional
capabilities needed to stake out competitive advantages in new product lines—was not an
outcome simply attributable to technological determinism or the profit motives of
individual firms, but was instead contingent upon the competitive and regulatory
environment brought about by government intervention into private markets.

In other words, the prime mover in the narrative of this dissertation is the federal
government, which itself was driven by the material demands of waging war. It was
large corporations, however, that helped to shape mobilization with their own initiatives
and transformed the structure of the American industrial economy by strategically
repositioning themselves in the marketplace, just as B.F. Goodrich and other rubber
manufacturers did following the implementation of the synthetic rubber program.
Because individual managers were responsive to the changing political economy (and

not, as some scholars of mobilization claim, merely guided by the limited rationale of
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institutional economics), the case study in this dissertation will take the reader inside
Goodrich to establish the dynamic relationships linking the competitive environment in
the rubber industry, managerial decisions regarding strategy and structure, and the firm’s
evolving capabilities. These relationships, which also informed how other industrial
corporations conducted business, gave rise to a political economy after WWII wherein
large-scale research, the acquisition of defense contracts, and participation in “Big
Science” endeavors were required to create and maintain competitive advantages.
Therefore, what Eisenhower’s farewell address really describes is a paradigm
shift in how R&D—especially industrial research—was conducted. As Thomas S. Kuhn
explains in The Structure of Scientific Revolutions, the rejection of one paradigm for
another involves the awareness of an anomaly, the subsequent crisis when “normal
science” is unable to explain the anomaly, a response to the crisis with “radical new
approaches,” and finally, a revolution as members of the community adopt novel
practices that are incompatible with the past.%® For Goodrich and other manufacturers,
this process played out from 1941 through 1960: WWII mobilization was an economic
anomaly that, for many firms, escalated into a crisis as government regulation of the war
economy threatened to break down barriers to entry and increase competition in the
marketplace. Large-scale industrial corporations immediately responded by constructing
massive research complexes, hiring armies of scientists and engineers, reorganizing their
R&D departments, increasing their technical and functional capabilities, and diversifying
their product lines. Over two decades, nearly every major American manufacturer had to

alter its approach to industrial research in order to remain competitive.

% Thomas S. Kuhn, The Structure of Scientific Revolutions, 3 ed. (Chicago: The University of
Chicago Press, 1996), 52, 67-68, 84, 92.
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These assertions call into question the argument made by Alfred Chandler and
other scholars that economies of scale and scope—themselves informed by “integrated
learning bases”—created powerful barriers to entry which were “so high that after the
1920s” the market positions of the largest corporations in dynamic sectors like chemicals
and pharmaceuticals were never seriously threatened.*® 1, on the hand, believe that it is
not enough to say that certain enterprises were successful because of their first-mover
advantages and oligopolistic positions. Looking at the history of B.F. Goodrich in the
twentieth century, developments in the rubber market and in the broader political
economy put the company’s competitive advantages to the test. In particular, the crisis of
WWII and the new forms of government regulation that accompanied mobilization
created a historical moment wherein the dominance of large-scale firms like Goodrich
was not guaranteed, but rather their market positions had to be protected from perceived
competitive threats with a concerted strategic response. The building of new research
facilities across a wide swath of the industrial economy during and after WWI1 indicates
that the technical and functional capabilities of many firms were antiquated as soon as
they were confronted with the demands of mobilization. Likewise, Richard R. Nelson
and Gavin Wright note that while Chandler’s description of organizational capabilities is
“compelling and persuasive,” large companies “were not just efficiently streamlined
organizations,” but were part of an “emerging technological and managerial network,

engaged in a collective learning process with a strongly national character.”® This

59 Chandler, Shaping the Industrial Century, 9.

80 Richard R. Nelson and Gavin Wright, “The Rise and Fall of American Technological Leadership:
The Postwar Era in Historical Perspective,” Journal of Economic Literature 30, no. 4 (December 1992):
1940.
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process required corporate managers to coordinate investments in R&D with product

diversification strategies, thereby informing the structure of the emerging MIC.

IV. The Structure of the Dissertation

| present a narrative, then, which seeks to position itself at the intersection of
several historical approaches: between a focused case study of an individual firm and a
broader analysis of heavy industry; between a qualitative evaluation of corporate R&D
strategy and quantitative assessments of not only how that strategy manifested itself in an
individual firm (B.F. Goodrich), but also how frequently elements of that strategy could
be found in a cross section of the economy; and between a story of WWII mobilization in
which government officials are the primary agents of historical change and a narrative in
which corporate managers and scientists possess the most agency in shaping the wartime
and postwar MIC. The remainder of the dissertation is divided into six chapters and a
conclusion, with the title of each chapter taking its name from language in Eisenhower’s
1961 farewell address. Just as Ike sought to warn the public about the emergence of a
military-industrial complex, the dissertation takes the reader through the paradigmatic
changes in corporate R&D that were a defining characteristic of the MIC.

Chapter 1, entitled “Crises Foreign or Domestic, Great or Small,” establishes the
rubber supply problem facing the U.S. on the eve of the war. | will describe the state of
the industry in 1940 and how the government implemented a solution to the natural
rubber shortage that required cooperation with business and universities to build and

operate synthetic rubber defense plants. Disputes over how the government should
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proceed threatened to create a domestic political crisis that rivaled the seriousness of the
rubber emergency.

Chapter 2, entitled “An Emergency Improvisation of National Defense,” explains
the effect of the synthetic rubber program on innovation and competition. Primary source
materials will be used to investigate the frustrations of B.F. Goodrich managers and
scientists with the emergency rubber plan, as well as their hesitancy to share technical
expertise with competitors.

Chapter 3, entitled “A Research Revolution—Formalized, Complex, and Costly,”
describes how B.F. Goodrich responded to the government’s implementation of the
synthetic rubber program. Using detailed progress reports, managerial correspondence,
financial records, and other company documents, | will explain how Goodrich altered its
R&D aims and reorganized its research departments to diversify into product lines where
the company might face less competition and regulation.

Chapter 4, entitled “Disarmament, a Continuing Imperative,” follows the story of
B.F. Goodrich through the 1950s, as concerns over America’s rubber stockpiles led the
government to closely regulate the industry while remaining a major consumer of tires
and rubber-related goods. The uncertainties accompanying industry regulation and
public ownership of synthetic rubber facilities spurred rubber manufacturers to increase
investment in R&D and construct new research complexes where they could develop the
necessary technical expertise to pursue product diversification.

Chapter 5, entitled “Task Forces of Scientists in New Industrial Laboratories,”
surveys the 200 largest U.S. industrial manufacturers as of 1948, determining if they

constructed new research facilities and adopted product diversification strategies from
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1941 through 1960. In addition, the number of research personnel employed by each of
these companies in the two decades after WWII is calculated from available information
in the National Research Council’s directories of industrial laboratories.

Chapter 6, entitled “The Very Structure of Our Society,” compares the case study
of B.F. Goodrich with the information presented in Chapter 5 to move toward a synthesis
of postwar industrial research. Identifiable patterns in how industrial manufacturers
responded to mobilization and conducted R&D after 1941—namely, why and where
laboratories were built, what kind of research facilities were constructed, and how these
facilities were staffed—Ilend insight into the impact made by scientists and engineers on
both the operations of their respective firms and the economy as a whole.

Finally, the dissertation’s conclusion will consider how changes in postwar
industrial research might help to define the parameters of the military-industrial complex
described in Eisenhower’s farewell address. I will also suggest future avenues of

research for historians interested in post-WW!II R&D and technological innovation.
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Part I: A Case Study of B.F. Goodrich, 1941-1960
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Chapter 1: Crises Foreign or Domestic, Great or Small
“Crises there will continue to be. In meeting them, whether foreign or domestic, great or
small, there is a recurring temptation to feel that some spectacular and costly action could
become the miraculous solution to all current difficulties. A huge increase in newer
elements of our defense; development of unrealistic programs to cure every ill in
agriculture; a dramatic expansion in basic and applied research—these and many other
possibilities, each possibly promising in itself, may be suggested as the only way to the
road we wish to travel.”

-Dwight D. Eisenhower, “Farewell Address,” January 17, 1961
“When...an anomaly comes to seem more than just another puzzle of normal science, the
transition to crisis and to extraordinary science has begun. The anomaly itself now
comes to be more generally recognized as such by the profession. More and more
attention is devoted to it by more and more of the field’s most eminent men. If it still
continues to resist, as it usually does not, many of them may come to view its resolution
as the subject matter of their discipline.”

-Thomas S. Kuhn, The Structure of Scientific Revolutions, pp. 82-83
1.1 B.F. Goodrich and the American Rubber Industry on the Eve of WWII

In 1930, the International Rubber Company alerted the War Department that it

“had demonstrated the commercial practicability of producing rubber from guayule,” a
shrub found in the deserts of the southwestern United States and northern Mexico. The
firm requested that government officials inspect its guayule fields to determine whether
the crop might alleviate the dependence of American manufacturers on foreign sources of
natural rubber. As a result, the War Department sent two Army officers to the Salinas
Valley, a desert region between Torredn and Estacidn Catorce in Mexico, and an area
near Laredo, Texas. Neither of the officers had any technical experience in rubber
production, but in their report on International Rubber’s guayule development, they
predicted (correctly, as it would turn out) that the nation could weather the first twelve to

eighteen months of an emergency before a rubber shortage would “become very acute”

and inhibit the military’s ability to wage war. Such an emergency arrived within a
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decade, as WWII began and Japan captured the plantations in southeastern Asia from
which the U.S. and Great Britain procured almost all of their rubber. One of the two
officers that had toured International Rubber’s properties would not only guide the Allied
victory over Germany, but he also played a role in the postwar deregulation of the
American rubber industry. That officer’s name was Dwight Eisenhower, still an infantry
major in 1930 when he was ordered to inspect the guayule crop in the deserts of
California, Texas, and Mexico.!

Far from the American Southwest, a group of Akron manufacturers that relied on
foreign sources of rubber were making “commodity products” like tires and footwear for
“a growing mass market.”> Goodrich, Tew & Company, the first rubber enterprise to
open a plant in Akron, did so in 1870, ten years before its incorporation as the “B.F.
Goodrich Company.”® Founder Benjamin Franklin Goodrich died in 1888, and his son
Charles opened the firm’s first research laboratory seven years later, allowing for the
development of automobile tires, rubber matting and tiles, and golf balls.* By 1912, B.F.
Goodrich had been reincorporated in New York and had acquired competitor Diamond
Rubber Company, whose scientists specialized in rubber chemistry.®

The automobile industry’s insatiable demand for tires drove Goodrich’s growth in

the first half of the twentieth century. Until the 1920s, the company sold many of its tires

! Gilbert Van B. Wilkes and Dwight D. Eisenhower, “Report of Inspection of Guayule Rubber
Industry,” June 6, 1930, pp. 1-3, 16-17, Folder 9: Eisenhower Report on Guayule, Box 3, David Spence:
Guayule Project Records, 1910-1950, Othmer Library of Chemical History, Chemical Heritage Foundation,
Philadelphia, Pennsylvania.

2 Mansel G. Blackford and K. Austin Kerr, BFGoodrich: Tradition and Transformation, 1870-1995
(Columbus: The Ohio State University Press, 1996), 27.

% John L. Collyer, The B.F. Goodrich Story of Creative Enterprise, 1870-1952 (New York: The
Newcomen Society in North America, 1952), 8-12.

4 Steve Love and David Giffels, Wheels of Fortune: The Story of Rubber in Akron (Akron, Ohio: The
University of Akron Press, 1999), 16-17.

® Blackford and Kerr, BFGoodrich, 47-53.
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through branch houses, but this system was replaced over the next two decades by an
extensive network of wholesalers, independent dealers and smaller, company-owned
retail outlets.® These outlets, known as “Silvertown Stores,” increased from 109 to 144
during the first four years of the Depression, selling everything from tires to rubber
articles to petroleum products.” Goodrich continued to expand when it constructed a Los
Angeles tire plant in 1928 and purchased the Hood Rubber Company in 1935 to handle
all “footwear activities.”® However, with this rapid growth came supply issues. Unlike
U.S. Rubber and Goodyear, Goodrich was slow to establish foreign rubber plantations,
first obtaining crude rubber through New Y ork-based purchasing agents and later through
a buying house in Singapore that the company operated from 1918 to 1923.° By 1934,
growers in the Far East formed the International Rubber Regulation Committee to control
exports to British and American companies, and Goodrich responded by increasing its
domestic facilities for the manufacture of goods from reclaimed, or scrap, rubber.°
Research conducted in the Akron laboratory not only improved Goodrich’s
reclaim operations, but it led to the discoveries of polyvinyl chloride (marketed as
“Koroseal”) in 1926 and “specialty” synthetic rubber by the late 1930s.*! Goodrich

chemists also developed “organic accelerators” to speed the vulcanization process and

® 1bid., 92-94.

" Michael J. French, The U.S. Tire Industry: A History (Boston: G. K. Hall & Co., 1991), 62; B.F.
Goodrich Company, 1935 Annual Report, February 28, 1936, p. 5.

8 Blackford and Kerr, BFGoodrich, 96-106. During the interwar period, Goodrich began to sell its
products through foreign branch houses and set up manufacturing subsidiaries in Canada, Great Britain,
France, and other nations. See Table 4-1 for a list of domestic plants and when they were constructed.

® 1bid., 56, 85.

10 1hid., 130-31; B.F. Goodrich Company, 1936 Annual Report, February 16, 1937, p. 4.

1'W.L. Semon, “Thirty Years Contributions to the Science of Synthetic Rubber,” speech given to the
Detroit meeting of the American Chemical Society, April 15, 1943, pp. 9-12, Folder labeled “Ameripol
Information, 1940-1945,” Box 91, Series VIII: Product Information, B.F. Goodrich Company Records
1868-1990, Archival Services, University Libraries, The University of Akron, Akron, Ohio (hereafter cited
as BFGCR). This early form of synthetic rubber did not perform well in tires, which was a problem that
would plague the government-run program during WWII.
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antioxidants to improve the properties (resistance to heat, cracking, deterioration, etc.) of
rubber, while engineers turned their attention to aeronautical equipment like tires, de-
icers, and brakes.*? It was with these capabilities that the company participated in the
mobilization of American manufacturing for WWII.

Because the case study presented in this dissertation explores the strategic
response of B.F. Goodrich to mobilization and the synthetic rubber program, its
competitive environment must be assessed. As David J. Teece argues, “strategy is about
how focus is achieved and assets are orchestrated to exploit opportunities in the market
and weaknesses in competitors.”*® In other words, without knowing the structure of the
rubber industry at the onset of the war and how the marketplace changed due to the
unusual circumstances of mobilization, an understanding of Goodrich’s strategic intent is
incomplete. Why would Goodrich pursue a product diversification strategy after 1941 if
it already possessed existing capabilities and a dominant market position in an
oligopolistic industry? A narrative that fails to answer such a question is ahistorical, as it
concedes any serious attempt to explain causation beyond treating managerial decisions
as fortuitous accidents with little or no connection to the competitive environment.

On the eve of WWII, the competitive environment in rubber took the form of an
oligopoly dominated by the Big Four manufacturers. Goodrich’s total assets in 1940
were valued at $83 million, Firestone possessed $105 million, and industry leaders

Goodyear and U.S. Rubber had over $120 million.'* Prior to the war, Goodyear,

12 Blackford and Kerr, BFGoodrich, 106-07, 132-37.

13 David J. Teece, “Alfred Chandler and ‘Capabilities’ Theories of Strategy and Management,” in
Management Innovation: Essays in the Spirit of Alfred D. Chandler, Jr., eds. William Lazonick and David
J. Teece (New York: Oxford University Press, 2012), 70.

14 See 1940 annual reports for B.F. Goodrich Company (p. 4), Firestone Tire & Rubber Company,
Goodyear Tire & Rubber Company (p. 8), and United States Rubber Company (p. 8).
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Firestone, and General Tire (much like Goodrich) vertically integrated forward by
building networks of company stores and independent dealers that sold their tires. U.S.
Rubber, on the other hand, had divested itself of its remaining retail outlets by 1939, and
although it still produced tires, the company staked out dominant positions in footwear
and rubber-related goods. Further segmentation of the rubber market occurred during the
Great Depression, as medium-sized firms like General Tire and Seiberling Rubber found
niches in expensive specialty tires.®

More importantly, Goodrich and other Akron manufacturers (e.g., Goodyear,
Firestone, General Tire, Seiberling) operated in what Michael E. Porter calls an
“industrial cluster.”*® Clusters are “geographic concentrations of interconnected
companies...that compete but also cooperate,” offering firms access to “specialized
inputs and employees,” public goods, “greater depth and specialization of suppliers,” and
performance measurement.!’ Akron became the “Rubber City” for these reasons, as well
as for its transportation infrastructure and proximity to Ohio coal mines.'® The
University of Akron also supplied a labor pool of chemists for local laboratories, and the
school served as a conduit through which rubber enterprises might cooperate with one
another on technical problems: in 1929, for example, the president of the Rubber
Manufacturers Association and head of the Seiberling Rubber Company, Frank

Seiberling, organized a committee of industry representatives to establish an institute at

15 French, The U.S. Tire Industry, 54-57.

16 Of the Big Four rubber firms, only U.S. Rubber was not headquartered in Akron. Based out of New
York City, U.S. Rubber was not part of Goodrich’s geographical cluster, but the oligopolistic market
structure of the rubber industry and the unusual circumstances of the synthetic rubber program ensured that
U.S. Rubber and Goodrich had a relationship characterized by both competition and cooperation.

17 Michael E. Porter, “Clusters and Competition: New Agendas for Companies, Governments, and
Institutions,” On Competition (Boston: Harvard Business School Publishing, 1998), 197, 214-19.

18 Blackford and Kerr, BFGoodrich, 36-37.
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the university for the purpose of guiding basic research into synthetics.'® Although plans
for the institute were abandoned with the onset of the Great Depression, the University of
Akron would continue to work with local manufacturers by sharing the basic research
conducted in its on-campus pilot plant and government-funded Rubber Research
Laboratory.?®

In addition, the Akron rubber cluster allowed scientists at competing firms to
exchange technical information with one another through membership in professional
organizations. Goodrich chemist George Oenslager helped to organize the local chapter
of the American Institute of Chemical Engineers (AIChE) in the 1930s, and meetings
were held several times a year at the YMCA or Women’s City Club.?! Scientists from
Akron rubber and chemical firms (and some students and government officials) would
gather to hear lectures on a wide variety of topics, including synthetic fibers, “Kryston”
plastics, and fiberglass (see Table 1-1). Likewise, these professionals frequently attended
meetings of the American Chemical Society (ACS) to gain a better understanding of
industry developments. The Rubber Division of the ACS wrote a “complete progress
report...on synthetic rubber” that was presented to the 1942 conference in Buffalo, and at
the 1947 meeting in Atlantic City, Goodrich Research Coordinator Harry N. Stevens

learned about Union Carbide and Carbon’s production of acrylates and “recent work in

19 Mark Bowles, Chains of Opportunity: The University of Akron and the Emergence of the Polymer
Age, 1909-2007 (Akron, Ohio: The University of Akron Press, 2008), 50, 61. G. Stafford Whitby directed
the chemists and graduate students at the Rubber Research Laboratory in Akron, which was one of ten
research facilities in the U.S. supported by the synthetic rubber program.

2 D.B. Stewart, “Operating and Planning Department Progress Report for April 1943,” April 30, 1943,
p. 2, in B.F. Goodrich Progress Digests, 1942-1943, Bounded Volumes, Series V1I: Research and
Development, BFGCR. In the early 1940s, Goodrich co-sponsored a “Rubber Technology” course at the
University of Akron with Goodyear and Firestone.

2 Frederic J. LeMaistre to George Oenslager, November 8, 1933, Folder labeled “Earliest Records,
1930’s,” Box 1, American Institute of Chemical Engineers, Akron Section, Records, 1930-2000, Archival
Services, University Libraries, The University of Akron, Akron, Ohio (hereafter cited as AIChER).
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Table 1-1: Annual Attendance at Meetings for the Akron Section of the American
Institute of Chemical Engineers, 1943-1947, Sorted by Company or University??

1943 1944 1945 1946 1947 Att-(la-r?(ga:nce
Company (4 Total (6 Total (5 Total (8 Total (4 Total from 1943
Meetings) | Meetings) | Meetings) | Meetings) | Meetings) to 1947
B.F.
Goodrich 70 97 57 45 33 302
Goodrich
Chemical 0 0 15 54 44 113
Company
Goodyear 59 63 46 87 49 304
Firestone 35 46 21 37 34 173
Columbia
Chemical 74 69 54 81 44 322
Company
University of
Akron 0 8 6 0 14 28
Other 5 11 14 19 18 67
Companies”
Misc.
Organizations 1 1 5 1 0 5
and
Universities®
Totals 244 295 215 324 236 1314

AQther companies whose employees attended meetings from 1943 to 1947 included American Anode,
Atlas Powder, B.W. Rogers, Du Pont, General Electric, General Foods (Colonial Salt Division),
General Tire, Hydrocarbon Chemical and Rubber, Maurice A. Knight Co., Ohio Match, Owens-
Corning Fiberglas, White Industrial Sales and Equipment, and W.R. Sharples.

B Other organizations and universities whose members attended meetings from 1943 to 1947 included
the Case School of Applied Science, M.I1.T., Rubber Reserve Co., and War Production Board.

22 attendance figures for meetings of the Akron Section of the American Institute of Chemical
Engineers can be found in Folder labeled “1940s,” Box 1, AIChER. Meeting minutes are available from
April 1943 to April 1947.
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Germany...on the manufacture of silicon monoxide.”?* When the 1951 national
conference was held in Cleveland, ACS members toured the new B.F. Goodrich Research
Center, which had been dedicated at nearby Brecksville three years earlier.?*

Therefore, the rubber industry on the eve of WWII was characterized by a
mixture of competition and informal cooperation, at least among chemists and engineers
who shared a professional bond in their pursuit of scientific achievement. Once Japan
invaded southeastern Asia (French Indochina in 1940 and the Philippines, Thailand,
Singapore, Malaya, and the Dutch East Indies in late 1941) and seized plantations upon
which American manufacturers relied for 95% of their rubber needs, the federal
government asked for the formal cooperation of private enterprise and universities.?> The
implementation of the synthetic rubber program—and the political crisis that arose from
the government’s support of petroleum-based synthetics over American-grown natural
rubber like guayule—threatened to upend the complex, yet relatively stable Akron
industrial cluster, as firms were leery of sharing patents that otherwise might have
allowed them to secure competitive advantages in a peacetime economy. Goodrich,
accordingly, readjusted its strategic posture within the Akron cluster, drawing upon the
capabilities it had acquired as a focused manufacturer of rubber and chemicals in the first
half of the twentieth century while developing new, diverse product lines with a

paradigmatic shift in how it conducted research.

23 W.L. Semon, “Synthetic Rubber Research Department Progress Digest for August 1942, September
8, 1942, p. 1, in B.F. Goodrich Progress Digests, 1942-1943; H.N. Stevens, “Patents and Abstracts
Department Progress Report for April 1947, April 30, 1947, p. 1, in B.F. Goodrich Progress Digests,
1947.

24 D.B. Stewart, “Operating and Planning Department Progress Report for April 1951,” April 30, 1951,
p. 2, in B.F. Goodrich Progress Digests, 1951.

2 Maury Klein, A Call to Arms: Mobilizing America for World War Il (New York: Bloomsbury Press,
2013), 405.
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1.2 Policy Solutions to the WWII Rubber Crisis

Perhaps the most notable aspect of the WWII rubber shortage is how many public
officials had failed to realize the seriousness of the situation before it became a full-
blown crisis. At an informal press conference with the Advisory Commission to the
Council on National Defense in May 1940, President Franklin Roosevelt began to speak
about the importance of rubber to the military and his intention to have the government
finance a stockpile to protect tire manufacturers from a loss if prices were to drop.?®
Rubber, in fact, was perhaps the most critical material to the war effort, as it had become
the “largest single commodity in dollar value imported into the United States” by 1939.
When told, however, by Administrator of the Office of Lend-Lease Edward Stettinius,
Jr., that American companies had just a six months’ supply of rubber on hand, FDR
simply responded, “Is that it?”?

Within a month, the Reconstruction Finance Corporation chartered the Rubber
Reserve Company (RRC) to stockpile rubber for military and civilian needs.?® After
taking over the responsibilities of the Francis Committee—which had been tasked with
establishing a synthetic rubber industry—in October 1940, the RRC reached an
agreement with the Big Four rubber manufacturers by May of the following year to build
four 10,000 long tons/year plants on a fixed-fee basis: Goodyear and Firestone would
each construct a synthetic rubber facility in Akron; U.S. Rubber was to build one in

Naugatuck, Connecticut; and Hydrocarbon Chemical and Rubber Company (a joint

% Klein, A Call to Arms, 78.

27 “Conference #647-A, Conference on National Defense,” May 30, 1940, p. 409, Series 1: Press
Conference Transcripts, Press Conferences of Franklin D. Roosevelt, 1933-1945, Franklin D. Roosevelt
Presidential Library and Museum Digital Collections (accessed January 2017).

28 \ernon Herbert and Attilio Bisio, Synthetic Rubber: A Project That Had to Succeed (Westport,
Connecticut: Greenwood Press, 1985), 11-12.
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venture between B.F. Goodrich and Phillips Petroleum) would operate a factory at
Louisville, Kentucky.?® Chemical and petroleum enterprises were also asked to build
facilities to refine the precursors needed for synthetic rubber polymerization.3°

This conservative plan to produce just 40,000 long tons/year of synthetic rubber
was partly based on a February 1941 report by William L. Clayton, deputy to RRC
Chairman Jesse Jones, that estimated the U.S. had supplies of natural and reclaimed
rubber to last three years.3* With a little over 500,000 long tons of rubber on hand when
Japan attacked Pearl Harbor and invaded southeastern Asia, the federal government took
immediate steps to conserve crude rubber and reduce the Allied consumption of the raw
material to approximately 800,000 long tons/year.3?> The Office of Production
Management banned the sale of tires to the general public and forbid manufacturers from
using rubber “in all but a limited number of articles” by February 1942, while the Office
of Price Administration set a ceiling of 22.5 cents/pound on natural rubber imported from
Latin America, India, and Africa.®®> On June 12, FDR went on the radio to ask the public
to check “your cellar—your barn—your stock room—your garage—your attic” for any
rubber articles that might be used as scrap, which was then bought by the RRC so

“Victory Tires” could be made from reclaimed rubber.3* In addition, the RRC’s synthetic

29 peter J.T. Morris, The American Synthetic Rubber Research Program (Philadelphia: University of
Pennsylvania Press, 1989), 9-10; Herbert and Bisio, Synthetic Rubber, 54-56.

30 Paul A.C. Koistinen, Arsenal of World War 11: The Political Economy of American Warfare, 1940-
1945 (Lawrence, Kansas: University Press of Kansas, 2004), 152-54.

31 Herbert and Bisio, Synthetic Rubber, 48.

32 B.F Goodrich Company, 1941 Annual Report, February 27, 1942, p. 4-5; William M. Tuttle, Jr.,
“The Birth of an Industry: The Synthetic Rubber ‘Mess’ in World War II,” Technology and Culture 22, no.
1 (January 1981): 39.

33 Herbert and Bisio, Synthetic Rubber, 14-23. Other conservation initiatives included a 35 mile-per-
hour national speed limit, periodic tire inspections, and a ban on the manufacture of civilian automobiles.

34 For a transcript of FDR’s address, see “Radio Appeal on the Scrap Rubber Campaign,” June 12,
1942, The Public Papers and Addresses of Franklin D. Roosevelt: 1942 Volume, Humanity on the
Defensive, ed., Samuel I. Rosenman (New York: Harper & Brothers Publishers, 1950), 270-74. Gasoline
stations across the country were used as depots to collect these scrap rubber items.
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rubber strategy was revised to increase the number of available facilities and enlarge the
manufacturing capacity of the first four plants to “30,000 long tons per year in place of
the 10,000 long tons per year for which [they] were originally designed.”3®

The federal government had become the sole consumer of rubber in the U.S. by
the end of 1942, allowing it to change prices at will (much like it did on reclaimed rubber
that May) and negotiate production contracts that it could suddenly cancel for reasons of
“convenience.”*® Questions remained, though, as to why the nation was not more
prepared for the rubber shortage and had to resort to such extreme conservation measures.
An antitrust hardliner and the assistant attorney general in charge of the Antitrust
Division of FDR’s Department of Justice from 1938 to 1943, Thurman Arnold was
among the first public figures to levy criticism against the synthetic rubber program, and
he would lay the groundwork for broader condemnations of private enterprise and its role
in what would be known as the “rubber mess.”” Testifying before the Senate Special
Committee to Investigate the National Defense Program (known as the “Truman
Committee” after its chairman, Missouri Senator Harry S. Truman) on March 26 and 27,
1942, Arnold alleged that a “basic and continuing conspiracy” between the Standard Oil
Company of New Jersey (SONJ) and I.G. Farben, a German chemical conglomerate

supplying the Nazi war machine, had created a “shortage in synthetic rubber due to the

suppression of independent experimentation, production, and distribution.”38

35 W.L. Semon, “Synthetic Rubber Research Department Progress Report for January 1942,” February
4,1942, p. 1, in B.F. Goodrich Progress Digests, 1942-1943.

% Blackford and Kerr, BFGoodrich, 164.

37 Tuttle, “The Birth of an Industry,” 37.

3% U.S. Congress, Senate, Special Committee Investigating the National Defense Program,
Investigation of the National Defense Program, Part 11: Rubber, 77" Congress, 1t Session, March 26 and
27,1942 (Washington, D.C.: U.S. Government Printing Office, 1942), 4308-10.
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The “conspiracy” officially began in September 1927 with an international patent
agreement granting SONJ access to I.G. Farben’s hydrogenation process for refining
crude oil. Two years later, the companies finalized the “Four-Party Agreement,” making
Farben the second-largest shareholder in Standard Oil behind only the Rockefellers.® In
exchange, SONJ received technological expertise and petrochemical patents held by two
joint ventures, the Standard-1.G. Company (formed in 1929) and Jasco (the Joint
American Study Company, formed in 1930).“° Through the joint ventures, SONJ
possessed rights to basic Buna-S technology (a form of synthetic rubber) and Farben’s
dehydrogenation process needed for large-scale production of butadiene (a synthetic
rubber feedstock) from butene gas captured as a petroleum refining by-product.*

Buna-S was developed by German companies Bayer and BASF during WWI as a
response to the British naval blockade, but this material was more suitable for hard-
rubber goods than for tires.*?> B.F. Goodrich President James Dinsmore Tew made
several unsuccessful trips to Germany before his 1937 retirement to secure a license for
Buna, now held by 1.G. Farben after it had been formed in 1925 by the merger of Bayer,
BASF, and four other firms. Waldo Semon also visited Farben in the late 1930s to obtain

information about synthetic rubber for Goodrich, only to be told by “various technical

39 Mira Wilkins, The History of Foreign Investment in the United States, 1914-1945 (Cambridge,
Massachusetts: Harvard University Press, 2004), 240-242. The November 1929 “Four-Party Agreement”
also contained a “division of fields” provision giving “preferred positions” to I.G. Farben in the global
chemical industry and SONJ in oil and natural gas markets.

40 Wilkins, The History of Foreign Investment, 330, 461. 1.G. Farben divested itself of its stakes in the
Standard-1.G. Company (which soon became the Standard Catalytic Co.) and Jasco with the onset of WWI|I
in September 1939. SONIJ acquired Farben’s interests in the joint ventures and patent rights outside of the
U.S. and the British and French empires. Wilkins, however, calls this acquisition a “sham transaction,”
since a “supplementary agreement” gave Farben the opportunity to reacquire its U.S. assets after the war
(provided it was safe to do so). The German chemical company saw the divesture transaction with SONJ
as a way to protect its patents from being confiscated by the Office of Alien Property Custodian.

41 Morris, The American Synthetic Rubber Research Program, 8-9.

42 Herbert and Bisio, Synthetic Rubber, 27.
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men and the directors” of the chemical conglomerate that “they had not arrived at their
policy of how they were going to handle [Buna] licensing in the United States.” Farben
hinted that they could not provide technical knowhow about synthetic rubber “on the
basis of national interest” and because they “had certain obligations with another
company.”*® Goodrich suspected that a secret arrangement had been made between the
Germans and SONJ, which engaged in a “conscious policy of deception” from 1934 to
1940 by letting the Big Four rubber manufacturers falsely believe that it might license its
petrochemical patents even though it had no intention to do so.**

Under the leadership of John Collyer (who was elected company president on
September 12, 1939), Goodrich forged ahead with its research, eventually introducing
tires with over 50% “Ameripol” synthetic rubber four weeks before the RRC was
established in June 1940.4° By September 1941, Standard Qil of New Jersey had served
formal notice of Buna-S patent infringement to Goodrich and Goodyear (which had
produced its own synthetic, “Chemigum”), drawing the wrath of Thurman Arnold’s
Antitrust Division.*® Arnold then brought a lawsuit against SONJ in November for
anticompetitive practices stemming from the firm’s international cartel agreement with
I.G. Farben. This suit was settled in two stages. First, an intellectual property agreement

between SONJ and the RRC was reached on December 19, 1941, pooling Standard’s

43 U.S. Congress, Senate, Special Committee to Investigate the National Defense Program,
“Investigation of National Defense Program, Subcommittee (Closed Hearing),” March 23, 1942, pp. 46-48,
Folder labeled “National Defense: Rubber Situation (3 of 3),” Box 145, Series: Correspondence File, 1934-
1945, Papers as U.S. Senator and Vice President, Harry S. Truman Papers, Truman Presidential Library,
Independence, Missouri.

4 Tuttle, “The Birth of an Industry,” 41.

4 See B.F. Goodrich Company annual reports for 1939 (p. 3) and 1940 (p. 3); “Announcement
Address,” June 5, 1940, Folder labeled “Ameripol Announcement Address by J.L. Collyer, New York
City,” Box 91, Series VIII: Product Information, BFGCR.

46 Herbert and Bisio, Synthetic Rubber, 59.
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synthetic rubber patents with those of the Big Four rubber firms and other participants in
the emergency program. Second, SONJ signed a consent decree on March 25, 1942, in
which the American oil giant agreed to abandon its business relationship with Farben and
license all of its cartel patents royalty-free.4’

It was the December 19 patent pool that fundamentally altered the synthetic
rubber program and the rubber industry as a whole. Not only did SONJ and the Big Four
agree to cross-license patents and exchange technical information regarding Buna-S and
Buna-N (also known as nitrile rubber), but the RRC also could extend rights to
technologies covered by the patents to any other participating firm in the emergency plan
that either constructed or operated government-financed rubber or chemical facilities.*®
These agreements allowed for the development of Government Rubber-Styrene (GR-S),
the primary synthetic manufactured in the publicly financed plants authorized by the
RRC. GR-S was produced through the copolymerization of two feedstocks: butadiene
(which could be obtained via petroleum- and alcohol-based processes) and styrene.*?
Therefore, subsequent patent pool agreements between the RRC and rubber program
participants in 1942 and 1943 were meant to open up R&D in butadiene, styrene, and
other chemicals that had been protected by SONJ or the Big Four rubber firms.*°

Two months prior to the March 1942 consent decree negotiated between SONJ

and the Department of Justice, Thurman Arnold told a House select committee

47 Wilkins, The History of Foreign Investment, 514.

8 Herbert and Bisio, Synthetic Rubber, 60, 114-23.

49 Morris, The American Synthetic Rubber Research Program, 14-16.

50 H.N. Stevens, “Patents and Abstracts Department Progress Report for September 1944,” September
30, 1944, p. 1, in B.F. Goodrich Progress Digests, 1944. One of these additional patent pools was the
“Compounding Agreement” of June 15, 1942, which granted licenses in the field of “compounding
synthetic rubber” that were supposed to expire at the end of the hostilities. However, the RRC patent pools
were only gradually dissolved in the decade after WWII due to lingering fears of a national rubber
shortage.
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investigating defense contracts for small business about the “effort made to keep down
the production of synthetic rubber,” declining to provide specific information in an open
hearing while the Standard Oil settlement was being finalized by the Department of
Justice.®! It was not until Arnold’s appearance before the Truman Committee, just a day
after SONJ signed the consent decree, that he or any other official had publicly described
the collusion between Standard and 1.G. Farben in detail. After hearing Arnold testify, an
outraged Senator Truman told reporters that SONJ had committed “treason” against the
U.S.%2 This stark language fueled public frustrations with the rubber program and gave
credence to another congressional investigative body, a subcommittee of the Committee
on Agriculture and Forestry formed by lowa Senator Guy Gillette in March 1942.
Convening hearings for just over two years, the so-called Gillette Committee
widened Thurman Arnold’s original criticism of Standard Oil to include other large oil
and chemical companies, such as Gulf Qil, Phillips Petroleum, and Union Carbide.>® The
subcommittee sought to learn why the RRC had chosen a synthetic rubber recipe that
used a petroleum-based process to manufacture butadiene, as opposed to a process
relying on ethyl alcohol distilled from grain.>* Taking at face value witnesses before the
Gillette Committee who alleged that oil and chemical interests had conspired against

plant-based sources of natural and synthetic rubber, historian Mark R. Finlay argues that

51 U.S. Congress, House, Select Committee to Conduct a Study and Investigation of the National
Defense Program in its Relation to Small Business in the United States, A Study and Investigation of the
National Defense Program in its Relation to Small Business, Volume 1, 77" Congress, 2" Session, January
19, 1942 (Washington, D.C.: U.S. Government Printing Office, 1942), 203.

52 Frank L. Kluckhohn, “Arnold Says Standard Oil Gave Nazis Rubber Process,” The New York Times,
March 27, 1942, p. 1.

53 U.S. Congress, Senate, Subcommittee of the Committee on Agriculture and Forestry, Utilization of
Farm Crops: Industrial Alcohol and Synthetic Rubber, Part 1, 77" Congress, 2™ Session, May 19, 1942
(Washington, D.C.: U.S. Government Printing Office, 1942), 417.

54 Robert Solo, Across the High Technology Threshold: The Case of Synthetic Rubber (Norwood,
Pennsylvania: Norwood Editions, 1980), 31.
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large corporations with global ambitions promoted synthetics as a way “to free
consumers from nature’s variability and instability,” while encouraging a “new
rhetoric...that highlighted the role of American laboratories” in winning the war.
Likewise, the Department of Agriculture’s efforts to cultivate guayule—the same rubber
plant inspected by Major Eisenhower in 1930—were hindered by land and labor
requirements for food crops, and corporate research into the rubber properties of
goldenrod, cryptostegia, and kok-sagyz (a Russian dandelion) never gained traction.>®
Gillette Committee members hailed from states in the Midwest and Great Plains
where farmers—who would benefit from a new market for farm products and waste if the
alcohol-based butadiene process was adopted by the RRC—were an influential
constituency. Also among the five original subcommittee members were Senators Burton
K. Wheeler (D-Montana) and George W. Norris (R-Nebraska), both of whom represented
an anti-corporate, anti-interventionist brand of “insurgent” politics whose roots could be
traced back through La Follette-style progressivism to the Populists of the 1890s.5” This
political background informed a bold legislative response to testimony revealing that
large oil and chemical firms had discouraged the use of the butadiene-from-alcohol
process in order to secure government contracts to construct petroleum-based butadiene
plants. The Gillette Committee recommended a bill, the Rubber Supply Act, which

would establish a “new rubber czar” to ensure that synthetics were produced “only from

% Mark R. Finlay, Growing American Rubber: Strategic Plants and the Politics of National Security
(New Brunswick, New Jersey: Rutgers University Press, 2009), 11.

% Herbert and Bisio, Synthetic Rubber, 21; Of the Big Four rubber firms, only Goodyear had
conducted any extensive research into guayule prior to WWII. Goodrich would not initiate studies of kok-
sagyz until the early 1950s when samples of the Russian dandelion were forwarded to the Brecksville
research center. See E.B. Newton, “Technical Service Research Department Progress Report for January
1953,” January 31, 1953, p. 2, in B.F. Goodrich Progress Digests, 1953.

57 David A. Horowitz, Beyond Left & Right: Insurgency and the Establishment (Urbana: University of
Ilinois Press, 1997), 15-20.

51



agricultural or forestry products.”® Although Congress passed the bill in July 1942, FDR
vetoed it and instead appointed Bernard Baruch to lead a three-man Rubber Survey
Committee tasked with assessing the rubber crisis and prescribing a course of action.

The ensuing Baruch report did not demand major changes to the synthetic rubber
program, but it “expressed bewilderment at the unscientific bases on which many

”59 There was a “substantial amount of circumstantial

decisions had been made.
evidence” that federal administrators had allowed the Catalytic Research Associates
(CRA), a consortium headed by Standard Oil of New Jersey, “to keep outsiders from
taking part in the rubber program.”®® The Baruch report also acknowledged the concerns
of the Gillette Committee and called for the RRC to acquire an additional 27,000 tons of
butadiene made with alcohol distilled from grain.®t

What resulted from these Congressional hearings and advisory reports was a
synthetic rubber strategy beholden to political considerations, as well as technical ones.
Lacking a powerful central authority to direct operations from start to finish, the rubber
program became a confusing “Tower of Babel with so many officials from so many
agencies saying so many different things.”®? This confusion could only be resolved with

competent leadership able to guide an administrative process and ensure a predictable

range of policy outcomes.%® However, the “defense and war rubber programs were

%8 Finlay, Growing American Rubber, 182-83, 190-91.

% Tuttle, “The Birth of an Industry,” 57.

80 Solo, Across the High Technology Threshold, 44. The CRA had been formed in October 1938 and
consisted of four other oil companies (Standard Qil of Indiana, Anglo-Iranian Qil, Texas Qil, and Dutch
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consortium in April 1940).
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plagued by weak, ineffective, or irresponsible leadership” that “started at the very top”
with FDR. His neglect of the “potentially dire [rubber] situation...discouraged bold,
preparatory action” while the National Defense Advisory Commission and the Office of
Production Management were still in charge of mobilization.®* The resulting leadership
vacuum became apparent on April 9, 1942, when The Washington Post ran an editorial
disparaging RRC Chairman Jesse Jones and the administration of the wartime rubber
plan. Later that day, an irate Jones physically accosted the publisher of The Post, Eugene
Meyer, in a ballroom of the Willard Hotel before bystanders separated the two men.5°
Even the RRC, then, was not a central authority enacting a clearly defined
strategic vision, as it lacked any “mechanism” to resolve the Standard Oil-1.G. Farben
cartel controversy before it became a national crisis.®® More problematically, the RRC
adopted an unfocused “‘scatter-grant approach to the promotion of technological
advance,” creating a “grant-eating industry” in which corporations were more concerned
with acquiring government contracts (including those to conduct research and operate
rubber plants) than meeting the broader technological goals of the emergency program.®’
The assertion made by historian Robert Solo that the role of the RRC in synthetic rubber
development “was not to plan but to finance” echoes Dwight Eisenhower’s fears,
expressed in his 1961 farewell address, that the “government contract [was] virtually a
substitute for intellectual curiosity.”® As corporate and university research became more

formalized after WWII, the art of securing government contracts grew to be as important

64 Koistinen, Arsenal of World War 11, 149. By early 1942, the Office of Production Management had
ceded its mobilization duties to the newly formed War Production Board.

% Tuttle, “The Birth of an Industry,” 35.
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as the innovations attained in the laboratory.®° In the “corporate commonwealth” that
emerged after 1941, the defense industry absorbed large amounts of capital and technical
expertise, but the expenditure of resources “contributed only marginally to the efficiency
or innovativeness of [the nation’s] core businesses” in steel, automobiles, and oil. "
Likewise, Solo describes the scatter-grant approach adopted by the RRC as a
“pure waste” of $40 million and “a scandalous, a complete, a nearly catastrophic foul
up.”’* R&D resources were spread across several different types of rubber (GR-S with
either petroleum- or alcohol-based butadiene, Neoprene, Thiokol, butyl, reclaimed, etc.)
without sufficient regard to the usefulness of each material: it was actually GR-S from
alcohol-based butadiene that proved to be most effective in tires, as Goodrich and other
manufacturers struggled throughout the war to solve this problem using the petroleum
recipe.”? The Buna-S information that SONJ had acquired from I.G. Farben before the
war did not detail the chemical conglomerate’s most up-to-date technology, but was
instead related to basic rubber and butadiene processes. Thus, GR-S research demanded
the coordination of corporate and university laboratories across the country to identify
problems, test rubber samples (including those “obtained from current German
production” as the war was being fought), and apply discoveries to rubber articles and

equipment that might be used on the battlefield.”

89 Allan A. Needell, “From Military Research to Big Science: Lloyd Berkner and Science-
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The technological obstacles encountered by researchers were exacerbated when
public and private sector actors, some of whom had strategic objectives which did not
prioritize an alleviation of the rubber shortage, attempted to fill the leadership gap left by
a disinterested FDR and ineffectual RRC. Paul Koistinen argues that the RRC was
“driven by economic and commercial more than strategic purposes” because it was
“dominated by oil firms...and major rubber corporations.”’* In this narrative, it was not
the executive branch, but rather the Congressional Farm Bloc that shaped rubber policy
during the critical years of 1943-44 by proposing alternatives to petroleum-based
synthetics.” William Tuttle, on the other hand, contends that “overlap and conflict”
among executive branch agencies—the War Production Board, Office of Price
Administration, Office of Defense Transportation, Office of Scientific Research and
Development, etc.—“created administrative chaos” on issues of rubber rationing, plant
construction, and program financing.’®

Similarly, Arthur Herman and Wyatt Wells condemn Thurman Arnold’s attempts
to “seize on the rubber crisis as a last chance to relate antitrust, and specifically the drive
against international cartels, to mobilization.””” Herman claims that if Arnold had not

been reassigned to the District of Columbia Court of Appeals in January 1943, corporate

research department” was established in 1942 to not only conduct synthetic rubber studies, but also to
coordinate its R&D with other laboratories at Sun Oil Company, Carnegie Institute of Technology, Purdue
University, and the University of Notre Dame. These networks of innovation were typical among the large
manufacturers who participated in the wartime rubber program. See Dennis J. O’Neill, A Whale of a
Territory: The Story of Bill O’Neil (New York: McGraw-Hill Book Company, 1966), 150.
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participants in the rubber program would have “had to devote their time fighting lawsuits
and watching their backs with the Justice Department instead of focusing on
production.”’® Wells is even more critical of Arnold, who “either did not know what he
was talking about or did not care” that Standard Oil’s relationship with I.G. Farben gave
American firms access to German technologies they otherwise would not have had.”

Despite these administrative setbacks in the wartime program, synthetics
accounted for 85% of all rubber consumed in the U.S. by 1945, up from less than 4% in
1942.80 This new supply of rubber allowed the government to begin to lift restrictions on
rubber consumption in 1944, To establish such a viable synthetic rubber industry during
WWII, the RRC negotiated approximately $700 million worth of cost-plus contracts with
over forty industrial corporations to construct and operate fifty-one defense plants
dedicated to the manufacture of synthetic rubber, butadiene, and styrene.8!

B.F. Goodrich was assigned three GR-S polymerization plants located in
Louisville, Kentucky, and Borger and Port Neches, Texas.8? The company, in fact, had
been one of the first and most vocal proponents of the public financing of synthetic

rubber manufacturing facilities. John Collyer had promoted synthetic rubber since he

8 Arthur Herman, Freedom’s Forge: How American Business Produced Victory in World War II (New
York: Random House, 2012), 198.
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was elected president of Goodrich in 1939, and in testimony before the Senate Military
Affairs Committee on June 14, 1940, he recommended that the government fund the
construction of “butadiene synthetic rubber plants as insurance against the shutting off of
East Indian plantation supplies to this country.”® While Goodrich did not seek additional
federal oversight of the rubber industry, Collyer and other executives saw a potential war
with Germany and Japan as an opportunity to underwrite difficult research into an area of
study (synthetics) where a return on R&D was not guaranteed. However, the Akron-
based rubber manufacturer might have assumed that it would be able to operate publicly
funded plants without having to share its patents and technical expertise with
competitors. By the end of the war, Goodrich’s position on the synthetic rubber program
had changed, as it called for the immediate deregulation of the industry and adjusted its

strategic posture in response to how the WWII emergency plan had been administered.

8 Howard Wolf, “He Saw What the Germans Were Doing,” undated, p. 1, Folder labeled “Collyer,
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Chapter 2: An Emergency Improvisation of National Defense
“Until the latest of our world conflicts, the United States had no armaments industry.
American makers of plowshares could, with time and as required, make swords as well.
But now we can no longer risk emergency improvisation of national defense; we have
been compelled to create a permanent armaments industry of vast proportions. Added to
this, three and a half million men and women are directly engaged in the defense
establishment. We annually spend on military security more than the net income of all
United States corporations.”
-Dwight D. Eisenhower, “Farewell Address,” January 17, 1961
“Because it demands large-scale paradigm destruction and major shifts in the problems
and techniques of normal science, the emergence of new theories is generally preceded
by a period of pronounced professional insecurity. As one might expect, that insecurity is
generated by the persistent failure of the puzzles of normal science to come out as they
should. Failure of existing rules is the prelude to a search for new ones.”
-Thomas S. Kuhn, The Structure of Scientific Revolutions, pp. 67-68

2.1 B.F. Goodrich and the Synthetic Rubber Program

As the Senate Special Committee to Investigate the National Defense Program
held hearings in March 1942, Bernard Baruch wrote to Harry Truman and questioned
why those responsible for the “economic Pearl Harbor” plaguing the procurement of
critical materials were “still in charge” of mobilization.! For Baruch and other high-
ranking officials, the administrative confusion at the heart of the synthetic rubber
program threatened to undermine the nation’s ability to wage war. For large industrial
corporations, on the other hand, the “rubber mess” created market uncertainty and, at
times, hindered their manufacturing and research operations. Because the wartime

program accomplished its broader goals of resolving the rubber shortage and decreasing

American dependence on unreliable foreign sources of the raw material, less attention has

! Bernard M. Baruch to Harry S. Truman, March 8, 1942, Folder labeled “National Defense: Rubber
Situation (1 of 3),” Box 144, Series: Correspondence File, 1934-1945, Papers as U.S. Senator and Vice
President, Harry S. Truman Papers, Truman Presidential Library, Independence, Missouri (hereafter cited
as HSTP).
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been paid to the effects that federal mismanagement of the emergency plan had on
individual companies and how they responded to an evolving competitive environment.
B.F. Goodrich navigated the administrative maze of the synthetic rubber program
while operating three polymerization plants (Louisville, Borger, and Port Neches) for the
government during WWII. Managers and scientists from Goodrich and its competitors
sat on a multitude of Rubber Reserve technical committees that attempted to standardize
the design and processes of butadiene, styrene, and polymerization facilities.? In June
1944, for example, the Copolymer Research Committee met at a Firestone defense plant
to discuss the rubber program’s shift from “producing a satisfactory general purpose
rubber to the production of improved polymers” that were the building blocks of plastics
and synthetic resins.® Waldo Semon believed that Goodrich should instead adhere to the
manufacturing methods “which we...consider most efficient,” as his Synthetic Rubber
Research Department was forced to spend time “developing and adapting processes to the
equipment...chosen by the [Engineering] Design Subcommittee” of the RRC.*
Directives issued by the technical committees required Goodrich scientists to
perform additional work in coordinating the activities of the Research and Chemical
Divisions, two units that were heavily involved in the government-run program.
Construction of the firm’s Louisville plant was thus delayed in mid-1942 after the

designs for publicly financed rubber facilities came under the scrutiny of the Gillette
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Committee and the Congressional Farm Bloc.> Beholden to such political considerations
(and to the scientific demands of producing synthetic rubber), the technical committees of
the RRC were imperfect vehicles through which wartime rubber policy was disseminated
to private enterprise.

Robert Solo argues that this arrangement was “utterly inadequate” when “larger
numbers” of companies were involved in decision-making because the lone government
advisor on the RRC committees could not impartially arbitrate disputes or handle the
massive amounts of paperwork that passed between rubber program participants.® The
legal red tape that hampered the program was due, in part, to fears that big business might
unduly profit from mobilization like it had during WWI. Firms of all sizes procured
critical materials through an unwieldy priority system that often created shortages in key
industries: by early 1943, scientists at Goodrich found it “increasingly more difficult” to
obtain testing equipment “for evaluating and studying the properties of [its] plastics.”’
Likewise, the company’s research departments were caught off-guard in mid-1942 when
federal administrators, hoping to “prevent abuse” of priority applications, removed the
“A-2” rating for laboratory supplies and made it “necessary for [managers] to forecast
[their] requirements for the following quarter.”® The lack of responsiveness in the
priority system “caused unavoidable delays in ordering materials” and frustrated the

efforts of Goodrich management to plan and implement strategic initiatives.

5 W.L. Semon, “Synthetic Rubber Research Department Progress Digest for May 1942, June 4, 1942,
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Long-range planning and even day-to-day operations often took a back seat to the
tedious meetings of the RRC technical committees. After noting that these professional
gatherings “consume considerable productive time” of the scientists tasked with solving
the rubber crisis, Waldo Semon—who was distrustful of the government-organized
patent pools—wryly remarked that this administrative inefficiency was “probably...the
price we pay for mutual education and exchange of ideas.”® Frustration mounted in late
1942 when, at the recommendation of the Baruch Report, the Office of the Rubber
Director (ORD) was established to oversee the RRC.1% In an attempt to understand the
progress made by the rubber program, ORD called an inordinate number of committee
conferences and frequently requested information from “senior members” at Goodrich,
leading to a “corresponding decrease in [the] productive output” of the Research
Division.'! The time-consuming meetings (held in both Akron and Washington)
continued into the first half of 1943, and “after careful consideration,” Semon suggested
that Goodrich isolate its polymer research for the government from all other R&D
activities so technical personnel might spend time “on the problems which we consider
important rather than on routine requests” from federal officials.?

Segregating government-funded and commercial R&D became more urgent as

Goodrich began to implement a product diversification strategy early in the war, but such
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a reorganization was difficult from an accounting perspective (see Chapter 3.1). To
standardize reporting procedures in the Research Division, department directors began to
use bound laboratory notebooks by August 1942 and adopted new “problem number
assignments” to identify projects that were “100% Rubber Reserve reimbursable or 100%
Goodrich.”®® Not all work performed in the lab, however, could be so easily
distinguished between that conducted for the government and jobs intended to serve
commercial ends, especially since the synthetic rubber program dealt with materials and
processes found in many of the company’s product lines. As a result, the RRC instructed
Goodrich to not only track the precise number of “hours worked by each individual
research man on every problem in the laboratory,” but substantiate all expenses
(traveling, supplies, insurance, payroll taxes, etc.) with “record proof.”'* By April 1943,
the Accounting Department had fallen six months behind in preparing its billings due to
the labor requirements needed to satisfy the RRC, which itself suffered from an
administrative logjam and was “very dilatory in its payment of reimbursable expenses.”°
Goodrich was left wondering when, or if, it might be compensated for its
participation in the emergency wartime program, worries that were exacerbated by the
synthetic rubber patent pools which asked manufacturers to surrender rights to protected
technologies. In a closed hearing on March 23, 1942, John Collyer told the Truman

Committee that his firm had been the last one to sign a patent pool agreement with the

RRC, and it “was done rather reluctantly because it involved paying a royalty to the
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Standard Oil Company [of New Jersey]” for rubber technology that Goodrich had already
developed in its own laboratory.'® Senator Truman joked that Goodrich was essentially
“paying a royalty on [its] own patents,” to which Collyer explained how it was “strongly
suggested to us that with war on, it certainly wasn’t the time to contest suits, but to sign
the agreement and do the job, and of course we did that.” Once Japan surrendered,
though, Goodrich refused to pay licensing royalties to SONJ under the oil giant’s butyl
rubber patents, as the Akron-based manufacturer believed that it possessed a “superior,
non-infringing rubber” and did not want to encourage “government interference and
control in controversies which have previously been settled privately.”!’

According to Mansel G. Blackford and K. Austin Kerr, John Collyer was
“reluctant to share patent information” during WWII because doing so meant “conceding
[Goodrich’s] edge over...larger competitors.”*® The company particularly feared the loss
of trade secrets that could not be covered by patent protection, making it a point of
emphasis to tell other members of the RRC technical committees that all Goodrich
reports marked “secret and confidential” could be used only by managers and scientists at
competing enterprises “who must have this information...to direct development and

production.”® This distrust among rubber corporations (as well as between private
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enterprise and federal officials) made business representatives who sat on the Rubber
Industry Advisory Committee “very reluctant to talk openly or freely in the presence of
an audience of observers from many government agencies,” thereby stifling the exchange
of ideas that the synthetic rubber program had hoped to achieve.?°

Suspicious of its competitors in the rubber and chemical industries, Goodrich was
careful to acquire and protect intellectual property that was beyond the scope of the RRC
pools. The firm warned Hercules Powder in December 1943 not to file patents “covering
the use of rosin acids as emulsifying agents for polymer production,” since Goodrich’s
“records of invention” on these materials appeared to anticipate the work performed by
the Wilmington, Delaware, chemical manufacturer.? A wartime survey of synthetic
resin latex, on the other hand, led department directors to conclude that Goodrich could
not yet “dominate this field [with] the patent protection which [it] would be able to
obtain,” but it might be able to do so with a “large amount of research.”?? In addition, the
company was quick to send representatives to Washington immediately after the end of
hostilities, hoping to gain access to captured German rubber reports and secure a place on
the technical committees that visited foreign countries to tour enemy plants and
laboratories.?

For Goodrich, then, mobilization did not suspend competition, as it continued to

vigorously defend existing patents and stake out positions in new product lines. At the
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same time, the firm benefited in a variety of ways from its cooperation with other rubber,
chemical, and petroleum enterprises that participated in the wartime emergency program.
Goodrich and the Phillips Petroleum Company, for instance, formed a joint venture
(Hydrocarbon Chemical and Rubber Company) in 1940 that made Hycar, an oil-resistant
synthetic rubber, at an Akron plant.?* Soon after Pearl Harbor, Goodrich was allowed to
analyze a competitor’s bullet-sealing fuel tank compounds, which solved a “very urgent
problem” in the manufacture of aeronautical parts and equipment.?®> Federal agencies
also informed Goodrich of work being done in other corporate and university
laboratories, and management believed that the benefits of this relationship with the
government might “partially compensate for the extra restrictions imposed” by RRC
patent pools and price controls.2®

Even so, when the Department of Agriculture made inquiries in January 1946
regarding cotton tire cord, Goodrich refused to provide any information about its R&D
activities and did not offer “requested recommendations” on the topic.?’ The company—
having shared over 200 patents in the wartime emergency program—was ready to return
to peacetime operations and a more predictable marketplace where the federal
government was no longer the sole consumer of rubber.?® By September 1945, the
Director of the Office of War Mobilization and Reconversion had created an Interagency

Policy Committee on Rubber (known as the “Batt Committee™) to develop a plan to sell
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publicly owned GR-S plants to the private sector, but it instead urged the government to
continue industry-wide R&D “on the same scale as in the past” and retain ownership of
production facilities “until the rubber shortage is relieved.”?®

Thus, the stability of the Akron manufacturing cluster and, consequently, the
rubber industry as a whole was threatened by the administration of the synthetic rubber
program. Michael Porter indicates that cluster decline often stems from “developments
or discontinuities in the external environment.””3? In this case, rubber mobilization
introduced both technological and competitive discontinuities to the industry: synthetics
could replace the natural rubber supplies dominated by large, vertically integrated
manufacturers, while the pooling of patents promised to bring new competitors into the
marketplace (such as oil and chemical companies with expertise in synthetic rubber and
its feedstocks). The structure of the Akron cluster also invited disruptive government
regulation during and after the war. Federal officials could more easily design and
implement policies for firms in the same industry and geographical location than for
scattered companies whose diversity often required complex, targeted legislation.3?

Goodrich would again find itself navigating the same regulatory hurdles and
government-issued directives in the postwar political economy that it had encountered
while mobilizing for WWII. A member of the Chemical Company accounting staff, Lee

L. Keener, visited the Brecksville research center in January 1950 to discuss the need for
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additional clerical workers to fulfill the Office of Rubber Reserve’s overwhelming
accounting and recordkeeping requirements, as department directors tended to “resist
some of the inflexibilities of this formal procedure” in favor of “getting things done
within the framework of the system when the boundaries [were] not so clearly defined.”3?
The resistance of Goodrich and other manufacturers to the government-organized patent
pools achieved only gradual results after the war: agreements covering GR-S technology
were ended in 1946, the styrene patent exchange was concluded in 1948, and both the
butadiene and butyl patent pools were terminated in 1952.3 Similarly, price controls and
production quotas on rubber lingered into the 1950s due to fears that the critical material
might be unavailable in a national emergency. It was this regulatory environment to
which Goodrich would strategically respond with product diversification and the
restructuring of its Research Division, shoring up its long-term prospects after the

synthetic rubber program had transformed the nature of competition in the industry.

2.2 The Effect of Mobilization on Innovation and Competition in the Rubber Industry
Because the American synthetic rubber program generated a unique combination
of relationships among government, business, and academia, scholars have debated
whether or not the emergency plan was successfully implemented, assessing its impact on
innovation and competition. The first attempts to tell the story of synthetic rubber,
however, refrained from judging the efficacy of the program itself. Federal agencies that

oversaw mobilization released reports on national rubber policy after WWII, supplying
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technical descriptions of defense plants and achievements in production and research.3*
Company-published histories, on the other hand, emphasized the contributions of these
firms—many of which had operated publicly funded plants—to the development of
synthetic rubber. Manufacturers like B.F. Goodrich believed that they could protect their
intellectual property following the dissolution of government-organized patent pools, but
only if they convinced officials that certain scientific discoveries had been made in their
laboratories prior to the war or independent of the emergency rubber program.3®

What the government reports and company histories on synthetic rubber have in
common is their tendency to ignore the administrative squabbles which took place in and
between federal agencies and large corporations. This “oversight” might be due to both
parties wishing to avoid the perception that they put their own interests above those of the
nation while a rubber shortage threatened the war effort. Similarly, one of the few
postwar histories of rubber manufacturing admits that there were “doubts” over the
emergency program’s effectiveness, but gives “credit...[to] the industry as a whole” for
meeting quotas by 1945.%¢ Focused on the outcome of the program rather than the
process required to attain such results, these early accounts of synthetic rubber did not

assess how efficiently policy was implemented or whether best practices were followed.

34 For examples of government-published reports about the synthetic rubber program, see Rubber
Reserve Company, Report on the Rubber Program, 1940-1945 (Washington, D.C.: 1945); Reconstruction
Finance Corporation, The Government’s Rubber Projects: A History of the U.S. Government’s Natural and
Synthetic Rubber Programs, 1941-1955 (Washington, D.C.: 1955); Rubber Producing Facilities Disposal
Commission, Report to Congress Recommending Disposal of Government-Owned Synthetic Rubber
Facilities, Public Law 205-83" Congress (Washington, D.C.: 1955).

35 For histories of the synthetic rubber program published by corporations, see Bricks Without Straw:
The Story of Synthetic Rubber, as told within the B.F. Goodrich Company (Akron, Ohio: B.F. Goodrich
Company, 1944); John L. Collyer, The B.F. Goodrich Story of Creative Enterprise, 1870-1952 (New York:
The Newcomen Society in North America, 1952); David Dietz, Harvest of Research: The Story of the
Goodyear Chemical Division (Akron, Ohio: Goodyear Tire & Rubber Company, 1955).

3 p, Schidrowitz and T.R. Dawson, eds., History of the Rubber Industry (Cambridge, England: W.
Heffer & Sons Ltd., 1952), 317.
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Sustained scholarly evaluation of the synthetic rubber program would not begin
until after President Jimmy Carter’s televised address to the nation on July 15, 1979.37
Sometimes referred to as the “malaise” speech, the address diagnosed a national “crisis of
confidence” posing a “fundamental threat to American democracy.” Carter wondered
why, in the midst of stagflation and an oil shock, the country was “not able to get
together...to resolve [the] serious energy problem,” a sign that the public had lost faith in
its institutions following the tumult of the previous two decades. To resolve the energy
crisis, Carter recommended solutions that he hoped would overcome “fragmentation and
self-interest,” including oil import quotas, investment in public transportation, and the use
of carpools. He also asked Congress to establish a government-chartered “energy
security corporation” modeled after the Rubber Reserve Company.3 The assumption in
the president’s address, just as in the postwar histories on the topic, was that the RRC and
synthetic rubber program “helped [the nation] win World War II” by “mobilizing
American determination and ability.”

Carter’s reference to the rubber program opened it up for historical appraisal, as
scholars asked if it could serve as a model of government-business cooperation during a

national emergency. Since then, histories of rubber mobilization have adopted one of

37 For a transcript of Carter’s address, see “Energy and National Goals, Address to the Nation. July 15,
1979,” Public Papers of the Presidents of the United States: Jimmy Carter, Book I1—June 23 to December
31, 1979, eds. Katherine A. Mellody, et al. (Washington, D.C.: Office of the Federal Register, National
Archives and Records Service, General Services Administration, 1980), 1235-41.

3 The energy security corporation that Carter proposed was the short-lived Synthetic Fuels
Corporation, created under the 1980 Energy Security Act and dissolved in 1985. Operating as a private
corporate entity, the SFC was supposed to “provide venture capital to firms in the synthetic fuel industry,”
but it had approved just three projects through September 1984 and was neglected by the Reagan
administration (except as an outlet for political patronage). See Robert C. Pozen, “Synthetic Fuels
Corporation—Investment Bank or Government Agency?,” The Business Lawyer 36, no. 3 (April 1981),
954; Keith M. Stockton, “Government-to-Private Sector Energy Programs: Identification of Common
Elements Leading to Successful Implementation” (PhD diss., University of Colorado, 2009), 165-66.
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four perspectives. The first two are critical of private enterprise and follow in the
antitrust tradition of Thurman Arnold: they maintain that the large rubber, oil, and
chemical corporations in the synthetic rubber program were self-interested actors, stifling
innovation because they either obstructed technological progress (the radical position
held by Arnold and historian Mark Finlay) or lacked incentives to contribute to a
government-run operation (the structural functionalist position espoused by Vernon
Herbert, Attilio Bisio, and others). The third historical approach takes aim at the federal
administration of the emergency program, while a fourth is written from the perspective
of scientists who developed synthetic rubber and conducted basic research that would not
have been possible without public funding and the cooperation of private enterprise.
What all four approaches have in common, then, is that they determine the
success or failure of rubber mobilization by assigning the majority of responsibility to
one of the principals involved: business, government, or academia. Likewise, historians
critical of private sector participation in the synthetic rubber program or government
administration of the emergency plan tend to draw their conclusions from Thurman
Arnold’s testimony, the Truman and Gillette Committee hearings, and the subsequent
findings of the Baruch report. This debate over rubber policy that took place at the onset
of the war has set the parameters for historical inquiry of synthetic rubber development.
Ever since Jimmy Carter’s “crisis of confidence” speech sparked renewed interest in the
topic, journalists and scholars have appropriated the positions taken by contemporary
observers of the “rubber mess,” molding these arguments to fit their own perspectives.
For example, just days after the presidential address to the nation, syndicated

columnist Jack Anderson criticized Carter for placing his trust in the petroleum industry,
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repeating claims once made by Thurman Arnold.3® Anderson, whose critique of the
“crisis of confidence” speech was one of the first that focused on Carter’s mention of the
synthetic rubber program, argued that a solution to the late-1970s energy crisis could not
involve federal subsidies for large oil companies, as Standard Oil of New Jersey had
“jeopardized” national security during WWII when it obstructed the development of
plant-based rubber to protect its own patented technologies. Mark Finlay’s Growing
American Rubber (2009) also finds fault with SONJ, echoing the claim made by the
insurgent, anti-interventionist progressives on the Gillette Committee that rubber program
participants stifled agricultural innovation out of their own self-interest. The failure of
agriculture to solve the rubber crisis was not a pure market outcome, but rather the
triumph of “an internationalist interpretation of the postwar world...over the nationalist
schemes that Gillette Committee members favored.”*® According to Finlay, even if the
synthetic rubber program succeeded in developing a petroleum-based technology, rubber
policy was ultimately a failure, since it served big business at the cost of a “domestic,
renewable, sustainable source” of natural rubber.

Anderson and Finlay’s blunt assessments of corporate participation in the wartime
development of synthetic rubber leave little room to justify anticompetitive practices in
the midst of a national crisis. Large corporations (such as SONJ or the Big Four rubber
manufacturers) risk being accused of treasonous behavior if, when defending their market
positions against technological substitutes and new entrants, they do not align their profit

motives with the strategic initiatives of a government-organized emergency plan.

39 Jack Anderson, “Fuel Plan Flies in the Face of History,” The Washington Post, July 19, 1979, p.
DC11.

40 Mark R. Finlay, Growing American Rubber: Strategic Plants and the Politics of National Security
(New Brunswick, New Jersey: Rutgers University Press, 2009), 172, 196.
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Conversely, other scholars have criticized the role of business in the synthetic rubber
program without questioning the patriotism of individual firms. Vernon Herbert and
Attilio Bisio’s Synthetic Rubber (1985), Michael J. French’s The U.S. Tire Industry
(1991), and Steve Love and David Giffels’ Wheels of Fortune (1999) adopt a moderate,
structural functionalist approach to make sense of the “dual identity” of private enterprise
in the development of synthetic rubber. This dilemma plagued critics of corporate power
in the 1940s and 50s: were large firms “efficient dispensers” of technological progress
because they were also “profit-hungry behemoths”?4! If so, what mechanisms did
government have at its disposal to alleviate the competitive pressures facing individual
companies and steer industry toward the broader goals dictated by the exigencies of
mobilization? In answering these questions, historians who embrace the moderate
perspective of synthetic rubber development do not dismiss private sector resistance to
the emergency plan, but maintain that corporations lacked incentives to abandon their
profit motives and contribute to a hastily organized, government-run operation.

For Herbert and Bisio, the absence of such incentives was due to the challenges of
“overcoming initial inertia” when “reaching consensus on [the] overall scope and internal
dimensions...of the project.”*? Government and business approached mobilization with
different priorities, which explained why “research accomplishments flourished” only
after rubber plants “reverted to private ownership.” Additionally, patent pools and the
public ownership of manufacturing facilities made it difficult for firms to anticipate how

they could “internalize...rewards” from cooperative R&D with competing firms.** Not

41 Michael Kazin, The Populist Persuasion: An American History (Ithaca, New York: Cornell
University Press, 1995), 168.

42 Herbert and Bisio, Synthetic Rubber, 216.

43 |bid., 218.

72



only were the Big Four rubber manufacturers “reluctant” to develop cold rubber (a
synthetic made through polymerization at lower temperatures that was more durable in
tires than hot rubber) while their patents were still subject to cross-licensing agreements
presided over by the RRC, but these firms also delayed or hid progress on the all-cis
polyisoprene needed for synthetic “natural rubber.”** From a structural functionalist
viewpoint, the rubber program was not always an effective control system, as
administrators struggled to integrate functions of “pattern-maintenance” (private
companies used R&D to improve their own product lines and establish competitive
advantages) with those of “goal-attainment” (government agencies promoted cooperation
among corporate researchers who were otherwise in competition with one another).*°
Making claims about the role of business in rubber mobilization requires Herbert
and Bisio to expand the scope of inquiry beyond the Standard Oil-1.G. Farben cartel
controversy and consider rubber and chemical companies without an obvious financial
stake in petroleum-based rubber manufacturing. When Big Oil is not a conspiratorial
boogeyman and scapegoat for why certain innovations were not achieved by the
government-run program, historians can synthesize the experiences of all firms working
on synthetic rubber, including those who were more willing to assist federal agencies
than others. Michael French, for example, studies the range of responses from rubber
companies to the WWII emergency plan, concluding—much like Herbert and Bisio—that
the “industry cooperated with government” after the “pressure of war” swayed firms who

“sought to avoid government involvement in [their] affairs.”*® Similarly, Steve Love and

4 Morris, The American Synthetic Rubber Research Program, 58-59.

4 Talcott Parsons, “An Outline of the Social System [1961],” in Classical Sociological Theory, eds.
Craig Calhoun, et al., 2" ed. (Malden, Massachusetts: Blackwell Publishing, 2007), 427.

46 Michael J. French, The U.S. Tire Industry: A History (Boston: G. K. Hall & Co., 1991), xvi.

73



David Giffels put some blame on “rubber’s culture of secrecy” (one in which firms
recorded rubber recipes in code) for the wartime program’s “faltering start”:; General Tire
& Rubber even refused to pool its patents because it was suspicious of competitors
withholding “their best, most secret processes.”*’

To French, Love, and Giffels, private enterprise’s resistance to the synthetic
rubber program might have inhibited innovation, but large corporations were not
deliberately obstructionist. If anything, resistance to the program was understandable, as
firms cautiously approached a government-run operation that asked them to abandon
closely held values about competitive behavior and routinized practices embedded in
their organizational structures. Since it recognizes these inherent obstacles that had to be
overcome by federal officials, the moderate, structural functionalist perspective of
synthetic rubber development in the U.S. is more concerned with the results of the
wartime program than with the sometimes muddled process needed to achieve them.

In this regard, the moderate perspective shares similarities with the initial postwar
histories published by federal agencies or participating corporations that ignore
administrative squabbles and conclude that the synthetic rubber program was a
resounding success. Herbert and Bisio praise the program for spawning a major industry,
bringing it to maturity, and turning it over “intact and as a profitable, ongoing business to
private enterprise.”*® Michael French emphasizes the war’s positive effect on rubber

manufacturers, noting that the emergency program “altered the tire industry’s supply

position by providing a basic new material.”*® Love and Giffels even assert that “the

47 Steve Love and David Giffels, Wheels of Fortune: The Story of Rubber in Akron (Akron, Ohio: The
University of Akron Press, 1999), 107-110.

48 Herbert and Bisio, Synthetic Rubber, 180.

49 French, The U.S. Tire Industry, 84.
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development of synthetic rubber outranked every World War Il priority—including the
Bomb.”%® While this assessment of the wartime program might seem overly optimistic,
its technological achievements—organizing the capabilities of thousands of corporate and
university researchers, starting a new industry from scratch in less than five years,
ensuring a supply of a critical raw material for mobilization, etc.—put it on par with any
so-called “Big Science” endeavors, even the Manhattan Project.>!

The third perspective from which the synthetic rubber program has been analyzed,
however, does not take these achievements as a given, concentrating on the convoluted
process needed to attain supposedly meager results. Led by Robert Solo, historians
writing from this perspective criticize the inefficient implementation of the emergency
rubber plan and question whether effective federal leadership could have better fostered
innovation.>? Where Love and Giffels compare the wartime rubber policy to the
Manhattan Project, Solo cites the creation of the atomic bomb, the space program, and
nuclear submarine development as examples of the technologies that a well-administered
scientific program can deliver. These three successful projects were entirely government-
run operations, “planned [and] centrally directed...by a highly competent technological
cum scientific authority that stood wholly responsible for outcomes.” In contrast,
synthetic rubber development was “administered by minor technologists or by failed

scientists turned bureaucrat” who answered to “advisory committees drawn from the

50| ove and Giffels, Wheels of Fortune, 110.

51 Mark Bowles, Chains of Opportunity: The University of Akron and the Emergence of the Polymer
Age, 1909-2007 (Akron, Ohio: The University of Akron Press, 2008), 48. Bowles also compares the
synthetic rubber program to the Manhattan Project, which is usually seen “as the shining example of
government-directed scientific research and development.”

52 Solo, Across the High Technology Threshold, ii. The first edition of Solo’s history was published in
1959 as a Senate Document, but found itself “buried in the archive, for decades lost from view.” It was
only after Jimmy Carter proposed modeling a new government-run synthetic fuels corporation on the RRC
that the objections raised by Solo against the administration of WW1I rubber policy gained traction.
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business or...academic establishment,” both of which had little “stake in the outcome of
the program.”? Casting the “government bread” of research grants “upon the waters” of
private sector proposals only served to increase competition among firms whose
cooperation with one another was necessary to alleviate the rubber shortage, eliminating
incentives for companies to willingly share technical expertise. R&D was soon
“contained in separate corporate enclaves,” and the major innovations (e.g., cold rubber
and synthetic “natural rubber”) that made the synthetic rubber industry “commercially
viable...came from outside the scatter-grant zone” established by the RRC.>*

Here, Solo diverges from the structural functionalists who believe that the
“wartime patriotism” of individual companies overcame problems with the RRC’s
financing approach, “served as a stimulus [for firms] to perform well,” and resulted in
“many improvements in operations and product quality.”® Solo, however, is confident
that the structural gap between the competitive patterns of private enterprise and the
broader goals of the government-run program could have been bridged, but only if
federal administrators had possessed a “mastery of science and technology” that could
not “be bought or borrowed from business.”*® With greater competence in matters of
technological innovation, RRC officials might have enacted a more clearly defined
strategic vision, concentrating authority within this federal agency instead of letting it be
diffused among a multitude of advisory committees, corporations, and universities.

How technical expertise in synthetics was developed is the focus of Peter J.T.

Morris’ The American Synthetic Rubber Research Program (1989) and Mark Bowles’

%3 Ibid., viii.

5 Ibid., viii-x.

%5 Herbert and Bisio, Synthetic Rubber, 180.

% Solo, Across the High Technology Threshold, xiii.
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Chains of Opportunity (2008), which explain the “synergic effect” of the WWII program
on polymer R&D in corporate and university laboratories.>” While Robert Solo argues
that authorities failed “to create a bridge” between the basic and applied research needed
to bring about radical innovation that could be “incorporated into industrial operations,”
Morris believes the wartime program was a success due to the “incremental” innovation
(GR-S, oil-extended rubber, etc.) achieved through the cooperation of government,
business, and academia.®® The importance of incremental innovation is “often
underestimated,” but it results in a “slightly better process or product, and/or lower
production costs.”®® As technology became more complex in the twentieth century, a
series of “intermediate steps”—the adoption of ideas from other industries through an
“intersectoral flow of new technologies,” the redesign of processes to reduce costs, and
the reorganization of plants for idiosyncratic goods—were required to commercialize
discoveries made in the laboratory.®® This idea of innovation as a gradual process
illuminates Morris’ study, differentiating his approach from the Solo-led perspective
which assumes that inertia from “anticipated competition after the [synthetic rubber]
program ended” prevented major, “eureka”-type developments in rubber research.®!
Morris, though, does not blindly praise the government-run program, instead
drawing a sharp distinction between WWII and “peacetime” research efforts. He

maintains, much like the structural functionalists, that “patriotism...acted as [a] powerful

57 Morris, The American Synthetic Rubber Research Program, 141.

%8 Solo, Across the High Technology Threshold, 108.

59 Morris, The American Synthetic Rubber Research Program, 56-58, 141-42. According to Morris,
“radical” innovation constitutes a “‘quantum leap from...previous processes,” introducing “entirely new
methods” of production which give a firm such a “marked advantage” over its competitors that it can
“result in dominance of an industry.”

% David C. Mowery and Nathan Rosenberg, Paths of Innovation: Technological Change in 20"-
Century America (New York: Cambridge University Press, 1998), 2-5.

81 Morris, The American Synthetic Rubber Research Program, 4.
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stimuli” for corporate scientists to contribute to the government’s emergency plan from
1940 to 1945, but without the immediate crisis of the wartime rubber shortage, postwar
federal oversight of the rubber industry and research into synthetics “was markedly less
successful.”®? Morris is thus left to conclude that competition among private firms is the
only force which can generate radical breakthroughs in science and technology,
particularly in industrial sectors with an oligopolistic market structure.%?

Although postwar rubber research was characterized by failures and dead ends,
corporate and university scientists still tested hypotheses and published hundreds of
articles on polymer chemistry. Such R&D tends to be esoteric and produces only
incremental gains in science and technology over a long period of time, but as Vannevar
Bush explains in his influential 1945 report to the president, new products “require
continuous additions to knowledge of the laws of nature...[that] can only be obtained
through basic scientific research.”® Mark Bowles’ history of synthetic rubber
development from the perspective of scientists and graduate students at the University of
Akron not only emphasizes the importance of basic research to the government-run
emergency plan, but it also seeks the origins of private enterprise and academia’s

cooperative efforts to “perfect the process of creating a natural rubber substitute.”®®

82 Ibid., 50. Given that the postwar federal regulation of the rubber industry and investment in rubber
research lasted through 1955, it is fair to question if there was truly “peacetime” government-organized
research efforts into synthetics, as Morris claims.

8 Ibid., 59.

8 Vannevar Bush, Science, the Endless Frontier: A Report to the President (Washington, D.C.: U.S.
Government Printing Office, 1945), 1. Bush and other members of the “science policy elite” argued that
basic research was required to establish an “assembly-line model” of technological advances. Almost
immediately, however, historians of science and technology called into question the “pure science” ideal
promoted by policymakers who sought additional public funding for basic research and the National
Science Foundation. See George Wise, “Science and Technology,” Osiris 1 (1985): 230-33.

8 Bowles, Chains of Opportunity, 8, 50. Bowles calls for organizational accounts of synthetic rubber
research, noting that biographical treatments of scientists—a methodology embraced by Morris when he
focuses on individual researchers and their specific contributions to synthetics—have “far superseded the
institutional perspective of the history of polymers.”

78



Where Peter Morris sees antagonism between business and academia in the synthetic
rubber program, Bowles discerns a spirit of productive cooperation with which the
University of Akron “played important scientific and administrative roles” in the
development of synthetics by contributing to major innovations like cold rubber.%5

A narrow focus on one university, though, risks marginalizing other American
schools that worked on synthetic rubber and fails to appreciate how such research was a
collaborative effort among many organizations.®’ Even so, Bowles’ institutional
narrative succeeds in enhancing the reputation of the University of Akron by exploring its
participation in the emergency plan, much like histories of individual rubber companies
that have promoted how these firms were responsible for meeting the nation’s wartime
demands.®® In this way, Bowles follows a tradition that links all four perspectives of the
synthetic rubber program (i.e., the Thurman Arnold-led criticism of big business,
structural functionalist analysis of government-business cooperation, scrutiny of the
rubber policy’s administration, and assessments of corporate and university scientists
who participated in cooperative research): nearly every account of the program interprets
it in such a way as to achieve pragmatic ends, drawing lessons about government’s ability

to foster innovation and applying them to contemporary political dilemmas.®°

% 1bid., 48.

57 Ibid., 54. Bowles acknowledges schools which “supplied advanced research in physics or
engineering” to the war effort, but he proclaims that the University of Akron “was of the greatest
importance” due to its rubber chemistry resources and “proximity to the center of the rubber industry.”

8 Corporate histories often promote these firms by detailing how they put aside profit motives for
patriotic ones, contributing resources and expertise to WWI1 mobilization. For example, Mansel G.
Blackford and K. Austin Kerr gloss over the setbacks characterizing the synthetic rubber program to
emphasize that B.F. Goodrich participated in what was “one of the most significant scientific and industrial
achievements ever.” In this promotional history, wartime rubber policy (and Goodrich, by association)
“literally made victory possible.” See Blackford and Kerr, BFGoodrich, 152.

% Solo, Across the High Technology Threshold, viii-ix; Herbert and Bisio, Synthetic Rubber, 224;
Morris, The American Synthetic Rubber Research Program, 2; Bowles, Chains of Opportunity, 233-35. In
the wake of Carter’s “crisis of confidence” speech, Solo, Herbert, and Bisio maintained that, given the
difficulties in organizing the synthetic rubber program, government lacked the capabilities to develop fuels
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Therefore, historians writing about synthetic rubber, regardless if they praise or
criticize the response to the rubber crisis, have (with few exceptions) found a usable past
in the government-organized endeavor. Such a past assumes that lessons can be drawn
from federal administrators who implemented a national rubber policy intended to
achieve certain outcomes. This dissertation, in contrast, is concerned with the unintended
consequences of the synthetic rubber program: namely, the lowering of barriers to entry
in the rubber industry and the attempts made by manufacturers like B.F. Goodrich to
evade anticipated competition through diversification strategies.’® | have avoided any
ideological critiques of the emergency program, as its most significant impact—an
upheaval in the competitive circumstances of the rubber industry—diverged sharply from
the original intent of policymakers who sought to alleviate the rubber shortage. If there is
a usable past to be found in the story of synthetic rubber, it is not in how government
organized the capabilities of industrial enterprises, but rather how these firms responded
to the uncertainties of mobilization and the political economy that emerged from WWII.

In fact, what all four scholarly perspectives of the synthetic rubber program agree
on is that because mobilization did not suspend capitalism in the U.S., it was difficult (if
not impossible) for public officials to convince corporations to abandon their competitive

impulses. While John Collyer had been one of the most prominent supporters of a

which would curb the nation’s dependence on foreign oil. Peter Morris later argued that the response to the
1940s rubber crisis might serve as a model “for government-sponsored programs to encourage
collaboration” between industry and academia, thereby alleviating “recent fears about Japan’s growing
superiority in high technology [sectors]” like computers and polymer science. Finally, Mark Bowles
suggests that the undue influence of petroleum and chemical companies on WWII rubber policy offers
lessons for today’s public officials tasked with writing biosecurity and energy subsidy legislation.

0 Steven M. Gillon, “That’s Not What We Meant to Do ”: Reform and Its Unintended Consequences in
Twentieth-Century America (New York: W.W. Norton & Company, 2000), 17-23. The “gap between
human intention and actual outcome” in policymaking informs this dissertation’s claim that large firms
were forced to react to the uncertainties of a new competitive environment brought about by mobilization.
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government-run synthetic rubber program prior to Pearl Harbor, his position changed
once it became clear that the war effort had the potential to upset the oligopolistic
structure of the rubber industry. At an October 1942 meeting, Goodrich R&D directors
discussed the “little rubber companies and the universities [that] have been exerting
pressure to get their proper part in the [rubber] program...so they can be competitive after
the war,” suggesting that secrecy agreements with the RRC be modified so these
competing firms would not have access to pooled patents and technical information.’*
After the war, Goodrich lamented its participation in RRC patent pools. The
“best known product of the entire program of government-sponsored research and
development” was cold rubber, but according to Goodrich, the “real discoveries” that
served as the basis for this particular innovation had been made in its laboratories prior to
Pearl Harbor.”> By donating its cold rubber patents to the RRC, the Akron-based firm
was not able extract the full advantages of technological achievement in its core business.
However, at the same time it was devoting manpower to the synthetic rubber program
and “placing welfare of country before private gain,” Goodrich was—much like other
large manufacturers throughout the American economy—quietly preparing itself for
increased competition in the rubber industry, implementing an extensive product

diversification strategy almost as soon as WWII began.”

"L «“Research Conference Held Saturday, October 24, 1942,” meeting minutes, Folder labeled
“Research Conferences, 1942,” Box 85, Series VII: Research and Development, BFGCR.

72 Untitled report, p. 15, Folder labeled “Growth and History of B.F. Goodrich in Relationship to
Progress in Research and Development, Part 1 of 2,” Box 84, Series VII: Research and Development,
BFGCR.

73 Untitled report, p. 190, Folder labeled “Growth and History of B.F. Goodrich in Relationship to
Progress in Research and Development, Part 2 of 2,” Box 84, Series VII: Research and Development,
BFGCR.
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Chapter 3: A Research Revolution—Formalized, Complex, and Costly
“Akin to, and largely responsible for the sweeping changes in our industrial-military
posture, has been the technological revolution during recent decades. In this revolution,
research has become central; it also becomes more formalized, complex, and costly. A
steadily increasing share is conducted for, by, or at the direction of, the Federal
government.”

-Dwight D. Eisenhower, “Farewell Address,” January 17, 1961
“Scientific revolutions...need seem revolutionary only to those whose paradigms are
affected by them. To outsiders they may, like the Balkan revolutions of the early
twentieth century, seem normal parts of the developmental process.”
-Thomas S. Kuhn, The Structure of Scientific Revolutions, pp. 92-93

3.1 Diversification of B.F. Goodrich Research Projects, 1942-1953

Like other industrial manufacturers, B.F. Goodrich seized opportunities created
by the enormous increase in federal spending for mobilization. The company’s R&D
expenditures grew over 250% from 1941 to 1945, with much of these resources dedicated
to the study of synthetic rubber and polymerization processes (see Tables 3-1 and 3-2).
When the government restricted rubber sales to the general public in 1942, Goodrich
oversaw an “unprecedented expansion of [its] production for the aircraft program,”
finding an “immediate market” for airplane tires, self-sealing fuel tanks, and metal-to-
metal adhesives.! The Research Division even sent three scientists (Dwight L.
Loughborough, Herschel W. Grinter, and Malcolm E. Gross) to California in March 1943
to consult “with technical men of aircraft factories.” After the surrender of Japan,

Goodrich continued to secure contracts with the armed forces, undertaking a “research

program designed to produce a rigid, homogenous sonar dome” for the Navy in the late

1 B.F. Goodrich Company, 1943 Annual Report, February 29, 1944, p. 3.

2 E.B. Newton, “Technical Service Laboratories Progress Report for March 1943,” March 31, 1943, p.
2, in B.F. Goodrich Progress Digests, 1943, Bounded VVolumes, Series VII: Research and Development,
B.F. Goodrich Company Records 1868-1990, Archival Services, University Libraries, The University of
Akron, Akron, Ohio (hereafter cited as BFGCR).

82



1940s and later developing “protective films” for the Army Chemical Center to “prevent
damage by nerve gases.”®

Defense production, though, does not lend much insight into the strategic
motivations of Goodrich as it diversified its operations after 1941. Inspired by patriotism
and lucrative government contracts, every American company contributed to WW1I
mobilization in some manner. What is notable about Goodrich and many other large
industrial corporations is that these firms anticipated increased competition as a result of
government intervention (price controls, patent pools, publicly funded plants, rationing,
etc.) into private markets during the war, and as a result, they began to prepare for the
postwar political economy soon after the attack on Pearl Harbor. Goodrich held long-
range planning meetings with executives in the Tire Division as early as February 1943,
and within three months, research department directors were assessing opportunities in
organic, agricultural, and pharmaceutical chemicals.* A member of the rubber research
staff, Harold P. Brown, also suggested that by exploiting the “accumulated information”
the company had acquired in the synthetic rubber program, Goodrich could soon
manufacture “small semi-pilot plant scale quantities of chemicals” that—because they

had commercial applications as “intermediates or final products”—might secure a

foothold in the marketplace and become “self-sustaining” endeavors.®

3 J.M. Davies, “Physical Research Laboratory Progress Report for May 1948,” June 11, 1948, p. 1, in
B.F. Goodrich Progress Digests, 1948; W.L. Davidson, ‘“Physical Research Laboratory Progress Report for
August 1950,” September 7, 1950, p. 3, in B.F. Goodrich Progress Digests, 1950; H.N. Stevens,
“Biochemical Research Department Progress Report for January 1952,” February 7, 1952, p. 1, in B.F.
Goodrich Progress Digests, 1952.

4 Rubber Research, “Postwar Planning: Conference with Harold Gray,” meeting minutes, February 13,
1943, Folder 32, Box 7, Series I11: Subject Files 1929-1965, Waldo L. Semon Papers 1926-1990, Archival
Services, University Libraries, The University of Akron, Akron, Ohio (hereafter cited as WLSP).

5> H.P. Brown to W.L. Semon, May 6, 1943, Folder 32, Box 7, Series Ill: Subject Files 1929-1965,
WLSP.
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Table 3-1: B.F. Goodrich Research Division Costs, 1941-1956°

Year Reseag:(?s t[s) j\vision Company Sales Cor:]np?:a(l)r:r)]/eNet (F;g:tesil’\(i:t
Income (%)
1941 $526,199 $211,454,790 $8,608,324 6.1%
1942 739,390 238,784,372 9,524,706 7.8%
1943 1,070,424 374,408,710 11,584,501 9.2%
1944 1,261,393 419,294,119 12,015,842 10.5%
1945 1,325,481 372,082,813 12,313,501 10.8%
1946 1,257,569 361,471,149 25,207,871 5.0%
1947 1,269,931 410,180,839 23,231,063 5.5%
1948 1,527,646 419,798,703 23,740,705 6.4%
1949 1,712,690 387,918,386 20,935,738 8.2%
1950 1,669,024 543,312,294 34,708,355 4.8%
1951 1,999,457 637,722,241 34,742,881 5.8%
1952 2,268,360 624,102,207 32,364,008 7.0%
1953 2,341,599 674,613,276 34,226,745 6.8%
1954 2,416,290 630,670,600 38,815,737 6.2%
1955 2,806,107 755,016,879 46,662,127 6.0%
1956 3,222,556 724,168,401 43,765,431 7.4%

A Research Division costs include salaries, traveling, materials, fixed service charges, depreciation, taxes
and insurance, utilities, and research contracts. These figures, though, do not include capital
investment (buildings, machinery and equipment, furniture, land, etc.). In addition, the available
documents (and, as a result, the table above) only provide “net costs” for the Goodrich Research

Division, which has subtracted “government sales” from the gross research costs.

6 “Research and Development Costs vs. Sales,” July 6, 1955, in Research Costs and Contributions,
1943-1952, Folder labeled “Research Costs and Contributions, 1943-1945,” Box 84, Series VII: Research
and Development, BFGCR; “Operating Costs,” January 1957, Folder labeled “Research Authorizations,
Costs & Annual Operating Review, 1957,” Box 84, Series VII: Research and Development, BFGCR.
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Following several months of planning, management initiated a product
diversification strategy in August 1943 when it reassigned Waldo L. Semon from
synthetic rubber R&D to a new department (Pioneering Research) focused on areas of
study where the firm had not yet secured patents or established product lines. Semon,
who remained “on call when his advice [was] needed” for the wartime rubber program,
was Goodrich’s top scientist, having developed polyvinyl chloride and “Ameripol”
synthetic rubber prior to WWIL.” When he took over the Pioneering Research
Department, he spent a month surveying the needs of the company and concluded that
exploratory work should be performed in eight areas: PVC plasticizers, thermoplastics,
synthetic fibers, biochemistry, acrylates, acrylonitrile, hydrogen chloride production, and
nutrition science.® According to Semon, this department “could be the most profitable
branch of research for the future of the B.F. Goodrich Company,” and he sought to
expand its operations “slowly and surely as the right men and equipment [could] be
obtained.”®

The increasing diversity of Goodrich R&D after the Pioneering Research unit was
established can be seen in the monthly progress reports written by research department
directors.19 Plastics, polymers, adhesives, agricultural chemicals, lactone chemicals, and

textiles were mentioned with greater frequency in the reports after 1942 as more

scientists were assigned to these topics and key problems were addressed (see Table 3-3).

"W.L. Semon, “Synthetic Rubber Research Department Progress Digest for July 1943,” August 7,
1943, p. 1, in B.F. Goodrich Progress Digests, 1942-1943. Harold Trumbull took over synthetic rubber
research for Semon, who headed the department since 1936.

8 W.L. Semon, “Pioneering Research Department Progress Digest for September 1943,” October 6,
1943, pp. 1-2, in B.F. Goodrich Progress Digests, 1942-1943.

® W.L. Semon, “Pioneering Research Department Progress Digest for August 1943,” September 13,
1943, pp. 1-4, in B.F. Goodrich Progress Digests, 1942-1943.

10 For an explanation of the progress reports and how individual “research projects” are tabulated, see
Appendix A.
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Table 3-2: B.F. Goodrich Research Division Costs, 1943-1952, by Projects!?

Research Projects

Costs, 1943-52

Polymer Research (Synthetic Rubber, Vinyl Chloride Polymers,

Butadiene Polymers, Thermosetting Plastics, Nitrile Rubbers, etc.) $4,538,693
Organic Chemicals (Acc_e!erators, A_cr_ylonitri_le, Antio_xidants, 3.600.851
Lactone, Petroleum Additives, Plasticizers, Vinyl Resins, etc.) T

Synthetic Fibers (“Zetek,” Fiberglass) 1,547,382
New Evaluation Methods 1,178,529
Exploratory Research 622,840
Biochemical Research 560,382
Research Compounding Studies 490,100
Latex Research 479,496
Polymer Reinforcements (Fumed Silica, Pigments, etc.) 387,407
De-Icers 312,121
Adhesives 303,234
Hi-Lo Temperature Hose, Cl_JtIes_s Beafings, Footwear, Golf Balls, 202,025
Torsilastic Springs
Chemical Engineering Research 188,180
Research Studies 165,285
Tire Problems 137,895
Aircraft Fuel Cells and Brakes 133,066
Synthesis of Rubber by Microorganisms 74,766
Products: General Studies 72,075
Fundamental Studies of Vulcanization 70,899
Sonar Devices 65,256
Koroseal Cable Stocks 57,116
Vulcollan Sponge 23,769
Koroseal Sales Service 23,409
Atomic Energy Studies 21,568
Non-Infringing Resin for Asphalt Battery Cases 17,237
Total Cost $15,273,581

11 «Research Costs, 1943-1952,” pp. 1-2, in Research Costs and Contributions, 1943-1952, Folder
labeled “Research Costs and Contributions, 1943-1945,” Box 84, Series VII: Research and Development,

BFGCR.
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At the same time, individual mentions of synthetic rubber projects gradually declined
from a high of 518 in 1942, only recovering during the early 1950s when Goodrich
devoted more resources to the study of butyl rubber and synthetic “natural rubber.” The
expansion of research activities in new product lines at the expense of work on synthetics
suggests that Goodrich was leery of conducting R&D for the government program—
especially after the GR-S recipe had been finalized early in the war—if patents and
technical knowhow would be shared with other rubber, oil, and chemical companies.

In fact, Goodrich contracted out some synthetic rubber research to universities,
freeing up resources in its corporate laboratories to focus on other products and
processes. By November 1942, it had signed a contract with Cornell University to have
professors and students address “problems suitable for academic research,” which
included basic chemistry and polymer R&D.*? The division of labor between corporate
and university laboratories (and, thus, between applied and basic science) was preserved
after WWII, as “contacts [were] maintained between [ Goodrich] directors and the heads
of various departments of Cornell.”*3 Goodrich also reached agreements with Ohio State
and the University of Illinois to perform consulting work on chemistry projects, although
a separate arrangement with Cornell to test biochemicals in its laboratory “on a
confidential basis” could not be consummated.*

This more chemically and technologically complex research was instead

conducted in Goodrich facilities, and the number of ongoing projects grew (with few

12'W L. Semon, “Synthetic Rubber Research Department Progress Digest for October 1942,
November 10, 1942, p. 1, in B.F. Goodrich Progress Digests, 1942-1943.

13 H.N. Stevens, “Patents and Abstracts Department Progress Report for January 1953,” January 31,
1953, p. 2, in B.F. Goodrich Progress Digests, 1953.

14D.B. Stewart, “Operating and Planning Department Progress Report for March 1952,” March 31,
1952, p. 2, in B.F. Goodrich Progress Digests, 1952.
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Table 3-3a: Projects Mentioned in B.F. Goodrich Research Department Monthly

Progress Reports, 1942-1953, by Product Category?*®

Product 1942 1943 1944 1945 1946 1947
Categories
Accelerators 77 74 107 98 96 100
Adhesives 105 86 92 85 54 63
Administrative 209 214 138 182 112 156
Aeronautical 160 139 160 74 11 36
Products
Agricultural
Chemicals and 0 10 91 170 63 53
Biochemicals
Basic Research 0 17 7 6 58 25
Fillers and 28 45 35 61 70 143
Pigments
Lactone 0 12 70 101 128 32
Chemicals
Latex 32 181 150 130 161 135
Miscellaneous 18 92 250 145 147 100
Chemicals
Plastics 28 112 155 08 128 211
Polymers 8 78 217 228 282 325
PVCand Related | 5, 147 60 60 96 141
Materials
Rubber 47 32 30 25 35 03
Rubber Products 62 95 48 38 141 112
Rubber 121 71 73 78 129 57
Properties
Synthetic 518 396 344 380 301 116
Rubber
Textiles 16 21 69 44 31 92
Tires 50 29 95 78 30 64
Other 34 35 34 49 59 88
Categories”
Totals 1704 1886 2225 2220 2132 2142

A Other product categories include Cellulose Materials, Metal Products, Radiation Testing, and Rigid

Industrial Materials.

15 See Appendix A for an explanation of what products fall under each of the listed “categories.”




Table 3-3b: Projects Mentioned in B.F. Goodrich Research Department Monthly

Progress Reports, 1942-1953, by Product Category (Continued)

Product 1948 1949 1950 19514 1952 19538
Categories
Accelerators 104 93 84 21 6 34
Adhesives 93 106 111 78 245 242
Administrative 217 263 257 140 236 193
Aeronautical 62 16 13 4 34 69
Products
Agricultural
Chemicals and 60 32 86 42 75 69
Biochemicals
Basic Research 1 1 15 22 28 22
Fillers and 115 121 88 56 117 117
Pigments
Lactone 55 53 129 64 86 61
Chemicals
Latex 102 86 20 15 67 23
Miscellaneous |, g 190 369 204 208 143
Chemicals
Plastics 170 248 325 251 412 374
Polymers 75 144 138 122 242 170
PVCand Related | 9 121 114 0 32 19
Materials
Rubber 89 44 21 3 30 19
Rubber Products 167 154 90 36 151 275
Rubber 130 90 56 59 158 123
Properties
Synthetic
Rubber 57 95 168 73 242 267
Textiles 61 121 259 196 349 246
Tires 66 58 88 29 102 49
Other Categories 28 24 1 0 41 71
Totals 1989 2090 2432 1415~ 2861 25868

A The figures for 1951 include only the first half of the year (January through June), as the progress
reports for July through December were not available at the University of Akron Archives.

B The figures for 1953 include only those for January through November, as Dr. Frank Schoenfeld asked
research department directors to not write progress reports for December.
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exceptions) each year through the early 1950s as executives like President John Collyer
placed more emphasis on the importance of R&D to the long-term success of the
organization (see Figure 3-1).16 The surge in laboratory activity manifested itself in
patents filed by company scientists. A study conducted by the Research Division
revealed that, during 1950, Goodrich ranked twentieth among all American firms in total
patents issued, and Research Coordinator Harry Stevens urged the Patent Law
Department “to file more of our applications and to handle our recommendations more
rapidly.”'” The department considered the 70 patents per year originating from the
Brecksville research center to be “unusually large,” but Stevens believed that “this
[would] continue to be the minimum number of applications...to protect important
discoveries” from competitors.'®

Filing patents was only one step in the process of innovation needed to bring a
product to market. For example, Goodrich’s development of “Zetek™ synthetic fibers
(which were later marketed under the “Darvan” brand name) began tentatively in 1948
with some minor exploratory work in the Textile Research Department that assessed the
feasibility of establishing a product line in this area (see Figure 3-2).1° After consulting
with John Collyer and other executives in early 1949, project managers began to stake

out a patent position for “Zetek” by submitting the “greatest number of [patent]

16 Progress reports for the second half of 1951 (July through December) and December 1953 are not
available, and as a result, the totals for 1951 and 1953 in Figures 3-1, 3-2, and 3-3 are prorated estimates
based on the data at hand. The brief decline in the number of research projects mentioned in the 1948 and
1949 progress reports was due to the difficulties moving the Research Division from Akron to the newly
constructed Brecksville facility.

" H.N. Stevens, “Patents and Abstracts Department Progress Report for February 1951,” March 7,
1951, p. 1, in B.F. Goodrich Progress Digests, 1951.

18 H.N. Stevens, “Patents and Abstracts Department Progress Report for January 1950,” February 7,
1950, p. 1, in B.F. Goodrich Progress Digests, 1950.

¥ H.L. Trumbull, “Textile Research Department Progress Report for September 1948,” October 8,
1948, p. 1, in B.F. Goodrich Progress Digests, 1948.
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Figure 3-1: Projects Mentioned in B.F. Goodrich Research Department
Monthly Progress Reports, 1942-1953
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applications...[Goodrich had] ever filed on a single invention.”?® While these
applications were being processed, company scientists debated when their new synthetic
fiber should be publicized and studied potential conflicts between “Zetek™ and polymer
patents held by Eastman Kodak, Firestone, and U.S. Rubber.?* A pilot plant for “Zetek”

was approved in June 1949, after which the number of times this project was mentioned

20 H.N. Stevens, “Patents and Abstracts Department Progress Report for January 1949,” February 8,
1949, p. 1, in B.F. Goodrich Progress Digests, 1949.

2L H.N. Stevens, “Patents and Abstracts Department Progress Report for February 1949,” March 4,
1949, p. 1, and “Patents and Abstracts Department Progress Report for April 1949,” May 6, 1949, p. 1, in
B.F. Goodrich Progress Digests, 1949.
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Figure 3-2: ""Zetek™ Projects Mentioned in B.F. Goodrich Research
Department Monthly Progress Reports, 1947-1953
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in research department progress reports skyrocketed before leveling off within two years
once many development and manufacturing issues had been addressed.??

Despite the peculiarities of individual chemicals and technologies, similar R&D
project life cycles as that of “Zetek”—tentative exploration followed by patent
applications, pilot plant work, a dramatic growth and gradual decline in research activity,
publicity of the discovery, and eventual commercialization—characterized other product

lines established by Goodrich while it implemented a diversification strategy during the

22D, H. Cornell, “Engineering Services Department Progress Report for June 1949,” July 5, 1949, p. 1,
in B.F. Goodrich Progress Digests, 1949.
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1940s and 50s. The study of acrylonitrile was limited to a handful of projects in
Pioneering Research before 1946, when company scientists began to examine its
applications in the manufacture of plastics and adhesives (see Figure 3-3). Likewise,
research into agricultural and lactone chemicals peaked over a two-year span at the end of
WWII as Goodrich sought to commercialize these materials “as soon as possible in order
to enjoy the maximum span of protected manufacture” allowed under its initial patents.?
In late 1944, management debated when to publicize its work on beta-propiolactone (an
organic compound used as an intermediate for making plastics) and other lactone
chemicals, deciding to wait until the company’s “patent position [was] secure” before
mounting “an intensive publicity campaign [through] technical articles and lectures.”?*
Once Goodrich held a strong patent position for a particular chemical or
technology, it could license these rights to other corporations. Sometimes, negotiations
over patent licensing became contentious: Goodrich refused a request made by Parke,
Davis & Company in 1947 to test medicinal polymers and “anti-tubercular agents” that
had been developed in the Akron research laboratories, telling the pharmaceutical
manufacturer that it was “unwilling to enter into any arrangement granting rights” for

materials which might be “discovered in the future.”?® The perceived profitability of

scientific discoveries—including those which would not be commercialized by Goodrich

ZH.N. Stevens, “Patents and Abstracts Department Progress Report for September 1944,” September
30, 1944, p. 1, in B.F. Goodrich Progress Digests, 1944.

2 H.N. Stevens, “Patents and Abstracts Department Progress Report for December 1944,” December
31,1944, p. 1, in B.F. Goodrich Progress Digests, 1944,

%5 H.N. Stevens, “Patents and Abstracts Department Progress Report for May 1947,” June 6, 1947, p.
1, and “Patents and Abstracts Department Progress Report for July 1947, August 4, 1947, p. 1, in B.F.
Goodrich Progress Digests, 1947. Parke, Davis sent Dr. Clarence K. Banks to Akron “to discuss
[Goodrich’s] refusal to grant his company exclusive rights to exploit in the pharmaceutical field.”
Goodrich eventually agreed to supply “research samples” of certain chemicals to Parke, Davis, but made no
assurances to Banks that a licensing agreement could be arranged.
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Figure 3-3: Acrylonitrile Projects Mentioned in B.F. Goodrich Research
100 Department Monthly Progress Reports, 1943-1953
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itself, but were instead licensed to competitors—Iled other departments in the Research
Division to model their work on the R&D performed by Waldo Semon and Pioneering
Research. William L. Davidson, for instance, directed scientists in Physical Research to
set aside a week to devote “to an original idea which might develop into a profitable item
or process” and could be “written up and circulated to the various factory people who
might be interested.”?® In other words, postwar competition among manufacturers (as
well as among research departments and individual scientists at those firms) blurred the
distinction between fundamental research to improve the understanding of scientific

topics and applied science seeking to commercialize projects developed in the laboratory.

2 W L. Davidson, “Physical Research Laboratory Progress Report for September 1949,” October 3,
1949, p. 1, in B.F. Goodrich Progress Digests, 1949.
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Goodrich, of course, could not successfully commercialize this laboratory work
and diversify its products through R&D alone. Management not only had to coordinate
the firm’s research and production branches, but new goods required potential consumers
(whether they be the government, other manufacturers, or the general public) to secure a
niche in the market. The failure of Goodrich to enter the emerging nuclear power
industry after WWII demonstrates that without a viable market, organizational learning in
the laboratory remained isolated from day-to-day operations outside of the Research
Division. Goodrich began to consider the potential of nuclear science as early as 1946,
when Harry Stevens (along with representatives from six other industrial concerns)
observed atomic bomb tests at Bikini Atoll and established “many contacts
which...[proved] of value to B.F. Goodrich in the future.”?” By 1951, researchers were
studying “all available information on Atomic Energy Commission (AEC) licensing
arrangements” to determine if a contract could be negotiated for a “sponsored project at
the Research Center,” and in May, the company agreed to perform classified work on
“elastometric materials” to be used as radiation shield components.?® After inspecting
developments at the Brecksville research center in February 1952, however, the AEC
chose not to not renew its contract with Goodrich, eliminating the avenue through which

the rubber manufacturer might commercialize the results of its nuclear-related R&D.?°

2T H.N. Stevens, “Patents and Abstracts Department Progress Report for August 1946,” August 31,
1946, p. 1, in B.F. Goodrich Progress Digests, 1946.

B H.N. Stevens, “Patents and Abstracts Department Progress Report for March 1951,” April 11, 1951,
p. 1; W.L. Davidson, “Physical Research Laboratory Progress Report for April 1951,” May 7, 1951, p. 2, in
B.F. Goodrich Progress Digests, 1951. The contract between the AEC and Goodrich was a minor one,
amounting to just $18,125.

2'W.L. Davidson, “Physical Research Laboratory Progress Report for January 1952,” February 7,
1952, p. 1; D.B. Stewart, “Operating and Planning Department Progress Report for June 1952,” June 30,
1952, p. 2, in B.F. Goodrich Progress Digests, 1952. AEC representatives “expressed satisfaction” with
Goodrich’s research program, but the elastomers and plastics tested by the company were susceptible to
radiation damage and did not hold much promise as shield components.
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Therefore, the research project life cycle was incomplete without a consumer to
whom a product could be sold or a patent could be licensed. Product diversification
required opportunities in the marketplace, research facilities where organizational
learning occurred, and competent scientists whose discoveries might enhance the
company’s technical and functional capabilities. The organization of these scientists and
their work allowed for the establishment of functional routines that enabled gradual
learning and, over time, made R&D more efficient. When Goodrich sought to reposition
itself in an evolving political economy after 1941, the company discarded established
routines for new ones, dynamically responding to the demands of the marketplace and
increased competition brought about by mobilization. It was this response that
constituted a paradigm shift in how Goodrich and other large industrial manufacturers
performed research: R&D expenditures were dramatically increased, topics of study were
diversified, huge armies of technical personnel were hired, departments were

reorganized, and new laboratories were constructed across the country.

3.2 Research Facility Expansion at B.F. Goodrich

As B.F. Goodrich implemented a product diversification strategy in the 1940s, it
increased the available laboratory workspace where its scientists conducted R&D. The
demands of the synthetic rubber program made it clear that the company’s research
facility in Akron was “understaffed and [had] insufficient floor space available to care for
the work which is expected” by the government.3® Two short-term solutions were aimed

at moving operations out of the Akron complex to give other research departments more

30'W.L. Semon, “Synthetic Rubber Research Department Progress Digest for July 1942,” August 12,
1942, p. 1, in B.F. Goodrich Progress Digests, 1942-1943.
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room to begin postwar planning. First, quality control personnel were provided with their
own separate building where they could conduct inspections of rubber goods coming off
the production line.3* Second, Goodrich rented space at Kent State University’s
McGilvrey Hall to be used as a laboratory for the polymerization group of the Synthetic
Rubber Research Department. Operations at Kent State—which began in 1943—were
“self-contained” and were soon “wholly responsible for all work reimbursable by Rubber
Reserve,” simplifying the complicated accounting procedures needed to distinguish
between R&D performed for the war effort and research with commercial implications. 32
The Kent State lease expired in June 1947, and equipment and personnel were
returned to Akron laboratories that had become increasingly crowded as Goodrich
expanded the scope of its research activities during and after WWI1.33 By this time,
however, construction was well under way on the Brecksville facility that would soon
house the company’s Research Division. Goodrich managers began to design this new
complex in mid-1942 when Harlan L. Trumbull surveyed executives at over twenty
large-scale industrial corporations, asking them whether or not R&D should be
“conducted in the center of a large plant with frequent factory contacts.”3* Trumbull
noted that Goodrich had “men of long experience who do not agree in this matter,” as

some scientists believed that a laboratory “remote from the plant, where the intrusion of

31 D.B. Stewart, “Operating and Planning Department Progress Report for October 1942,” October 31,
1942, p. 1, in B.F. Goodrich Progress Digests, 1942-1943.

32 H.L. Trumbull, “Synthetic Rubber Research Department Progress Digest for November 1943,”
December 9, 1943, p. 1, in B.F. Goodrich Progress Digests, 1942-1943.

33 H.L. Trumbull, “Synthetic Rubber Research Department Progress Digest for June 1947, July 1,
1947, p. 1, in B.F. Goodrich Progress Digests, 1947.

34 H.L. Trumbull to H.E. Fritz, December 17, 1942, Folder 8, Box 7, Series Ill: Subject Files 1929-
1965, WLSP. Among the firms surveyed by Trumbull were Du Pont, Eastman Kodak, General Motors,
Gulf Oil, Monsanto, and Procter and Gamble. Respondents to Trumbull’s inquiries were split on the
effectiveness of laboratories isolated from a manufacturing plant.
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production problems is deliberately avoided,” might best foster innovation.® In fact,
Operating Manager Donald B. Stewart and Research Coordinator Harry Stevens toured
the Murray Hill, New Jersey, campus of Bell Telephone Laboratories in November 1942,
writing a “detailed account of the trip” that informed Goodrich’s decision to establish its
R&D center well beyond the Akron city limits. 36

While plans were being finalized for the Brecksville complex prior to its
groundbreaking on January 3, 1946, management sought input from company scientists
regarding the building’s layout. Safety was the primary concern of researchers, many of
whom sought adequate ventilation, minimal distractions, and spacious work stations.
Along these lines, Donald Stewart observed the need to protect important lab notes and
personnel records in a fireproof room or vault.3” Other managers requested up-to-date
equipment for their respective departments: Archie B. Japs and his chemical engineering
group spent “considerable time” designing a “versatile small-scale stainless steel reactor-
still assembly” that would be ordered from the Struthers-Wells Company.3® Another
group of scientists led by Thomas L. Gresham and Waldo Semon petitioned for an
organic chemistry unit, arguing that the research center “should not be built along...ideas

which have not been adequately tried out” in the laboratory.3® These recommendations

35 H.L. Trumbull to E.C. Sullivan, November 30, 1942, Folder 8, Box 7, Series 111: Subject Files 1929-
1965, WLSP.

% D.B. Stewart, “Operating and Planning Department Progress Report for November 1942,
November 30, 1942, p. 1, in B.F. Goodrich Progress Digests, 1942-1943. See pages 1-4 of this dissertation
for the strategic advantages of locating the Goodrich research center in Brecksville.

%7 D.B. Stewart, “Operating and Planning Department Progress Report for April 1942,” April 30, 1942,
p. 2, in B.F. Goodrich Progress Digests, 1942-1943.

38 A.B. Japs, “Chemical Engineering Development Progress Report for July 1946,” July 31, 1946, p. 3,
in B.F. Goodrich Progress Digests, 1946.

39 T.L. Gresham, W.L. Semon, and A.W. Sloan to Howard E. Fritz, January 15, 1944, Folder 8, Box 7,
Series I11: Subject Files 1929-1965, WLSP. Gresham would oversee the new Organic Chemicals Research
Department when it was organized in November 1944.
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were taken into account by William M. Stanton, an architect who had designed war plants
for Goodrich and would serve as project director for the construction of the Brecksville
facility.®® Therefore, when the building was dedicated in 1948, it was not simply a
response to the immediate needs of the Research Division, but was rather the product of
decades of organizational learning that had shaped the firm’s core competencies and
guided managers as they implemented a postwar diversification strategy.

Despite the accumulated experience shared by Goodrich scientists, the process of
moving operations from Akron to Brecksville was arduous, forcing entire departments to
shift their focus from R&D to administrative matters. The number of research projects
mentioned in the department progress reports actually declined in 1948 and would not
recover for two years, as mobilization for the Korean War spurred an increase in
laboratory activity (see Figure 3-1). Director of Engineering Services Donald H. Cornell
complained that “nearly all of the time available for designing work” was being spent on
installing and reconditioning equipment for the Brecksville facility.*! The research
center’s purchasing agent was “overloaded with a backlog of...requisitions” numbering in
the thousands, while engineers worked tirelessly to set up air conditioning, boilers,
plumbing, telephones, and other services needed to run the laboratories at full capacity.*?

These time-consuming tasks—the first departments moved into the Brecksville complex

40H.S. Coleman, ed., Laboratory Design: National Research Council Report on Design, Construction
and Equipment of Laboratories (New York: Reinhold Publishing Corporation, 1951), 364.

41 D.H. Cornell, “Engineering Services Department Progress Report for April 1948,” May 6, 1948, p.
1, in B.F. Goodrich Progress Digests, 1948.

42 D.B. Stewart, “Operating and Planning Department Progress Report for August 1948,” August 31,
1948, p. 2, in B.F. Goodrich Progress Digests, 1948. The purchasing agent typically handled 150 to 200
requisitions each month, but that figure increased to 275 for seven months after research departments began
to move into the Brecksville facility. Many of the requisitions “required [a] considerable amount of time
on the part of the purchasing agent,” as supply chains had not yet been set up to deliver certain pieces of
new equipment.
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in February 1948 (several months before the official June dedication), and the old Akron
laboratory would not be completely abandoned until late 1949—ensured that Goodrich
scientists would enjoy modern facilities that were competitive with those of other large
manufacturers in the rubber and chemical industries.*®

However, as Goodrich diversified its R&D activities, the firm had to continually
upgrade the equipment and laboratories at the research center. A 1951 expansion of the
facility added ““a new building for the storage of solvents and compressed gases,”
provided more workspace in the Hi-Pressure and Hi-Vent Buildings, and established an
“underground supply system for services” to these structures.** When Goodrich
broadened its investigations into synthetic fibers in the early 1950s, the Textile Research
Department ordered the construction of a “12-place filament flexing machine.”*
Likewise, the acreage around the Brecksville facility allowed for the planting of crops on
which to test agricultural chemicals, and laboratories were established for the
biochemical studies that had originated in exploratory R&D conducted by Waldo Semon
and the Pioneering Research Department during WWI1.%6 The research center even
acquired an analogue computer to evaluate electrical de-icers and “high-temperature

resistant rubber for [the] leading edges of aircraft.”*’

43 D.B. Stewart, “Operating and Planning Department Progress Report for September 1949,
September 30, 1949, p. 2, in B.F. Goodrich Progress Digests, 1949. Research managers also spent time
giving tours of the Brecksville complex to public officials and executives of other industrial corporations.
During the first ten months that the research center had been in operation, a total of 6,499 people visited the
facility, and 3,703 were given tours. See H.N. Stevens, “Patents and Abstracts Department Progress Report
for December 1948,” January 7, 1949, p. 1, in B.F. Goodrich Progress Digests, 1948.

4 D.H. Cornell, “Engineering Services Department Progress Report for February 1951, February 28,
1951, p. 1, in B.F. Goodrich Progress Digests, 1951.

4 D.H. Cornell, “Engineering Services Department Progress Report for February 1952, March 5,
1952, p. 1, in B.F. Goodrich Progress Digests, 1952.

46 D.H. Cornell, “Engineering Services Department Progress Report for October 1950,” November 1,
1950, p. 1, in B.F. Goodrich Progress Digests, 1950.

47D.L. Loughborough, “Physical Research Laboratory Progress Report for October 1952,” October 31,
1952, p. 1, in B.F. Goodrich Progress Digests, 1952.
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Other improvements to the Brecksville complex addressed safety and security
concerns. After a furnace explosion in 1949 caused considerable damage to the building,
engineers installed devices on the large-scale boilers that “continually supervised the fuel
flame” and satisfied insurance requirements.*® Three years later, Goodrich bolstered its
guard force at Brecksville following an inspection by the Chemical Corps and Air Force
that gave the company “clearance to handle Government research contracts through the
classification of ‘Secret.””*® The company also rearranged test cell walls and upgraded
its electrical wiring after scientists visited the Redstone Arsenal in Huntsville, Alabama,
to learn about safety procedures for R&D on solid mortar and rocket propellants, a topic
that Goodrich began to study in 1952.%°

In this way, the physical structure where Goodrich scientists conducted R&D
followed the strategic initiatives implemented during WWII as management responded to
the uncertainties of rubber mobilization. Laboratories were not “one size fits all,” but
rather were intended to meet the specific needs of scientists and engineers who explored a
diverse range of products and processes. The modular structure of the Brecksville facility
possessed “internal walls [with] movable metal partitions,” thereby enabling changes to
be made to laboratory workspace and equipment that would not “seriously disturb the
fundamental system.”! It was at the B.F. Goodrich Research Center where the rubber
manufacturer developed dynamic capabilities, adapted to an evolving political economy,

and created competitive advantages in the marketplace with innovative technologies.

48 D.H. Cornell, “Engineering Services Department Progress Report for March 1952,” April 2, 1952, p.
1, in B.F. Goodrich Progress Digests, 1952.

49 D.B. Stewart, “Operating and Planning Department Progress Report for October 1952,” October 31,
1952, pp. 1-2, in B.F. Goodrich Progress Digests, 1952.

0 D.H. Cornell, “Engineering Services Department Progress Report for February 1953,” March 4,
1953, p. 1, in B.F. Goodrich Progress Digests, 1953.

51 Coleman, ed., Laboratory Design, 365.
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3.3 Reorganization of B.F. Goodrich Research Departments, 1942-1953

To convert R&D into competitive advantages, though, Goodrich had to organize
its scientific talent in such a way that they could best make use of the newly expanded
facilities provided for them in Brecksville. The company established four new
departments immediately after the attack on Pearl Harbor that reflected its growing
operations as a participant in the synthetic rubber program: Operating and Planning
(Dept. 2205), Rubber Chemical Research (2215), Rubber Research (2225), and Chemical
Engineering (2235).52 This highly departmentalized structure improved research cost
accounting and gave executives a better idea of where expenditures might produce
greater returns. Goodrich modeled its R&D accounting practices on those of Du Pont, as
Donald Stewart led a team of employees on a trip to the chemical giant’s corporate
offices in Wilmington, Delaware, to seek advice about “keeping research records” and
“rearranging various offices and laboratories to accommodate more conveniently the
reorganized groups of the Research Division.”>3

As part of the increased emphasis on recordkeeping, department directors wrote
detailed monthly summaries of the progress made on the company’s many research
projects. A proposal was made early in the war to replace the summaries with “problem
status reports to be written at convenient intervals depending upon the nature of the work

being done,” but it was decided that consistent updates on R&D activities would best

keep executives informed of achievements (and failures) in the laboratory.>* After the

52 D.B. Stewart, “Operating and Planning Department Progress Report for June 1942, June 30, 1942,
pp. 1-2, in B.F. Goodrich Progress Digests, 1942-1943.

8 D.B. Stewart, “Operating and Planning Department Progress Report for February 1942,” February
28,1942, p. 1, in B.F. Goodrich Progress Digests, 1942-1943.

% D.B. Stewart, “Operating and Planning Department Progress Report for March 1942,” March 31,
1942, p. 1, in B.F. Goodrich Progress Digests, 1942-1943.

102



Research Division’s move to Brecksville, however, “some laxity developed in [the]
system of report writing and records,” forcing the Operating and Planning Department to
“get the research men back on a planned program of reporting progress...at regular
intervals.”® These standardized procedures—and the efforts made to ensure that they
would be followed each year—demonstrated the gradual formalization of R&D at
Goodrich, as the firm sought efficiencies in its research practices while pursuing product
diversification in a competitive marketplace.

Efficiencies were also achieved through a division of labor among research
departments, each of which was organized around a topic of study or administrative
activity. For example, Goodrich formed a Chemical Engineering group and a Rubber
Chemicals Research Department in mid-1942 to perform work for the synthetic rubber
program and enhance the capabilities to manufacture diverse chemical products after
WWII (see Table 3-4). Similarly, Waldo Semon’s Pioneering Research Department—
focused on long-range problems, including specialty chemicals that might be
commercialized at the end of hostilities—was organized in August 1943 as mobilization
for the war continued. Following the construction of the Brecksville research center,
other departments were established to either handle engineering tasks (Engineering
Services, Physical Testing) or segregate company scientists working on government
projects from those conducting R&D on products for commercial and industrial markets
(Biochemical Research, Colloid Research, and Compounding Research).

The postwar structure of the Research Division reflected Goodrich’s shifting

priorities as it sought to diversify into new product lines and protect competitive

% D.B. Stewart, “Operating and Planning Department Progress Report for March 1949,” March 31,
1949, p. 2, in B.F. Goodrich Progress Digests, 1949.
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Table 3-4: B.F. Goodrich Research Departments, 1942-1953

Research

Department Dept. #2 Directors Notes
Pioneering 2200/ .
Research 8526 W.L. Semon (1943-53) Established August 1943
. Assumed operations of
Ops Ir:rt:r?igr]] and %25%%/ D.B. Stewart (1942-53) Patents and Abstracts
9 Dept. in June 1951
Technical
Service 221001 £ B Newton (1942-53)
. 8521
Laboratories
Oraanic Established July 1942;
Che?nicals 2215/ A.W. Sloan (1942-44) Dept. was “Rubber
8525 T.L. Gresham (1944-53) | Chemicals Research” until
Research
November 1944
Patents and :
Abstracts 2220 H.N. Stevens (1943-51) Disbanded May 1951
2225/
Rubber Research | 8549 & | 1A Crawford (1942-53)
S.T. Semegen (1953)
8531
Physical J.M. Davies (1942-48)
mocenrch 2230/ | W.L. Davidson (1948-51)
L 8523 D.L. Loughborough (1951-
aboratory
53)
Chemical
Engineering 2235 A.B. Japs (1942-1953) Established May 1942
Development
L F.K. Schoenfeld (1942-43) | Dept. was “Koroseal and
Pogr:;grzsrtllon %252%/ T.L. Gresham (1943-44) Plastics Research” until
C.F. Gibbs (1944-53) May 1945
Established November
Textile Research %%‘;i/ |_||_|LN TSr;Jetha)rl\Js” ((1%95411315531)) 1943; H.L. Trumbull
o retired in May 1951
Synthetic Rubber W.L. Semon (1942-43) .
Research 2255 H.L. Trumbull (1943-48) Disbanded February 1948
Engineering D.H. Cornell (1948-53) .
Services 8502 R.B. Morris (1953) Established March 1948
Biochemical | g509 | H.N.Stevens (1948-53) | Established June 1950
Research
Physical Testing 8522 Ross Shearer (1948-53) Established March 1948
. H.L. Trumbull (1948-51) .
Colloid Research | 8527 H.N. Stevens (1951-53) Established March 1948
Compounding | g5 AE. Juve (1948-53) Established March 1948

A After the Brecksville research center opened in 1948, departments were assigned numbers in the

8000’s.
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advantages in an uncertain economic environment. While the number of projects handled
by the Pioneering, Organic Chemicals, and Textile Research Departments increased
dramatically from 1943 into the early 1950s, the Synthetic Rubber Research Department
(which studied products and technologies that were subject to the Rubber Reserve patent
pools) was disbanded in early 1948 (see Table 3-5). Despite such organizational changes
and the overall expansion of R&D activities at Goodrich, there was little turnover among
department directors in the decade after WWII: Waldo Semon, Edwin B. Newton, Harry
Stevens, and Archie Japs were among several managers who oversaw their respective
departments without interruption from 1942 through 1953. These scientists served as a
go-between in the Research Division hierarchy, linking executives (i.e., President John
Collyer and Vice President-Research Howard Fritz) who controlled the distribution of
resources with the chemists, engineers, and technicians whose discoveries in the
laboratory contributed to institutional learning.

In addition to managing the operations of the research departments, directors
interviewed candidates for technical positions and made hiring decisions. More
personnel were needed as Goodrich broadened the scope of its operations into new
industries, and from 1940 to 1960, the number of employees (technical and non-
technical) performing R&D at company laboratories increased a total of 125% from 784
to 1,764 (see Table 5-3).5 When assessing applicants for open positions, managers

would sometimes conduct 250 to 300 interviews during university recruiting trips before

% Some of these technicians were female, as managers sought out women “to do routine analytical
work on certain laboratory problems.” Despite their qualifications, however, women were relegated to
menial tasks, since department directors assumed only “a more highly trained chemist or engineer” could
conduct complex research. See D.B. Stewart, “General Chemical Laboratories Progress Report for January
1942,” February 4, 1942, p. 1, in B.F. Goodrich Progress Digests, 1942-1943.
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Table 3-5: Projects Mentioned in B.F. Goodrich Research Department Monthly
Progress Reports for 1943, 1946, 1949, and 1952

Total Total Total Total
Department Projects for | Projects for | Projects for | Projects for
1943 1946 1949 1952
Pioneering Research 54 197 178 546
Operating and 64 63 61 113
Planning
Technical Se_rwce 217 183 266 269
Laboratories
Organic Chemicals
(Rubber Chemicals) 179 238 166 262
Research
Patents and Abstracts 49 31 42 0
Rubber Research 477 418 434 570
Physical Research 77 80 75 84
Laboratory
Chemical
Engineering 196 223 231 272
Development
Polymerization
(Koroseal and 197 137 118 158
Plastics) Research
Textile Research 26 157 192 157
Synthetic Rubber 350 405 0 0
Research
Engineering Services 0 0 75 52
Biochemical 0 0 0 54
Research
Physical Testing 0 0 55 54
Colloid Research 0 0 145 200
Compounding 0 0 50 70
Research
Totals 1886 2132 2092 2861

106




bringing 20 to 25 candidates to Brecksville for a final round of evaluation.®” Not
surprisingly, many of these applicants went to school at the same universities (Cornell,
Harvard, University of Illinois, Ohio State, etc.) which had not only cooperated with
Goodrich on basic research problems for the synthetic rubber program, but maintained a
relationship with the company after the war.%®

By giving a voice to these corporate and university scientists who are often
ignored in histories of WWII mobilization, historians like Peter Morris and Mark Bowles
imply that the technological progress achieved by individual researchers is what really
drove change in the synthetic rubber program and the postwar political economy. This
dissertation adopts a different stance, positing that the organization of R&D, not the
competence of individual scientists, was the determining factor in whether innovations
were realized through the cooperative efforts of government, business, and academia.
The organization of R&D considers the allocation and efficient use of resources (e.g.,
plant, personnel, funding), the negotiation between public and private sector initiatives,
and the coordination of basic and applied research to achieve the widespread
commercialization of scientific discoveries. Such an approach does not dismiss the
brilliant work of B.F. Goodrich scientists like Waldo Semon or Frank Schoenfeld, but
rather tries to understand how that work flourished due to the organizational context in
which it was performed. As opposed to the romanticized inventors of the nineteenth

century who tinkered alone in their workshops, Goodrich scientists contributed to and

5 D.B. Stewart, “Operating and Planning Department Progress Report for February 1951,” February
28,1951, p. 2, in B.F. Goodrich Progress Digests, 1951.

%8 A 1953 study overseen by Donald Stewart of “recruiting activities for technical men at the Research
Center over a period of 5.5 years” discovered that job applicants were not always interviewed on a
recruiting trip, but instead were found through a recommendation made by a professor or college placement
office. See Stewart, “Operating and Planning Department Progress Report for July 1953,” July 31, 1953, p.
1, in B.F. Goodrich Progress Digests, 1953.
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drew upon bodies of institutional learning, informed and were guided by evolving
systems of functional routines, and cooperated with other (sometimes competing)
organizations.>® For the Akron-based rubber manufacturer, the innovative discoveries
needed to diversify its product lines in the 1940s and 50s were the result of integrated
decisions regarding strategy (pursuing opportunities in growth sectors like plastics and
chemicals), plant (the construction of the Brecksville research center), and personnel (the

formalization of R&D in a departmentalized structure).

% By the 1870s, even the lone “amateur” inventors had systematized their research, and many had
begun to move their work into the first industrial research laboratories in U.S. The synthetic rubber
program is an example of government-business cooperation in the formation of large technological
systems, the organizing principle that Thomas P. Hughes uses to explain the history of American scientific
discovery and innovation in the twentieth century. See Hughes, American Genesis: A Century of Invention
and Technological Enthusiasm, 1870-1970 (New York: Penguin Books, 1989), 2-3.
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Chapter 4: Disarmament, a Continuing Imperative
“Disarmament, with mutual honor and confidence, is a continuing imperative. Together
we must learn how to compose differences, not with arms, but with intellect and decent
purpose. Because this need is so sharp and apparent | confess that | lay down my official
responsibilities in this field with a definite sense of disappointment. As one who has
witnessed the horror and the lingering sadness of war—as one who knows that another
war could utterly destroy this civilization which has been so slowly and painfully built
over thousands of years—I wish | could say tonight that a lasting peace is in sight.”
-Dwight D. Eisenhower, “Farewell Address,” January 17, 1961
“All crises close in one of three ways. Sometimes normal science ultimately proves able
to handle the crisis-provoking problem despite the despair of those who have seen it as
the end of an existing paradigm. On other occasions the problem resists even apparently
radical new approaches...Or, finally, the case that will most concern us here, a crisis may
end with the emergence of a new candidate for paradigm and with the ensuing battle over
its acceptance.”
-Thomas S. Kuhn, The Structure of Scientific Revolutions, p. 84
4.1 The Prolonged Demobilization of the Rubber Industry
The demands of WWII mobilization dramatically altered how R&D was
conducted and organized at B.F. Goodrich. However, federal regulation of the rubber
industry did not end with the surrender of Japan in 1945, but lingered well into the 1950s.
Due to fears of a postwar rubber shortage, the Reconstruction Finance Corporation (RFC)
maintained ownership of twenty-nine plants and established production quotas for
synthetic rubber through the conclusion of the Korean War, and it was not until 1955 that
the government divested itself of all but four of these facilities.! Goodrich, as a result,
continued to implement the product diversification strategy that it had begun after 1941

with the intensive study of plastics and specialty chemicals, allowing it to confront the

competitive challenges of an evolving political economy.

! Harry A. McDonald, “Program for Disposal to Private Industry of Government-Owned Rubber
Producing Facilities,” report of the Reconstruction Finance Corporation, March 1, 1953, pp. 2-3, Box 91,
Series VIII: Product Information, B.F. Goodrich Company Records 1868-1990, Archival Services,
University Libraries, The University of Akron, Akron, Ohio (hereafter cited as BFGCR).
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In a meeting of the Rubber Industry Advisory Committee on February 6, 1947,
representatives from both large and small manufacturers complained to Walter J. Sears,
the Government Presiding Officer of the Rubber Division of the Civilian Production
Administration, that “uncertainties” over production and price controls on synthetic
rubber made it “impossible for the...industry to program their future operations with any
reasonable degree of certainty.”? Cold War tensions ensured that American rubber would
remain closely regulated, as it was critical to the nation’s armed forces. While the U.S.
was preparing in August 1950 to send troops to Korea, the National Security Resources
Board (NSRB) not only advised President Truman to “limit domestic consumption of
natural rubber” and reactivate stand-by alcohol-based butadiene plants, but it also called
on the State Department to “arrange confidentially” for “covert measures...[to] lower
both the quantity and the quality of natural rubber obtained by the Russians or their
satellites.”® At the same time, federal officials worried that any decline in prices would
“result in anti-American feeling in rubber producing [nations],” especially if the U.S.
government was the exclusive buyer of this raw material.*

Domestic manufacturers, then, were at the mercy of international politics that had

the potential to disrupt global rubber markets. Goodrich President John Collyer lobbied

2 Civilian Production Administration, Rubber Industry Advisory Committee, “Summary of Meeting,”
February 6, 1947, p. 6, Box 39, Series: General Files of Office of Industry Advisory Committees 1942-
1947, Record Group 179: Records of the War Production Board 1918-1947, National Archives at College
Park, College Park, Maryland.

3 W. Stuart Symington to President Harry S. Truman, August 16, 1950, pp. 1-3, Folder labeled
“National Security Resources Board: Rubber,” Box 128, Series 10: Subject File, President’s Secretary’s
File, 1945-1953, Harry S. Truman Papers, Truman Presidential Library, Independence, Missouri (hereafter
cited as HSTP). The NSRB was established by the National Security Act of 1947 to advise the president
on the natural resources, manpower, and R&D needed to mobilize the country for war.

4 W. Stuart Symington to President Harry S. Truman, attached memorandum, August 16, 1950, p. 5,
Folder labeled “National Security Resources Board: Rubber,” Box 128, Series 10: Subject File, President’s
Secretary’s File, 1945-53, HSTP.
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Congress to remove controls on rubber with his so-called “easel presentations,” which
were short booklets that had been released periodically since July 5, 1940, and “were
generally regarded as invaluable sources of information and guidance” about the state of
the industry.> Collyer, for example, used his 1946 easel presentation to ask the federal
government to return crude rubber “to a free-market basis” and sell or lease rubber-
producing facilities to the private sector.6 One year later, Goodrich argued in its annual
report that “wartime agreements for [the] exchange of patents and technical information
pertaining to American rubber should be terminated” to “stimulate” R&D.” When the
government declined to sell all of its GR-S plants by 1951, Collyer went so far as to
“strongly recommend” that federal agencies end “socialization” and “withdraw
completely from the rubber business.”®

In an effort to return market competition to the industry, Congress passed the
Rubber Act of 1948, which mandated that ownership of synthetic rubber plants be
transferred to private enterprise as soon as national security permitted.® Manufacturers
like U.S. Rubber complained, though, that despite this legislation, the “federal
government [was] still in the rubber business™: it continued to fix the price of synthetic
rubber, and at the start of the Korean War, owned all of the facilities for the production of

GR-S, butyl rubber, and butadiene.’® Goodrich also discovered that while the Rubber Act

5> B.F. Goodrich Company, 1944 Annual Report, February 27, 1945, p. 5.

6 John L. Collyer, “American-Made vs. Crude Rubber,” booklet, August 14, 1946, p. 30, Folder
labeled “Collyer, John L. (1946),” Box 53, Series III: Personnel Department Records, BFGCR.

" B.F. Goodrich Company, 1947 Annual Report, February 24, 1948, p. 5.

8 John L. Collyer, “A Rubber Policy for the United States,” booklet, August 10, 1951, pp. 1-4, 11,
Folder labeled “Collyer, John L. (1951),” Box 53, Series III: Personnel Department Records, BFGCR.

® Mansel G. Blackford and K. Austin Kerr, BFGoodrich: Tradition and Transformation, 1870-1995
(Columbus: The Ohio State University Press, 1996), 205. In addition, the 1948 Rubber Act allowed the
government to “maintain a minimal reserve capacity” of the raw material in case of a national emergency.

10 United States Rubber Company, 1949 Annual Report, February 8, 1950, p. 7.
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Table 4-1: B.F. Goodrich Plants and Principal Products, 1949'!

Date of
Plant Location Construction Principal Products
or Acquisition

Tires, Tubes, Industrial and

Akron, Ohio 1871~ Aeronautical Products, Hospital
and Medical Supplies
Akron, Ohio 1871~ Chemicals
Akron, Ohio 1871~ Latex and Latex Supplies
Avon Lake, Ohio 1946 General Chemicals
Cadillac, Michigan 1937 Industrial Products
Clarksville, Tennessee 1939 Soles and Heels
DuBois, Pennsylvania 1945 Golf Ball Centers and Elastic Yarns
Kitchener, Ontario, Canada 1923 Tires, Tubes, Industrial Products
Los Angeles, California 1928 Tires and Tubes
Louisville, Kentucky 19428 “Geon” Polyvinyl Materials
Marietta, Ohio 1947 “Koroseal” Materials
Miami, Oklahoma 1945 Tires and Tubes
Niagara Falls, New York 1940 “Geon” Polyvinyl Materials
Niagara Falls, New York 1940 Battery Containers
Oaks, Pennsylvania 1937 Tires and Tubes
Portflc\)lrechfllg?, C-;rc?\)/(:rsngr?epni;amd 1944 Synthetic Rubber
Silvertown, Georgia 1929 Textiles
Troy, Ohio 1946 Aeronautical Wheels and Brakes
Tuscaloosa, Alabama 1946 Tires and Tubes
Tuscaloosa, Alabama 1948 Tank Lining
Watertown, Massachusetts 1930 Footwear and Flooring
Wilkes-Barre, Pennsylvania Not Available Textiles

A Goodrich began manufacturing operations at Akron in 1871, although these facilities were expanded
and modernized a number of times between then and 1949.
B Goodrich purchased the Louisville plant from the federal government in 1946.

11 B.F. Goodrich Company, 1949 Annual Report, February 28, 1950, p. 12; Ralph W. Frank,
“Decentralization of the Akron Rubber Industry,” The Ohio Journal of Science 61, no. 1 (January 1961):
41. This table only includes manufacturing plants in the U.S. and Canada. Through foreign subsidiaries,
Goodrich operated a total of nine plants in Colombia, Cuba, England, France, Japan, the Netherlands, New
Zealand, and Sweden.
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was supposed to terminate the December 1941 patent agreement, its implementation by
the Reconstruction Finance Corporation was not as straightforward. Participants in the
synthetic rubber program assumed that the dissolution of the patent pools gave the
government rights only to those “operations which could be carried out in [publicly
funded] plants for the manufacture of GR-S,” but the RFC took the position that it should
have access to any new developments in synthetics and be able to transfer those patents
to firms that purchased government-owned rubber and butadiene facilities.*> Therefore,
the RFC’s interpretation of the 1948 Rubber Act “authorized continued research [into
synthetics] by the government and sanctioned research by private industry,” as firms like
Goodrich could not be certain that their patents would be protected under the law.!3

By 1949, Goodrich was conducting R&D on synthetic rubber in semi-secrecy to
avoid sharing its patents and technical knowhow with the RFC, the Office of Rubber
Reserve, and other industrial corporations. Because the Akron-based manufacturer was
obligated to “report any polymerization of butadiene...or styrene to the government
whether they [paid] for the work or not,” Research Coordinator Harry Stevens suggested
that “fundamental work on [synthetic rubber] problems...be carried out in systems which
will not have to be reported immediately to Washington and to all of our major
competitors.”** When Goodrich scientists began to study “Estane” (a thermoplastic
polyurethane with “good hot properties” and abrasion resistance), the Legal Department

advised that “marginal cases” dealing with this rubber be segregated from other R&D

12 Untitled report, pp. 25-28, Folder labeled “Growth and History of B.F. Goodrich in Relationship to
Progress in Research and Development, Part 1 of 2,” Box 84, Series VII: Research and Development,
BFGCR.

13 Ibid., 19.

14 H.N. Stevens, “Patents and Abstracts Department Progress Report for October 1949,” November 8,
1949, p. 1, in B.F. Goodrich Progress Digests, 1949, Bounded Volumes, Series VII: Research and
Development, BFGCR.
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Table 4-2a: B.F. Goodrich Plants and Principal Products, 1955%

Principal Products

Tires and Tubes for Passenger Cars,
Trucks, Buses, Farm Tractors,
Implements, Earth-Moving Equipment,
and Industrial Tractors and Trailers;
Tires, Wheels, Brakes, and Fuel Cells for
Aircraft; Batteries; Heated and
Mechanical “De-Icing” Systems; High-
Altitude Suits; Military Equipment

Textiles: Yarns, Cords, Fabrics

“Geon” Polyvinyl Materials; “Hycar”
Rubber and Latex; “AgeRite”

Antioxidants; “Good-rite” Chemicals and

Plasticizers; “Harmon” Colors

Adhesives; Rubber and Plastic Latices;
Reclaimed Rubber; Industrial Hose;
Power Transmission and Conveyor

Belting; Molded and Extruded Products;
Tank Linings; “Cutless” Bearings;

Industrial Gloves; Rubber Bands; Home

and Hospital Rubber and Plastic Products

Plastic Products: “Koroseal” Garden
Hose, Upholstery, and Flexible Material
for Raincoats, Show Curtains, Luggage,
etc.; Rigid and Soft “Koroseal” Industrial
Products

Shoe Products: Heels, Soles, and Other
Products for the Manufacture and Repair
of Shoes

Manufacturing Plants
Division
Akron, OH
Los Angeles, CA
i Miami, OK
T|r_e and Oaks, PA
Equipment Troy, OH
Division Tuscaloosa, AL
Silvertown, GA
Wilkes-Barre, PA
Akron, OH
Avon Lake, OH
B.F. Goodrich Calvert City, KY
Chemical Haledon, NJ
Company Kearny, NJ
Louisville, KY
Niagara Falls, NY
Akron, OH
Cadillac, Ml
DuBois, PA
Los Angeles, CA
Marion, OH
Riverside, NJ
Industrial Tuscaloosa, AL
Products
Division Marietta, OH
Salem, IN
Clarksville, TN
Sponge Derby, CT
Products Shelton, CT
Division Waterville, Quebec

“Texfoam” Furniture Cushions, Pillows,
and Mattresses; “Spongex” Carpet
Cushions and Plastic Marine Products;
Industrial Cellular Rubber; Sponge

Rubber Products

15 B.F. Goodrich Company, 1955 Annual Report, February 21, 1956, pp. 16-17. This table only
includes manufacturing plants in the U.S. and Canada. Through foreign subsidiaries, Goodrich operated a
total of fifteen plants in Brazil, Colombia, Cuba, England, France, West Germany, Japan, the Netherlands,

New Zealand, Peru, the Philippines, and Sweden.
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Table 4-2b: B.F. Goodrich Plants and Principal Products, 1955 (Continued)
Manufacturing

L Plants Principal Products
Division

B.F. Goodrich and Hood Brands of

Footwear: Athletic Shoes, Rubbers,
Footwear and “Koroseal” Overshoes, Boots, Industrial
Flooring Watertown, MA Protective Footwear; Battery Containers

Division and Parts; Rubber, “Koroseal” and
Asphalt Floor Tile; Fabrics; “Koroseal”

and Rubber Coated Work Gloves
Tires and Tubes for Passenger Cars,
Trucks, Buses, Farm Tractors,

B.E. Goodrich Implements, Earth-Moving Equipment,

Kitchener, Ontario Industrial Tractors and Trailers, and

Aircraft; Industrial Hose and Belting;

Industrial Rubber Products; Footwear;
Chemicals; Plastics

Canada Limited

Goodrich-Gulf
Chemicals, Inc. Port Neches, TX “Ameripol” Synthetic Rubber
(Joint Venture)

activities so they would not have to be shared with government officials.'® Likewise,
when the “Ziegler catalyst” for the synthesis of polymers was being tested at the
Brecksville research center, Goodrich executives ensured that only “necessary
employees” who had never participated in the synthetic rubber program—and thus might
be subject to the RFC’s patent agreement—abe allowed to work on this new project.’

As long as the RFC was in the rubber business, Goodrich struggled “to determine
whether certain research activities [it] would like to carry on [would] be in fields in
which the government may assert rights.”*8 It was not until April 14, 1953, however, that

President Eisenhower delivered a “special message” to Congress recommending the

16 W.L. Semon, V.F. Springer, and B.M.G. Zwicker, “American Rubber Team Progress Report for July
1950,” August 3, 1950, p. 1, in B.F. Goodrich Progress Digests, 1950.

17 Untitled report, p. 94, Folder labeled “Growth and History of B.F. Goodrich in Relationship to
Progress in Research and Development, Part 1 of 2,” Box 84, Series VII: Research and Development,
BFGCR.

1B H.N. Stevens, “Patents and Abstracts Department Progress Report for July 1949,” August 8, 1949, p.
1, in B.F. Goodrich Progress Digests, 1949.
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“disposal to private industry of the government-owned synthetic rubber facilities.”*°

According to Ike, the “security interests of the nation” would be best served by “a free
competitive synthetic rubber industry,” one which balanced the government’s need to
maintain a rubber stockpile with private enterprise’s ability to reap the benefits of
technological innovation.?® Congress soon passed the Rubber Facilities Disposal Act,
establishing a three-man Disposal Commission that would advertise the sale of publicly
owned plants and accept purchase proposals until May 27, 1954.2 In a joint venture with
Gulf Oil Company, B.F. Goodrich purchased two of these plants from the commission: a
butadiene facility at Port Neches, Texas, and a factory at Institute, West Virginia, that
was capable of producing 122,000 long tons of “man-made rubber” per year.??

Goodrich-Gulf Chemicals, Inc., had been organized in 1952 for “the purpose of
exploring and developing promising projects in the petrochemicals field,” and it would
eventually introduce synthetic “natural rubber” (marketed as “Ameripol SN”) that could
be used in tires and other goods.?® This joint venture was part of a diversification

strategy implemented by Goodrich during the 1940s and 50s as it dealt with uncertainties

over its patents and the federal regulation of the rubber industry. Discoveries made in the

19 By 1953, the government still owned and operated synthetic rubber plants whose value was
estimated to be $550 million. These facilities produced nearly all of the nation’s synthetic rubber, which
amounted to 806,500 long tons out of a total public consumption of 1.26 million long tons of new rubber in
1952. See B.F. Goodrich Company, 1952 Annual Report, February 17, 1953, p. 6.

2 «“Special Message to the Congress Recommending Legislation for the Disposal of Government-
Owned Synthetic Rubber Facilities,” in Dwight D. Eisenhower, 1953: Containing the Public Messages,
Speeches, and Statements of the President, January 20 to December 31, 1953, ed. Warren R. Reid
(Washington, D.C.: Office of the Federal Register, National Archives and Records Service, General
Services Administration, 1960), 176-79.

2L B.F. Goodrich Company, 1953 Annual Report, February 16, 1954, p. 8.

22 B.F. Goodrich Company, 1955 Annual Report, February 21, 1956, p. 6.

23 Blackford and Kerr, BFGoodrich, 249-53; B.F. Goodrich Company, 1952 Annual Report, February
17, 1953, p. 5. The government argued that the discovery of synthetic “natural rubber” was covered by the
WWII patent pools. Goodrich-Gulf disputed this claim, but eventually agreed to license its “Ameripol SN”
technology to other firms.
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Brecksville laboratories manifested themselves in new plants throughout the country that
were devoted to a wide range of consumer and industrial products (see Tables 4-1, 4-2,
and 4-3). Since the onset of WWII, company scientists had coordinated their activities
with the engineers and personnel who designed and installed machinery on the
production line. When tasked with overseeing the construction of the government-
financed Louisville plant in 1942, for example, Goodrich incorporated into the facility a
“continuous method for sheeting, washing, and drying synthetic rubber” that its chemist
Willard F. Bixby had refined while conducting R&D at a Kimberly-Clark paper mill in
Neenah, Wisconsin.?* After the war, Goodrich researchers played a significant role in
setting up manufacturing processes for such goods as butyl rubber tires (made at the
firm’s Los Angeles plant) and “Oktone” herbicides (produced at the Chemical
Company’s Avon Lake facility), and by 1952, the Physical Research Department was
spending “nearly 90% of its effort on factory problems,” forcing a “considerable
readjustment of staff” as the company pursued diversification.?®

Among the many products introduced by B.F. Goodrich in the 1950s were:
“Koroseal” plastic floor tile for commercial and residential purposes; “Carbopol”
chemicals with applications in cosmetics, pharmaceuticals, and paints; “Extralite” shoe

soling; “Texfoam” latex goods; and “Plastilock” adhesives for bonding metal to metal.?®

%W L. Semon, “Synthetic Rubber Research Department Progress Report for January 1942, February
4, 1942, p. 3, and “Synthetic Rubber Research Department Progress Digest for March 1942,” April 7, 1942,
p. 2, in B.F. Goodrich Progress Digests, 1942-1943. Goodrich reached an agreement at the start of WWI1I
wherein its scientists could test chemicals and processes at Kimberly-Clark’s mills.

% R.A. Crawford, “Rubber Research Department Progress Report for February 1950,” March 6, 1950,
p- 2; H.N. Stevens, “Biochemical Research Department Progress Report for September 1950, October 9,
1950, p. 1, in B.F. Goodrich Progress Digests, 1950; D.L. Loughborough, “Physical Research Laboratory
Progress Report for August 1952,” August 31, 1952, p. 1, in B.F. Goodrich Progress Digests, 1952.

% See B.F. Goodrich Company annual reports for 1953 (p. 7), 1954 (p. 7), 1956 (pp. 5-7), 1957 (p. 8),
and 1958 (p. 7).
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Table 4-3a: B.F. Goodrich Plants and Principal Products, 1961%’

Manufacturing

Avon Lake, OH

L Plants Principal Products
Division
Akron, OH Tires and Tubes for Passenger Cars,
Fort Wayne, IN
Trucks, Buses, Farm Tractors,
. Los Angeles, CA ! .
B.F. Goodrich o Implements, Earth-Moving Equipment,
; Miami, OK ; .
Tire Company Mobile Homes, and Industrial Tractors
Oaks, PA o .
and Trailers; Batteries; Auto and Home
Troy, OH Supplies
Tuscaloosa, AL PP
Akron, OH “Geon” Polyvinyl Materials and Vinyl

Resins; “Hycar” Rubber and Latex;

B.F. Goodrich Calvert City, KY “Abson” ABS Materials; “Estane”
Chemical Henry, Illinois Poyurethane Materials; “AgeRite”
Company Long Beach, California | Antioxidants; “Good-rite”” Chemicals and

Louisville, KY Plasticizers; “Carbopol” Water-Soluble
Niagara Falls, NY Resins; Acrylic Acid; Acrylonitrile
Akron. OH Industrial Hose; Power Transmission and
S Conveyor Belting; Molded and Extruded
DuBois, PA oy “ »
. Products; Tank Linings; “Cutless
Marion, OH . : .
A Bearings; Industrial Gloves; Rubber
Riverside, NJ ) .
Bands; Home and Hospital Rubber and
Tuscaloosa, AL .
Plastic Products
Adhesive Products: Adhesives; Rubber
Akron, OH . S e .
) and Plastic Latices; Plastisols; Reclaimed

B.F. Goodrich Los Angeles, CA
Industrial Rubber
Products Marietta, OH Plastic Products:_ Ma.gn(_etl_c Gaskets and
Company Salem. IN Other Extrusions; Rigid and Soft

' “Koroseal” Industrial Products
Shoe Products: Heels, Soles, and Other
Clarksville, TN Products for the Manufacture and Repair
of Shoes
Sponge Products: Rubberized Upholstery
Derby, CT and Package Cushioning; Automotive
Shelton, CT and Industrial Cellular Materials;
Microwave Absorbents; Marine Products
B.E. Goodrich B.F. Googlnch an_d Hood Brands of
Footwear: Athletic Shoes, Rubbers,
Footwear Watertown, MA « v )
Koroseal” Overshoes, Boots, Industrial
Company

Protective Footwear

27 B.F. Goodrich Company, 1961 Annual Report, December 31, 1961, p. 24. This table only includes
manufacturing plants in the U.S. and Canada. By 1961, Goodrich operated subsidiaries in Australia, the
Bahamas, Brazil, Colombia, England, France, West Germany, Iran, Japan, Liberia, Malaya, the
Netherlands, New Zealand, Peru, the Philippines, and Sweden.
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Table 4-3b: B.F. Goodrich Plants and Principal Products, 1961 (Continued)

Manufacturing

L Plants Principal Products
Division
“Koroseal” Garden Hose, Upholstery, and
gggn, 8.';.' Flexible Material for Raincoats, Show
B.F. Goodrich roy, Curtains, Luggage, etc.; “Koroseal” and
Marietta, OH =" i .
Consumer Asphalt Floor Tile; Furniture Cushions,
Shelton, CT .
Products Pillows, and Mattresses of Foam Rubber
Watertown, MA ] .
Riverside. NJ and Urethane Fpam, Home and Hospital
' Rubber and Plastic Products; Rubber Bands
Solid Propellants; Propulsion Systems;
B.E. Goodrich Akron, Ohio Missile Components; Rocket Cases and
Aérbs ace and Los Angeles, CA Liners; Full-Pressure Suits; Tires, Wheels,
DefensEProducts Rialto, CA Brakes, and Fuel Cells for Aircraft and
Troy, OH Ground Vehicles; Electrical and Pneumatic

De-Icing Systems

B.F. Goodrich
Textile Products

Thomaston, GA
Pittston, PA

Tire Cord and Industrial Fabrics; Single and
Plied Carded and Combed Yarns

B.F. Goodrich
Canada Limited

Kitchener, Ontario
Waterville, Quebec
Welland, Ontario

Tires and Tubes for Passenger Cars, Trucks,
Buses, Farm Tractors, Implements, Earth-
Moving Equipment, Industrial Tractors and
Trailers, and Aircraft; Industrial Hose and

Belting; Industrial Rubber Products;
Chemicals; “Geon” Vinyl Resins;
“Koroseal” Plastics

Goodrich-Gulf
Chemicals, Inc.
(Joint Venture)

Institute, WV
Port Neches, TX

“Ameripol” Synthetic Rubber

Goodrich-High
Voltage
Astronautics, Inc.
(Joint Venture)

Burlington, MA

Space Vehicle Engines; Defense Products

Consumer goods (i.e., tires, batteries, and accessories) were still sold through Goodrich

distribution centers and retail stores, while plastics like “Estane” and “Abson” were

marketed to industrial firms that used them in the manufacture of wire and cable jackets,

magnetic tape, automotive parts, and refrigerator linings.?® In addition, the rapidly

28 Blackford and Kerr, BFGoodrich, 246-47. See B.F. Goodrich Company annual reports for 1960 (p.
3) and 1962 (p. 8). The January 1961 acquisition of Rayco Manufacturing Company provided Goodrich
with an additional 140 automotive service outlets.
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growing demand for aircraft parts and related chemicals led Goodrich to organize its
Aviation Products Division (later renamed “Aerospace and Defense Products™) in 1956.2°
At plants in Los Angeles and Troy, Ohio, the division manufactured de-icers, fuel cells,
airplane brakes, full-pressure suits for the Navy, and high-temperature hose for “handling
fuels, lubricating, and hydraulic fluids in...high-speed aircraft and missiles.”*® Research
conducted on mortar and rocket propellants at the Brecksville laboratories allowed
Goodrich to begin production of these fuels at a Rialto, California, facility by 1957, and
two years later, the company established a joint venture with High Voltage Engineering
Corporation (Goodrich-High Voltage Astronautics, Inc.) to secure Air Force R&D
contracts for electrostatic generators and ion propulsion systems.3!

Not all of Goodrich’s diversification efforts were successful. Because
management believed that the firm “could not compete successfully in the textile market
with only one fiber,” they sold the “Darvan” (formerly known as “Zetek™) line to
Celanese Corporation in 1959.32 Goodrich also developed an artificial leather
(trademarked as “Aztran”) that had been studied by the Research Division since 1944, but
the product never made it to market after DuPont’s “Corfam” performed poorly and gave
the industry a negative reputation.®® These failures in fibers and leather were due, in part,

to a lack of coordination among the research, production, and marketing branches of the

2'W.S. Richardson, “Remarks at Meeting of New York Society of Security Analysts,” April 29, 1957,
p. 7, Folder labeled “Richardson, W.S.—Talks (1946-57),” Box 535, Series III: Personnel Department
Records, BFGCR.

30 B.F. Goodrich Company, 1956 Annual Report, February 19, 1957, p. 9.

31 See B.F. Goodrich Company annual reports for 1957 (p. 3) and 1960 (p. 8); “Firm to Develop Space
Engines,” New York Herald Tribune, April 24, 1959.

32 Blackford and Kerr, BFGoodrich, 244-45; B.F. Goodrich Company, 1959 Annual Report, December
31, 1959, p. 8.

33 'W.L. Semon, “Pioneering Research Department Progress Report for December 1944, January 21,
1945, p. 5, in B.F. Goodrich Progress Digests, 1944; Blackford and Kerr, BFGoodrich, 245.
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company.®* Even so, such disappointments are evidence that Goodrich sought to—and
had become—a highly diversified manufacturer in the fifteen years after WWII, hedging
against increased competition and regulatory uncertainties in the postwar political
economy by establishing product lines in the chemicals, plastics, and aviation fields.
Despite the threats posed by patent pools and government interference in the
marketplace, the oligopolistic structure of the rubber industry remained intact following
the war. Michael French observes that, if anything, the rubber industry became more
concentrated between 1945 and 1960, as the number of tire manufacturers declined from
2310 17.%° Even so, the perceived threat of new entrants was rooted in reality. During
the 1930s, large oil companies began to move into tire retailing by means of their
extensive gas station chains, contracting with Goodrich, Goodyear, and U.S. Rubber to
sell their products to intermediary buying agents like Western Auto Supply, Colonial
Beacon, and Atlas Supply.®® Once these oil enterprises (which included Standard Qil of
New Jersey) acquired synthetic rubber technologies through international cartel
agreements and wartime patent pooling, they could disrupt the rubber market by
vertically integrating backwards from their retail stores into the actual manufacturing of
tires and rubber-related goods. In addition, the large oil and chemical companies that
participated in the synthetic rubber program possessed the necessary capital and

economies of scale to break down barriers to entry and challenge the rubber oligopoly.®’

3 “Big Textile Gains Laid to Research: Experts Hear Some Fabrics, Fibers Have Not Caught Up with
Own Promotions,” The New York Times, January 7, 1954, p. 38.

35 Michael J. French, The U.S. Tire Industry: A History (Boston: G. K. Hall & Co., 1991), 85.

% Ibid., 63. In 1951, Atlas Supply and five of the successor companies from Standard Oil’s 1911
breakup (the Standard Oil Companies of New Jersey, Kentucky, California, Ohio, and Indiana) were found
guilty of “monopolistic practices” in tire, battery, and auto accessory sales. See “Monopoly Practice Laid
to Standard,” The Washington Post, June 18, 1951, p. 2.

37 Michael E. Porter, “How Competitive Forces Shape Strategy,” Harvard Business Review 57, no. 2
(March-April 1979): 138.
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Manufacturers like B.F. Goodrich not only had to anticipate additional
competition from new entrants that now had access to technical knowhow through the
WWII rubber program, but they also had to prepare for existing competitors that might
successfully commercialize these technologies and increase their market share. In the
uncertain wartime and postwar economies, anticipated competition had to be treated the
same as actual competition. Accordingly, the Akron industrial cluster began to break
down immediately after the war, as firms pursued diversification strategies and had less
to gain from the advantages that accompany geographical concentrations of related firms.
Rubber manufacturers soon moved their plants to the South to take advantage of lower
labor costs and the promise of government contracts: in 1947, that region received 11.2%
of the industry’s total investment expenditures, a figure which rose to 17.2% by 1958 and
19.7% by 1963.38 B.F. Goodrich built its new Brecksville research facility in 1948, part
of a strategic shift in the locus of the company away from Akron and toward its chemical
operations based out of Cleveland. The distrust fomented among firms—as well as
between private enterprise and the federal government—~by the same relationships needed
to construct and operate synthetic rubber defense plants from 1941 into the 1950s pushed
manufacturers beyond the Rubber City and to the promise of chemicals, plastics, and the
aviation industry, all of which were emerging economic sectors where innovative

corporations might secure first-mover advantages with focused product lines.

3 Charles A. Jeszeck, “Plant Dispersion and Collective Bargaining in the Rubber Industry” (PhD diss.,
University of California, Berkeley, 1982), 37.
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4.2 B.F. Goodrich and the Theory of the Firm

While the case study of B.F. Goodrich in Chapters 1 through 4 demonstrates that
the company underwent transformative changes from 1941 through 1960, it raises three
questions related to historical methodology and the theory of the firm. First, what does
this case study offer that other book-length histories of large rubber manufacturers
(especially Mansel G. Blackford and K. Austin Kerr’s extensive account of Goodrich) do
not? Second, how does an examination of incremental change in a firm lend insight into
broader topics like corporate strategy and organizational structure? And finally, can a
narrative embrace a theory of the firm that explains how a large-scale organization
actually operates, or is there no longer a need for company monographs in a scholarly
field that has been informed by the organizational synthesis and cultural turn?

Authors of all backgrounds, including those who write for a popular audience,
still publish histories of individual enterprises, but most of these narratives fail to
embrace any recognizable theory of the firm. More problematically, the challenge of
securing records to write a thorough company monograph can compromise a historian’s
objectivity. Businesses have a stake in keeping internal documents private, even from
researchers who wish to compose an academic history of a firm or industry. These
records could reveal trade secrets to competitors or draw attention to instances when a
company behaved unethically or in a manner which undermines its brand equity.

As a result, firms often commission authors to write favorable or whitewashed
histories of their respective organizations. These authors might be company archivists,
public relations employees, or even former managers with firsthand knowledge of

organizational accomplishments. Firms will also grant academic historians special access
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to internal records, yet they might require that a manuscript is subject to edits made by
the public relations department. Histories written with sources otherwise unavailable to
the general public do not always lack the objectivity required for a scholarly treatment of
a particular firm, but just as biographers pen glowing portrayals of their subjects to
compensate for access, historians usually do not want to damage the professional
relationships through which they were allowed to view private records by presenting an
account that is critical of a company and its management. A critical monograph also
risks offending current or former employees willing to grant interviews to the author and
provide valuable oral histories of their experiences. Thus, professional considerations
tend to impede scholarly analysis of individual companies, instead producing narratives
that are promotional in tone and fail to apply a comprehensive theory of the firm.

The authors of the seven book-length accounts of major rubber manufacturers
have close relationships with the companies about which they wrote, raising questions as
to whether each text seeks to provide an objective or a promotional history. Not all of
these books aspire to be scholarly monographs, but their flaws are representative of the
methodological shortcomings found in many histories of industrial corporations. Hugh
Allen’s The House of Goodyear (1943), Alfred Lief’s The Firestone Story (1951), Dennis
J. O’Neill’s A Whale of a Territory (1966), and Jeffrey L. Rodengen’s The Legend of
Goodyear (1997) all possess a promotional tone, lavishing praise on the leaders who

shaped their respective companies.®® Because they write from the lofty perspective of the

39 Hugh Allen, The House of Goodyear: A Story of Rubber and of Modern Business (Cleveland, Ohio:
Corday & Gross Company, 1943); Alfred Lief, The Firestone Story: A History of the Firestone Tire &
Rubber Company (New York: McGraw-Hill Book Company, Inc., 1951); Dennis J. O’Neill, A Whale of a
Territory: The Story of Bill O’Neil (New York: McGraw-Hill Book Company, 1966); Jeffrey L. Rodengen,
The Legend of Goodyear: The First 100 Years (Fort Lauderdale, Florida: Write Stuff Syndicate, Inc.,
1997).
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most senior management (i.e., company founders and long-serving presidents), these
authors struggle to explain how power was structurally organized at the major rubber
firms or exerted through corporate culture and the implementation of strategy.

These narrative weaknesses are characteristic of the neoclassical theory of the
firm, an outdated approach that presents a “caricature” of the modern organization.*°
Lief, Allen, O’Neill, and Rodengen do not consciously embrace a specific theory of the
firm, nor are they interested in the mathematical models which often accompany histories
in the neoclassical tradition. The four authors do, on the other hand, exude the Whiggish
optimism of neoclassicists who assume that an organization’s leaders always “act
rationally with full information,” much like how Harvey Firestone, Frank Seiberling, and
Paul Litchfield behave in the promotional narratives of Firestone and Goodyear.** Such a
narrow, top-down perspective of an enterprise ignores the principal-agent conflicts of
interest which inevitably arise when an owner or executive must entrust mid- and low-
level managers to make decisions and carry out operations.*?

Glenn D. Babcock’s History of the United States Rubber Company (1966) and
Maurice O’Reilly’s The Goodyear Story (1983) are promotional at times, yet also more
scholarly in presentation than the histories written by Allen, Lief, O’Neill, and
Rodengen.** Due to their past employment at U.S. Rubber and Goodyear, respectively,

Babcock and O’Reilly have access to employee interviews and private archival sources,

40 Oliver Hart, “An Economist’s Perspective on the Theory of the Firm,” Columbia Law Review 89, no.
7 (November 1989): 1758.

4l Alfred D. Chandler, Jr., “What is a firm?: A historical perspective,” European Economic Review 36,
no. 2 (1992): 488.

42 Hart, “An Economist’s Perspective on the Theory of the Firm,” 1759.

43 Glenn D. Babcock, History of the United States Rubber Company: A Case Study in Corporation
Management (Bloomington, Indiana: Bureau of Business Research, Graduate School of Business at Indiana
University, 1966); Maurice O’Reilly, The Goodyear Story (EImsford, New York: The Benjamin Company,
Inc., 1983).
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allowing them to situate these firms in the context of the competitive marketplace by
emphasizing how the actions of individual managers and employees informed distinct
institutional cultures.** Corporate culture serves as the organizing logic in Babcock and
O’Reilly’s narratives and gives some shape to the diffuse operations of large industrial
firms. In drawing attention to individual managers, though, both authors explain in detail
who at U.S. Rubber and Goodyear did what, but neither posits how vital tasks were
accomplished in an evolving organization. Without a careful analysis of organizational
structure, they are unable to recreate dynamic corporations in the two-dimensional pages
of their respective books, despite efforts to return agency to managers who are often
overlooked in histories with a more obvious promotional intent.

Of the seven histories written about rubber manufacturers, Blackford and Kerr’s
BFGoodrich: Tradition and Transformation (1996) is the most comprehensive, applying
lessons from the organizational synthesis to its discussion of Goodrich. For the most
part, Blackford and Kerr position themselves as objective scholars, although their close
relationship with Goodrich raises concerns about how much influence the company had
on the book: they enjoy “what may be unprecedented access for any business historian,”
as Chairman and CEO John Ong loaned them files from his office, “gave his time for
extensive interviews about his impressions of Goodrich’s past,” and reviewed drafts of
the manuscript. Blackford and Kerr maintain that “the decision about what to say in the

book was ours, and ours alone,” but they admit that the company “provided generous

4 Babcock and O’Reilly also compare the financial performance of U.S. Rubber and Goodyear,
respectively, to their competitors. On the other hand, the promotional histories of Allen, Lief, O’Reilly,
and Rodengen pay little attention to financial records, preventing a comparison of the growth of individual
rubber manufacturers with historical trends in the industry and the economy as a whole.
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financial support for [the] project.”*® Because of this assistance, they might have felt
pressured to tread lightly when addressing topics harmful to the firm’s reputation, such as
the discovery that polyvinyl chloride (PVC) caused a rare form of liver cancer in dozens
of exposed workers at its Louisville plant. The authors imply that Goodrich was
proactive in its handling of the issue in 1974 and “began to respond to public concerns
even before the federal government intervened,” whereas the record reveals that
management had suspected a PVC-cancer link since at least 1959.46

Despite Blackford and Kerr’s close relationship with B.F. Goodrich, their
narrative demonstrates a familiarity with trends in the field of business history and draws
upon two related theories of the firm needed to “explain the beginnings and growth of
modern industrial enterprises.”’ The monograph does not mention these scholarly
approaches by name, but Blackford and Kerr present an account of Goodrich in which
management exhibits a logic consistent with both the transaction cost and evolutionary
theories of the firm. Owing much to the work of Oliver E. Williamson, transaction cost
theory holds that parties to a contract, especially individuals or organizations exchanging
“idiosyncratic goods and services,” are subject to asymmetric information and bounded
rationality.*® These parties incur costs due to their imperfect access to information,

creating market failures unforeseen by neoclassical economists. To avoid transaction

4 Blackford and Kerr, BFGoodrich, ix-x. The book is an “authorized history,” published to coincide
with the 125" anniversary of Goodrich’s incorporation.

46 |bid., 332. By the late 1950s, chemical manufacturers had conducted experiments that suggested a
link between polyvinyl chloride and liver damage (angiosarcoma), and Dow Chemical toxicologist V.K.
Rowe alerted B.F. Goodrich of PVC’s potential dangers in 1959. See Jennifer Beth Sass, Barry Castleman,
and David Wallinga, “Vinyl Chloride: A Case Study of Data Suppression and Misrepresentation,”
Environmental Health Perspectives 113, no. 7 (July 2005): 809.

47 Chandler, “What is a firm?: A historical perspective,” 484.

8 Oliver E. Williamson, “Transaction-Cost Economics: The Governance of Contractual Relations,”
Journal of Law and Economics 22, no. 2 (October 1979): 241. ldiosyncrasy is a result of product (or
human capital) specificity, as well as infrequent contractual exchanges.
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costs, horizontally and vertically integrated firms internalize relationships that they might
have otherwise formed with outside contractors or economic actors in an unpredictable
marketplace. Relationships between employees in an organizational hierarchy (or among
product divisions in a diversified company) function as “coordination mechanisms,”
routinizing transactions and solving the problem of imperfect information.°

Functional routines, then, are the basis of the evolutionary theory of the firm: they
“play the role that genes play” in a biological organism and are a result of the cumulative
knowledge and skills that an organization has acquired through internal and external
exchanges of information.>® Since organizational learning is gradual, routines bypass this
process by drawing upon institutional memory and creating operational efficiencies.
While the neoclassical approach fails to consider the boundaries and structure of a firm,
the formalization of routines—through contracts, standardized procedures, workplace
rules, etc.—gives shape to the hierarchy that governs the complex movement of power
and information up and down the chain of command.

Alfred Chandler is “sympathetic” to the evolutionary perspective because it treats
the firm, as opposed to individual transactions, as the “unit of analysis” in which to
identify organizational capabilities.> However, by itself, the evolutionary theory of the
firm does not explain what propels change within an organization or how certain routines

are selected. As Louis Galambos notes, “it is not entirely clear whether evolution is a

49 Naomi R. Lamoreaux, Daniel M. G. Raff, and Peter Temin, “Beyond Markets and Hierarchies:
Toward a New Synthesis of American Business History,” The American Historical Review 108, no. 2
(April 2003): 407-08.

%0 Richard R. Nelson and Sidney G. Winter, An Evolutionary Theory of Economic Change (Cambridge,
Massachusetts: The Belknap Press of Harvard University Press, 1982), 14.

51 Chandler, “What is a firm?: A historical perspective,” 489-90. Chandler appreciates the attention
paid to “the specific nature of facilities and skills” by the evolutionary perspective. To him, this approach
is more effective in “determining the boundaries between firm and market” than the transaction cost
theory’s preoccupation with the “bounded rationality and opportunism” of individuals.
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metaphor or is actually the driving force of the analysis.”? If it is a metaphor for
developments within the firm, scholars must confront the idea that organizations are not
“plastic” or “perfectly malleable,” but rather that evolutionary change is path-dependent
and limited to a range of potential outcomes determined by a fixed historical starting
point.>® If, on the other hand, evolution describes a Schumpeterian cycle of “creative
destruction” at the industry level, historians must ask if the concept of routines captures
the reality of a firm’s activities, given that routines continually undergo stochastic
variations to keep pace with and adapt to environmental changes.

To solve the dilemma of routine selection and “recapture the sense of contingency
that the actors themselves experienced,” Naomi R. Lamoreaux, Daniel M. G. Raff, and
Peter Temin synthesize transaction cost and evolutionary theories: firms respond to
changing “economic conditions or institutional environments” by coordinating solutions
that range from one-time, pure-market transactions with other economic actors to
routinized exchanges between parties within the firm’s own hierarchy.>* The choices that
firms make are, to a degree, path-dependent, and some organizations are more willing to
tolerate the uncertainties of market exchanges, especially when mutually beneficial, long-
term relationships have been established with reputable actors. At the same time,
Lamoreaux, Raff, and Temin argue that companies pioneer new solutions (or routines) in
response to evolving economic conditions, although innovation often consists of

imitating coordination arrangements found in other industrial sectors.

52 Louis Galambos, “Identity and the Boundaries of Business History: An Essay on Consensus and
Creativity,” in Business History around the World, eds. Franco Amatori and Geoffrey Jones (New York:
Cambridge University Press, 2003), 21.

%3 Paul David, “Why Are Institutions the ‘Carriers of History’?: Path Dependence and the Evolution of
Conventions, Organizations and Institutions,” Structural Change and Economic Dynamics 5, no. 2
(December 1994): 210.

54 Lamoreaux, Raff, and Temin, “Beyond Markets and Hierarchies,” 410.
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While this framework makes sense of flattened, decentralized corporations, it
does not consider how organizational learning occurs, how routinized coordination
arrangements serve as “organizational memory,” and how firms “adapt and learn through
changes in the mix of stable routines that they enact...[and] through the transformation of
routines themselves.”® Even so, the Lamoreaux-Raff-Temin framework, by embracing
ideas from the transaction cost and evolutionary perspectives, supplies a rationale for
decision-making within the firm. This rationale allows scholars to evaluate a company’s
strategic choices, an approach rarely seen in optimistic, promotional histories that tend to
attribute organizational success or failure to changes in the macroeconomic environment.

Adopting elements of the transaction cost and evolutionary theories of the firm,
Blackford and Kerr anticipate the Lamoreaux-Raff-Temin framework and explain why
Goodrich pursued certain strategies, such as the diversification efforts responsible for
much of its growth during the twentieth century. Diversification, according to a
transaction cost approach, is a logical strategy for corporations because the capabilities
needed to maintain a competitive advantage in one market can often be applied to a
related product line. These capabilities include the creation and fostering of relationships
between company employees and those outside of the organization (suppliers,
wholesalers, consumers, etc.), precisely the kind of exchanges that, when they are not
routinized, are subject to costs associated with asymmetric information.

Successful diversification strategies seek, when possible, to duplicate existing

routines in support of a new product line. Accordingly, Blackford and Kerr argue that

55 Anne S. Miner, Michael P. Ciuchta and Yan Gong, “Organizational Routines and Organizational
Learning,” in Handbook of Organizational Routines, ed. Markus C. Becker (Northampton, Massachusetts:
Edward Elgar Publishing, Inc., 2008), 152.
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Goodrich thrived as a “diversified manufacturing company” by “starting from a historical
base as a rubber fabricator” and branching into related industries where existing
operations presented opportunities.®® The authors commend John Collyer’s decisions to
not only draw upon experience gained during WWII and begin diversification into the
peacetime aviation industry, but also reject expansion into sectors like electronics and
nuclear energy where the company had no existing relationships or routines.%’
Transaction cost and evolutionary perspectives also provide grounds for criticism of
Goodrich’s attempts at geographical diversification, as troubled relationships with
subsidiaries in Europe (Ciago) and Iran (Abadan Chemical Company) forced the parent
company to contract operations in those regions during the 1970s energy crisis.%®
Although geographical diversification failed, to a certain extent, because B.F.
Goodrich could not establish effective routines with foreign subsidiaries, Blackford and
Kerr explain that these types of strategic decisions influenced the company’s
organizational structure. For Goodrich and the other major rubber manufacturers, the
period from 1920 to 1970 was characterized by a “strategy of backward vertical
integration into raw materials and forward into retail distribution.”® Internalizing these
operations required Goodrich to establish coordination mechanisms between itself and
natural rubber suppliers overseas, as well as among its extensive system of independent
dealers and company-owned retail stores. In this way, Blackford and Kerr integrate
lessons from Alfred Chandler and the organizational synthesis with those from the

transaction cost and evolutionary theories of the firm. The authors believe, like Chandler,

56 Blackford and Kerr, BFGoodrich, 3.
57 1bid., 193.

58 |bid., 338.

59 |bid., 5.
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that structure followed strategy at Goodrich, while strategic decisions themselves were
dictated by the perceived profitability of internalizing transactions with external actors
(suppliers and retailers) and establishing operational routines. Most notably, Goodrich
executives adopted a decentralized, multi-divisional structure following WWII, “dividing
its business into product lines and markets” and permitting each subsidiary to “operate
with considerable autonomy.”®® Such a structure enabled the company to efficiently
allocate resources among its subsidiaries and divest itself of unprofitable operations, just
as the firm did when it sold its remaining tire manufacturing capacity in 1988.61

Because it integrates the organizational synthesis with both the transaction cost
and evolutionary theories of the firm, Blackford and Kerr’s scholarly account of B.F.
Goodrich gives shape to a modern industrial corporation. The authors synthesize the
actions of managers and employees, paying attention to corporate structure in a way that
many company histories do not. Where Blackford and Kerr fall short in their attempts to
recreate a complex organization like Goodrich in the two-dimensional pages of their
monograph is where this dissertation fills a conceptual gap by means of its
methodological approach. In particular, Blackford and Kerr do not convincingly
establish the dynamic relationship between the external environment and managerial
decisions regarding strategy and structure at Goodrich.

Richard R. John, for example, warns that the Lamoreaux-Raff-Temin framework,

which relies upon the same transaction cost and evolutionary logic that Blackford and

%0 Ibid., 184, 197.

%1 Ibid., 385. Goodrich began to divest itself of its tire operations in 1986 after it entered a joint
venture with Uniroyal to manufacture and sell tires, which was called the Uniroyal Goodrich Tire Company
(UGTC). The actual divesture occurred in 1988 when Goodrich sold its interest in the joint venture to the
UGTC holding corporation for $225 million. UGTC was later acquired by Michelin in 1990.
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Kerr apply to their analysis of B.F. Goodrich, demonstrates the “dangers of
internalism.”®? The internalist tradition “that Chandler himself had invented” succeeds in
“its tight focus on managerial decision-making,” but risks ignoring the “political and
cultural context in which business decision-makers operated.”®® Without a “systemic
investigation” of government regulation, a topic central to this dissertation, Blackford and
Kerr never explain how the political economy of WWII shaped an organizational
memory at Goodrich, as old routines had to be discarded and new routines learned in
order to better adapt to the changing regulatory environment. It was this organizational
learning that enhanced technical and functional capabilities, sparking innovations as the
company sought to create competitive advantages in the rapidly evolving marketplace.

Forgoing a survey of how learning informed capabilities, Blackford and Kerr do
not establish causality between the unusual circumstances of the synthetic rubber
program and Goodrich’s postwar diversification strategy. The authors do acknowledge,
just as this dissertation does, the hazards of government serving as “nearly the sole
customer” during the war, as well as the “reluctance” of Goodrich to share technical
information with its competitors (although the precise nature of these relationships is
never developed).®* Rather than explore how, or even consider if, diversification efforts
at Goodrich were a dynamic response to an evolving political economy, Blackford and
Kerr credit this strategic repositioning to the vision of John Collyer.

Here, the authors fall prey to the shortcomings of promotional histories,

attributing most of the firm’s wartime decision-making to Collyer alone. It was Collyer

62 Richard R. John, “Business Historians and the Challenge of Innovation,” Business History Review
85, no. 1 (Spring 2011): 191.

83 John, “Business Historians and the Challenge of Innovation,” 191-92.

8 Blackford and Kerr, BFGoodrich, 163-64.
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who “took a personal interest in the research efforts of the company’s technical
personnel,” visiting laboratories and “asking informed questions” during the corporate
restructuring.®® It was also Collyer who had the “desire [and] imagination needed to keep
Goodrich moving ahead,” qualities that company executives during the interwar years
apparently “lacked.”®® By venerating Collyer and portraying him as a visionary leader,
Blackford and Kerr suggest that the implementation of Goodrich’s diversification
strategy had internal origins (irrespective of the political economy brought about by
mobilization) and was guided by the limited rationale of institutional economics.®’

Since they make no effort to convey that diversification was pursued by Goodrich
in direct response to the uncertainties of the war economy, Blackford and Kerr are unable
to pinpoint when the firm began its strategic repositioning. In one instance, the authors
consider the war to be “a turning point,” since “the company as an organization changed
in ways that proved fundamental.”®® On another occasion, they contradictorily claim that
the war “did not involve basic structural changes,” and the “full-scale restructuring”
needed to implement diversification “remained for the postwar years.”%°

This muddled understanding of a paradigmatic turning point for Goodrich might

appear to be insignificant, but it has to be resolved for two reasons. First, to recreate the

8 Ibid., 150-51. Collyer was an important president who had a major impact on Goodrich, but
Blackford and Kerr ignore the contributions of other company executives to the war effort, an oversight
that the authors generally avoid throughout the rest of the book. Because Collyer served a significant
public relations role for the company during his tenure, a great deal of written material from and about him
has survived for historians like Blackford and Kerr to consult.

% Ibid., 143.

67 John, “Business Historians and the Challenge of Innovation,” 192. A flaw with internalist narratives
is that they “credit business managers with business aptitudes they did not possess.” Successful managers
are “presumed to have capably analyzed the information at their disposal,” while others have simply “have
failed at the task.” The complex interplay between firm and environment, especially in the transaction cost
approach, is reduced to purely economic decisions made by managers with unobstructed access to
information and who are uninhibited by the constraints of their political and cultural context.

8 Blackford and Kerr, BFGoodrich, 145.

% Ibid., 150.
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actual process of organizational and technological innovation that evolved from
Goodrich’s diversification strategy, the historian must identify the genesis of that process,
what individuals initiated it, and what their motivations were. By ignoring these factors,
Blackford and Kerr suggest that innovation consists of accidental “eureka” moments
which occur within the context of a broadly defined strategy, when in reality,
organizational and technological improvements in a complex, modern firm are the result
of a methodical process of institutional learning whose parameters are defined by
conditions at its origin. Second, without knowing this precise origin, Blackford and Kerr
cannot explain how management overcame institutional and environmental inertia to
launch a diversification strategy. The authors detail changes in the political economy
during WWII, but the reader does not get a sense of the dynamic relationship between
firm and environment: why did environmental factors force Goodrich to abandon
established practices in research and production, and how did the company influence the
marketplace with the capabilities it had acquired through organizational learning?

To answer these questions, this dissertation has moved “towards a dynamic theory
of the firm.”’® Such an approach seeks to transcend the limited perspectives and
shortcomings which plague many histories of large industrial corporations. |
acknowledge that the competing theories of the firm are not entirely adequate in
portraying how a complex organization actually functions. The definitions employed by
theories are not always precise, and the historian must confront the dilemma of how to
reproduce a living, three-dimensional organization in the two-dimensional pages of a

text. Therefore, | have worked from a set of methodological principles to depict how

0 Chandler, “What is a firm?: A historical perspective,” 491.
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Goodrich—and specifically, those departments concerned with R&D—executed
operations, developed new capabilities, and interacted with its environment. These
guiding principles are informed by scholarship on dynamic capabilities.

David Teece, Gary Pisano, and Amy Shuen offer perhaps the most-cited
definition of dynamic capabilities, arguing that they are “the firm’s ability to integrate,
build, and reconfigure internal and external competences to address rapidly changing
economic environments.”’! Teece, in particular, emphasizes that environments not only
influence the strategic decisions of corporate managers, but can also, to some extent, be
managed by firms able to stake out competitive advantages in the marketplace. Although
Teece’s recent work concentrates on multinational, high-tech companies, his assertion
that “dynamic capabilities assist in achieving evolutionary fitness...by helping to shape
the environment” is relevant to manufacturers like B.F. Goodrich, which had to anticipate
and respond to the opportunities and threats posed by WWI1I mobilization.”

Analyzing how corporations anticipated and responded to an evolving political
economy enables historians to reconcile Alfred Chandler’s early work on the evolution of
the modern corporate form with his later books addressing “integrated learning bases”
and capabilities management. Chandler, borrowing ideas from Richard R. Nelson,
believes that dynamic capabilities “recognize the centrality of the processes of production
and distribution and of organizational learning in the creation, development and

transformation of those processes.””® In other words, capabilities, strategy, and structure

"I David J. Teece, Gary Pisano, Amy Shuen, “Dynamic Capabilities and Strategic Management,”
Strategic Management Journal 18, no. 7 (August 1997): 516.

2 David. J. Teece, Dynamic Capabilities and Strategic Management (New York: Oxford University
Press, 2009), 7.

8 Chandler, “What is a firm?: A historical perspective,” 491.
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are interrelated: a change in one requires a corresponding repositioning of the other two.
Simultaneously, environmental factors exert pressure on this system by forcing a
continual reevaluation of strategy, necessitating a subsequent alteration of organizational
structure, and testing the capabilities needed to implement strategic initiatives.

| posit that a focused case study is the most effective way to demonstrate how
such a system functioned in a large-scale industrial corporation like B.F. Goodrich. If the
corporation is truly a system of dynamic, coordinated decisions made by managers and
employees, then the nature, frequency, and impact of those decisions over time must be
explored. Thus, the case study in this dissertation, which narrows its investigation to the
R&D departments at Goodrich during a defined period, historicizes the dynamic
capabilities theory of the firm. Unlike Blackford and Kerr’s history, a micro-level
analysis of individual research departments reveals when a diversification strategy was
initiated—almost as soon as the war began, in response to both the federal government’s
pooling of synthetic rubber patents and an evolving competitive environment—and how
it was gradually implemented. As discoveries were made by company scientists, research
departments were expanded, contracted, or merged with one another, giving shape to an
organizational structure which allowed for an efficient allocation of resources.

More importantly, the case study examines incremental gains made in the firm’s
technical and functional capabilities. Capabilities were enhanced as research projects
branched out from experimentation in core competencies (i.e., natural rubber products),
and the successes and failures of each research department contributed to a process of
organizational learning. From these new learning bases, managers assessed Goodrich’s

strategic repositioning in markets like plastics and chemicals, deciding if competitive
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advantages could be established and maintained once the capabilities developed in the
laboratory were coordinated with the production, distribution, and marketing
departments. Subsequent changes in strategy created a feedback loop, as structure was
altered and capabilities enhanced to implement new initiatives.

By itself, then, a focused account of B.F. Goodrich from 1941 to 1960 offers a
lens into research and product diversification strategies at a large manufacturer and how
the implementation of those strategies contributed to organizational learning. To be sure,
even if this case study has avoided some of methodological transgressions committed in
many histories of individual firms, it is not a perfect approach, as the applicability of
Goodrich’s wartime and postwar experiences to those of other firms is limited by the
competitive and regulatory environments in which they operated and the technological
complexity of their respective product lines. What can be taken away from the case
study is that Goodrich, like all firms, responded to increased competition in its industry—
a result of government-organized patent pools and the public funding of synthetic rubber
plants—by trying to avoid competition.” Since collusion with other rubber
manufacturers was not an option, Goodrich pursued innovation in new product lines as a
way to evade, or at least limit, competitive threats in an uncertain marketplace.

The uncertainty of the period is highlighted by the company’s adoption of a
product diversification strategy. Diversification would not be required if John Collyer
was clairvoyant (an assumption that Blackford and Kerr seem to have at times), but it
became a viable and necessary option for a firm that did not know how its capabilities in

rubber and chemical manufacturing would translate into competitive advantages in an

"4 Margaret C. Levenstein, “Escape from Equilibrium: Thinking Historically about Firm Responses to
Competition,” Enterprise & Society 13, no. 4 (December 2012): 716.

138



evolving marketplace. As a result, the case study alone is enough to conclude that
innovation at Goodrich had its roots in the external environment, but to make definitive
claims about the postwar political economy, the dissertation must situate this study in the
context of strategic decisions regarding research facility construction and product

diversification made by other large industrial manufacturers from 1941 through 1960.
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Chapter 5: Task Forces of Scientists in New Industrial Laboratories

“Today, the solitary inventor, tinkering in his shop, has been overshadowed by task
forces of scientists in laboratories and testing fields. In the same fashion, the free
university, historically the fountainhead of free ideas and scientific discovery, has
experienced a revolution in the conduct of research. Partly because of the huge costs
involved, a government contract becomes virtually a substitute for intellectual curiosity.
For every old blackboard there are now hundreds of new electronic computers.”

-Dwight D. Eisenhower, “Farewell Address,” January 17, 1961
“When, in the development of a natural science, an individual or group first produces a
synthesis able to attract most of the next generation’s practitioners, the older schools
gradually disappear. In part their disappearance is caused by their members’ conversion
to the new paradigm. But there are always some men who cling to one or another of the
older views, and they are simply read out of the profession, which thereafter ignores their
work.”

-Thomas S. Kuhn, The Structure of Scientific Revolutions, pp. 18-19
5.1 B.F. Goodrich: An Qutlier or a Representative Case Study?

On its own, a case study of B.F. Goodrich from 1941 through 1960 allows for a
focused examination of the company’s research departments, how R&D contributed to
incremental gains in the firm’s technical and functional capabilities, how these
capabilities dynamically informed managerial decisions about strategy and organizational
structure, and how publicly financed projects and government regulation (in this case, the
synthetic rubber program and subsequent federal oversight of the rubber industry until
1955) have affected the complicated process of routine formation at a large-scale
industrial corporation. Even so, the limited scope of a case study or monograph of an
individual company calls into question whether the study itself possesses any historical
value for scholars interested in broader economic trends and patterns of organizational
behavior among a variety of firms and industries.

For decades, traditional monographs of individual companies have “faded into the

intellectual background,” especially after the work of scholars like Alfred Chandler,
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Robert Wiebe, and Thomas Cochran began to inform an organizational synthesis in U.S.
business history during the 1960s and 70s.! The new synthesis distinguished itself from
the institutional history that dominated the nineteenth and early twentieth centuries.
While institutionalists wrote “compartmentalized” monographs about single firms,
organizational historians exhibited “a tendency to stress the universal, not the particular
qualities of their subject.”® As a result, the organizational synthesis provides insight into
broader developments throughout the political economy that cannot be adequately
explained by narrow accounts of individual companies or public institutions. These
developments include: the bureaucratization of the private, public, and nonprofit sectors
of the economy; technological change and how it impacted the modern corporation; the
politics of corporate liberalism; the emergence of professions; and the international
movement of organizational forms and managerial expertise.?

In the 1980s, the organizational synthesis influenced a cultural turn in business
history that continued to push scholarly inquiry beyond the limited scope of the
traditional company monograph.# The cultural turn has led scholars to explore issues
related to corporate culture, how companies sway the public with marketing and promote

a “culture of consumption,” and the relationship of business to the cultural constructs of

! Louis Galambos, “Technology, Political Economy, and Professionalization: Central Themes of the
Organizational Synthesis,” Business History Review 57, no. 4 (Winter 1983): 474-75.

2 Louis Galambos, “The Emerging Organizational Synthesis in Modern American History,” Business
History Review 44, no. 3 (Fall 1970): 279-80. Galambos suggests that with the “demise of progressive
history,” which emphasized class conflict as a driver of historical change in the U.S., the organizational
synthesis could be an acceptable explanatory framework for scholars who rejected the New Left and
quantitative approaches popularized in the 1960s.

3 Galambos, “Technology, Political Economy, and Professionalization,” 472.

4 Michael Rowlinson and Agneés Delahaye, “The Cultural Turn in Business History,” Entreprises et
Histoire 55 (June 2009): 94. The authors contend that one reason for the cultural turn was the widespread
belief that Japan’s economic ascendancy during the 1980s was partly attributable to “its distinctive national
culture and the culture of its corporations.”

142



race, gender, and ethnicity.®> Together, the organizational synthesis and cultural turn have
established the parameters of an academic field that is, for the most part, only concerned
with individual firms if their behavior can be contextualized with that of other companies
to draw conclusions about the institutional structures and processes which define the
American political economy.® In other words, given the trends in business history over
the past six decades, the individual company monograph now serves as a building
block—or case study—for more complex narratives that reach beyond institutional
boundaries and seek to answer questions about organization, culture, or identity.’

While the case study presented in the first four chapters of this dissertation does
not investigate culture or identity in a corporate setting, B.F. Goodrich’s experiences
during and after WWII might still be compared with those of other large industrial firms
in order to ascertain how companies reacted to the uncertainties of mobilization,
enhanced their technical and functional capabilities through organizational learning, and
shaped the postwar political economy. Of course, some elements of the Goodrich story

make the company appear to be an outlier among its direct competitors and other

5> Rowlinson and Delahaye, “The Cultural Turn in Business History,” 92, 102.

6 Louis Galambos, “Recasting the Organizational Synthesis: Structure and Process in the Twentieth
and Twenty-First Centuries,” Business History Review 79, no. 1 (Spring 2005): 3. Changes in structures
and processes allow historians to pinpoint paradigm shifts in the political economy, much like Galambos
does when diagnosing distinct stages of economic development in U.S. history. In his ongoing assessment
of the organizational synthesis, Galambos identifies a “third industrial revolution,” or the “information
revolution,” whose origins can be traced to the 1940s and 50s. He posits that the combined impact of
important technologies like the transistor, integrated circuit, computer, and Internet brought about
discernible changes in American “structures” (how authority is organized in institutional settings) and
“processes” (how institutions perform work).

7 For the most prominent example of a text that treats individual company histories as case studies and
synthesizes them in support of an argument about an organizational trend in the broader economy, see
Alfred D. Chandler, Jr., Strategy and Structure: Chapters in the History of the Industrial Enterprise
(Cambridge, Massachusetts: The M.I.T. Press, 1962). The four companies whose experiences Chandler
synthesizes are Du Pont, General Motors, Standard Oil of New Jersey, and Sears, Roebuck and Co.
Strategy and Structure is one of the founding texts of the modern academic field of U.S. business history
because it led a shift in scholarly focus from institutional history to the organizational synthesis.
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corporations in heavy industries. The Akron-based rubber manufacturer had a long
history of investment in R&D dating back to 1895, was considered to be an innovation
leader, and participated in an unusual mobilization effort that pressured competitors to
share technical knowhow and rubber-related patents with one another. Even a simple
analysis of Goodrich and the largest rubber companies has questionable applicability to
the industrial economy as a whole, since the technological demands of the synthetic
rubber program distinguished it from other government-organized endeavors to produce
critical materials for the war and regulate their consumption.

Accordingly, a useful comparison of B.F. Goodrich with other enterprises—one
that allows conclusions to be drawn about postwar industrial R&D—has to be focused in
its scope and periodization. There must be a significant (but manageable) sample of
firms to consider, a specific period of time in which to evaluate the behavior of these
firms, and patterns of behavior that are identifiable and indicative of a given company’s
posture toward R&D. This chapter, then, will assess whether each of the 200 largest U.S.
industrial manufacturers in 1948 constructed new research facilities and pursued product
diversification from 1941 through 1960, just as Goodrich did by opening its Brecksville
research center and diversifying into plastics and chemicals after WWII.

The sample of firms to be evaluated in this comparative study is restricted to the
200 largest manufacturers in 1948 for several reasons. First, the remaining federal

agencies devoted specifically to mobilization had been disbanded by 1948.2 Choosing an

8 The operations of many wartime agencies were terminated soon after the surrender of Japan. For
example, the War Production Board was abolished in November 1945, and its responsibilities were
assigned to the Civilian Production Administration. Other agencies continued to oversee demobilization:
the Office of War Mobilization and Reconversion was abolished in December 1946 and concluded all
business in early 1947. See Paul A.C. Koistinen, Arsenal of World War 1I: The Political Economy of
American Warfare, 1940-1945 (Lawrence, Kansas: University Press of Kansas, 2004), 489.
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analytical sample of manufacturers from this year ensures that these firms had resumed
peacetime operations and, as a result, are a representative cross-section of an economy
whose structure and output were no longer distorted by the unusual circumstances of
WWII (even if that structure and output were still being influenced by the political
environment that emerged from the war). Second, Goodrich opened its Brecksville
research center in 1948, placing the company in the middle of a wave of manufacturers
that, over the span of two decades, chose to expand their R&D facilities, hire more
research personnel, and pursue product diversification. This twenty-year period began
with the onset of WWI1 and all-out mobilization, and it continued until Eisenhower’s
farewell address warning about the military-industrial complex and changing nature of
laboratory research.

Finally, Alfred Chandler himself analyzes a sample of 200 large-scale industrial
enterprises in Scale and Scope, his towering history of business organizations in the U.S.,
Great Britain, and Germany during the first half of the twentieth century.® Chandler
identifies forms of capitalism that emerged in the three nations—“competitive managerial
capitalism” in the U.S., “cooperative managerial capitalism” in Germany, and “personal
capitalism” in Great Britain—by assessing how firms shaped the economic environment
with their “three-pronged investment” in production, distribution, and management.'°

Part of Chandler’s assessment involves tracing the evolution of dynamic industries (e.g.,

% It should be noted that the sample of 200 industrial enterprises analyzed by Chandler consists of those
“which operated domestic production facilities.” The sample does not include utilities (specifically,
American Telephone & Telegraph) or privately held companies for which accurate financial information is
unavailable. As a result, the 200 firms that are evaluated in Chapters 5 and 6 of this dissertation are often
referred to as “industrial manufacturers.” For a detailed discussion of Chandler’s methodology, see Alfred
D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge, Massachusetts: The
Belknap Press of Harvard University Press, 1990), 631-32.

10 Chandler, Scale and Scope, 8-12.

145



food products, chemicals, machinery) to gauge “the turnover and stability of the leading
firms” in these sectors.!* Such turnover in American industry is determined by a
comparison of the 200 largest manufacturers in 1917 with those in 1930 and 1948.

Adopting the same sample of manufacturers from 1948 that is evaluated in Scale
and Scope, this dissertation supplements Chandler’s history of managerial capitalism in
the U.S. Chandler confines his discussion of industrial R&D to the interwar period, and
he does not calculate how many corporations built new or expanded existing research
facilities. In fact, there has not been a precise historical accounting of postwar research
facility expansion among large industrial enterprises, although organizations like the
National Science Foundation (NSF) and National Research Council (NRC) have made
efforts to regularly review R&D undertaken by American corporations.

Since 1953, the NSF has published an annual Survey of Industry Research and
Development, cataloging corporate R&D expenditures, research personnel in the private
sector, and federal funding devoted to industrial research.'? This data is organized
according to industry and company size, overlooking changes in R&D that took place at
individual enterprises. On the other hand, the NRC’s directories of industrial
laboratories, publication of which began in 1920, describe research facilities and
personnel at individual firms, yet these catalogues rely on companies to self-report

information about their own R&D activities.® The NRC directories also fail to make

1 1hid., 631.

2 The NSF is a government agency that was founded by Congress on May 10, 1950, for the purpose of
promoting the growth of basic, or “fundamental,” research. National Science Foundation, First Annual
Report, 1950-51 (Washington, D.C.: U.S. Government Printing Office, 1951), vii-ix.

13 Organized by the National Academy of Sciences in 1917 to promote R&D in American industry, the
NRC is a non-profit entity that continues to publish reports and influence public policy on matters of
science and technology. For the first NRC directory of industrial laboratories (subsequent editions of
which were published approximately every four to six years), see Alfred D. Flinn, ed., “Research
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distinctions among business organizations on the basis of size, and they do not chronicle
when specific research facilities were constructed.

To produce a more comprehensive history of American industrial research, David
Mowery compares available NRC directories to tabulate how many research facilities
were established and personnel were hired by American firms over a given period of
time. Mowery, though, does not focus on individual manufacturers, but instead describes
changes in R&D expenditures across entire sectors of the economy.*# In addition, while
he compares “industry-wide structural features and...research activity” with available
data from the 1950s and 60s, Mowery’s study of corporate research in the U.S. is mostly
limited to the first half of the twentieth century (i.e., 1899 to 1946).1> Such an approach
risks ignoring not only the enormous transformation of industrial research that took place
after 1941, but also how the uncertainties of the postwar political economy led
manufacturers to alter their strategic posture with respect to R&D.

David M. Hart’s Forged Consensus seeks to bridge the gap between interwar and
postwar developments in industrial research by analyzing science and technology policy
in the U.S. from 1921 to 1953. Although much of his text is devoted to government-
directed R&D, Hart attempts to quantify industrial research after WWII, claiming that as
of 1947, “87 percent of firms had expanded their research since before the war and 72

percent expected to expand it further.”'® These figures, however, are not the product of a

Laboratories in Industrial Establishments of the United States of America,” Bulletin of the National
Research Council 1, part 2, no. 2 (March 1920): 45-130.

14 David Charles Mowery, “The Emergence and Growth of Industrial Research in American
Manufacturing, 1899-1945” (PhD diss., Stanford University, 1981), 47-106. Mowery groups firms based
on their Standard Industrial Classification codes and assesses trends in R&D expenditures according to firm
size and output.

15 Mowery, “The Emergence and Growth of Industrial Research,” 2.

16 David M. Hart, Forged Consensus: Science, Technology, and Economic Policy in the United States,
1921-1953 (Princeton, New Jersey: Princeton University Press, 1998), 153.
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careful accounting of postwar research facility expansion. Hart instead draws his data
from a Business Week advertisement for Evans Research & Development Corporation, an
independent industrial laboratory in New York that performed work under contract for
private enterprises and the federal government.'” The advertisement takes the form of a
“survey of representative companies,” asking these firms questions about their plans to
spend more (or less) on R&D than they did before the war. Some of the survey questions
are leading in structure and tone: they inquire of respondents whether or not they had a
“shortage of equipment or other facilities needed for research” that might create a
demand for Evans R&D’s services, or if the respondents believed that an independent
laboratory might be “necessary or desirable...to supplement [their] own facilities.” More
problematically, the Business Week advertisement does not state how many firms were
surveyed or what size those companies were, calling into question the claims made by
Hart in his brief discussion of private sector R&D.

Neither Mowery nor Hart are concerned with calculating precisely how many
industrial enterprises expanded their research facilities or pursued product diversification
during and after WWII, and their attempts to characterize postwar R&D are hindered by
primary sources and analytical approaches that disregard the unique experiences of
individual firms. These methodological shortcomings are remedied in a published report
from the National Research Council’s Committee on the Design, Construction and
Equipment of Laboratories, entitled Laboratory Planning for Chemistry and Chemical
Engineering. The report contains a directory of research facilities constructed from 1951

to 1961, detailing the locations of each laboratory, the dates they were constructed, and

17 “Industry Is Spending More for Research,” Business Week, November 1, 1947, p. 58.
148



their general purposes (i.e., was the facility a research center or a specialized
laboratory?).1® Such an approach fails to perfectly capture every nuance of the varied
R&D strategies pursued by industrial manufacturers in the 1950s: for one, the directory
does not survey a defined sample of corporations, focusing only on chemical companies
and those mentioned in the trade journal, Chemical & Engineering News. What the
directory does accomplish is to provide a model for assessing if B.F. Goodrich was an
outlier when, in the wake of the synthetic rubber program, it opened its Brecksville
research center and diversified into new industries. The assessment must be grounded
upon an accurate historical accounting of research facility expansion and product
diversification efforts among a manageable sample of firms, thereby allowing a
comparison of Goodrich’s experiences with those of other large-scale corporations.

The sample of 200 industrial manufacturers from 1948 that is analyzed in this
chapter is large enough to conclude how industry leaders behaved with respect to R&D
and establish that Goodrich was not an outlier in its reaction to the uncertainties of
mobilization and the postwar political economy. For each of the 200 firms, three patterns
of behavior from 1941 through 1960 are evaluated. The first two patterns—whether or
not a given enterprise constructed a new (or expanded an existing) research facility, and
how many research personnel the company hired—reveal the extent of the investment
each industrial manufacturer was willing to make in R&D. The third pattern—whether or
not a given enterprise pursued diversification in existing product lines and new industrial
sectors where the company may have had little or no previous experience—allows

conclusions to be drawn about the output of investments in research facilities and

18 Harry F. Lewis, ed., Laboratory Planning for Chemistry and Chemical Engineering (New York:
Reinhold Publishing Corporation, 1962), 460-507.
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personnel, both of which served to develop products and processes.'® By investigating
the strategic behavior of individual firms and how they enhanced their technical and
functional capabilities through organizational learning, the comparative study in Chapters
5 and 6 is able to evaluate the diversity of approaches to R&D among manufacturers in
different industries. More importantly, the study places the “compartmentalized,”
institutional history of B.F. Goodrich in the broader context of postwar developments in
industrial research, a defining component of an evolving political economy that must be

understood with accurate historical accounting from an organizational perspective.

5.2 Research Facility Expansion and Product Diversification at the 200 Largest U.S.
Industrial Manufacturers in 1948

The following subsections in this chapter (numbered from 5.2.1 to 5.2.19)
examine the 200 largest U.S. industrial manufacturers in 1948, determining whether or
not those firms expanded their research facilities and pursued product diversification
strategies in the period from 1941 through 1960. Each subsection is devoted to a “major
group” of manufacturing enterprises as designated by the Office of Management and
Budget in its Standard Industrial Classifications (SIC). Used to organize firms into
categories based on their primary business operations, SIC codes are three or four digits

in length.?’ The first digit denotes the division in which a company conducts business,

19 Some scholars have explored the relationship between research investment and output by treating the
number of patents granted to a particular firm as a measure of productivity. Because the granting of patents
did not necessarily lead to the commercialization of new products or processes, the comparative study in
Chapters 5 and 6 of this dissertation instead uses product diversification as a way to measure the return on
R&D investment. See F.M. Scherer, “Firm Size, Market Structure, Opportunity, and the Output of
Patented Inventions,” The American Economic Review 55, no. 5 (December 1965): 1097-1125; Henry G.
Grabowski, “The Determinants of Industrial Research and Development: A Study of the Chemical, Drug,
and Petroleum Industries,” Journal of Political Economy 76, no. 2 (March-April 1968): 292-306.

20 For more information on SIC codes (including a list of major and industry groups relevant to the
corporations explored in this dissertation), see Appendix B.
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the second refers to the major group within the broader division, and the third and fourth
digits identify a specialized industry group that best reflects a particular product line of
the firm in question.? An understanding of major and industry groups is not only
necessary to compare an enterprise with its direct competitors, but also to assess the
extent of that firm’s diversification efforts across a range of products and industries.

The first subsection in this chapter (5.2.1) analyzes B.F. Goodrich and its
competitors in the SIC major group, “Rubber and Miscellaneous Plastics,” while the
remaining subsections are listed in alphabetical order from “Chemicals and Allied
Products” (5.2.2) to “Transportation Equipment” (5.2.19). In every subsection, four
tables are provided.?> The first table, entitled 1948 Industry Overview,” reproduces
information found in Appendix A.3 of Alfred Chandler’s Scale and Scope, including: the
rank of a given industrial corporation among the 200 largest manufacturers in the U.S.,
the total assets of that corporation in millions of dollars, and the corporation’s primary
and secondary product lines.?®> Such data establishes the historical context for the
remaining tables in each subsection, which contain original research dealing with R&D
facilities, technical personnel, and product diversification.

The second of the four tables found in each major group subsection of Chapter 5

is entitled “Research Facility Expansion, 1941-1960.” This table indicates if a given

21 Because it surveys the 200 largest industrial manufacturers in the U.S. (as opposed to, say, service
companies or utilities), this chapter only focuses on the SIC “manufacturing” division, which encompasses
the nineteen “major groups” from “Food and Kindred Products” (Major Group 20, according to the SIC
codes) through “Miscellaneous Manufacturing Industries” (Major Group 39).

22 While each subsection contains four tables, space restrictions require that some tables (especially
those for major groups with more than fifteen firms among the 200 largest industrial manufacturers in
1948) are divided among two or more pages. These longer tables are assigned multilevel numbering (e.g.,
Table 5-38a, Table 5-38b, Table 5-38c) to eliminate confusion.

23 The list of American companies for 1948—as well as the data for those firms that is reproduced in
the subsections of this chapter—can be found in Appendix A.3 of Chandler’s Scale and Scope (pp. viii,
631) and was compiled by Regina Pisa through an analysis of Moody’s Manuals.
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corporation or its subsidiaries constructed a new (or acquired an existing) research
facility, what the name of that facility was, where it was located, when ground was
broken for its construction, and when it opened. The term “research facility” refers to a
privately financed, standalone complex or laboratory unit where R&D was conducted in
a sterile environment, as opposed to engineering work that was performed on the
production line in a manufacturing plant.?* Standalone units indicated that a company
was willing to devote significant resources to organized R&D, thereby moving away
from the informal tinkering that sometimes characterized industrial research prior to
WWII. Certain laboratories, on the other hand, are not listed in the “Research Facility
Expansion” tables: those built outside of the U.S. and those devoted strictly to quality
control or market research. The survey of 200 manufacturers in this chapter is instead
concerned with American laboratories whose scientists and engineers sought to develop
the products and processes that would allow their respective companies to strengthen
existing market positions or pursue diversification strategies.

Many firms were eager to publicize new research laboratories, as these modern
buildings signaled a commitment to scientific achievement and technological innovation.
Accordingly, details regarding formal groundbreaking and dedication ceremonies can
often be found in annual reports, contemporary newspaper articles, and corporate
histories. Annual reports are especially valuable sources of information for research

facility expansion and product diversification since many companies used such

24 The “Research Facility Expansion” tables in this chapter also list new and expanded laboratories that
were located in manufacturing plants or office complexes, provided that the laboratory units were
segregated from other operations taking place in the structure and that company scientists were given their
own designated space to conduct R&D. Scientists, especially those who worked for firms that
manufactured complicated machinery or heavy equipment, might have still performed engineering work on
the production line, but their primary focus was basic and applied research in the laboratory.
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publications to market themselves and summarize their achievements during the previous
fiscal year.?> Other firms, though, were not as willing to share information about their
research laboratories, and some groundbreaking and dedication ceremonies were simply
not mentioned by local or national newspapers. In these cases where there is incomplete
data for a particular company laboratory or research complex, the “Research Facility
Expansion” table for each major group subsection follows several guidelines:

e If the formal name of a facility is not mentioned in the available primary
sources and company histories, a short description of the research center or
laboratory is provided in the table. The description uses the same language
employed by the company itself in annual reports or by the newspapers that
recounted groundbreaking and dedication ceremonies.?®

e An attempt is made to supply both the month and year when the construction
of each research facility began and was completed. In some cases, only the
year in which a particular groundbreaking or dedication ceremony took place
is mentioned in primary sources and company histories, so the specific month
for these events cannot be listed in the “Research Facility Expansion” tables.

e The precise groundbreaking date for every research facility mentioned in the

tables is not available. For some facilities, there is information as to when the

2 After WWII, companies published more elaborate annual reports by including color photographs and
detailed summaries of corporate operations. Company reports, however, are not perfect sources for
historians: some only contain financial data required by law, while most avoid discussing operational
failures. A focused case study of an individual firm requires sources that shed light on these organizational
missteps, but the survey of 200 industrial manufacturers in this chapter only seeks to document the actual
achievements of these corporations. When annual reports are cited in Chapters 5 and 6, a page number and
publication date are provided if they are available. The publication date usually refers to the date given on
the company president’s letter to the stockholders that is included in nearly every repott.

% A company might have referred to a facility as a “research center” or “central laboratory,” but there
is not a clear distinction between the two terms: both describe buildings that contained multiple laboratory
units designed for coordinated, specialized research in a variety of scientific disciplines and product lines.
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company in question announced that it either planned to construct new
laboratory units or had purchased the land on which the units would be built.
In such instances, the date of a formal announcement of construction or land
purchase is supplied in the “Facility Groundbreaking” column of the table,
along with a footnote explaining what that particular date represents.

e To confirm the construction of a research facility, its official opening (whether
it be a formal dedication ceremony or merely when the laboratories were
occupied by company personnel) must be documented in a primary source or
published history.?” If a corporation increased its R&D capabilities by
acquiring another firm’s laboratories, the date of acquisition is included in the
“Official Opening” column of the table.

e Some companies began construction on new laboratories prior to 1961, but the
facilities did not open until months, or even years, after the cut-off date (i.e.,
December 31, 1960) for the tables in the following subsections. These
facilities, however, are still listed in the tables, as a groundbreaking date prior
to 1961 demonstrates the intent of a particular manufacturer to increase its
R&D capabilities during the two decades which are the focus of this

comparative study.

27 Such an approach, which requires evidence of an official opening in order to confirm the existence
of a new research facility, might seem to be an obvious one, but it differs from the methodology employed
in Lewis, ed., Laboratory Planning for Chemistry and Chemical Engineering, 460-507. This text contains
a directory of “Chemical and Chemical Engineering Construction, 1951-1961" that identifies laboratories at
universities and industrial corporations around the U.S. Because the directory relies predominately on
information gathered from Chemical & Engineering News (a trade magazine published by the American
Chemical Society), research facilities are mentioned if they were “in the planning stage,” “under
construction,” or “in operation.” Unfortunately, facilities said to be in the planning stage might not have
been constructed in a timely manner (or, in some cases, at all). The most accurate method of establishing
when and if a laboratory was constructed, then, is to cite evidence of its location and the date that it
officially opened.
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e For corporations that opened more than one research facility from 1941
through 1960, only the earliest constructed laboratory in that time period is
listed in the “Research Facility Expansion” tables. Given the limited scope of
this comparative study, the tables are more concerned with how many of the
largest U.S. firms behaved similarly to B.F. Goodrich in the wake of
mobilization than with an assessment of every industrial laboratory that
opened during and after WWII. If a corporation established multiple
laboratories from 1941 through 1960, some of these other research facilities
are mentioned in the summaries accompanying the four tables found in each
major group subsection of this chapter.

The third of the four tables in the major group subsections is entitled “Research
Facility Personnel, 1940-1960.” This table indicates how many technical and non-
technical personnel were employed at the research facilities of the nation’s 200 largest
manufacturers and their subsidiaries during the following years in which National
Research Council directories of industrial laboratories were published: 1940, 1946, 1950,
1956, and 1960.2 As the NRC directories relied on firms to respond to questionnaires
and accurately self-report information about their research facilities and personnel,
precise employment figures for all 200 manufacturers are not available. Some firms did
not submit information to all (or any) of the five NRC directories from 1940 to 1960,

while other companies might have responded to questionnaires with employment totals

28 The National Research Council published its sixth directory of industrial research laboratories in
1938, and “somewhat earlier than usual,” produced a seventh edition in 1940 “at the request of the National
Resources Planning Board.” The NRC did not publish a directory during WWII, waiting until 1946 to
release its eighth edition. After 1946, three new directories (1950, 1956, and 1960) were published over a
span of fourteen years. Accordingly, this dissertation draws upon information from the available NRC
directories that most closely overlap with the years (1941 to 1960) addressed in the B.F. Goodrich case
study.
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that differed from estimates in their annual reports. Even so, a reasonable accounting of
how many scientists, engineers, and non-technical personnel worked at industrial
laboratories—along with how these totals changed over time—brings to light the
enormous increase in research personnel that accompanied the growth in plant investment
(i.e., expanded research facilities) across the American economy after 1941.

The totals in the “Research Facility Personnel” tables not only include scientists
and engineers employed by the 200 largest manufacturers as of 1948, but also those
professionals who conducted R&D for wholly owned subsidiaries of these industrial
corporations and their joint ventures with other firms.?® Personnel who worked for
partially owned subsidiaries, however, are not counted in the tables, as enterprises could
not always combine or coordinate their own R&D resources and strategies with firms
over which they did not exercise managerial control. Some manufacturers listed in the
“Research Facility Personnel” tables merged with or were acquired by other firms from
1941 to 1960, and best efforts have been made to determine if the original companies still
maintained some managerial control in their new arrangements. If so, the combined
employment totals for the merged companies are listed in the tables, along with
corresponding footnotes explaining these determinations.

Research personnel totals for each of the 200 largest manufacturers in 1948 (and
their subsidiaries) are compiled by adding the figures provided in the relevant entries of
the NRC directories. These entries list the different types of employees that conducted

industrial R&D at a given firm, and they state how many individuals in each profession

2 Subsidiaries, joint ventures, and operating divisions are only mentioned in the footnotes of the
“Research Facility Personnel” tables if these organizations are listed under different entries in the NRC
directories than their parent companies. Space restrictions in the tables make it impossible to chronicle
every subsidiary owned by each of the 200 largest manufacturers in 1948.
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staffed the corporate laboratories. The categories of research personnel in the directories
include (but are not limited to): managers, chemists, chemical engineers, engineers,
physicists, mathematicians, metallurgists, biologists, bacteriologists, geologists, and
support staff.3® When a company’s executives are listed in an NRC directory, only those
individuals who oversaw R&D (e.g., chief engineers, technical directors, vice presidents
of research) are counted in the “Research Facility Personnel” tables. In this way, the
tables provide as conservative and as accurate an accounting of the employees who
performed research for large industrial manufacturers as is allowed by the information
available in the NRC directories.

Because the personnel who staffed research facilities sought to improve existing
products and develop new ones that could be commercialized, the fourth and final table
in each of the following subsections of this chapter is entitled “Product Diversification,
1941-1960.” This table reveals whether or not the nation’s 200 largest manufacturers
diversified their product lines in existing industries and expanded operations beyond their
industry groups (i.e., the classification designated by the last one or two digits of an SIC

code) into sectors of the economy where they had little or no presence before WWI1.3?

30 While such distinctions among professions are important in focused histories of individual firms or
industries, the broad survey of 200 manufacturers in the following subsections of this chapter ignores
personnel distinctions for two reasons. First, there is simply not enough space in the “Research Facility
Personnel” tables to provide a reasonable estimate of R&D employment totals at 200 firms and identify
occupation titles or the precise discipline in which each company scientist conducted research. Second,
corporations self-reported information about their research facilities and personnel to the NRC.
Distinctions made among research professions are irregular throughout the NRC directories, difficult to
organize in a coherent manner, and dependent upon the individual company which made (or chose not to
make) those distinctions. Readers interested in the many categories of research personnel at large
corporations during and after WWI1 should simply consult the NRC directories.

3L In order to maintain continuity with the information presented in Appendix A.3 of Chandler’s Scale
and Scope, the tables in this chapter employ the SIC codes listed in U.S. Office of Management and
Budget, Standard Industrial Classification Manual, 1972 (Washington, D.C.: U.S. Government Printing
Office, 1972). Because the 1972 SIC codes can be three or four digits in length (four-digit codes are
assigned to more specialized product lines in complex industries), industry groups are designated by either
the final digit in a three-digit code or by the final two digits in a four-digit code.
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To confirm that an enterprise pursued diversification in an existing or a new industry
group, an acknowledgement of such a strategy must be documented in a primary source
(e.g., annual reports, newspaper articles, company and industry profiles in financial
periodicals) or published history.

This methodological approach is admittedly imperfect. Some firms conducted
research into new products and industries only to discover that, for any number of
reasons, commercializing their work was difficult or impossible. For example,
Studebaker-Packard (S-P) acquired the research and production facilities of the
California-based Aerophysics Development Corporation (ADC) in late 1954 with the
hope of establishing a foothold in the emerging missile defense industry, but S-P soon
sold ADC to Curtiss-Wright in 1956 when a decline in automobile sales left the parent
company seeking a capital infusion.®? Other industrial corporations pursued
diversification following WWII after having conducted initial—and often tentative or
unfocused—experiments in new materials, products, and industries prior to mobilization:
B.F. Goodrich began studying polyvinyl chloride in the 1920s, work which served as the
basis for much more expansive and formalized postwar research into (and eventual
production of) plastics.

Deciding, then, precisely what constitutes a postwar diversification strategy is not
always clear-cut, as even successful R&D was subject to inertia and moments of failure
that complicate a historical understanding of the process that took companies from initial
experimentation to product commercialization. To simplify the concept enough so that it

can be determined if the largest industrial corporations in the U.S. responded to the

32 James A. Ward, The Fall of the Packard Motor Car Company (Stanford, California: Stanford
University Press, 1995), 190, 243.
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uncertainties of the postwar political economy just as B.F. Goodrich did, “diversification”
in this chapter indicates that a firm actually brought new goods to market, selling them to
the general public, other industrial manufacturers, and even the federal government. In
addition, the “Product Diversification” tables in each subsection disregard temporary
wartime operations that companies undertook at the request of the federal government,
yet which did not lead to sustained product lines after 1945. B.F. Goodrich, for instance,
reluctantly agreed to operate a $30 million munitions plant near Texarkana, Texas, during
WWII, only to sell the facility back to the government following the end of hostilities.3?
As Goodrich scientists did not perform any sustained research into munitions that might
have established new product lines beyond the company’s core competencies, this type of
defense manufacturing is not included in the “Product Diversification” table for
subsection 5.2.1. Likewise, some manufacturers diversified into services and utilities,
licensed patents, or sold surplus land or buildings, but these new business operations are
ignored in the following major group subsections because they did not lead to the
establishment of new product lines.3*

What, however, is a new product in an existing line? Firms often brought goods
to market that were not substantially different than prior offerings. While large-scale
tobacco companies advertised “new” filters and improved taste for their cigarettes, these

developments were more about marketing perceived differences than about innovative

33 Mansel G. Blackford and K. Austin Kerr, BFGoodrich: Tradition and Transformation, 1870-1995
(Columbus: The Ohio State University Press, 1996), 172-73. Goodrich organized a subsidiary, Lone Star
Defense Corporation, in 1941 to run the Texarkana facility for the duration of the war. Although Goodrich
had no experience manufacturing shells and ammunition, it did (much like other corporations in heavy
industries) possess capabilities in planning the construction of and operating a large-scale plant.

3 The only exception to this rule is television and radio broadcasting, which is considered by the SIC
system to be a communication “utility.” Several manufacturers among the 200 largest in 1948 entered the
broadcasting industry, and those strategic decisions are listed in the “Product Diversification” tables.
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features that distinguished one cigarette from another. Similarly, automobile
manufacturers released annual models of the same car, selling vehicles on the basis of
brand strength and the “newness” of the most recent model. These types of marketing
tactics do not constitute diversification in the following subsections of this chapter,
although subjective judgments must be made as to whether or not a particular product
enhanced a company’s offerings in an existing line or is evidence that the firm moved
into a new industry.®> A product that enhanced an existing line—and, thus, is evidence of
diversification—is one that incorporated new materials or possessed innovative features
and designs, usually in an effort to reach an untapped market.

Given these necessary restrictions on what constitutes diversification, there is no
way to list every new product line for each of the 200 largest U.S. manufacturers from
1941 through 1960, just as some industrial research facilities will be overlooked due to
the limited scope of the dissertation and the shortcomings of available historical sources.
Simply identifying instances of product diversification ignores another important aspect
of R&D: the development of processes that improved manufacturing efficiencies. This
chapter—and the dissertation as a whole—instead emphasizes the relationship between
products and R&D, as historical sources are more likely to reveal how and when a firm
introduced a product to the marketplace than explain how a complicated (and often
subtle) manufacturing process was gradually refined in the laboratory and implemented
in the plant. The development of innovative product lines also required the coordination

of capabilities throughout the entire firm: namely, marketing resources and distribution

35 Judgments must also be made as to what SIC code should be assigned to a new product line.
Although the Standard Industrial Classification system is thorough, it still allows for some interpretative
leeway, as certain products could arguably fall under two or more codes.
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networks to reach new customers, and retooled manufacturing facilities to take advantage
of discoveries made by company scientists.

Therefore, the purpose of the tables in the following subsections is not to be
absolutely comprehensive with respect to each corporation’s specific R&D achievements
over a span of two decades. Instead, the tables are meant to demonstrate that B.F.
Goodrich was not an outlier in its strategic response to the uncertainties of mobilization
and the postwar political economy. The paradigm shift in industrial R&D after 1941
required firms to expand their research facilities, hire “task forces of scientists” to staff
new laboratories, and diversify their product lines. Those companies that refused to
adapt to a changing political economic environment were at the risk of being
overwhelmed by competition in their respective industries, much like scientists who
ignore a revolution in their academic field are “simply read out of [their] profession.”36
The tables and summaries throughout the remainder of this chapter begin to reveal how
industrial manufacturers responded to competitive pressures in the two decades following
American entry into WWII, thereby allowing conclusions to be drawn in Chapter 6 about

the nature of postwar industrial R&D.

% Thomas S. Kuhn, The Structure of Scientific Revolutions, 3™ ed. (Chicago: The University of
Chicago Press, 1996), 19.
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5.2.1 Rubber and Miscellaneous Plastics Products
Table 5-1: 1948 Industry Overview for Manufacturers of Rubber and Miscellaneous
Plastics Products®

Rubber Co.

Company Rz’gg ligrrré.oegg Qﬁ?ﬁ?ﬂg Procll\ﬂ?[olfines Othe(g IP Crcglggésl)_ines
Corporations (SIC Codes)
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General Tire & 188 69.8 301 2296, 304, 306, 307

In 1948, the B.F. Goodrich Company opened its Brecksville, Ohio, research

center where scientists developed the technical and functional capabilities that allowed

the firm to diversify existing product lines (tires, plastics, synthetic rubber, etc.) and

begin operations in new industries, such as aircraft parts (bullet-sealing fuel cells), guided

missile components, “Plastilock” adhesives, organic chemicals (lactones), “Darvan”

synthetic fibers, and “Okonite” agricultural chemicals. For a breakdown of Goodrich’s

research facility expansion and product diversification efforts from 1941 through 1960,

see Chapters 3 and 4.

Goodyear Tire & Rubber Company, the largest tire manufacturer in the U.S.,

expanded its research facilities when it broke ground on an Akron, Ohio, laboratory

building “during the early war years.” Dedicated in 1943, the Goodyear Research

1 Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,
Massachusetts: The Belknap Press of Harvard University Press, 1990), 654.

162




Table 5-2: Research Facility Expansion, 1941-1960, for Manufacturers of Rubber
and Miscellaneous Plastics Products

Name or
Company Description of Facility Facility Official
New Research Location Groundbreaking | Opening

Facility

B.F. Goodrich B.F. Goodrich Brecksville, January 1946 June 1948

Co. Research Center Ohio
. Goodyear
Goodyear Tire Research Akron, Ohio | Not Available | June 1943
& Rubber Co.
Laboratory
. “plastics .
United States research Mishawaka, |\ Available 1946
Rubber Co. - Indiana
laboratory
Firestone Tire Firestone Akron, Ohio 1943 March 1945

& Rubber Co. Research Center

General Tire & “research

Rubber Co. laboratory” Akron, Ohio | September 19444 1945

A Date refers to a formal announcement made by General Tire that it planned to construct a new research
facility.

Laboratory cost $1.3 million and housed 250 chemists, physicists, and engineers.? Three
years later, a $4 million addition to the Akron complex established a Chemical Products
Development Laboratory.® Goodyear continued to construct research and engineering
facilities throughout the 1950s, including: a $125,000 radiation laboratory in Akron;
electronics laboratories in Akron and Litchfield Park, Arizona; and a 7,200-acre tire

proving ground in San Angelo, Texas.* The staffing of facilities for Goodyear Aircraft

2 Maurice O’Reilly, The Goodyear Story (EImsford, New York: The Benjamin Company, Inc., 1983),
98.

3 Jeffrey L. Rodengen, The Legend of Goodyear: The First 100 Years (Fort Lauderdale, Florida: Write
Stuff Syndicate, Inc., 1997), 135.

4 “Goodyear Sets New Laboratory,” Los Angeles Times, December 30, 1956, p. B9; Goodyear Tire &
Rubber Company, 1955 Annual Report, February 20, 1956, pp. 5-6; O’Reilly, The Goodyear Story, 109.
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Corporation, an aviation and aerospace subsidiary, was responsible for the enormous
increase in research personnel employed by the parent company from 1940 to 1960.

During this time, Goodyear diversified existing product lines in tires, mechanical
rubber goods, and synthetic rubbers and resins. R&D conducted by its Chemical
Division also allowed the firm to become a “prime supplier of raw materials such as
paint, rubber, plastic and paper, to major industries.” In the decade after WWIl,
Goodyear entered the housing industry (selling prefabricated mobile homes), “supplied a
wide range of missile support equipment” to the armed forces, and began producing
uranium-235 for the Atomic Energy Commission.®

Like Goodyear, the United States Rubber Company diversified its selections of
textiles, tires, mechanical rubber goods, and plastics. Among the firm’s new products
were the “Air Ride” tire, “Koylan” foam rubber, “Naugahyde” upholstery, “U.S. Sealed-
Bin” rubber shipping containers, and plastics trademarked under the names “Kandar” and
“Kotol.”” In 1949, U.S. Rubber purchased the Glenn L. Martin Company, which was
engaged in the development and manufacture of vinyl resins at its Baltimore, Maryland,
research facilities and Painesville, Ohio, plant.®  U.S. Rubber even entered the
agricultural chemicals field after WWIl—producing various types of insecticides and
fungicides for commercial use—and marketed a range of asbestos-related goods that

included a new fabric called “Asbeston.””®

°> Rodengen, The Legend of Goodyear, 151.

6 “Goodyear Ready to Build 48,900 Homes Annually,” New York Herald Tribune, April 16, 1946, p.
44A; O’Reilly, The Goodyear Story, 120; “Atomic Staff Named: Goodyear Co. Selects Personnel for
Uranium-235 Plant in Ohio,” The New York Times, November 25, 1952, p. 47.

7 See United States Rubber Company annual reports for 1946 (p. 9), 1947 (p. 5), 1952 (p. 7), and 1954
(p. 9).

8 «“Sells Chemical Division: Glenn L. Martin Closes Deal for Unit with U.S. Rubber Co.,” The New
York Times, December 28, 1949, p. 37.

% United States Rubber Company, 1946 Annual Report, February 5, 1947, pp. 5-9.

164



Table 5-3: Research Facility Personnel, 1940-1960, for Manufacturers of Rubber
and Miscellaneous Plastics Products?®

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
Company Perslgnnel Perslgnnel
1940 | 1946 | 1950 | 1956 | 1960 from 1940 | from 1940
to 1960 to 1960
B.F. ggﬂdmh 784 | 1142 | 1165 | 1511 | 1764 980 125%
Goodyear Tire 9
& Rubber Co.? 496 678 977 6139 | 4333 3837 774%
United States |\ ac | NA | 1117 | 1625 | 1861 NA NA
Rubber Co.
Firestone Tire | 559 | 150 | 878 | 1303 | 1373 | 1044 317%
& Rubber Co. O
General Tire & 9
Rubber Coo | 74 | 148 | 198 | 907 | 516 442 597%

ATotals for B.F. Goodrich include its subsidiaries American Anode, Inc., Hood Rubber Company, Inc.,
and Philadelphia Rubber Works Co. Also included is Hydrocarbon Chemical and Rubber Co.,
which was Goodrich’s joint venture with Phillips Petroleum.

B Totals for Goodyear include its subsidiary Goodyear Aircraft Corporation.

€ The NRC directories for 1940 and 1946 only list United States Rubber’s research managers and do not
provide figures for research personnel.

P Totals for General Tire include its subsidiaries Aerojet Engineering Corp. and Philadelphia Rubber Co.

To increase the capabilities needed to develop and refine its many product lines,
U.S. Rubber constructed research facilities throughout the country. In 1946, the
company’s Footwear Division completed a laboratory at Mishawaka, Indiana, to “carry
out expanded programs in the plastics field.”*' One year later, U.S. Rubber opened a
chemical laboratory at Naugatuck, Connecticut, and in 1950, a “modern textile research

and development laboratory” was built at Winnsboro, South Carolina.'? Finally, as part

10 Data for this table and the “Research Facility Personnel” tables in the other 18 major group
subsections of this chapter is taken from the directories of “Industrial Research Laboratories of the United
States, Including Consulting Research Laboratories” published by the National Research Council.

11 United States Rubber Company, 1946 Annual Report, February 5, 1947, p. 8.

12 United States Rubber Company, 1950 Annual Report, February 7, 1951, p. 17.
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Table 5-4: Product Diversification, 1941-1960, for Manufacturers of Rubber and
Miscellaneous Plastics Products

Company

Diversification of Product
Lines in Existing Industry
Groups after 1941 (SIC
Codes)

Diversification into
New Industry Groups
after 1941 (SIC Codes)

B.F. Goodrich Co.

2296, 282, 301, 302, 304,
306, 307

287, 289, 372, 376

Goodyear Tire & Rubber
Co.

2296, 301, 304, 306, 372

245, 281, 282, 285, 376

2296, 282, 301, 302, 304,

United States Rubber Co. 306, 307 287, 329
Firestone Tire & Rubber 2296, 282, 304, 306, 307,
Co. 341, 3714 348,372,316
General Tire & Rubber Co. 2296, 306 282, 331, 363, 372, 483

of a five-year, $120 million investment in R&D, U.S. Rubber dedicated its Wayne, New

Jersey, research center in 1957.%2 This complex contained a chemical laboratory

building, a greenhouse for studying rubber trees, and an electron accelerator for atomic

energy research.*

In March 1945, Firestone Tire & Rubber Company built its own Akron

research center to begin work on new and existing product lines. The 100,000-square-

foot facility cost $2 million and contained the most modern equipment, such as an

electron microscope and X-ray diffraction unit.1®> Scientists at the Firestone Research

Center helped the company diversify its selection of tires (e.g., the “Super-Balloons”

13 Jack R. Ryan, “U.S. Rubber Maps 5-Year Program,” The New York Times, September 18, 1957, p.

45,

14 United States Rubber Company, 1956 Annual Report, February 13, 1957, p. 17.
15 Alfred Lief, The Firestone Story: A History of the Firestone Tire & Rubber Company (New York:
McGraw-Hill Book Company, Inc., 1951), 342-44.
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brand in 1948), “Velon” plastic goods, and synthetics.'® Firestone later established a
laboratory in Monterrey, California, for its Defense Research Division, which developed
artillery shells, guided missiles, radomes, and jet engine components.'’ A long-operating
subsidiary, Firestone Steel Products, introduced stainless-steel barrels and truck and
tractor rims in the 1950s, taking the parent company even further from its original core
competencies in tire and rubber production.*®

The smallest rubber producer among the 200 largest industrial manufacturers in
the U.S., General Tire & Rubber Company announced the construction of a “modern
and efficient” research laboratory at Akron, which was completed at the cost of $500,000
by the end of 1945.1° That same year, General Tire embarked on a wide-ranging
diversification program, acquiring both the Pennsylvania Rubber Company and Aerojet
Engineering Corporation.?® Aerojet, a jet propulsion firm that would be renamed
Aerojet-General, soon opened a massive research center on a 23,000-acre site in
Sacramento, California.

By 1960, General Tire had moved into television and radio broadcasting,
purchased RKO Pictures from Howard Hughes, entered into an agreement with Liquid
Carbonic Corporation to sell refrigerators under the trade name “Frostair,” and acquired a

wrought-iron pipe manufacturer (A.M. Byers Company).?* General also organized a

16 |ief, The Firestone Story, 361-366.

17 See Firestone Tire & Rubber Company annual reports for 1956 (p. 10) and 1957.

18 William G. Maas, “Firestone: Growing Diversification Gives It More Bounce,” Barron’s National
Business and Financial Weekly, May 28, 1956, p. 17.

19 “General Tire Plans New Lab,” The Daily Times (New Philadelphia, Ohio), September 20, 1944, p.
6; General Tire & Rubber Company, 1945 Annual Report, February 28, 1946, p. 5.

20 «“Pennsylvania Rubber Co. Sold to General Tire,” New York Herald Tribune, November 2, 1945, p.
29; Dennis J. O’Neill, 4 Whale of a Territory: The Story of Bill O’Neil (New York: McGraw-Hill Book
Company, 1966), 169.

2L O’ Neill, A Whale of a Territory, 201.
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Chemical Division in 1950, expanding operations in oil-extended rubber, synthetic
rubber, and vinyl plastics. The Akron-based company would continue to develop tire
cord and fabrics, as well as other rubber-related products, after WWII.

Although General Tire diversified into more varied industries than any of the
other large-scale tire and rubber corporations, its strategic approach to navigating
political and economic challenges after 1941 was similar to those of its competitors.
Between 1941 and 1948, all five of the rubber manufacturers among the 200 largest
industrial corporations in the U.S. constructed research facilities, hiring hundreds of
scientists and engineers to staff them. Four of the five companies built laboratories in or
near Akron to draw upon the advantages (trade and professional associations, a rich talent
pool, etc.) associated with the “industrial cluster” that had developed there since the early
twentieth century. The technical and functional capabilities that were enhanced in these
laboratories allowed rubber manufacturers to diversify into chemically complex product
lines like synthetics, plastics, and fibers. Of the five largest American rubber
corporations, all but U.S. Rubber began to produce aircraft and their components by
1960. None of these firms, however, completely abandoned their tire and rubber
operations in the two decades after WWII, despite pursuing new business opportunities.
Diversification instead provided a hedge against the perceived threat of increased
competition in tire and rubber markets that had been brought about by the unusual
circumstances of the synthetic rubber program and the sustained regulation of the

industry through the end of the Korean War.
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5.2.2 Chemicals and Allied Products
Table 5-5a: 1948 Industry Overview for Manufacturers of Chemicals and Allied

Products?!
Rank among Major
Compan 200 Largest Assets ($ | Product Other Product
pany 9 Millions) | Lines (SIC | Lines (SIC Codes)
Corporations
Codes)

E.l. du Pont de 222, 281, 282, 285,
Nemours & Co. 8 1189.3 286 287 2892, 386
Union Carbide and 15 722.6 281 282. 286, 289, 369

Carbon Corp.
Allied Chemical & 282, 284, 286, 287,
Dye Corp. 38 338.6 281 331
Procter & Gamble 42 316.3 284 207
Co.
Dow Chemical Co. 54 271.4 281 282, 283, 286, 287
Ame”caggya”am'd 70 212.0 287 281, 282, 283, 286
National Lead Co. 76 183.4 285 281, 336, 343
Monsanto Chemical 281, 282, 283, 284,
Co. 78 176.9 286 285, 287
P“b"Ckelrn'C”d“St”eS’ 103 134.6 286 204, 2085 283
249, 282, 283, 284,
Koppers Co., Inc. 109 126.1 286 285, 331, 344, 353,
371, 396
General Aniline & 127 1105 286 386
Film Corp.

Sterling Drug, Inc. 130 107.6 283 284
McKesson & 131 1075 283 None
Robbins, Inc.

Colgate-Palmolive- 135 102.6 284 None

Peet Co.
Sher""”};g‘"”'ams 138 101.0 285 284, 286, 287

1 Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,

Massachusetts: The Belknap Press of Harvard University Press, 1990), 652-53.
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Table 5-5b: 1948 Industry Overview for Manufacturers of Chemicals and Allied
Products (Continued)?

Rank among Major
Compan 200 Laraest Assets ($ | Product Other Product
pany G g Millions) | Lines (SIC | Lines (SIC Codes)
orporations
Codes)
Alr Redllili“on Co,, 144 94.4 281 354
Johnson & Johnson 152 87.3 283 284, 384
Rexall Drug, Inc. 155 86.0 283 | 200208 221,306
Herc“'gsopo‘”der 157 85.3 286 282 286, 2892
American Home 158 84.5 283 204, 209, 284
Products Corp.
Glidden Co. 175 75.6 285 None
Parke, Davis & Co. 195 68.1 283 384
Abbott Laboratories 200 66.1 283 None

As one of the first major American corporations to initiate an extensive
diversification strategy and adopt a multidivisional organizational structure during the
1920s, E.I. du Pont de Nemours & Company already maintained a broad line of
chemicals and allied products prior to the attack on Pearl Harbor.® Even so, Du Pont still
“spent well over $50 million on new laboratories” by 1950, finalizing plans in mid-1946
for a massive expansion of the Experimental Station at Wilmington, Delaware.* This

complex, which was built in stages over five years, was devoted to long-range,

2 Chandler, Scale and Scope, 653.

3 Alfred D. Chandler, Jr., Strategy and Structure: Chapters in the History of the Industrial Enterprise
(Cambridge, Massachusetts: The M.I.T. Press, 1962), 2.

4 David A. Hounshell and John Kenly Smith, Jr., Science and Corporate Strategy: Du Pont R&D,
1902-1980 (New York: Cambridge University Press, 1988), 350-56.
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fundamental R&D and employed nearly half of the company’s research personnel upon
its formal dedication in May 1951.°> Other facilities opened by Du Pont after the war
included the Marshall Laboratory of Fabrics & Finishes Department at Philadelphia, the
Parlin Laboratory of the Photo Products Department, and the Petroleum Laboratory of the
Organic Chemicals Department at Deepwater Point, New Jersey.®

These specialized research units allowed Du Pont to broaden its selections of
synthetic fibers and plastics from 1941 through 1960 with materials like “Dacron”
polyester fiber, “Orlon” acrylic fiber, “Alathon” polyethylene resins, “Delrin” resins,
“Teflon” resins, and “Lycra” spandex.” Spending an enormous sum (around $90 million
a year) on R&D by the end of the 1950s, the company was also able to manufacture urea
and uracil herbicides, “Mylar” polyester film, “Freon” chemicals, silicon (for use in
transistors and electronics), titanium alloys, and chromium dioxide.® Additionally, Du
Pont’s participation in the Manhattan Project endowed the firm with technical and
functional capabilities needed to construct several nuclear reactors for the Atomic Energy
Commission (AEC) at the Savannah River Site near Aiken, South Carolina.®

By 1959, Union Carbide and Carbon Corporation completed “nuclear and ore

research laboratories” at Sterling Forest, New York, where the firm would soon build a 5-

5 E.1. du Pont de Nemours & Company, 1951 Annual Report, March 12, 1952, p. 8. Du Pont continued
to expand the Experimental Station throughout the decade. In 1956, three new laboratory buildings were
opened, and ground was broken on “additional high energy radiation facilities.” See E.I. du Pont de
Nemours & Company, 1956 Annual Report, March 8, 1957, p. 11.

8 E.1. du Pont de Nemours & Company, 1950 Annual Report, March 8, 1951, p. 10.

7 See E.I. du Pont de Nemours & Company annual reports for 1950 (pp. 12-14), 1958 (pp. 11-12) and
1959 (pp. 10-12).

8 Hounshell and Smith, Science and Corporate Strategy, 378; “Du Pont Now Offers Titanium: Metal Is
Light, Strong, Stainless,” New York Herald Tribune, September 14, 1948, p. 30; E.I. du Pont de Nemours
& Company, 1954 Annual Report, March 11, 1955, pp. 11-13; “News and Views of Investments: Top-
Notch Research Gears Du Pont for Further Growth,” Barron’s National Business and Financial Weekly,
March 23, 1959, p. 27.

% See E.I. du Pont de Nemours & Company annual reports for 1951 (pp. 10-11), 1953 (p. 12), and 1960

(p. 20).
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megawatt nuclear reactor.’® Union Carbide had, since WWII, studied uranium-235 and
other fuels at the federal government’s Oak Ridge National Laboratory, and it later
formed its own Nuclear Division.'! In its core chemical businesses, Union Carbide
developed new antifreezes, “Eveready” batteries, chlorine compounds, aldehydes (“used
to accelerate the vulcanization of rubber”), acids, plasticizers, and synthetic resins
(marketed as “Vinylite” and “Bakelite”).!?> The company’s metal operations were
enhanced with special alloys (cobalt, chromium, tungsten, etc.), while research into
agricultural chemicals led to the introduction of pesticides by the 1940s.13

Union Carbide complemented its product diversification efforts by significantly
increasing its available R&D workspace after the war. Ground was first broken in late
1947 on a chemical research center at South Charleston, West Virginia, that would be
placed into operation within two years.!* This facility was expanded several times over
the next decade, eventually becoming the 600-acre South Charleston Technical Center by
1959.%5 Union Carbide continued to build laboratories throughout the 1950s, including
units at: Tonawanda, New York; Parma, Ohio; and Bound Brook, New Jersey.'6

At Morristown, New Jersey, Allied Chemical & Dye Corporation established its

Central Research Laboratory in 1947, providing scientists with facilities to conduct

10 Union Carbide Corporation, 1959 Annual Report, February 20, 1960, p. 14. Union Carbide and
Carbon Corporation changed its name to “Union Carbide Corporation” in 1957.

11 “Union Carbide Forms New Nuclear Firm,” The Baltimore Sun, August 9, 1955, p. 22; John F.
Bohmfalk, Jr., “Union Carbide: Plastics, Metals and Nuclear Projects Improve the Formula,” Barron’s
National Business and Financial Weekly, February 13, 1956, p. 15.

12 Union Carbide and Carbon Corporation, Products and Processes (1949): 10-15.

13 Robert D. Stief, A History of Union Carbide Corporation: From the 1890s to the 1990s (Danbury,
Connecticut: Carbide Retiree Corps, Inc., 1998), 85-87; Union Carbide and Carbon Corporation, 1952
Annual Report, February 21, 1953, p. 16.

14 Union Carbide and Carbon Corporation, Products and Processes (1947): 11; “Carbide Puts Modern
and Versatile Research Center into Operation to Continue and Expand Basic Work,” Y-12 Bulletin 3, no. 27
(July 12, 1949): 1. The South Charleston research center was originally located on a 140-acre tract.

15 Stief, A History of Union Carbide Corporation, 73.

16 See Union Carbide and Carbon Corporation annual reports for 1955 (pp. 12-13) and 1956 (p. 11).
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“fundamental and exploratory research.”!’ Discoveries in the laboratory led to new
goods, such as polyethylene waxes and resins, insecticides, rocket propellants,
“Caprolan” nylon fiber, “Plaskon” nylon molding, and “Genetron” fluorine compounds
“for use in aerosols, refrigeration, and plastics.”*® The company manufactured “refined
uranium hexafluoride” for the AEC, and it even moved into the nonferrous metals field
by forming a joint venture with Kennecott Copper (Allied-Kennecott Titanium
Corporation) to produce titanium chloride, sponge, and billets.1® Allied was able to
maintain full lines of basic and specialty chemicals by investing in R&D from 1941
through 1960, erecting labs for the General Chemical Division at Morristown, the
National Aniline Division at Buffalo, and the Nitrogen Division at Hopewell, Virginia.?
Procter & Gamble Company (P&G) announced plans in November 1949 to
build a research center near Venice, Ohio.?! Completed three years later at a cost of $1.5
million, this facility (named the “Miami Valley Laboratories”) maintained a staff of 300
personnel that sought “to develop improved products for housework.”?? By 1957, P&G
had finished a $1.75 million, 175,000-square-foot “manufacturing, administration, and
research building” at its Ivorydale plant in Cincinnati.?® The company further increased

its R&D workspace with the 1959 construction of the Winton Hill Technical Center.?*

17 See Allied Chemical & Dye Corporation annual reports for 1945 and 1947. Allied Chemical & Dye
changed its name to “Allied Chemical Corporation” in 1958.

18 Michael S. Thomas, “Allied Chemical: It Has Discovered a New Formula for Growth,” Barron’s
National Business and Financial Weekly, September 3, 1956, p. 15.

19 Allied Chemical & Dye Corporation, 1957 Annual Report, March 4, 1958, pp. 6-8, 11; “Titanium
Unit Formed: Allied Chemical, Kennecott Copper in Joint Venture,” The New York Times, March 1, 1957,
p. 39.

20 Allied Chemical & Dye Corporation, 1954 Annual Report, February 23, 1955, pp. 10-11.

2L “New Research Center: Procter & Gamble $1,500,000 Unit to Be Ready in 2 Years,” The New York
Times, November 24, 1949, p. 54.

22 “Laboratory Is Dedicated,” The New York Times, September 12, 1952, p. 30.

23 “New Procter & Gamble Unit,” The New York Times, January 10, 1956, p. 44; Procter & Gamble
Company, 1957 Annual Report, August 2, 1957, p. 14.

2 procter & Gamble Company, 1959 Annual Report, August 7, 1959, p. 4.
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These new and expanded research facilities oversaw P&G’s aggressive post-
WWII diversification strategy that moved it into the food and paper industries. In 1955,
the firm acquired a peanut butter manufacturer (W.T. Young Foods, Inc.) and soon
introduced “Duncan Hines” prepared baking mixes.?> The 1957 purchase of Charmin
Paper Mills, Inc., gave P&G a line of paper and bathroom tissues that complemented its
existing toiletries (deodorants, shampoos, home permanent waves, etc.) and soaps
(“Ivory” and “Zest”).26 Among the other goods marketed by P&G during the 1940s and
50s were “Tide” detergent, cellulose pulp chemicals (sold to other companies through its
Buckeye Cotton Oil Company subsidiary), and “Crest” toothpaste.?’

Dow Chemical Company, in an effort to broaden its range of industrial and
consumer chemicals during and after WWII, began to manufacture Styrofoam, styrene
for synthetic rubber production, and Saran Wrap.?® This focus on product development
helped the firm grow from fifteenth in size in the plastics industry as of 1940 to second
place behind Union Carbide by 1957.2° Dow also extended its selection of goods in other
fields, including agricultural chemicals (“Dowpon” grass killer, “Kuron” herbicide, etc.),
inorganic chemicals (synthetic ammonia and chlorine), “Zefran” acrylic fibers, “Versene”

chelating agents, antifreeze compounds, and magnesium oxide and alloys.3® A joint

% Oscar Schisgall, Eyes on Tomorrow: The Evolution of Procter & Gamble (Chicago: J.G. Ferguson
Publishing Company, 1981), 228-29.

26 Schisgall, Eyes on Tomorrow, 213; See Procter & Gamble Company annual reports for 1955 and
1959 (pp. 4-5).

27 Davis Dyer, Frederick Dalzell, and Rowena Olegario, Rising Tide: Lessons from 165 Years of Brand
Building at Procter & Gamble (Boston: Harvard Business School Press, 2004), 75, 120-21, 141-42; See
Procter & Gamble Company annual reports for 1952 and 1960 (p. 4).

2 William R. Grant, “Dow Chemical: Vigorous Research Has Spurred Its Postwar Growth,” Barron’s
National Business and Financial Weekly, November 5, 1956, p. 15.

25 Don Whitehead, The Dow Story: The History of the Dow Chemical Company (New York: McGraw-
Hill Book Company, 1968), 236.

30 See Dow Chemical Company annual reports for 1951 (p. 11), 1953 (p. 14), 1954 (pp. 6-8), 1955 (pp.
6-7), 1957 (p. 9), and 1959 (pp. 7-10). In addition, Dow conducted studies for the Atomic Energy
Commission, refining uranium salts and plutonium.
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Table 5-6a: Research Facility Expansion, 1941-1960, for Manufacturers of
Chemicals and Allied Products

Name or - - -
Company | Description of New FaC|I|_ty Facility . Off'c.'al
S Location Groundbreaking | Opening
Research Facility
E.l. du Pont Du Pont Wilminaton
de Nemours Experimental gton, 19464 May 1951
. Delaware
& Co. Station
Union South
Carbide and iggmi(égfgeezt; r; Charleston, 1947 1949
Carbon Corp. West Virginia
Allied ;
Chemical & Central Research Morristown, 1945 1947
Laboratory New Jersey
Dye Corp.
Procter & Miami Valley . . s | September
Gamble Co. Laboratories Venice, Ohio | November 1349 1952
DOV.V Edgar C. Britton Midland
Chemical ' T August 19518 May 1953
Co. Research Laboratory Michigan
“agricultural
American chemicals Stamford
Cyanamid laboratory” at Connecticfjt October 1951 1953
Co. Stamford Research
Laboratories
National Hightstown Hightstown, 19598 September
Lead Co. Laboratories New Jersey 1962
Monsanto “petroleum . .
Chemical chemicals testing St..Lows_, 1947 April
, Missouri 1948
Co. laboratory
Publicker Not
Industries, None Not Available Not Available :
Inc Available
Koppers Co., | Verona Research Verona, Not Available 1951
Inc. Center Pennsylvania

A Date refers to when Du Pont finalized internal plans that it would expand its Experimental Station,
which was built in stages over several years until its formal dedication in May 1951.

B Date refers to a formal announcement made by the company in question that it planned to construct a
new research facility.
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Table 5-6b: Research Facility Expansion, 1941-1960, for Manufacturers of
Chemicals and Allied Products (Continued)

Name or - - ..
Company | Description of New FaC|I!ty Facility . Off'c.'al
o Location Groundbreaking | Opening
Research Facility
General Central Research Easton
Aniline & - Not Available 1942~
. Laboratory Pennsylvania
Film Corp.
“research
Sterling Drug labo_ratorie_s” for Rensselaer
" | Sterling-Winthrop ' July 1947 May 1950
Inc. . New York
Research Institute
(operating division)
McKesson & Not . Not
Robbins, Inc. None Available Not Available Available
Colgate- . New
Palmolive- Colgate-Palmolive Brunswick, | September 19598 1962
Research Center
Peet Co. New Jersey
Sherwin- Sherwin-Williams Chicago,

Williams Co. Research Center Ilinois 1960 1961
Air Reduction | Central Research Murray Hill, January 1946 November
Co., Inc. Laboratories New Jersey y 1947

Johnson & Johnson & Johnson New
Brunswick, February 19508 | June 1951
Johnson Research Center
New Jersey
Rexall Drug, Rexall Drug Los Angeles, < | September
Inc. Laboratories California September 1945 1947
Hercules “plastics research Parlin, New 5
Powder Co. laboratory” Jersey 1945 1946

A Date refers to a formal announcement made by General Aniline that it had purchased a building into
which it would move research staff and equipment.

B Date refers to a formal announcement made by the company in question that it planned to construct a
new research facility.

C Date refers to a formal announcement made by Rexall that it planned to move its headquarters to Los
Angeles, where it would then establish research facilities.
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Table 5-6¢: Research Facility Expansion, 1941-1960, for Manufacturers of
Chemicals and Allied Products (Continued)

Name or Description . - .
Company of New Research FaC|I|_ty Facility . Offlc!al
o Location Groundbreaking | Opening
Facility
American
Home Wyeth Institute of Philadelphia,
Products Applied Biochemistry | Pennsylvania 1944 1945
Corp.
“research laboratory” Baltimore
Glidden Co. for Chemical and ’ Not Available 1944
. L Maryland
Pigment Division
Parke, Davis | .. ... .. N Detroit,
& Co. antibiotic laboratory Michigan May 1946 1948
. . North
Abbott_ Radiopharmaceuticals Chicago, Not Available 1946
Laboratories Laboratory linois

venture formed in 1943 with Corning Glass Works (Dow Corning Corporation) made
silicon materials, while the 1960 acquisition of Allied Laboratories brought with it new
pharmaceuticals.®* Technical and functional capabilities in organic chemical research
were enhanced in 1953 with Dow’s dedication of both the Edgar C. Britton Research
Laboratory at Midland, Michigan, and a $2.6 million, eight-building research center at
Freeport, Texas.3? Scientists at these facilities and other Dow laboratories worked on
synthetic glycerin, “Methocel” cellulose ethers, and rocket propellants, thereby giving the

company a diverse line of products to market.3

3L E.N. Brandt, Growth Company: Dow Chemical’s First Century (East Lansing: Michigan State
University Press, 1997), 296; Dow Chemical Company, 1944 Annual Report, July 31, 1944,

32 «“Expanding Its Research: Dow Chemical Adding to Units in Michigan and Texas,” The New York
Times, August 16, 1951, p. 48; “Dow Opens Laboratory,” The New York Times, May 19, 1953, p. 45; “Dow
Center to Be Dedicated,” The New York Times, August 11, 1953, p. 30. The Midland facility cost
approximately $2 million and contained “organic, spectroscopy, and special service laboratories.”

33 Whitehead, The Dow Story, 237; See Dow Chemical Company annual reports for 1958 (pp. 6-7) and
1959 (p. 12).
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Like Dow and its other competitors, the American Cyanamid Company already
maintained a full line of chemicals prior to WWII, but it increased its capabilities in the
manufacture of fertilizers and insecticides with the construction of an agricultural
chemicals research unit in September 1953. This 21,000-square-foot structure—which
cost $500,000 and was staffed by twenty-five scientists—was established at the
company’s Stamford Laboratories, a huge R&D complex spanning 450,000 square feet
on a 41-acre campus.3* Research conducted at the Stamford facility allowed American
Cyanamid to introduce such products as penicillin, “Declomycin” antibiotics, a non-
mercurial diuretic marketed as “Diamox,” “Melmac” synthetic resins, and acrylic dyes.3®

The firm also entered a joint venture with Texaco (Jefferson Chemical Company)
for the production of petrochemicals (ethylene and propylene) and chlorine.® In
addition, the 1956 acquisition of the Formica Company of Cincinnati gave American
Cyanamid a line of plastic laminates for countertops and furniture, and the purchase of
MacGregor Instrument Company brought with it a selection of surgical supplies
(syringes, sutures, etc.).3” To facilitate these many product lines, American Cyanamid
further expanded its available R&D workspace by opening an Evendale, Ohio, laboratory
for its Formica subsidiary and a 640-acre Agricultural Center (with Research, Clinical

Laboratory, and Administration Buildings) at Princeton, New Jersey.3®

34 “New Agricultural Chemicals Laboratory for American Cyanamid,” Journal of Agricultural and
Food Chemistry 1, no. 13 (1953): 819; “Cyanamid Opens Research Unit,” The New York Times, September
17, 1953, p. 45.

3% See American Cyanamid Company annual reports for 1947, 1952 (p. 8), 1953 (p. 5), and 1960 (pp.
5-8).
3 American Cyanamid Company, 1957 Annual Report, February 18, 1958, p. 6.

37 “Formica Co. Acquired by American Cyanamid,” New York Herald Tribune, April 17, 1956, p. A2;
“Another Acquisition,” The Washington Post and Times Herald, July 23, 1957, p. B6.

38 See American Cyanamid Company annual reports for 1959 (p. 5) and 1960 (pp. 4-7). The Evendale

laboratory opened in 1960, and the Agricultural Center was completed by 1961.
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In 1959, National Lead Company finalized plans for a research center to be built
at Hightstown, New Jersey.3® This facility, situated on a 250-acre site, was dedicated
three years later, and its staff was devoted to the study of pigments, non-ferrous metals,
and polymer chemicals.“® National Lead had diversified into the emerging fields of
plastics and synthetic fibers soon after WWII, while broadening its existing chemical
lines with new selections of “Dutch Boy” paints, “Dryox” lead oxide to be used in
storage batteries, and “solid and liquid fuels for jet propulsion.”*! Long a manufacturer
of titanium alloys, National Lead began to produce zirconium for commercial purposes in
the 1950s, eventually applying these capabilities to nuclear energy research.*? The firm
operated three AEC installations and, in an agreement with nine other industrial
enterprises, assisted in the construction of a research reactor near Trenton.*® As a result,
National Lead was able to develop nuclear fuels, radioactive isotopes, and fabricated
reactor shielding by the end of the decade.**

Monsanto Chemical Company conducted nuclear research for the AEC during
WWII at the Clinton Laboratories in Oak Ridge, Tennessee, and it would later oversee

the 172-acre Mound Laboratory at Miamisburg, Ohio, that was completed in 1948.4° At

39 National Lead Company, 1959 Annual Report, March 21, 1960, p. 15.

40 “National Lead Opens Jersey Labs,” The New York Times, September 19, 1962, p. 51; “Hightstown
Laboratories of National Lead Company,” Analytical Chemistry 35, no. 4 (April 1963): 91A-93A.

41 See National Lead Company annual reports for 1947 (p. 14), 1949 (p. 13), 1953 (p. 18), and 1954 (p.
14).

42 National Lead Company, 1951 Annual Report, March 17, 1952, pp. 19-20.

43 National Lead Company, 1958 Annual Report, March 19, 1959, pp. 16-17; “4.5-Million Atom Plant
Started Up by 10 Firms,” New York Herald Tribune, January 22, 1959, p. B4. The three AEC installations
overseen by National Lead were located in: Fernald, Ohio; Winchester, Massachusetts; and Monticello,
Utah.

44 “National Lead to Shift Nuclear Elements Plant,” The New York Times, June 22, 1958, p. F9;
National Lead Company, 1959 Annual Report, March 21, 1960, pp. 19-20.

45 Dan J. Forrestal, The Story of Monsanto: Faith, Hope and $5,000: The Trials and Triumphs of the
First 75 Years (New York: Simon and Schuster, 1977), 103; Monsanto Chemical Company, 1948 Annual
Report, February 23, 1949, p. 14.
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these facilities, Monsanto conducted studies on reactor coolants, the maximum safe
exposure of workers to radiation, and the production of plutonium.*¢ Nuclear research,
however, represented only a small percentage of Monsanto’s R&D activities, as it
marketed a diverse selection of chemicals and plastics prior to WWII.4" During and after
the war, the company established full lines of agricultural, specialty, and pharmaceutical
chemicals by introducing such goods as DDT, industrial germicides, detergents,
adhesives, and synthetic caffeine.® A 1949 agreement with American Viscose to form
the joint venture Chemstrand assisted Monsanto’s development of plasticizers and
synthetic resins, while its Merrimac Division served the textile and paper industries with
heavy chemicals like acids, dyes, and tanning agents.*°

As Monsanto increasingly focused on the manufacture of gasoline additives, it
erected a “petroleum chemicals laboratory” at St. Louis in 1948 for the testing of engine
and gear oils.>° In fact, nearly every Monsanto annual report after 1947 mentions at least
one instance of research facility expansion. The company maintained Central Research
Laboratories in Dayton, Ohio, as well as specialized units—for plastics, pesticides,
organic chemicals, inorganic chemicals, etc.—in places like: Nitro, West Virginia;
Springfield, Massachusetts; and Texas City, Texas.>® Monsanto coordinated these many

R&D activities in 1960 when it enlarged its Inorganic and Agricultural Chemicals

46 «Study Seeks Safety for Atomic Workers,” New York Herald Tribune, November 6, 1946, p. 28A,
See Monsanto Chemical Company annual reports for 1951 (p. 25) and 1958 (p. 4).

47 “Opens Research Building: Monsanto’s New Unit to Be Used for Work on Plastics,” The New York
Times, May 10, 1940, p. 44.

8 See Monsanto Chemical Company annual reports for 1956 (pp. 1-5), 1957 (pp. 2-5), and 1960 (pp.
6-8).
49 Forrestal, The Story of Monsanto, 121; Monsanto Chemical Company, 1949 Annual Report,
February 28, 1950, pp. 9-10.

%0 See Monsanto Chemical Company annual reports for 1947 (p. 25) and 1948 (p. 27).

51 Harry F. Lewis, ed., Laboratory Planning for Chemistry and Chemical Engineering (New York:
Reinhold Publishing Corporation, 1962), 493.
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Table 5-7a: Research Facility Personnel, 1940-1960, for Manufacturers of
Chemicals and Allied Products

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase in | Increase in
Company Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 | from 1940 | from 1940
to 1960 to 1960
El.duPontde | 5as | 4468 | 5263 | 6693 | 7094 3744 112%
Nemours & Co.A
Union Carbide and | 4 y55 | 1079 | 9342 | 3675 | 6995 | 5965 579%
Carbon Corp.
Allied Chemical & | -\ A | NA | NA | NA | 1523 NA NA
Dye Corp.B
Procter & Gamble | 90z | 226 | 459 | 759 | 1502 | 1300 644%
Dow Chemical Co. | NAc | NA | 1179 | 1528 | 2046 NA NA
American 667 | 1613 | 1790 | 1868 | 1981 | 1314 197%
Cyanamid Co.P
Nationallead | 205 | 243 | 406 | 551 | 981 | 776 379%
Monsanto 242 | 1610 | 982 | 1122 | 1532 1290 533%
Chemical Co.F
Publicker NA | 181 | 40 | 32 | NA NA NA
Industries, Inc.
Koppers Co., Inc. 52 257 | 278 | 420 | 621 569 1094%
General Aniline & | 1,1 | go5 | g18 | 633 | 652 511 362%
Film Corp.
Serling Brug. | 107 | 102 | 205 | 352 | 492 | 385 360%

A Totals for Du Pont include its joint ventures with Winthrop Chemical (Bayer Semesan Co.) and United
Shoe Machinery (Celastic Corp.).

B Totals for Allied Chemical & Dye include its subsidiaries Barrett Co., General Chemical Co., National
Aniline and Chemical Co., Semet-Solvay Co., and Solvay Process Co. However, the NRC
directories from 1940 to 1956 only list Allied Chemical’s research managers and do not provide
figures for research personnel.

€ The NRC directories for 1940 and 1946 only list Dow Chemical’s research managers and do not
provide figures for research personnel.

D Totals for American Cyanamid include its subsidiary Chemical Construction Corp.

E Totals for National Lead include its subsidiary Titanium Pigment Corp.

F Totals for Monsanto include its subsidiary Shawinigan Resins Corp.

G Totals for Sterling Drug include its subsidiaries Winthrop Chemical Co. (as well as Winthrop’s joint
venture with Du Pont, Bayer Semesan Co.) and Hilton-Davis Chemical Co. (acquired in 1945).
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Table 5-7b: Research Facility Personnel, 1940-1960, for Manufacturers of

Chemicals and Allied Products (Continued)

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase in | Increase in
Company Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 | from 1940 | from 1940
to 1960 to 1960
McKesson & 20 | 22 | 20 | 23 | 26 6 30%
Robbins, Inc.
Colgate-Palmolive- | \ nn | 113 | 256 | 245 | 527 NA NA
Peet Co.
SnerwiVliams | 370 | 406 | 613 | 437 | 638 | 268 72%
ArRecuction €. | 451 | 235 | 263 | 206 | 636 | 485 321%
Johnson & 47 | 283 | 265 | 475 | 596 | 549 1168%
JohnsonP
Rexall Drug, Inc.t 48 57 65 99 161 113 235%
Herc“"ésopo""der 385 | 724 | 878 | 1028 | 1238 | 853 222%
American Home |\ A | 266 | 408 | 478 | 629 NA NA
Products Corp.F
Glidden Co. 354 | NAG | 402 | 408 | 384 30 8%
Parke, Davis & Co. | 136 | 205 | 308 | 353 | 701 565 415%
Abbott 107 | 159 | 201 | 337 | 738 631 590%
Laboratories

A The NRC directory for 1940 only lists Colgate-Palmolive-Peet’s research managers and does not
provide figures for research personnel.

B Totals for Sherwin-Williams include its subsidiaries Acme White Lead and Color Works, John Lucas
and Co., and Lowe Brothers Co.

€ Totals for Air Reduction include its subsidiary Ohio Chemical and Manufacturing Co. (later named
Ohio Chemical & Surgical Equipment Co.).

P Totals for Johnson & Johnson include its subsidiaries Chicopee Manufacturing Corp., Ethicon Suture
Laboratories, Inc., Industrial Tape Corp., McNeil Laboratories, Inc., Ortho Pharmaceutical Corp.,
Personal Products Corp., and Tek-Hughes, Inc.

E Totals for Rexall Drug include its subsidiary Riker Laboratories, Inc. Rexall was named “United Drug
Company” until 1945.

F Totals for American Home Products include its subsidiary Wyeth, Inc.

€ The NRC directory for 1946 only lists Glidden’s research managers and does not provide figures for
research personnel.

182



Laboratories at Creve Coeur, Missouri, creating a massive research center with over
500,000 square feet of workspace.>?

Annual reports for Publicker Industries, Inc., make no mention of research
facility expansion from 1941 through 1960. The company did house a Development
Division in Eddington, Pennsylvania, and it operated chemical and bacteriological
laboratories in Philadelphia.>® Research staff at these facilities introduced several new
products after WWII, such as dried molasses animal feeds in 1957 and butyl chloride
(used by the metals industry) in 1960.>* For the most part, though, Publicker did not
seriously pursue diversification. Not only was the firm content to maintain its existing
lines of industrial and pharmaceutical alcohols, but it also made only slight alterations
(e.g., new blends, longer aging, different brands) to its whiskeys, gins, and vodkas.>®

While Publicker made little post-WW1I investment in R&D, Koppers Company,
Inc., moved quickly to diversify its already extensive product lines, organizing a
Chemical Division in 1946 to oversee the phthalic anhydride, butadiene, and styrene
plants that the firm had operated during the war.5® By the early 1950s, Koppers had
shifted from a focus on coal chemicals (including enamels and protective coatings) and
metal refining by-products to plastics like polystyrene and polyethylene.5” In addition,

the company began to manufacture adhesives, antioxidants, sulfuric acid, hydrogen

52 Forrestal, The Story of Monsanto, 180-81; Lewis, ed., Laboratory Planning for Chemistry and
Chemical Engineering, 428-29. In 1960, Monsanto established an R&D subsidiary (Monsanto Research
Corporation) “charged with the responsibility of handling contract research for the U.S. government.”

53 Callie Hull, ed., “Industrial Research Laboratories of the United States, Including Consulting
Laboratories,” Bulletin of the National Research Council, no. 113 (July 1946): 253.

5 See Publicker Industries, Inc., annual reports for 1957 (p. 4) and 1961 (p. 4).

55 Publicker Industries, Inc., 1960 Annual Report, March 14, 1961, p. 11.

%6 Koppers Company, Inc., 1946 Annual Report, March 5, 1947, p. 2.

5 Warren Wells, “Koppers Company: Rise in Order Backlogs, Diversification Strengthen Earnings
Prospects,” Barron’s National Business and Financial Weekly, October 9, 1950, p. 19; Koppers Company,
Inc., 1953 Annual Report, January 25, 1954, pp. 10-12.
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sulfide, and cellulose materials.>® Koppers mostly sought to improve processes in its
lumber and steelmaking businesses, although it did fabricate such goods as “Porous
Chrome Plated Piston Rings,” propellers and shaft seals for aircraft, and industrial
process machinery to be used in the paper-box industry.>®

New chemical and steel products required Koppers to increase its available R&D
workspace after WWII, and it opened a center at Verona, Pennsylvania, in 1951 to
“substantially improve integration of research formerly carried on at several locations.”®°
The Verona complex—which housed a general research laboratory, fuels laboratory,
technical library, and pilot plants—was enlarged two years later, but by 1956, Koppers
had outgrown the facilities and decided to purchase a 176-acre tract fifteen miles east of
Pittsburgh.6* Here, the company would establish the $8.5 million Monroeville Research
Center in 1961, allowing it to further implement its postwar diversification strategy.®?

The postwar experiences of General Aniline & Film Corporation (GAF), an
American subsidiary of the German chemical conglomerate I.G. Farben, were far from
typical, as the firm was seized by the federal government in February 1942 and given
new management that might enable it “to serve effectively in the war effort.”®® In order

“to examine and to develop for U.S. war purposes 1.G. Farben patents in GAF’s

possession,” these managers soon organized a Research Division and acquired a five-

%8 See Koppers Company, Inc., annual reports for 1947 (p. 10), 1948 (p. 16), 1950 (p. 22), 1953 (p.
19), and 1960 (p. 23).

%9 See Koppers Company, Inc., annual reports for 1947 (p. 14), 1956 (p. 8), 1960 (p. 21).

80 Koppers Company, Inc., 1951 Annual Report, January 28, 1952, p. 21.

61 See Koppers Company, Inc., annual reports for 1953 (p. 5) and 1956 (p. 10).

62 «“Koppers Gets a New $8.5 Million Lab,” Chemical & Engineering News 39, no. 36 (September 4,
1961): 26-27; Koppers Company, Inc., 1960 Annual Report, January 30, 1961.

83 U.S. Congress, Senate, Subcommittee of the Committee on Military Affairs, Testimony of Hon.
Bernard M. Baruch before the Full Military Affairs Committee, Part 1, 79" Congress, 1% Session, June 22,
1945 (Washington, D.C.: U.S. Government Printing Office, 1945), 590.
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story building in Easton, Pennsylvania, which was converted into a Central Research
Laboratory.®* Company scientists would assist the synthetic rubber program, and in
1949, GAF became the first U.S. firm to manufacture acetylene chemicals.5°

By 1950, GAF had increased the size of its Easton complex with a “high pressure
laboratory,” broadening its selections of organic (dyes, pigments) and inorganic (caustic
soda, chlorine) chemicals.®® The firm also introduced color and motion picture film,
microfilm, cameras, and darkroom equipment.®” GAF’s growth, though, was rather
modest, as the government maintained control of the firm (appointing directors to oversee
operations) until it was sold to the public in 1965.%8

Another company with close ties to German industry, Sterling Drug, Inc., had a
cartel arrangement with 1.G. Farben, the parent company of Friedrich Bayer & Company,
until the U.S. government forced the resignation of Sterling’s top executives three months
before Pearl Harbor.®® Sterling, then, would produce antimalarial drugs (“Atabrine” and
“Aralen”) for American armed forces during WWII and the Korean War.” Following the
surrender of Japan in 1945, the drug manufacturer formalized plans to build research
laboratories at Rensselaer, New York, for its R&D division, the Sterling-Winthrop

Research Institute.”* Dedicated in May 1950, the $3 million Rensselaer complex

64 Mira Wilkins, The History of Foreign Investment in the United States, 1914-1945 (Cambridge,
Massachusetts: Harvard University Press, 2004), 542.

85 “New Pilot Plant for Acetylene Study Opened,” New York Herald Tribune, March 22, 1949, p. 29.

8 “General Aniline Lab for Easton,” The New York Times, October 11, 1948, p. 40; See General
Aniline & Film Corporation annual reports for 1949 (p. 5) and 1955 (pp. 3-4).

67 General Aniline & Film Corporation, 1960 Annual Report, March 1, 1961, p. 7.

8 «Syndicates to Bid, Finally, for General Aniline Stock,” Los Angeles Times, March 9, 1965, p. B6.

8 Tom Mahoney, The Merchants of Life: An Account of the American Pharmaceutical Industry (New
York: Harper & Brothers Publishers, 1959), 205.

0 Mahoney, The Merchants of Life, 206-208.

"1 “Winthrop Plans to Build New Research Units,” New York Herald Tribune, September 25, 1945, p.
28; “Sterling Drug Plans New Research Plant,” The New York Times, July 16, 1947, p. 41; Sterling Drug,
Inc., 1946 Annual Report, March 26, 1947, p. 17. Sterling announced plans to build a Rensselaer research
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provided workspace for scientists to develop such items as: X-ray diagnostic aids;
“Milibis,” a dysentery treatment; “pHisoHex,” a surgical cleanser; “Levophed,” a
pharmaceutical used for the prevention of surgical shock; and “Alevaire,” an asthma
drug.”? In addition, the 1944 acquisitions of Hilton-Davis Chemical Company
(manufacturer of dyestuffs) and Frederick Stearns & Company (toiletries, decongestants,
“Astring-O-Sol” mouthwash) gave Sterling a range of industrial and consumer chemical
goods to supplement its existing line of pharmaceutical drugs.”

McKesson & Robbins, Inc., was a large-scale drug and liquor interest whose
“business [was] basically one of distribution,” rather than production.”* However, the
company’s McKesson Laboratories in Bridgeport, Connecticut, manufactured a number
of new propriety pharmaceuticals (including penicillin for the federal government during
WWII) and personal toiletries like deodorants, suntan lotions, and tooth powders.” The
Bridgeport laboratories housed about two dozen chemists and biologists, but this facility
was not significantly expanded from 1941 through 1960.

On the other hand, Colgate-Palmolive-Peet Company embarked on a major
expansion of its R&D facilities, announcing plans in 1959 for a research center.”® This

200,000-square-foot complex—Ilocated next to the Science Campus of Rutgers University

facility in 1945, but due to mounting postwar construction costs, ground was not broken on the complex
until 1947.

2 Mahoney, The Merchants of Life, 210-11; Sterling Drug, Inc., 1950 Annual Report, March 30, 1951,
p. 12.

73 «Sterling Drug, Inc., to Acquire Stearns,” The Washington Post, June 2, 1944, p. 16; “Hilton-Davis
to Dissolve,” The New York Times, November 17, 1944, p. 30; Sterling Drug, Inc., 1948 Annual Report,
March 30, 1949, pp. 13-16.

4 McKesson & Robbins, Inc., 1955 Annual Report, June 16, 1955, p. 5; “News and Views of
Investments: Further Gains in Store for McKesson & Robbins,” Barron’s National Business and Financial
Weekly, February 24, 1958, p. 31.

5 See McKesson & Robbins, Inc., annual reports for 1941 (p. 3), 1944 (p. 5), and 1946 (p. 8).

76 “Colgate-Palmolive Plans New Center,” The New York Times, September 16, 1959, p. 57.
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at New Brunswick, New Jersey—was completed three years later.”” Scientists at the
Colgate Research Center developed the company’s full lines of cleaning items and
toiletries that had previously been broadened with products like “Ajax” cleanser
(marketed in 1947), “AD” detergents (1955), and an aerosol dental cream (1957).78

The Sherwin-Williams Company introduced a variety of goods from 1941
through 1960 on its way to becoming a diversified chemical enterprise. Long a
manufacturer of paints and varnishes, Sherwin-Williams expanded these lines with its
“Super Kem-Tone” and “Loxon” selections.” During WWII, the company moved into
the pesticide field by supplying DDT to the armed forces, and it continued to market this
chemical “for household and agricultural purposes” after the conclusion of hostilities.8
Sherwin-Williams later began production of phthalic anhydride (a “basic ingredient of
alkyd resins and plasticizers™) and para-Cresol (an “important chemical base for...an
additive to airplane fuel and lubricants™).81 The 1956 acquisition of the Rubberset
Company complemented Sherwin-Williams’ core businesses by giving it a foothold in
paint brushes.®? To facilitate these many operations, the firm opened a Chicago research
center and an Oakland forest products laboratory in 1961.83

Prior to embarking on a postwar diversification program, the Air Reduction

Company, Inc., dedicated its Central Research Laboratories at Murray Hill, New Jersey,

7 See Colgate-Palmolive Company annual reports for 1959 (p. 4) and 1962 (p. 4). In 1953, the
company shortened its name to “Colgate-Palmolive.”

78 Colgate-Palmolive-Peet Company, 1947 Annual Report, March 12, 1948; See Colgate-Palmolive
Company annual reports for 1954 (p. 8) and 1957 (p. 8).

8 See Sherwin-Williams Company annual reports for 1950 and 1958.

8 Sherwin-Williams Company, 1944 Annual Report, August 31, 1944,

81 Sherwin-Williams Company, 1955 Annual Report, August 31, 1955.

82 Sherwin-Williams Company, 1956 Annual Report, August 31, 1956.

8 See Sherwin-Williams Company annual reports for 1960, 1961, and 1962. Construction began on
the Sherwin-Williams Research Center in 1960.
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Table 5-8a: Product Diversification, 1941-1960, for Manufacturers of Chemicals

and Allied Products

Company

Diversification of Product
Lines in Existing Industry
Groups after 1941 (SIC
Codes)

Diversification into
New Industry Groups
after 1941 (SIC Codes)

E.l. du Pont de Nemours &

Co 281, 282, 285, 286, 287, 289 333, 344
Union Carbide and Carbon 281, 282, 286. 289, 333, 369 287
Corp.
Allied Chemical & Dye 281, 282, 284, 286, 287 335
Corp.
Procter & Gamble Co. 283, 284 204, 209, 262, 286
Dow Chemical Co. 281, 282, 283, 286, 287 289
American Cyanamid Co. 281, 282, 283, 286, 287 384
National Lead Co. 281, 285, 336 282, 344
Monsanto Chemical Co. 281, 282, 282’82784’ 285, 286, None
Publicker Industries, Inc. 204, 286 None
Koppers Co., Inc. 285, 286, 344, 371 281, 282, 355
General Aniline & Film 286, 386 281
Corp.
Sterling Drug, Inc. 283, 284 286
McKesson & Robbins, Inc. 283, 2844 None
Colgate-Palmolive-Peet 284 None
Co.
Sherwin-Williams Co. 285 282, 286, 287, 399
Air Reduction Co., Inc. 354 281, 3623, 384

Johnson & Johnson

264, 283, 284, 384

282, 289
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Table 5-8b: Product Diversification, 1941-1960, for Manufacturers of Chemicals
and Allied Products (Continued)

Company

Diversification of Product
Lines in Existing Industry
Groups after 1941 (SIC

Diversification into
New Industry Groups
after 1941 (SIC Codes)

Codes)
Rexall Drug, Inc. 283, 306, 384 282, 284, 286, 307

Hercules Powder Co. 282, 286 281, 287

American Home Products 204, 209, 283, 284, 287 None

Corp.

Glidden Co. 207, 285 2816, 283

Parke, Davis & Co. 283 None
Abbott Laboratories 283 281, 2844

in November 1947.84 This facility contained 78,000 square feet of workspace and, upon

its completion, was staffed by 150 engineers, metallurgists, chemists, and technicians.®°

Air Reduction broke ground in 1957 on a two-story, $500,000 “polymer plastics

laboratory” adjacent to the Murray Hill complex, and one year later, it built a chemical

laboratory in nearby Piscataway Township.8 The company would construct another

specialized New Jersey facility in 1959, opening a research unit at Franklin Township

that was “devoted to [the] evaluation of fuels and oxidizers.

»87

Laboratory specialization allowed Air Reduction to expand into the manufacture

of medical equipment and synthetic resins. The firm’s substantial interest in the medical

8 «Builds Plant in Jersey: Air Reduction Breaks Ground for New Laboratory,” The New York Times,
January 3, 1946, p. 40; “Air Reduction Gets Jersey Test Plant,” The New York Times, November 30, 1947,

p. R3.

8 «Research Laboratory: New Providence, New Jersey,” Progressive Architecture (New York:
Reinhold Publishing, September 1949): 67-72.
8 «Air Reduction Co. Begins Laboratory,” The New York Times, June 20, 1957, p. 48; Air Reduction
Company, 1958 Annual Report, March 12, 1959, p. 15.
87 Air Reduction Company, 1959 Annual Report, December 31, 1959, p. 10.
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field—it had sold “anesthetic, analgesic, and therapeutic gases” in steel cylinders since
1939—foreshadowed its eventual production of sterilizers, operating lights and tables,
and sutures by the late 1940s.88 Air Reduction would then acquire the Colton Chemical
Company in 1954, which gave it a line of resins, polyvinyl alcohols, and acetates that its
scientists continued to develop at Murray Hill and Franklin Township.8® In addition, Air
Reduction enhanced its selections of welding and cutting equipment after WWII,
designing such models as the “Linagraph” cutting machine for steel plate and
“Aircomatic” gas-shielded electric arc welder.°

Johnson & Johnson did not diversify its operations beyond existing product lines
as much as Air Reduction and some other chemical manufacturers did after WWII, but it
still marketed new drugs, toiletries, and medical supplies. From 1941 through 1960,
Johnson & Johnson introduced baby lotions, first aid creams, “Tek” sterile toothbrushes,
“Redi-Fol” reinforced diapers, “Zoroc” resin plaster bandages, and aminitrozole tablets.®
The company also began to manufacture “industrial adhesive cements” and “Lumite”
plastic fabrics that were woven from saran and used as automotive seat covers.®? To
provide its scientists with additional workspace where they could refine these many
goods, Johnson & Johnson constructed a $2 million research center at New Brunswick,
New Jersey, in June 1951. The 85,000-square-foot complex contained sixty laboratories,

conference rooms, a lecture hall, and a pilot plant.%

8 Air Reduction Company, 1948 Annual Report, March 28, 1949, p. 5; “Air Reduction Buys Ohio
Chemical Co.,” The Washington Post, December 16, 1939, p. 25.

8 Air Reduction Company, 1954 Annual Report, March 28, 1955, p. 10.

% See Air Reduction Company annual reports for 1958 (p. 8) and 1959 (p. 6).

%1 See Johnson & Johnson annual reports for 1944, 1955 (p. 5), and 1956 (p. 5).

92 See Johnson & Johnson annual reports for 1945 (p. 5) and 1950 (p. 10).

9 “Johnson & Johnson Expands,” The New York Times, February 19, 1950, p. F1; “Research Center
Opens: Johnson & Johnson Building Replaces 6 Other Structures,” The New York Times, June 22, 1951, p.
16; Johnson & Johnson, 1950 Annual Report, March 15, 1951, pp. 13-16.
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One of Johnson & Johnson’s competitors in the field of drugstore products,
Rexall Drug, Inc., relocated its headquarters to Los Angeles immediately after WW1I
and established corporate laboratories at 8480 Beverly Boulevard.®* The Los Angeles
facility, which was shared with subsidiary Riker Laboratories, Inc., enabled scientists to
develop prescription and over-the-counter drugs, including a line of blood pressure
medicines marketed under the “Veriloid” brand.®® Beyond pharmaceuticals, Rexall
launched hundreds of products—such as vitamins, “Morning Mist” lipstick, “New
Awakening” shampoos for women, adhesive plaster for medical use, and clinical
instruments—during the 1940s and 50s to improve its existing businesses and move into
new industrial sectors.%

Because of its increasingly diverse operations, Rexall changed its name to “Rexall
Drug and Chemical Company” in 1959, reflecting its growing stake in the rubber,
plastics, and chemical industries.®” The Seamless Rubber Company, a long-operating
subsidiary of Rexall, began to manufacture polystyrene (a “plastic molding powder...sold
to outside producers of finished goods™) by the mid-1950s.®® Rounding out its line of
plastic goods, Rexall acquired the Kraloy Plastic Pipe Company (maker of non-corrosive

plastic pipes and fittings with uses in the agricultural and oil fields) in 1956 and the

% “Major Drug Concern to Center Activity Here,” Los Angeles Times, September 7, 1945, p. A3;
“Fiesta to Open Rexall World Headquarters,” Los Angeles Times, September 14, 1947, p. 8; Mickey C.
Smith, The Rexall Story: A History of Genius and Neglect (New York: Pharmaceutical Products Press,
2004), 106.

% “New Drug Held Aid for High Blood Pressure,” Los Angeles Times, June 27, 1950, p. B6; Rexall
Drug, Inc., 1953 Annual Report, March 17, 1954. Riker Laboratories was organized to research and market
prescription drugs.

% See Rexall Drug, Inc., annual reports for 1948 (p. 6), 1959 (p. 7), and 1960 (p. 9).

% Smith, The Rexall Story, xx-xxi. Rexall underwent several name changes from 1941 through 1960.
In 1945, United Drug Company became “United-Rexall Drug Company.” Two years later, this name was
shortened to “Rexall Drug, Inc.” By 1955, the firm referred to itself as “Rexall Drug Company” in its
annual reports.

% Rexall Drug Company, 1957 Annual Report, February 26, 1958, p. 17.
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Tupperware Corporation (plastic containers) two years later.®® In April 1960, Rexall
agreed to a joint venture with EI Paso Natural Gas Company to make petrochemicals
(ethylene, propylene, polyethylene, etc.), and the two firms soon broke ground on the
Paul Kayser Research & Sales Development Center at Paramus, New Jersey. 0
Hercules Powder Company established its own New Jersey “plastics research
laboratory” in 1946, opening a facility at Parlin where scientists conducted tests on ethyl
cellulose, cellulose acetate, and nitrocellulose.'® That same year, Hercules not only
announced plans to gauge “new uses of synthetic chemical materials” at a $250,000
laboratory in Wilmington, Delaware, but it also took over the Navy’s Allegany Ballistics
Laboratory near Cumberland, Maryland.1%? By 1954, the company had constructed a
Wilmington unit for the study of agricultural chemicals, and six years later, an
Applications Research Laboratory was placed into operation at the Hercules Research
Center.2%3 In these facilities, scientists developed synthetic resins, “Aquapel” (a sizing
agent for paper mills), and propellants for missiles and space vehicles.'%* The firm
entered the pesticide industry in the 1940s with the manufacture of DDT and toxaphene
(a “chlorinated camphene insecticide”), while the 1960 acquisition of Imperial Color
Chemical & Paper Corporation provided Hercules with a broad selection of pigments.19°
American Home Products Corporation (AHP) diversified through acquisitions

even before the surrender of Japan, purchasing P. Duff & Sons, Inc. (a manufacturer of

9 See Rexall Drug Company annual reports for 1957 (p. 17) and 1958 (pp. 3, 12-13).

100 Rexall Drug and Chemical Company, 1960 Annual Report, March 15, 1961, pp. 3, 22.

101 Hercules Powder Company, 1946 Annual Report, January 29, 1947, p. 16; “Of Current Interest:
Industry,” Electrical Engineering, no. 12 (December 1945): 468.

102 «“Hercules Powder to Build Laboratory in Delaware,” Chicago Daily Tribune, January 20, 1946, p.
A6; “Hercules to Operate Laboratory for Navy,” The Baltimore Sun, December 29, 1945, p. 10.

103 See Hercules Powder Company annual reports for 1954 (p. 18) and 1959 (p. 17).

104 See Hercules Powder Company annual reports for 1950 (p. 25), 1954 (p. 19), and 1958 (p. 4).

105 See Hercules Powder Company annual reports for 1945 (p. 23), 1948 (p. 18), and 1960 (pp. 4-5).
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prepared baking mixes), and the Marietta Dyestuffs Company in 1944 to expand into
food items and chemicals.1® One year later, AHP bought the Fort Dodge Serum
Company, a maker of “biological, pharmaceutical, and glandular products for the
treatment of animals.”1%” Moreover, the 1946 purchase of Chef Boy-Ar-Dee Quality
Foods, Inc., added a line of packaged spaghetti dinners and sauces to AHP’s recently
created Foods Division.108

Where AHP most aggressively pursued diversification, though, was in the
pharmaceutical business overseen by its Wyeth and Ayerst subsidiaries. Wyeth scientists
developed dozens of drugs from 1941 through 1960, including penicillin, “Equanil”
tranquilizers, “Enzactin” antifungal agents, and an anesthetic marketed as “Fluothane.”10
With the capabilities needed to bring these drugs to market, AHP was able to
manufacture household chemicals like insecticides (under the brand “Black Flag”), shoe
polishes, and aerosol deodorants.!1® The six-story Wyeth Institute of Applied
Biochemistry at Philadelphia—completed by 1945—increased the workspace for
scientists to enhance the company’s pharmaceutical and chemical lines, as did the Wyeth
Institute for Medical Research that was built at Radnor, Pennsylvania, in 1956.1%!

In 1944, the Glidden Company added to its already impressive R&D capabilities

when it opened a new laboratory for the Chemical and Pigment Division. Located in

106 American Home Products Corporation, 1944 Annual Report, March 6, 1945. The fixed assets and
patent rights of Marietta Dyestuffs were sold to American Cyanamid Company in 1946.

107 American Home Products Corporation, 1945 Annual Report, March 14, 1946, p. 8; Myron J. Rand,
ed., “Industrial Research Laboratories of the United States, Including Consulting Laboratories,” Bulletin of
the National Research Council, no. 120 (November 1950): 14-15. Fort Dodge Serum Company maintained
research facilities in lowa.

108 «“Negotiating for Food Company,” The New York Times, December 25, 1945, p. 31.

109 See American Home Products Corporation annual reports for 1956 (pp. 8-9), 1957 (pp. 6-7), and
1959 (pp. 6-8).

110 American Home Products Corporation, 1958 Annual Report, February 25, 1959, p. 14.

111 See American Home Products Corporation annual reports for 1944, 1945 (p. 10), and 1956 (p. 8).
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Baltimore, the lab contained “ample equipment for the prosecution of research of the
highest order,” such as a General Electric X-ray diffraction unit, an RCA electron
microscope, and a Roller-Smith precision balance.'*? The construction of this facility
was prompted by Glidden’s desire to bolster its research into titanium dioxide, an
important pigment whose production was “given impetus by vital war projects.”*!3

While its Baltimore lab focused on pigment technology, Glidden operated several
other research units across the country that aided its manufacturing divisions: “food
laboratories” in Chicago; a “metals laboratory” in Hammond, Indiana; and a Jacksonville,
Florida, laboratory devoted to pine products like rosin, turpentine, and pine tar.'
Glidden continued to build highly specialized facilities with its $250,000 laboratory in
Cleveland—completed immediately following WWII—for the study of paints, varnishes,
and lacquers.”*'> The firm later dedicated an “inorganic research and development
center” at its Adrian Joyce Hawkins Point Works in Baltimore, where R&D was
conducted on materials for the paper, paint, rubber, and plastics industries.*6

Company scientists identified new margarine spreads from the study of vegetable
and linseed oils, discovered paints and varnishes like “Spred Luster” (a “water-thinned”

paint made from a soybean base) and “Spred Satin” (a latex paint), and helped Glidden

expand into pharmaceuticals (steroids and cortisone) in the early 1950s.117 Drug research

112 Maryland Section of the American Chemical Society, The Chesapeake Chemist, vol. 111, no. 6
(September 1947): 4.

113 “Chemical News Parade,” Chemical & Engineering News 22, no. 18 (September 25, 1944): 1578.

114 Glidden Company, “Doorway to Discovery,” advertisement, Barron’s National Business and
Financial Weekly, October 9, 1944, p. 11. By 1953, Glidden would operate nearly 30 laboratories.

115 «““Microbalancer’ Offered Industry,” The New York Times, March 1, 1946, p. 35.

116 Carroll E. Williams, “Glidden Co. Dedicates New Center,” The Baltimore Sun, February 4, 1960, p.
29.

117 See Glidden Company annual reports for 1945, 1949, and 1950; “News and Views of Investments:
Another Good Year in Sight for the Glidden Company,” Barron’s National Business and Financial Weekly,
April 26, 1954, p. 27.
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was led by Dr. Percy L. Julian, an African American chemist who pioneered the synthesis
of human hormones and steroids from plant sterols. Julian, however, left Glidden in
1953, and the company soon abandoned its pharmaceutical business.*8

Parke, Davis & Company, a drug manufacturer, broadened its line of antibiotics
with the introduction of “Chloromycetin” in 1948.11° That same year, Parke-Davis
opened an “antibiotic laboratory” at Detroit that was “specifically designed and
splendidly equipped for research, development work, and large-scale production” of
pharmaceuticals.'?® Among the many new drugs sold by the company after WWII were
the antihistamine “Benadryl,” the epilepsy drug “Dilantin,” veterinary medicines, and the
anticonvulsant “Celontin.”*?! Parke-Davis further increased its technical and functional
capabilities by 1959, establishing a “medical research laboratory” near the University of
Michigan in Ann Arbor.1?2

On its fiftieth anniversary in 1938, Abbott Laboratories opened a three-story,
$500,000 research center in North Chicago.'?® At this facility, company scientists
developed a number of important drugs for the war effort, including penicillin and
streptomycin.t?* Abbott continued to market innovative products over the next decade,

such as: “Aminosol,” a solution “for supplying protein to surgical patients by intravenous

118 «“Julian’s Drug Put on Market,” The Chicago Defender, September 8, 1951, p. 4; “Julian to Form
Own Laboratory,” The Chicago Defender, December 12, 1953, p. 3.

119 parke, Davis & Company, 1948 Annual Report, February 14, 1949, p. 5.

120 See Parke, Davis & Company annual reports for 1946 (p. 9) and 1948 (p. 7).

121 See Parke, Davis & Company annual reports for 1946 (p. 12), 1947 (p. 17), and 1957 (p. 5).

122 Corey Dolgon, Michael Kline, and Laura Dresser, ““House People, Not Cars!’: Economic
Development, Political Struggle, and Common Sense in a City of Intellect,” in Marginal Spaces:
Comparative Urban and Community Research, Volume 5, ed. Michael Peter Smith (New Brunswick, New
Jersey: Transaction Publishers, 1995), 11.

123 William D. Pratt, The Abbott Almanac: 100 Years of Commitment to Quality Health Care
(Elmsford, New York: Benjamin, 1987), 115.

124 Abbott Laboratories, 1946 Annual Report, December 31, 1946, p. 8.
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feeding;” “Sucaryl,” a noncaloric sugar substitute for diabetics; and “Erythrocin,” an
antibiotic.1? In 1951, the company also began to manufacture personal toiletries like
“Selsun Sulfide Suspension,” a dandruff shampoo.%®

The aggressive expansion of Abbott’s product lines during and after WWII was
aided by the construction of research facilities at the North Chicago complex that
provided scientists and technicians with additional workspace. Abbott had, by 1946,
completed a “radiopharmaceutical laboratory”—the first such building in the industry—
where scientists worked with radioactive isotopes that could detect body tissue
dysfunction and be “used as tracers to tag the progress of a drug after it [was]
administered to a patient.”*?” The company would later break ground on a seven-story,
120,000-square-foot addition to its main research building at North Chicago, and in 1958,
Abbott erected six buildings on a recently purchased 207-acre farm at Long Grove,
Ilinois, for the study of veterinary medicines and food additives.'?®

By diversifying into related industries where it could more easily apply its
technical knowhow, Abbott responded to the uncertainties of the postwar economy much
like other manufacturers of chemicals and allied products. Of the twenty-three chemical
and drug enterprises among the 200 largest U.S. industrial corporations in 1948, sixteen
extended their operations into new industry groups (according to the SIC codes), while

only nine moved into non-chemical sectors (i.e., an industry group whose SIC code does

not begin with the digits “28”). Producers of industrial chemicals tended to maintain

125 “New Noncaloric Substitute for Sugar Revealed: Maker Cites Advantages for Diabetics,” Chicago
Daily Tribune, May 25, 1950, p. B7; Pratt, The Abbott Almanac, 132, 143.

126 Abbott Laboratories, 1951 Annual Report, December 31, 1951, p. 20.

127 aura P. Hartman and Patricia H. Werhane, Sustainable, Effective and Ethical Practices: A Case
Book (New York: Routledge, 2009), 36; Pratt, The Abbott Almanac, 130.

128 « Abbott Plans Expansion of Research Lab,” Chicago Daily Tribune, March 10, 1957, p. A10; See
Abbott Laboratories annual reports for 1956 (p. 6) and 1958 (p. 8).
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diverse product lines prior to WWII as they sought to keep pace with Du Pont and Union
Carbide, yet even these firms broadened their selections of organic, inorganic,
agricultural, and petroleum-based chemicals after 1941.

Manufacturers of both industrial and commercial chemicals made significant
investments in their R&D capabilities during the 1940s and 50s. All but two (Publicker
and McKesson & Robbins) of the companies assessed in this subsection constructed new
research laboratories from 1941 through 1960, and eighteen had either broken ground on
or completed facilities by 1951. To staff their laboratories, the twenty-three chemical and
drug enterprises among the 200 largest U.S. corporations in 1948 employed “huge
armies” of researchers. Eighteen of these twenty-three chemical interests maintained
research staffs of more than 500 technical and non-technical personnel by 1960, while
eight firms employed more than 1,000 individuals at their laboratories and engineering
facilities. Most notably, at least fourteen of the companies assessed in this subsection
doubled their R&D staffs (i.e., an increase of at least 100%) from 1940 to 1960, and
twelve oversaw an increase of greater than 300%.12° The aggressive expansion of
research facilities and hiring of technical personnel suggests that chemical firms
anticipated increased competition after WWII, especially as other manufacturers (e.g.,

petroleum concerns) began to enter the industry.

129 1t should be noted that research personnel totals for Dow Chemical and Allied Chemical & Dye are
unavailable for 1940, making it impossible to determine how much these firms increased their R&D staffs
between 1940 and 1960. The available figures for Dow (see Table 5-7a) suggest that the company at least
doubled its research personnel in the two decades after WWII.
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5.2.3 Electrical and Electronic Machinery, Equipment, and Supplies
Table 5-9: 1948 Industry Overview for Manufacturers of Electrical and Electronic
Machinery, Equipment, and Supplies?

Rank among Major :
Company 200 Largest Qﬁ?ﬁgsng Product Lines Othiglp éoggggsl)_lnes
Corporations (SIC Codes)
General 282, 363, 364, 365,
Electric Co. d 11773 361 366, 367
Western
Electric Co. 14 785.9 366 367
Westinghouse 3534, 363, 364, 365,
Electric Corp. 17 693.6 361 366, 367
Radio Corp. of 61 248.2 3651 367
America
Philco Corp. 140 96.6 365 363, 369
Avco
Manufacturing 147 89.8 365 352, 358, 363, 3724
Corp.
Sylvania
Electric 194 68.3 365 364, 366, 367, 386
Products, Inc.

Immediately after WWII, General Electric Company (GE) broke ground on a

research and manufacturing complex for its newly organized Electronics Department.?

The facility, known as the GE Electronics Park, opened in 1947 and was situated on a

191-acre tract near Syracuse, New York, providing space for 600 scientists and engineers

to develop television, radio, and phonograph equipment.® GE continued to increase its

available R&D workspace with the 1948 construction of an $18 million Schenectady

Research Laboratory and the 1949 establishment of a High Voltage Laboratory in

L Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,
Massachusetts: The Belknap Press of Harvard University Press, 1990), 656.

2 Louise A. Mozingo, Pastoral Capitalism: A History of Suburban Corporate Landscapes (Cambridge,
Massachusetts: The MIT Press, 2011), 65-67.

3 “GE Electronics Park Due to Start Output,” The New York Times, April 12, 1947, p. 20; General
Electric Company, 1948 Annual Report, March 11, 1949, pp. 10-11; “Output Begun by G.E. on New
Television Set,” New York Herald Tribune, May 22, 1947, p. 35. The Electronics Park began operations in
1947, although it was not entirely completed until 1949.
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Pittsfield, Massachusetts.* Drawing upon the expertise it had accumulated while
participating in the Manhattan Project, the company even agreed to operate the U.S.
Army’s $20 Million Knolls Atomic Power Laboratory at Schenectady, which was
partially occupied by 1949.°

During the 1950s, GE built nuclear reactors for the Atomic Energy Commission
(AEC), utilities, and nuclear submarines.® In fact, GE implemented an aggressive
diversification strategy from 1941 through 1960, moving into the manufacture of jet
engines, autopilot systems, radar components, X-ray equipment, mass flow meters, and
fluorescent lamps.” The company’s existing product lines were enhanced with new
plastics (alkyd resins and silicones), turbines, electrical machinery (generators,
transformers, etc.), locomotives, and home appliances.2 GE complemented the growth of
its many product lines by investing over $200 million in postwar research facility
expansion, including: a Philadelphia laboratory “devoted to...the design of power
switchgear” that opened in 1952; a “component development laboratory” at the Aircraft
Gas Turbine Division in Evendale, Ohio, that was operating by 1954; and a “microwave
laboratory” at Stanford University and Turbine Development Laboratory at Schenectady

that were both constructed in 1955.°

4 Richard K. Winslow, “General Electric Opens One Link of Research City,” New York Herald
Tribune, December 3, 1948, p. 26; See General Electric Company annual reports for 1948 (pp. 23-24) and
1949 (pp. 22-23). The main building at Schenectady was completed in 1948, but the entire complex was
not finished until 1950.

5 “New Research Set on Atomic Power,” The New York Times, November 10, 1946, p. 35; General
Electric Company, 1949 Annual Report, March 10, 1950, p. 22.

6 “Better Reactor Designed by G.E.,” The New York Times, May 15, 1955, p. 75; See General Electric
Company annual reports for 1952 (p. 10) and 1960 (p. 4).

7 See General Electric Company annual reports for 1945 (pp. 31-32), 1952 (pp. 9-10, 13), 1959 (p. 15),
and 1960 (p. 4); “New Glareless Fluorescent Street Light Developed by General Electric Company,” The
New York Times, August 7, 1949, p. F7.

8 See General Electric Company annual reports for 1950 (p. 28), 1952 (pp. 12-13), and 1955 (p. 7).

9 “Microwave Center Opened at Stanford,” The New York Times, May 28, 1955, p. 21; See General
Electric Company annual reports for 1952 (p. 11), 1954 (p. 16), 1955 (p. 8), and 1959 (p. 1).
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Table 5-10: Research Facility Expansion, 1941-1960, for Manufacturers of
Electrical and Electronic Machinery, Equipment, and Supplies

Name or
Compan Description of Facility Facility Official
pany New Research Location Groundbreaking | Opening
Facility
General General Electric Syracuse, A
Electric Co. Electronics Park New York 1945 1947
Western . Murray Hill, 5 November
Electric Co. Bell Laboratories New Jersey July 1939 1941
. “gas turbine engine . .
Westmghouse development Phlladelphu_;l, Not Available 1947
Electric Corp. ’ Pennsylvania
laboratory
Radio Corp. . Princeton, September
of America RCA Laboratories New Jersey August 1941 1942
: Philco Corporation Blue Bell, April
Philco Corp. Research Center Pennsylvania December 1959 1961
Avco “experimental Williamsport
Manufacturing engine test port, Not Available 1946
» Pennsylvania
Corp. laboratory
Sylvania Bayside
Electric Sylvania Center (Queens), 1943¢ 1944
Products, Inc. New York

A Date refers to the completion of the first buildings at the GE Electronics Park.
B Date refers to a formal announcement made by Bell Laboratories that it planned to construct a new

research facility.
C Date refers to a formal announcement made by Sylvania that it had purchased a tract of land on which

it would construct a new research center. The first building at the Sylvania Center, the Metallurgical
Laboratory, was completed by 1944,

Western Electric Company, the manufacturing arm of American Telephone &
Telegraph Company, expanded its available research facilities when it formed a joint
venture (Bell Telephone Laboratories, Inc.) with AT&T’s engineering department on
January 1, 1925.1° Originally located at 463 West Street in New York City, Bell Labs

began to shift its researchers to a Murray Hill, New Jersey, campus by November 1941.11

10 Stephen B. Adams and Orville R. Butler, Manufacturing the Future: A History of Western Electric

(New York: Cambridge University Press, 1999), 115.
11 «“Bell Laboratories to Build in New Jersey,” The New York Times, July 29, 1939, p. 10; Scott G.

Knowles and Stuart W. Leslie, “‘Industrial Versailles’: Eero Saarinen’s Corporate Campuses for GM, IBM,
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The $3 million laboratory at Murray Hill accommodated 1,000 personnel, and the
complex was doubled in size with the opening of a 250,000-square-foot structure three
years after WWI1.12 Bell Labs introduced a wide variety of goods, such as the telephone
equipment and electronics (e.g., the transistor, which was invented in 1947) made by
Western Electric.®> Whereas Bell Labs focused on product development, Western
Electric established an Engineering Research Center in 1958 at Princeton, New Jersey,
that was meant to improve processes.'* Even so, Western Electric (with the help of Bell
engineers) still broadened its operations from 1941 through 1960, manufacturing radar
components, microwave technology, missile guidance systems, and Teletype machines.®
Westinghouse Electric Corporation embarked on an aggressive diversification
strategy after 1941, creating new and enhancing existing products as a result of the
capabilities it acquired while contracting with the military during WWII. As the country
mobilized for war, Westinghouse developed synthetic resins, “Fosterite” plastics, diesel
and geared-turbine locomotives, radar, aircraft carrier deck elevators, and X-ray
equipment.’® Opportunities in the aircraft industry led the company to organize an
Aviation Gas Turbine Division in 1945, and two years later, construct a $3.5 million “gas

turbine engine development laboratory” at Philadelphia.!” Research facility expansion

and AT&T,” in Science and the American Century: Readings from “Isis,” eds. Sally Gregory Kohlstedt
and David Kaiser (Chicago: University of Chicago Press, 2013), 256.

12 “Bell Laboratory Will Be Expanded,” The New York Times, May 6, 1945, p. R1; “Second N.J. Unit
Ready for Bell Laboratories,” New York Herald Tribune, October 10, 1948, p. B10.

13 Adams and Butler, Manufacturing the Future, 161-65.

14 Western Electric Company, 1958 Annual Report, February 17, 1959, p. 17.

15 Adams and Butler, Manufacturing the Future, 140; See Western Electric Company annual reports
for 1952 (pp. 5-6), 1959 (pp. 7-8), and 1960 (pp. 8, 13-14).

16 “New Plastics Shown by Westinghouse,” The New York Times, June 10, 1944, p. 24; Westinghouse
Electric Corporation, 1944 Annual Report, February 28, 1945, pp. 14-16.

17 «“Westinghouse Enters Jet Plane Engine Field,” Pittsburgh Post-Gazette, November 20, 1945, p. 7;
Westinghouse Electric Corporation, 1945 Annual Report, January 30, 1946, p. 14; “Disclose Lab for Tests
of Jet Engines,” Chicago Daily Tribune, December 5, 1947, p. 9.
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continued in Pennsylvania over the next decade, as Westinghouse completed a
“metallurgical laboratory” at Blairsville, a “steam and turbine laboratory’ at South
Philadelphia, and Central Research Laboratories at Churchill.!8

Like General Electric, Westinghouse built nuclear reactors for commercial and
military use, complementing its core business in turbines and electrical machinery.*®
Additional contracts with the military called for the firm to design missile guidance
systems, silicon carbide transistors, and infrared detection technology.?® There was, of
course, a postwar demand for Westinghouse consumer goods, including radio sets,
appliances (refrigerators, freezers, washing machines, etc.), and fluorescent lighting.2*
These diverse product lines were further studied at a new 100-acre Research and
Development Center near Pittsburgh, ground for which was broken in 1960.22

Intending to establish a “hidden battlefront” of scientists and engineers that
conducted R&D for the war effort, Radio Corporation of America (RCA) broke ground
in August 1941 on a $2 million research center at Princeton, New Jersey.?® The first
laboratories at the complex were dedicated in September 1942, providing workspace for
researchers to fill wartime contracts for the Signal Corps and the Office of Scientific

Research and Development.?* As RCA returned to peacetime business, it immediately

18 Westinghouse Electric Corporation, 1954 Annual Report, January 26, 1955, p. 7; “Westinghouse
Dedicates New Laboratory,” New York Herald Tribune, March 2, 1955, p. 28. All three facilities were in
operation by 1955.

19 «“Westinghouse Pushing Work on Nuclear Power Unit,” New York Herald Tribune, March 7, 1950,
p. 29; See Westinghouse Electric Corporation annual reports for 1957 (pp. 10-11) and 1959 (pp. 13-15).

20 Westinghouse Electric Corporation, 1960 Annual Report, January 25, 1961, pp. 21-25.

21 See Westinghouse Electric Corporation annual reports for 1944 (pp. 17-18) and 1954 (p. 6).

22 See Westinghouse Electric Corporation annual reports for 1960 (p. 4) and 1962 (p. 13).

23 “Huge Laboratory to Be Built by RCA,” The New York Times, March 6, 1941, p. 21; “Research
Center Is Started by RCA,” The New York Times, August 9, 1941, p. 27. The Princeton facility was located
on a 250-acre tract.

24 Robert Sobel, RCA (New York: Stein and Day, Inc., 1986), 135-37; “RCA Laboratories Dedicated to
War,” The New York Times, September 28, 1942, p. 8.
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Table 5-11: Research Facility Personnel, 1940-1960, for Manufacturers of
Electrical and Electronic Machinery, Equipment, and Supplies

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
Company In In
Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 | ¢ 1040 | from 1940
t0 1960 | to 1960
Ge”erg'o'i'ec”'c 1733 | 3353 | 6344 | 7704 | 6458 | 4725 273%
WeSterC”OEB'eCt“C 5553 | 11451 | 9055 | 9581 | 12454 | 6901 124%
Westinghouse | 5oy | g4 | 2508 | 4718 | 7860 | 7326 1372%
Electric Corp.©
Radio Corp. of | g7, | 353 | 2834 | 5354 | 12066 | 11094 1141%
America
Philco Corpe | 282 | 745 | 506 | 433 | 465 183 65%
Avco
Manufacturing 109 184 26 775 | 5216 5107 4685%
Corp.F
Sylvania Electric | oo | 1456 | 1495 | 3517 | 5799 | 5713 6643%
Products, Inc.©

A Totals for General Electric include its subsidiaries Edison General Electric Appliance Co., General
Electric X-Ray Corp., Hotpoint, Inc., and Locke Insulator Corp.

B Totals for Western Electric include its subsidiaries Electrical Research Products, Inc., Erpi Classroom
Films, Inc., Nassau Smelting and Refining Co., and Teletype Corp. The totals above also include
personnel employed by Bell Telephone Laboratories, Inc., which “carried out development, design,
and engineering services” for Western Electric (the manufacturing unit of the Bell System).

€ Totals for Westinghouse Electric include its subsidiaries Westinghouse Electric Elevator Co. and
Westinghouse X-Ray Co.

P Totals for Radio Corp. of America include its subsidiaries National Broadcasting Corp., Radiomarine
Corp. of America, and RCA Communications, Inc.

E Totals for Philco include its subsidiary National Union Radio Corp.

F Avco Manufacturing is listed as “Aviation Manufacturing Corporation” in the 1940 NRC directory.
The 1946 directory does not contain an entry for Avco, but it does list two of the company’s
divisions: American Central Manufacturing and the Crosley Corporation. Only American Central is
included in the 1950 directory.

G Totals for Sylvania Electric include its subsidiary Colonial Radio Corp. Also, in the 1940 NRC
directory, Sylvania is listed as “Hygrade Sylvania Corporation,” which was the company’s name
until 1942.
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began to develop black-and-white and color television sets, as well as their related parts
and equipment.?> Postwar research also augmented the company’s operations in air
conditioners, electric kitchen ranges (RCA purchased the Estate Stove Division from the
Noma Electric Corporation in 1952), and computers (the “301” and “501”” models were
on the market by 1960).26 RCA expanded its Princeton laboratories throughout the
1950s, and in 1960, it established the $10 million West Coast Electronics Center in Van
Nuys, California, where R&D addressed military projects like transistors, radar, missile
warning systems, and satellite communication.?’

One of RCA’s competitors in the radio industry, Philco Corporation introduced
“Advanced FM” sets and “Acoustic Clarifier” systems after WWIL2® By 1947, Philco
had developed two television models (the “48-1000" and “48-2500") that allowed it to
establish a foothold in this emerging market, and during the 1950s, the company
improved its “Phonorama” line of phonographs and speakers.?® Philco’s appliance
business was enhanced with new models of refrigerators and air conditioners, while the

1948 acquisition of Electromaster, Inc., brought with it electric ranges.*® Through its

% Margaret B.W. Graham, RCA and the VideoDisc: The Business of Research (New York: Cambridge
University Press, 1986), 59-68; Radio Corporation of America, 1945 Annual Report, February 27, 1946,
pp. 9-11.

% Sobel, RCA, 168-69, 176-77; Radio Corporation of America, 1952 Annual Report, February 27,
1953, p. 25.

27 «$10 Million Van Nuys RCA Plant Dedicated,” Los Angeles Times, April 17, 1960, p. F2; See Radio
Corporation of America annual reports for 1952 (p. 17), 1959 (pp. 15-16), and 1960 (pp. 6-9). The RCA
Laboratories in Princeton were renamed the “David Sarnoff Research Center” in 1951.

28 Marion Wiczkowicz, Philco, Builder of the Best Radios in the World: One-Hundredth Anniversary,
1892-1992 (Craryville, New York: 1992), 7, 18. During WWII, the government banned the manufacture of
radios for home use, and Philco worked on radar equipment and proximity fuzes.

2 Wiczkowicz, Philco, Builder of the Best Radios in the World, 22, 26-29; “Philco Introduces Lower
TV Models,” The New York Times, June 20, 1950, p. 35. Among the televisions manufactured by Philco
during the 1950s were its “Miss America” and “Predicta” models.

30 “Philco Signs to Take Over Electromaster,” The Washington Post, November 25, 1948, p. 18; “Two
Way Door New Feature of Philcos,” Chicago Daily Tribune, October 17, 1954, p. J8; “Philco Offers 8
Models of Conditioners,” Chicago Daily Tribune, May 18, 1955, p. B7.
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Government-Industrial Division, Philco produced electronics, such as transistors,
computers, vacuum tubes, radar components, and microwave relay systems.3!

The technological demands of these many product lines prompted Philco to build
a two-story research center on a 25-acre site in Blue Bell, Pennsylvania.3? This facility
contained an 8,000-volume technical library, provided 200,000 square feet of workspace
for researchers, and was occupied in April 1961. That same year, Philco not only opened
its Western Development Laboratories in Palo Alto, California, but it was also acquired
by Ford Motor Company.3?

As it became a highly diversified electronics and aviation firm, Avco
Manufacturing Corporation constructed several research facilities in the two decades
after WWII, beginning with an “experimental engine test laboratory” at Williamsport,
Pennsylvania, for its Lycoming Division.®* Completed in 1946, this unit was “capable of
testing aircraft engines from 100 to 7,200 horsepower,” and its engineers helped Avco
move into the field of jet propulsion.®> The firm organized an Advanced Development
Division for defense production (e.g., guided and ballistic missiles) in 1955 that had its
own laboratory at Everett, Massachusetts, and four years later, the 400,000-square-foot

Avco Research Center in nearby Wilmington was built at a cost of $23 million.3¢

31 C.A. Clark, Jr., “Philco: Its Greatest Growth May Lie Ahead,” Barron’s National Business and
Financial Weekly, October 20, 1952, p. 11; “Sharp Rebound in Profits Shaping Up for Philco,” Barron’s
National Business and Financial Weekly, March 2, 1959, p. 25.

32 “Ground Broken for Research Center,” Philco News 27, no. 10 (January 1960): 8-9; “The Mission of
the Research Division,” Philco News 19, no. 4 (Summer 1961): 3-9.

33 «Stockholders of Philco Approve Sale of Company to Ford Motor,” The New York Times, November
29, 1961, p. 55; “The Many Worlds of Philco,” Philco News 19, nos. 2 & 3 (May 1961): 8.

34 Aviation Corporation, 1946 Annual Report, February 1, 1947, p. 25. The Aviation Corporation
changed its name to “Avco Manufacturing Corporation” in 1947.

35 «“Avco Unit Develops New Gas Turbine for Aircraft,” The New York Times, November 15, 1955, p.
45,

3% Avco Manufacturing Corporation, 1955 Annual Report, January 25, 1956, pp. 20-21; “Research
Center Slated by Avco Near Boston,” New York Herald Tribune, November 21, 1956, p. A3; “New Space
Center for Research Set,” The New York Times, May 15, 1959, p. 5.
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Table 5-12: Product Diversification, 1941-1960, for Manufacturers of Electrical
and Electronic Machinery, Equipment, and Supplies

Diversification of Product
Lines in Existing Industry

Diversification into

Inc.

Company New Industry Groups
Groups after 1941 (SIC after 1941 (SIC Codes)
Codes)
General Electric Co. | 292 91 307, 964,965,307, 1 344 366, 369, 372, 382
Western Electric Co. 357, 366, 367 None
Westinghouse Electric 282, 3534, 361, 363, 364,
Corp. 365, 366, 367, 374 344, 369, 372
Radio Corp. of America 365, 367 357, 358, 363, 366
Philco Corp. 363, 365 357, 366, 367
. 352, 358, 363, 365, 366,
Avco Manufacturing Corp. 372 376, 383, 483
Sylvania Electric Products, 364. 365 281 366. 367, 386

Avco researchers enhanced its various product lines, many of which the company

had obtained through postwar acquisitions. In 1945, Avco purchased New Idea, Inc.

(maker of agricultural implements), the Crosley Corporation (radio broadcasting and

electronics), and the ACF-Brill Motors Company and Hall-Scott Motor Car Company

(marine and bus engines).®” The Crosley Division would soon manufacture radio and

television sets, phonograph players, washing machines, refrigerators, and kitchen

ranges.3® To secure lucrative government contracts, Avco even designed navigation,

radar, bomber fire control, and communication systems for the armed forces.3®

37 “Crosley Is Sold to Aviation Corp.,” The New York Times, June 20, 1945, p. 29; Aviation
Corporation, 1945 Annual Report, June 18, 1946, pp. 7-8.

38 Avco Manufacturing Corporation, 1947 Annual Report, February 2, 1948, pp. 13-14.

39 See Avco Manufacturing Corporation annual reports for 1955 (pp. 24-25), 1959 (p. 7), and 1960 (p.

14).
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On the eve of WWII, Sylvania Electric Products, Inc., was conducting extensive
research into F.M. radio and television that had to be put on hold due to mobilization.
The company soon began producing radar equipment, cathode ray tubes, aircraft radios,
proximity fuzes, and other electronics for the armed forces.*® Because of the
technological demands placed on the scientists and engineers who developed such
products, the “need for centralized facilities for research [was] recognized” by 1942, and
within a year, Sylvania had purchased a 56-acre tract of land in Bayside, Queens, where it
would begin construction of a metallurgical laboratory.*! The Bayside campus was later
named the “Sylvania Center” and would be the site of a new physics laboratory
(completed in 1948) and an even larger metallurgical lab (1952).#> Sylvania also
established a number of research units across the country over the next fifteen years,
including: “radio and electronic laboratories” in Flushing and Kew Gardens, New York;
an “electronics laboratory” and the Applied Research Laboratory at Waltham,
Massachusetts; and the Electronic Defense Laboratory and Microwave Physics
Laboratory at Mountain View, California.*®

These specialized research facilities allowed scientists to broaden existing product
lines and move the firm into emerging markets. In its electrical lighting and wiring

operations, Sylvania marketed ““stop motion” lights and “Panelescent” lamps after

40 Sylvania Electric Products, Inc., 1944 Annual Report, March 16, 1945, p. 2.

“1 Sylvania Electric Products, Inc., 1942 Annual Report, March 16, 1943, p. 13; “Research Center in
City Proposed,” The New York Times, May 23, 1943, p. 39; Joel Schwartz, The New York Approach:
Robert Moses, Urban Liberals, and the Redevelopment of the Inner City (Columbus: The Ohio State
University Press, 1993), 235.

42 Don G. Mitchell, “Sylvania” During 50 Years, 1901-1951 (New York: The Newcomen Society in
North America, 1951), 26; See Sylvania Electric Products, Inc., annual reports for 1948 (p. 10) and 1952
(p. 10).

43 See Sylvania Electric Products, Inc., annual reports for 1945 (p. 14), 1955 (p. 11), and 1956 (p. 9);
“Sylvania Increases Lab,” New York Herald Tribune, May 16, 1955, p. 26.
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WWI1.4 The 1944 purchase of Colonial Radio Corporation expanded Sylvania’s line of
radio equipment, while the 1955 acquisitions of Wabash Appliance Corporation and
Wabash Photolamp Corporation gave the company a foothold in photographic lamps and
flashbulbs.*> By 1949, Sylvania would not simply be manufacturing television tubes for
other electronics firms, but also television sets for consumers.® This electronics research
led, in the 1950s, to the introduction of products like diodes and transistors, many of
which found applications in the radar and guided missile systems that were sold to the
government.*’ Additionally, Sylvania produced a range of chemicals and metal
compounds, such as tungsten (marketed to industrial firms) and fuel elements for nuclear
reactors (developed under contract with the AEC).%8

Despite its success in becoming a highly diversified electronics corporation,
Sylvania was eventually merged into General Telephone Corporation in 1959, where it
would continue to operate as a wholly-owned subsidiary.*® Even so, Sylvania’s postwar
approach to R&D was similar to that of the other major American firms in the electronics
industry. Of the seven electronics and electrical equipment manufacturers among the 200
largest U.S. industrial corporations in 1948, six constructed research laboratories during
WWII or within three years of its conclusion. The only exception was Philco, which
waited until 1959 to break ground on its Blue Bell Research Center and, perhaps because
it was slow to enhance its R&D capabilities with new facilities, was soon acquired by

Ford Motor Company.

44 See Sylvania Electric Products, Inc., annual reports for 1945 (p. 15) and 1953 (p. 10).
45 Sylvania Electric Products, Inc., 1945 Annual Report, April 15, 1946, p. 10.

46 Mitchell, “Sylvania” During 50 Years, 25.

47 Sylvania Electric Products, Inc., 1951 Annual Report, March 13, 1952, p. 10.

48 Sylvania Electric Products, Inc., 1954 Annual Report, March 9, 1955, p. 15.

49 Sylvania Electric Products, Inc., 1958 Annual Report, February 27, 1959, p. 4.
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All seven electronics enterprises that have been assessed in this subsection,
however, established huge research complexes between 1941 and 1960 that spanned
several hundred thousand square feet and cost millions of dollars. Similarly, all but one
(Philco) of these companies employed more than 5,000 technical and non-technical
personnel by 1960, and four firms (Westinghouse Electric, RCA, Avco, and Sylvania)
oversaw a research staff increase of at least 1,000% in the two decades after 1940. These
aggressive investments in R&D were the result of two factors: the intense competition in
industrial and consumer electronics, and the opportunities presented by government and
military contracts. Beginning with WWII, most of the large-scale electronics and
electrical equipment manufacturers developed communication, navigation, and guidance
systems for the emerging aviation and aerospace industries. As a result, there was
extensive postwar diversification in the electronics field, with six of the seven largest
firms extending their operations into new industry groups (according to the SIC codes)

where they had not conducted business prior to 1941.
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5.2.4 Fabricated Metal Products
Table 5-13: 1948 Industry Overview for Manufacturers of Fabricated Metal
Products?

Rank among Assets ( Major Product | Other Product
Company 200 Largest Millions) Lines (SIC Lines (SIC
Corporations Codes) Codes)
American Can Co. 52 275.8 341 None
Continental Can Co. 68 2217 341 205, 31, 346
American Radiator
& Standard Sanitary 82 171.3 343 344, 349, 358
Corp.
Crane Co. 99 142.0 343 326, 344, 349,
358
Gillette Safety Razor 168 78.3 349 284
Co.
Scovill 344, 345, 349,
Manufacturing Co. 183 721 346 361, 363

American Can Company had an extensive history of research facility
construction that continued after WWII. The firm’s Niagara Falls, New York, chemical
laboratory—which was established in 1906 and employed just two scientists upon its
completion—was the first such facility in the metal can industry, and in 1921, American
built “general laboratories” at Maywood, Illinois.? As part of a postwar plant expansion
program, the company opened a new research building at the Maywood complex on
November 20, 1946, adding 16,000 square feet of workspace “dedicated to metallurgical,

biochemical, bacteriological, and engineering development.”® In 1955, American Can

L Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,
Massachusetts: The Belknap Press of Harvard University Press, 1990), 655.

2 American Can Company, 1945 Annual Report, December 31, 1945, p. 25.

3 American Can Company, 1946 Annual Report, February 8, 1947, p. 10; “Expands Research Work:
American Can Due to Open Maywood, Ill., Unit Wednesday,” The New York Times, November 19, 1946,
p. 63. The Maywood complex would be referred as to as the “General Research Laboratory” in NRC
directories and scientific publications.
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Table 5-14: Research Facility Expansion, 1941-1960, for Manufacturers of
Fabricated Metal Products

Name or
Compan Description of Facility Facility Official
pany New Research Location | Groundbreaking | Opening
Facility
American Can | General Research | Maywood, 19214 November
Co. Laboratory Illinois 1946
. “research and .
Continental engineering Chl_cago, August 1954 June 1956
Can Co. N Ilinois
laboratory
American
Radiator & « " Louisville, .
Standard research center Kentucky Not Available 1951
Sanitary Corp.
“research
laboratories” for Burbank, . 5
Crane Co. Hydro-Aire California Not Available 1951
(subsidiary)
Gillette Safety | Harris Research | Washington, c
Razor Corp. Laboratories D.C. 1945 1956
Scovill “research facilities”
Manufacturing for Airtronics Bethesda, Not Available 1958°
- Maryland
Co. (subsidiary)

A Date refers to the original construction of the facility. A new research building was added to the
General Research Laboratory in 1946.

B Date refers to Crane’s acquisition of Hydro-Aire, which operated research facilities in Burbank.

C Harris Research Laboratories operated independently until they were acquired by Gillette in 1956.

P Date refers to Scovill’s acquisition of Airtronics, which operated research facilities in Bethesda.

would further enhance its technical and functional capabilities when it began operation of

a $2 million research center at Barrington, Illinois. The Barrington facility sat on a 40-

acre site, contained fifty laboratories, and employed 140 scientists and technicians.*

Work performed at the Maywood and Barrington laboratories was intended to

strengthen American Can’s positions in the canning, textile, and container fields. After

4 Russell Freeburg, “American Can’s Barrington Unit Has 50 Laboratories,” Chicago Daily Tribune,

May 26, 1955, p. D9.

211




WWII, the company not only introduced metal beer and aluminum cans, but it also
acquired the Marathon Corporation and Dixie Cup Company.® The Marathon acquisition
provided American Can with entry into the paper consumer goods (tissues, towels,
napkins, etc.) and waxed paper industries, while Dixie Cup produced paper and plastic
cups, plates, and dishes.® In addition, a joint venture formed with the Wheaton Glass
Company of Millville, New Jersey, allowed American to begin manufacturing “glass
containers for food, beverages, and household products” by 1960.’

The postwar product diversification strategy of Continental Can Company was
similar to that of American Can, as Continental constructed a large “research and
engineering laboratory” in 1956 to extend its operations beyond the metal can industry.
This $7 million R&D facility was located in Chicago, contained 260,000 square feet of
floor space, and employed 265 scientists and technicians.® Several years later,
Continental Can opened a $20 million “technical center” that coordinated a glass research
laboratory in Plainfield, Illinois, with metal, packaging, and central research laboratories
in Chicago.® At these facilities, Continental scientists developed such products as
aluminum cans, plastic bottles, fabricated bags, and paper containers.'® The 1956

acquisitions of the Robert Gair Company (manufacturer of paperboard, cartons, and kraft

®J.S. Armstrong, “Can Makers Diversifying Operations,” The Baltimore Sun, November 20, 1957, p.
29; American Can Company, 1945 Annual Report, December 31, 1945, p. 12.

6 See American Can Company annual reports for 1957 (p. 4) and 1959 (p. 6).

7 American Can Company, 1960 Annual Report, February 27, 1961, p. 4.

8 “To Build Laboratory: Continental Can Awards Pact for Chicago Research Plant,” The New York
Times, July 2, 1954, p. 31; “Continental Can Opens $7,000,000 Laboratory,” The New York Times, June 15,
1956, p. 33.

9 “Continental Can Opens Laboratories,” Chicago Daily Tribune, September 15, 1961, p. C7.

10 “New Aluminum Container Unit Formed by Continental Can and Cochran Foil,” The New York
Times, June 20, 1956, p. 45; See Continental Can Company annual reports for 1956 (pp. 14-15) and 1959
(pp. 11-14).
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Table 5-15: Research Facility Personnel, 1940-1960, for Manufacturers of

Fabricated Metal Products

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
Company in in
Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 from 1940 | from 1940
to 1960 to 1960
American Can Co. | 201 339 322 484 746 545 271%
Cont"(‘fgia' Can | 103 | 257 | 246 | 653 | 1022 | 919 892%
American Radiator
& Standard 46 53 95 168 | 395 349 759%
Sanitary Corp.®
Crane Co. 164 64 66 109 212 48 29%
Gillette Safety | 4o | 19 | 8 | 184 | 369 | 350 3590%
Razor Co.
Scovill 0
Manufacturing Co. 65 43 60 55 66 1 2%

A Totals for Continental Can include its subsidiary Bond Crown and Cork Co.
B Totals for American Radiator & Standard Sanitary include its subsidiaries C.F. Church Manufacturing
Co., Detroit Lubricator Co., and Kewanee Boiler Corp.

bags) and Hazel-Atlas Glass Company (glass containers and glassware) also gave
Continental Can a foothold in the container and consumer goods markets.!?

Another metal fabricator, American Radiator & Standard Sanitary
Corporation (American-Standard), did not produce containers, but instead maintained
full lines of heating equipment and plumbing fixtures. To protect its positions in these
fields, American-Standard built a “consolidated” research center in Louisville, relocating

its “heating laboratory” personnel and equipment from Yonkers, New York, to the new

11 Continental Can Company, 1956 Annual Report, March 11, 1957, pp. 11-13.
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facility by 1951.12 One year later, a “plumbing research section” and “air conditioning
laboratory” were established at the Louisville complex.® These specialized units allowed
for the development of heating and ventilation systems, compressors, dishwashers,
mechanical draft fans, pipe fittings, sinks, and steel cabinets.4

In 1952, a subsidiary of American-Standard, Detroit Controls Corporation,
organized a Research Division for the study of “automatic control equipment” with
military applications.® Accordingly, American-Standard would soon be selling guided
missile control systems and gyroscopes to the federal government.'® The firm even
worked on nuclear reactors and related components after the formation of its Atomic
Energy Division in 1955.%7

Like American-Standard, the Crane Company fabricated heating equipment and
plumbing fixtures before diversifying into, among other industries, aircraft and guided
missile parts. Crane entered the aviation field in 1951 with a $4 million acquisition of
Hydro-Aire, Inc., which operated “research laboratories” at Burbank, California.'®
Although Hydro-Aire left the semiconductor field in 1955, the subsidiary still developed

hydraulic valves, actuators, and anti-skid brakes for aircraft.?

2 American Radiator & Standard Sanitary Corporation, 1951 Annual Report, February 29, 1952, p. 13.

13 American Radiator & Standard Sanitary Corporation, 1952 Annual Report, March 2, 1953, p. 4.

14 See American Radiator & Standard Sanitary Corporation annual reports for 1951 (p. 19), 1954 (p.
12), 1955 (pp. 17-25), and 1958 (p. 8). American-Standard later constructed a central laboratory in Union,
New Jersey, for “long-range research” in support of its operating divisions.

15 American Radiator & Standard Sanitary Corporation, 1952 Annual Report, March 2, 1953, p. 12.

16 American Radiator & Standard Sanitary Corporation, 1957 Annual Report, December 31, 1957, p. 5.

17 «“American Radiator Forms an Atomic Energy Division,” New York Herald Tribune, June 7, 1955, p.
3L

18 “Business and Finance: Crane Enters Air Field in Hydro-Aire Purchase,” Los Angeles Times,
November 30, 1951, p. B9; Hydro-Aire, Inc., “How Hydro-Aire Accentuates the Actuator,” advertisement,
Aviation Week 58, no. 18 (May 4, 1953): 2; John H. Gribbin and Sue Singer Krogfus, eds., Industrial
Research Laboratories of the United States (Washington, D.C.: National Academy of Sciences—National
Research Council, 1960), 130.

19 “Hydro-Aire Bows Out of Semiconductors,” Aviation Week 63, no. 12 (September 19, 1955): 100;
Crane Company, 1951 Annual Report, March 11, 1952, p. 6.
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Table 5-16: Product Diversification, 1941-1960, for Manufacturers of Fabricated
Metal Products

Diversification of Product . e
. i L Diversification into
Company Lines in Existing Industry New Industry Groups
Groups after 1941 (SIC after 1941 (SIC Codes)
Codes)
American Can Co. 341 264, 307, 322
Continental Can Co. 265, 307, 341 264, 322
American Radiator &
Standard Sanitary Corp. 343, 344, 358 356, 363, 366, 381
Crane Co. 343, 349, 358 335, 372
Gillette Safety Razor Co. 284, 342 395
Scovill Manufacturing Co. 341, 349, 363 335, 366, 367, 372

As for Crane, it began to refine titanium by the mid-1950s, conducting R&D on
this material and other projects in a Chicago laboratory.?° Because Crane had
"established separate research programs and separate research facilities for each of [its]
product groups,” there was no need for a major expansion of a lone, centralized lab like
the one in Chicago.?* The firm did, however, begin work in 1959 on a specialized
“engineering center” for its Plumbing-Heating-Air Conditioning Group, constructing the
complex in the same city (Johnstown, Pennsylvania) where it had just acquired the
facilities of the National-U.S. Radiator Corporation.?> Research performed at the

Johnstown center built upon the progress made over the previous two decades by

20 See Crane Company annual reports for 1952 (p. 3) and 1953 (p. 4).
21 Crane Company, 1959 Annual Report, December 31, 1959, pp. 9-12.
22 “Crane Sets Offer for U.S. Radiator,” The New York Times, December 23, 1959, p. 35.
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scientists who had broadened Crane’s selections of heating units, home air conditioning
systems, valves and fittings, and bathroom fixtures.?

Gillette Safety Razor Company also broadened its own line of consumer goods
after WWII, initially focusing on razor blades and other toiletries. By 1947, the company
was marketing the “Super Speed Razor,” as well as a blade dispenser “developed during
the war” that “did away with wax-paper wrappers.”?* Gillette’s health and beauty
product lines were expanded with the introduction of “Toni”” home permanent-wave Kits
in 1948, aerosol-delivered foamy shaving cream in 1953, and “Right Guard” deodorant in
1960.% The razor company even diversified into the manufacture of ballpoint pens and
writing instruments with its 1955 acquisition of Paper Mate. 2

For the most part, these various products were perfected in divisional research
facilities. In 1956, though, Gillette centralized its R&D activities when it acquired Harris
Research Laboratories of Washington, D.C.?” The Harris Laboratories, which would be
renamed the “Gillette Research Institute,” had been in operation since 1945 and were run
by a long-time consultant to Gillette, Dr. Milton Harris. Personnel and equipment at the
Gillette Research Institute were eventually moved in 1968 to a $3.2 million research

center at Rockville, Maryland.?®

23 Crane Company, 1957 Annual Report, December 31, 1957, pp. 8-10.

24 Gordon McKibben, Cutting Edge: Gillette’s Journey to Global Leadership (Boston: Harvard
Business School Press, 1998), 44-45.

% Russell B. Adams, Jr., King C. Gillette: The Man and His Wonderful Shaving Device (Boston: Little,
Brown and Company, 1978), 204-09; McKibben, Cutting Edge, 47; Gillette Company, 1960 Annual
Report, February 16, 1961, p. 10.

% “Gillette Completes Paper Mate Purchase,” The Washington Post and Times Herald, November 22,
1955, p. 65.

27 Adams, King C. Gillette, 271; Callie Hull, ed., “Industrial Research Laboratories of the United
States, Including Consulting Laboratories,” Bulletin of the National Research Council, no. 113 (July 1946):
150.

28 “Gillette Research Plans Center near Rockville,” The Washington Post, September 27, 1967, p. D7;
The Gillette Company, 1968 Annual Report, February 20, 1969, p. 17.
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Scovill Manufacturing Company, much like Crane and Gillette, increased its
technical and functional capabilities after WWI1I by acquiring a firm with its own
established laboratory. In 1958, Scovill purchased Airtronics, Inc., whose facility in
Bethesda, Maryland, contained workspace for both research into and the production of
“electronic memory components, assemblies, and complete computer systems” with
commercial and military applications.?® The facilities of Airtronics would be doubled in
size by 1961, as Scovill constructed for its subsidiary a 62,000-square-foot plant that
staffed 500 scientists and engineers.3°

While its primary businesses were the manufacture of brass mill goods, fasteners,
valves, and screw machine products (e.g., nuts, bolts, rivets), Scovill became highly
diversified during the 1950s. Early in the decade, it installed facilities for the rolling of
aluminum strip, and following its acquisition of Lyndon Aircraft, Inc., in 1957, it began
to produce “vibration dampers, control valves, and precision rotary and linear
actuators.”®! Engineers continued to expand the company’s lines of tire and aerosol
valves, appliances (restaurant and soda fountain equipment), plumbing fittings, and metal
cosmetic containers.®2

Despite the wide variety of goods introduced by Scovill and other metal

fabricators during and after WWII, several conclusions can be drawn about the strategic

2 Scovill Manufacturing Company, 1957 Annual Report, February 27, 1958, p. 4; “The Computer
Directory and Buyers’ Guide, 1959,” Computers and Automation 8, no. 6 (June 1959): 13.

30 “Airtronics Building Million-Dollar Plant Here,” The Washington Post, November 18, 1960, p. D11;
Scovill Manufacturing Company, Scovill Bulletin (September 1961): 1; Gribbin and Krogfus, eds.,
Industrial Research Laboratories of the United States, 417.

31 Scovill Manufacturing Company, 1952 Annual Report, February 26, 1953, p. 5; “Scovill Widens
Field with Lyndon Purchase,” New York Herald Tribune, February 27, 1957, p. Ab.

32 Scovill Manufacturing Company, 1959 Annual Report, March 2, 1960, pp. 4-8; “Prospects Are
Favorable for Scovill Manufacturing,” Barron’s National Business and Financial Weekly, August 1, 1955,
p. 25.
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approaches of these firms with respect to postwar research facility expansion and product
diversification. Of the six manufacturers of fabricated metal goods among the 200 largest
industrial corporations in 1948, five were slow to construct new research laboratories,
waiting until after 1950 to increase their available R&D workspace. Of these five
companies, three (Crane, Gillette, and Scovill) chose to expand their research facilities by
acquiring subsidiaries with their own established laboratories. The lack of urgency to
pursue research facility expansion might have been due to the low technological demands
placed on the metal goods industries. At the same time, three of the corporations
addressed in this subsection (American-Standard, Crane, and Scovill) would move into
the aviation field by 1960, applying the capabilities they had developed in the fabrication
of metal equipment and appliances to the manufacture of aircraft components and
electronics. The metal fabricators whose core competencies lay in smaller, less
technologically complex products (American Can, Continental Can, and Gillette) tended

to limit their diversification to consumer goods.
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5.2.5 Food and Kindred Products

Table 5-17a: 1948 Industry Overview for Manufacturers of Food and Kindred

Products?!
Rank among Major :
Company 200 Largest ':\/lﬁﬁgsng Product Lines Othiglp gog:g;sl)_lnes
Corporations (SIC Codes)
Swift & Co. 26 522.5 201 20‘;'82702’1218%2%84'
Armour & Co. 204, 207, 284, 287,
(Illinois) 29 arra 201 311, 329
Schenley 37 341.9 2085 204, 283
Industries, Inc.
National Dairy a1 317.6 202 206, 207, 208
Products Corp.
Joseph E.
Seagram & 45 301.0 2085 None
Sons, Inc.
Anderson,
Clayton & Co. 50 284.3 207 355
Borden Co. 62 242.2 202 204, 207, 209, 283
General Foods 67 2224 204 203, 206, 208, 209
Corp.
National
Distillers 69 2145 2085 204
Products Corp.
Coca-Cola Co. 73 204.9 2086 None
National
Biscuit Co. 85 161.8 205 None
W"Solrr‘]f‘ Co,, 90 154.0 201 206, 284, 394
Corn Products 100 139.0 204 206, 207
Refining Co.
American
Sugar Refining 104 133.5 2062 None
Co.
Ge”eﬂ:'\"'"s’ 113 124.8 204 207, 363
Standard 116 1225 2099 203, 207, 208, 209
Brands Inc.

1 Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,
Massachusetts: The Belknap Press of Harvard University Press, 1990), 651.
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Table 5-17b: 1948 Industry Overview for Manufacturers of Food and Kindred
Products (Continued)?

Rank among Major :
Company 200 Largest Qﬁ?ﬁgsng Product Lines Othiglp éoc(:iéjggsl)_lnes
Corporations (SIC Codes)
H.J. Heinz Co. 122 1149 203 204, 2099
California
Packing Co. 134 102.7 203 2095
Cudahy 139 98.9 201 202, 204, 207, 287
Packing Co.
Quaker Oats 150 87.7 204 205
Co.
Archer-
Daniels- 151 87.5 207 None
Midland Co.
Anheuser- 153 87.2 2082 204, 283
Busch, Inc.
Wesson Oil &
Snowdrift Co., 154 86.2 207 285, 287
Inc.
Carnation Co. 159 82.7 202 204
Libby, McNeill
& Libby 162 82.0 201 203, 2091
Wm. Wrigley 189 69.1 2065 None
Jr. Co.
Great Western 108 67.2 2063 None
Sugar Co.

The largest American meatpacking corporation, Swift & Company, operated a
central research laboratory in Chicago prior to WWII, emphasizing the importance of
R&D to the growth of its businesses. Even before the end of hostilities, Swift broke
ground on a “plant food laboratory” in Hammond, Indiana, that would be completed by

1945.2 Two years later, the firm began construction at Hammond on a “technical

2 Chandler, Scale and Scope, 651-52.
3 “Swift Expands Plant Food Facilities in Hammond,” Chicago Daily Tribune, September 28, 1944, p.
27; Swift & Company, 1945 Annual Report, December 17, 1945, p. 5.
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products” plant with its own 25,000-square-foot building for research into industrial oils.*
Swift would continue to increase its available R&D workspace at locations around the
country by expanding the central research laboratory in 1949, building a Charlotte facility
in 1950 for the study of refined vegetable oil, and opening a nutrition and physiology lab
at Chicago in 1954.5> These new facilities allowed Swift to develop such goods as ice
cream, dairy products, a laundry compound called “Enstaph,” agricultural chemicals
marketed as “Vigoro Lawn” and “Garden Plant Foods,” and soil-resistant suede leather.®
In addition, Swift diversified into frozen meats, poultry, fruit pies, and meals sold under
the brand name “Candlelight Dinner.”’

Armour & Company, the second largest meatpacker in the U.S. as of 1948,
formulated a diversification strategy before WWII had ended, noting in its 1944 annual
report that “post-war planning is inseparably linked with the development of new
products.”® By 1960, the firm had already expanded its existing lines in meat products
(introducing frozen meats and items under the “Meal in a Hurry” brand), grain mill
products (dog food and livestock feed additives), “Dial” soaps, by-products from animal
fats and acids (alkyd resins, nitriles, and amides), and fertilizers (trademarked as “Triple

Super”).® Amour also established a foothold in the dairy (cheeses), eggs, margarine, and

poultry markets.1® While the company did not dramatically broaden its selection of

4 “Work to Begin Soon on Two Swift Units,” Chicago Daily Tribune, August 9, 1947, p. 19.

5> See Swift & Company annual reports for 1949 (p. 9) and 1950 (p. 9); “Swift Widens Its Research
into Nutrition,” Chicago Daily Tribune, December 8, 1954, p. C6.

6 See Swift & Company annual reports for 1949 (p. 6), 1954 (p. 6), 1957 (p. 8), and 1959 (pp. 11-12).

7 Swift & Company, 1955 Annual Report, December 12, 1955, p. 6.

8 Armour & Company, 1944 Annual Report, January 5, 1945.

® See Armour & Company annual reports for 1946, 1949 (p. 6), 1950 (pp. 8-9), and 1956 (pp. 3-4);
Thomas Furlong, “Big Packer Operation Is Diverse: Armour Leader in Some Fields,” Chicago Daily
Tribune, January 11, 1948, p. A7.

10 See Armour & Company annual reports for 1945, 1950 (pp. 6-7), and 1955 (p. 6).
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leather goods, it opened a “leather research laboratory” at Newberry, Pennsylvania,
where studies were made to improve the quality of tanning processes and develop
synthetic substitute materials.

Armour’s most notable endeavors to bring new products to market occurred in
two fields where the meatpacker invested in specialized laboratories: pharmaceuticals and
chemicals. Constructed in 1953 near Kankakee, Illinois, the $12 million Armour
Pharmaceutical Center contained research and manufacturing facilities where scientists
could develop drugs like Acthar (or ACTH, which was a hormone derived from the
pituitary glands of hogs) and Tryptar (the brand name of trypsin).12 In 1960, Armour
announced plans to build a McCook, Illinois, research laboratory and pilot plant designed
for its Industrial Chemical Division.'* R&D conducted at this facility was intended to
refine the current line of Armour fatty chemicals and discover products with high growth
potential, such as gasoline additives and corrosion inhibitors.4

Schenley Industries, Inc., experienced substantial growth after WWII, which
altered the company’s fortunes as much as any other American industrial enterprise. In
1940, Schenley Distillers Corporation was a focused manufacturer of distilled liquors,
and within a decade, the firm changed its name to reflect extensive diversification into
wines, beer, animal feeds, and pharmaceuticals.’®> These new businesses had their origins

in both targeted acquisitions and laboratory research. To extend its range of alcoholic

11 “High Leather Cost Target for Armour,” Toledo Blade, November 23, 1952, p. 7; Armour &
Company, 1952 Annual Report, January 5, 1953, p. 8. The leather research laboratory was dedicated in
1952.

12 «“Armour Seeks Tract for Lab near Kankakee,” Chicago Daily Tribune, January 26, 1951, p. B5;
“Biological Center Opened by Armour,” The New York Times, November 29, 1953, p. 40; See Armour &
Company annual reports for 1949 (p. 2) and 1951 (p. 9).

13 «“Armour to Build Research Lab and Pilot Plant,” Chicago Daily Tribune, March 14, 1960, p. C5.

14 Armour & Company, 1960 Annual Report, January 5, 1961, p. 16.

15 Schenley Industries, Inc., 1949 Annual Report, August 31, 1949, p. 5.
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beverages, for instance, Schenley purchased the Cresta Blanca Wine Company in 1941
and the Blatz Brewing Company in 1943.16 By the end of the 1950s, Schenley had even
moved into toiletries (namely, fragrances and makeup) with its acquisition of the Tintex
and Toiletries Division of the Park and Tilford Distillers Corporation.t’

R&D conducted at Schenley research facilities allowed for the introduction of
animal feeds derived from the grain by-products of the company’s beverage distilling
operations. Among these feeds were “Soludri” (which was “high in water-soluble
vitamins”) and “Pro-Gra-Flav” (“a processed grain enriched with riboflavin).'® The
wartime demand for penicillin also led Schenley scientists to prepare this drug for mass
production by 1943.1° A subsidiary, Schenley Laboratories, was set up to handle the
manufacture of penicillin, and a pilot plant was operated in Lawrenceburg, Indiana, to
test the dozens of pharmaceuticals—such as antibiotics—that would be marketed over the
next two decades.?° In order to develop its new product lines, Schenley purchased a
building near Stamford, Connecticut, that would be converted into a research center by
1950.%

Due to a nationwide shortage of building materials after WWII, National Dairy
Products Corporation also expanded its R&D workspace by acquiring an existing

facility and converting it into a central research laboratory.??> This facility, once the 110-

16 See Schenley Distillers Corporation annual reports for 1941 (pp. 7-8) and 1943 (p. 12).

17 Schenley Industries, Inc., 1958 Annual Report, August 31, 1958, p. 27.

18 Schenley Distillers Corporation, 1944 Annual Report, November 15, 1944, p. 29.

19 Schenley Distillers Corporation, 1943 Annual Report, November 15, 1943, p. 6.

20 Schenley Distillers Corporation, 1947 Annual Report, November 14, 1947, p. 14.

21 Schenley Industries, Inc., 1949 Annual Report, August 31, 1949, p. 16. The 1946 (p. 16) and 1947
(p. 15) annual reports mention a potential “central research laboratory” to be built at Croton-on-Hudson,
New York, but Schenley abandoned these plans. See “Firm Drops Plans to Build Laboratory,” The Herald
Statesman (Yonkers, NY), July 30, 1949, p. 8.

22 National Dairy Products Corporation, 1946 Annual Report, March 6, 1947,
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Table 5-18a: Research Facility Expansion, 1941-1960, for Manufacturers of Food
and Kindred Products

Name or - - ..
Company Description of New FaC|I!ty Facility . Offlc!al
e Location | Groundbreaking | Opening
Research Facility
Swift & Co. plant food Hammond, | oo iomber 1944 | 1945
laboratory Indiana
Armour
Armoqr & Co. Pharmaceutical Kan_kakpe, 19514 November
(IMlinois) C Ilinois 1953
enter
Sche_nley “research center” Stamford, 19498 1950
Industries, Inc. Connecticut
: : National Dairy
National Dairy Research Oakdale, 19466 1948
Products Corp. . New York
Laboratories
Scientific
Joseph E. Department Cranbur
Seagram & Laboratory for New Jers)g Not Available 1958
Sons, Inc. Pharma-Craft y
(subsidiary)
Anderson, Fiber and Spinning Houston, .
Clayton & Co. Laboratory Texas Not Available 1950
New Products New York
Borden Co. City, New Not Available 1941
Research Laboratory v
ork
General Foods General Foods Tarrytown, A | November
Corp. Research Center New York October 1954 1957
National T
Distillers “research center” Clncm_natl, May 1950 October
Ohio 1951
Products Corp.
Not . Not
Coca-Cola Co. None Available Not Available Available

A Date refers to a formal announcement made by the company in question that it had purchased a tract of
land on which it would construct a new research facility.
B Date refers to a formal announcement made by the company in question that it had purchased a
building into which it would move research staff and equipment.
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Table 5-18b: Research Facility Expansion, 1941-1960, for Manufacturers of Food
and Kindred Products (Continued)

Name or

Compan Description of New Facility Facility Official
pany P S Location Groundbreaking | Opening
Research Facility
National New York
o Research Laboratory | City, New 1946~ 1948
Biscuit Co.
York
Wilson & Co., “central research Chicago, 1948 April
Inc. laboratory” Illinois 1950
George M. Moffett
Co”! Rroducts Research Argo, Illinois 1946 1948
Refining Co. i
Laboratories
American @ )
Sugar Refining consolidated » Brooklyn, Not Available 1958
Co. research laboratory New York
. Product Control and . .
General Mills, Nutrition er!neapolls, 1946 1947
Inc. . Minnesota
Laboratories
“food technology and
Standard nutrition laboratory” | Bronx, New .
Brands Inc. at Fleischmann York April 1946° 1947
Laboratories
. Heinz Research Pittsburgh, c October
H.J. Heinz Co. Center Pennsylvania August 1955 1958
California Agricultural San Leandro, .
Packing Co. Research Center California Not Available 1950
Cudahy “pharmaceutical Omaha,
Packing Co. laboratory” Nebraska 1952 1953
Quaker Oats | John Stuart Research | Barrington, April
Co. Laboratories Illinois September 1953° 1956

A Date refers to a formal announcement made by Nabisco that it had planned to construct an addition on
its New York City bakery that would then be used as a research laboratory.

B Date refers to a formal announcement made by Standard Brands that it planned to expand its

Fleischmann Laboratories.
C Date refers to a formal announcement made by the company in question that it planned to construct a
new research facility.
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Table 5-18c: Research Facility Expansion, 1941-1960, for Manufacturers of Food
and Kindred Products (Continued)

Name or
Compan Description of Facility Facility Official
pany New Research Location Groundbreaking | Opening
Facility
é\;?\?eelrs- “general research | Minneapolis, Not Available July
9 1 A
Midland Co. laboratory Minnesota 1945
Brewery .
Anheuser Research St'. LOU'S.' Not Available 1953
Busch, Inc. Missouri
Laboratory
Wesson Oil & “research Chicago
Snowdrift Co., . ¢ago, 1951 1952
Inc laboratory Ilinois
. Carnation Los Angeles, October
Carnation Co. Research Center California July 1952 1953
“agricultural
Libby, McNeill research Clermont, :
& Libby experimental Florida Not Available 1958
unit”
Wm. Wrigley research” Chl_cago, 1947 1949
Jr. Co. laboratory Ilinois
“process
Great Western development Lov_elan(_j, 1949 1950
Sugar Co. » California
laboratory

A Date refers to when the Research Department of Archer-Daniels-Midland completed its move into the
former Johnson School in Minneapolis.

room mansion of William K. Vanderbilt, was located at Oakdale on Long Island, and
major renovations were completed by 1948.23 One year later, National Dairy’s
subsidiary, the Kraft Foods Company, opened its own laboratories at Glenview, Illinois.?*

With these new facilities, National Dairy was able to introduce a number of goods and

2 Richard K. Winslow, “Vanderbilt L.I. Home Turned into Laboratory,” New York Herald Tribune,
June 3, 1950, p. 11; National Dairy Products Corporation, 1947 Annual Report, March 10, 1948, p. 10.
Although the laboratories at Oakdale were in operation by 1948, the facility was not formally dedicated
until June 1950.

24 National Dairy Products Corporation, 1948 Annual Report, March 10, 1949, pp. 32-33.
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innovative packaging after WWII, such as confectionaries (marshmallows and ice cream
syrups), plastic portion-control containers for jellies and condiments, homogenized and
fat-free milks, and improved animal feeds.?®> In addition, the firm’s 1952 purchases of the
Humko Company and the Trendex Company brought with them a variety of vegetable
oils and fatty acids—»both of which had applications in the manufacture of lubricating
greases, candles, and cosmetics—that enhanced National Dairy’s product portfolio.®
During and after WWII, Joseph E. Seagram & Sons, Inc., broadened its product
lines of distilled liquors and other alcoholic beverages by purchasing two California
wineries (Mount Tivy Winery and Paul Masson) and introducing rum under the “Captain
Morgan” brand.?” Seagram would soon diversify its operations beyond these primary
businesses when, in the early 1950s, it acquired gas and drilling projects in Kansas,
Louisiana, and Oklahoma.?® The firm’s pharmaceutical division, Pharma-Craft
Company, also marketed new over-the-counter drugs and toiletries, such as cold remedies
(part of the “Coldene” line), “Fresh” deodorants, and antiseptic creams.?® By 1958,
Pharma-Craft’s offices and manufacturing facilities had been moved from Batavia,
[linois, to Cranbury, New Jersey, where a “Scientific Department Laboratory” was

established to continue developing propriety medicines and cosmetics.3® Two years later,

% See National Dairy Products Corporation annual reports for 1952 (p. 12), 1955 (p. 13), and 1959 (p.
9); Elliot Schneider, “National Dairy: It Manages to Thrive in Good and Bad Times Alike,” Barron’s
National Business and Financial Weekly, January 13, 1958, p. 15.

% C.A. Clark, Jr., “National Dairy Products: Research Programs Are Paying Off Handsomely,”
Barron’s National Business and Financial Weekly, January 12, 1953, p. 19.

27 Thomas Pinney, A History of Wine in America: From Prohibition to the Present (Berkeley:
University of California Press, 2005), 127; “Island Rum Trade Holding Own or Gaining in Most World
Markets,” New York Herald Tribune, March 27, 1955, p. F14.

28 David A. Hoddeson, “Lift in Spirits: The Distillers Are Glowing with Renewed Confidence,”
Barron’s National Business and Financial Weekly, February 25, 1957, p. 3.

2 «“Advertisers & Agencies: $5 Million Faith in Radio-TV,” Broadcasting, February 3, 1958, p. 35.

30 “New Plant Taken by Pharma-Craft,” The New York Times, December 24, 1957, p. 28; “Pharma-
Craft Buys N.J. Plant,” New York Herald Tribune, December 24, 1957, p. B5. In completing its move to
Cranbury, Pharma-Craft also opened a new research laboratory at Batavia.
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the division would be renamed “Pharmacraft Laboratories™ to reflect its increased
emphasis on R&D.3!

The largest U.S. cotton producer, Anderson, Clayton & Company stressed the
importance of post-WWII R&D by constructing a Fiber and Spinning Laboratory at
Houston, Texas. This facility was built in two stages: fiber research units were
completed in 1950, and spinning machinery (“with which yarn of almost any
specification [could] be spun for testing purposes”) was installed by 1952.32 Besides
manufacturing cotton blankets through a subsidiary (the Houston Textile Company),
Anderson, Clayton did not move into the production of woven textiles after establishing
its Houston laboratory, choosing instead to improve its cotton quality and refining
processes.3 However, the firm still embarked on an extensive postwar diversification
program. The 1952 acquisition of Mrs. Tucker’s Foods, Inc., allowed Anderson, Clayton
entry into food products, such as shortening, margarine, and salad oils.®* As a further
hedge against the uncertainties of the cotton market, Anderson, Clayton began to sell
cottonseed by-products and soybeans as high-protein supplements for cattle feed.®

Borden Company hedged against the uncertainties of mobilization and potential
shortages of vital food products by “intensifying its research and extending its
diversification” even before the attack on Pearl Harbor.3® The firm opened a New

Products Research Laboratory at New York City in 1941, broke ground on a Philadelphia

31 “Now Pharmacraft Labs,” New York Herald Tribune, July 7, 1960, p. 33.

32 See Anderson, Clayton & Company annual reports for 1950 (p. 6) and 1952 (p. 6).

33 The Houston Fiber and Spinning Laboratory was designed to keep Anderson, Clayton aware of the
production problems experienced by its customers.

34 Anderson, Clayton & Company, 1952 Annual Report, September 24, 1952, pp. 5-6.

3 John Chamberlain, “King of Cotton: Anderson, Clayton Flourishes in a Risky Business,” Barron’s
National Business and Financial Weekly, August 1, 1955, p. 3.

36 Borden Company, 1941 Annual Report, December 31, 1941, p. 3.
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chemical laboratory in 1951, and built its $1 million Syracuse Research and Development
Center in 1957.37 That same year, a technical service laboratory was established at
Fayetteville, North Carolina, and Borden’s Nutritional Research Laboratory at Elgin,
Ilinois, was expanded.38

Scientists at these new research facilities conducted R&D that broadened existing
product lines with goods like “Eagle Brand” condensed milk, “Lady Borden” ice creams,
and “Enriched” processed cheeses.3® The 1941 acquisition of Muller Laboratories gave
Borden a line of soybean oil products and soy milk, and soon after WWII, the company
moved into specialty foods (“Bremil” baby food, packaged seafood, instant coffee, etc.),
toiletries (deodorants), and drugs (ointments).*° Borden even set up a chemical
subsidiary that marketed urea resins, polyvinyl alcohol, adhesives, and fertilizers.*

Although it did not diversify into chemicals following WWII, General Foods
Corporation extended its line of food products and specialties, opening a research center
in 1957 to assist the development and manufacture of these new goods. The General
Foods Research Center at Tarrytown, New York, was staffed by 600 employees, sat on a
fifty-five acre campus overlooking the Hudson River, and replaced the company’s

Central Laboratories in Hoboken (which had been in operation since 1939).4> From 1941

37 See Borden Company annual reports for 1941 (p. 11) and 1957 (p. 12); “Borden to Build
Laboratory,” The New York Times, December 27, 1951, p. 35; “Borden Plans Research Unit,” The New
York Times, August 8, 1956, p. 45.

38 Borden Company, 1957 Annual Report, December 31, 1957, p. 12.

39 See Borden Company annual reports for 1949 (pp. 11-14) and 1951 (pp. 9-11).

40 “Muller Laboratories Acquired by Borden Co.,” The New York Times, November 26, 1941, p. 38;
See Borden Company annual reports for 1951 (p. 12), 1957 (p. 7), and 1960 (pp. 5-6).

41 “Busy Borden: A Century-Old Dairy Concern Begins a Fresh Expansion,” Barron’s National
Business and Financial Weekly, December 23, 1957, p. 13; “New Fertilizer Due from Mill Waste,” The
New York Times, April 26, 1949, p. 43; See Borden Company annual reports for 1956 (p. 12) and 1960 (p.
6).

42 “General Foods in Deal: Negotiates for 55 Acres at Tarrytown for Study Unit,” The New York Times,
October 27, 1954, p. 26; General Foods Corporation, 1958 Annual Report, March 31, 1958, pp. 1, 5-6.
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through 1960, scientists at the Tarrytown and Hoboken facilities introduced such items as
cake mixes, instant coffees, “Jell-O” puddings, and “Air-Popt” popcorn.** By 1947, the
company was also producing “Birds Eye” frozen meals and juice concentrates.** General
Foods further expanded its presence in the food products industry with two acquisitions
in the mid-1950s: Perkins Products Company (maker of “Kool-Aid”” powdered drinks)
and 4 Seasons, Inc. (salad dressings and other condiments).*®

National Distillers Products Corporation implemented a postwar
diversification strategy by means of targeted acquisitions and a licensing contract with a
major chemical company. Du Pont agreed in 1948 to license patents and provide
technical assistance to National Distillers so that the liquor firm could build a $10 million
plant for the manufacture of metallic sodium and chlorine.*¢ National did not
dramatically diversify its selection of alcoholic beverages after WWII, but it increased its
chemical production, eventually changing its name to “National Distillers and Chemical
Corporation.”*’

The company sought to broaden its line of chemicals in 1951 by establishing a
$500,000 research center at Cincinnati and purchasing U.S. Industrial Chemicals, Inc.4®

By the end of the decade, National Distillers was marketing ammonia, caustic soda, ethyl

43 See General Foods Corporation annual reports for 1948 (p. 9), 1952 (p. 10), and 1958 (pp. 8-9).

44 General Foods Corporation, 1947 Annual Report, March 31, 1947, pp. 9-10.

% “To Buy Perkins Products: General Foods Plans to Acquire Company Making Kool-Aid,” The New
York Times, February 17, 1953, p. 38; “News and Views of Investments: General Foods’ Net May Top $5
Per Share in Fiscal °55,” Barron’s National Business and Financial Weekly, July 12, 1954, p. 19.

46 «“To Enter Chemical Field: National Distillers to Construct Plant at $10,000,000 Cost,” The New
York Times, December 25, 1948, p. 21; National Distillers Products Corporation, 1948 Annual Report,
February 9, 1949, p. 8.

47 “National Distillers Would Change Name,” The New York Times, February 21, 1957, p. 40.
National Distillers continued to market bourbons and gins after WWII, but the extent of diversification in
these product lines was limited to the introduction of new flavors and different alcohol proofs.

48 «“New Building for Distillers,” The New York Times, May 27, 1950, p. 29; “Research Center
Dedicated,” The New York Times, October 30, 1951, p. 48; National Distillers Products Corporation, 1951
Annual Report, February 6, 1952, pp. 5, 11.
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Table 5-19a: Research Facility Personnel, 1940-1960, for Manufacturers of Food
and Kindred Products

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
Company in In
Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 | £~ 1040 | from 1940
to 1960 to 1960
Swift & Co. 160 | 266 | 384 | 328 | 329 169 106%
Armour & Co. | 409 | 315 | 362 | 430 | 560 387 224%
(Iinois)
Schenley 33 | 240 | 61 79 | 35 2 6%
Industries, Inc.
National Dairy |\ A | g5 | 329 | 372 | 352 NA NA
Products Corp.
Joseph E. Seagram | 49 | oo | 119 | 24 | 47 8 21%
& Sons, Inc.
Anderson, Clayton |\ A | Na | 12 41 | 35 NA NA
& Co.
Borden Co. 93 | 152 | 157 | 236 | 335 242 260%
General Foods | 10, | 365 | 539 | 754 |1005| 843 520%
Corp.
National Distillers | ¢ | 15 | g5 | gy | 251 243 3038%
Products Corp.
Coca-Cola Co. NA NA NA NA NA NA NA
Nat'O”gLB'SC”“ 12 | 20 | 33 49 | 50 38 317%
Wilson & Co.. Inc. | 109 | 132 | 181 | 194 | 93 -16 -15%
Corn Products 57 | 185 | 263 | 323 | 622 565 991%
Refining Co.
American Sugar |, | 4. | 4g NA | 33 -11 -25%
Refining Co.
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Table 5-19b: Research Facility Personnel, 1940-1960, for Manufacturers of Food

and Kindred Products (Continued)

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
Company in in
Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 from 1940 | from 1940
to 1960 to 1960
General Mills, Inc. | 166 335 355 566 | 821 655 395%
Stendard Brands | 140 | 163 | 158 | 144 | 273 | 133 95%
H.J. Heinz Co. 48 91 64 77 137 89 185%
Ca“fo”g% Packing | 5 | 73 | 76 | 89 | 111 69 164%
C”dah%ga‘:k'”g 20 | 21 | 32 | 42 | 40 11 38%
Quaker Oats Co. 77 103 84 135 159 82 106%
Archer-Daniels- 0
Midland Co.B 61 73 119 148 143 82 134%
A”he“fﬁgB“SCh’ 63 | 68 | 95 | 65 | 73 10 16%
Wesson Oil &
Snowdrift Co., Inc. NA NA NA NA NA NA NA
Carnation Co. 17 18 33 46 93 76 447%
Libby, McNeill & | n | \a | NA | NA | 116 NA NA
Libby
Wm. Wrigley Jr. | , 8 14 | 15 | 15 1 7%
Co.
Great Western 9 17 | 18 | 40 | 37 28 311%
Sugar Co.

ATotals for Standard Brands include its pharmaceutical division Strong, Cobb and Co., as well as its

subsidiaries Shefford Cheese Co. and Standard Margarine Co.

B Totals for Archer-Daniels-Midland include its subsidiary Commander-Larabee Milling Co.
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alcohol, liquefied petroleum gas, and ethyl chloride.*® National even moved into the
nonferrous metals industry—opening a plant to refine titanium and zirconium sponge—
and acquired Kordite Corporation, a manufacturer of polyethylene resins.>® Plans were
later announced in 1959 for the construction of a $2 million research complex devoted to
the Kordite Division.>!

The annual reports of the Coca-Cola Company make no mention of research
facility expansion from 1941 through 1960, and the soft drink manufacturer did not
submit information regarding R&D personnel to the NRC directories. For the most part,
Coca-Cola was conservative in its approach to the postwar economic environment, as
management sought efficiencies in production and distribution in order to take advantage
of economies of scale.%? The company made considerable efforts to protect its brand,
devoting significant resources to marketing and maintaining quality control laboratories
at its many syrup and concentrate plants across the U.S.5% In fact, Coca-Cola did not
seriously attempt to extend its range of products until 1960, when it acquired the Fanta
Beverage Company (manufacturer of soft drinks, such as Sprite), Minute Maid Company
(fruit drinks and frozen citrus juice concentrates), and Tenco (a division of Minute Maid

that produced instant coffee and tea).>*

49 National Distillers and Chemical Corporation, 1959 Annual Report, February 15, 1960, pp. 11-14.

%0 “National Distillers to Become a Major Producer of Titanium,” The New York Times, September 25,
1956, p. 41; “Biggest Concern of Kind Planned to Produce Titanium, Zirconium,” The New York Times,
September 4, 1957, p. 47; National Distillers and Chemical Corporation, 1958 Annual Report, February 16,
1959, p. 6. In 1957, National Distillers formed a joint venture with P.R. Mallory & Company and the
Sharon Steel Corporation to fully integrate the production and fabrication of titanium and zirconium.

51 «“Kordite Plans Research Unit,” The New York Times, December 2, 1959, p. 40.

52 Coca-Cola Company, 1954 Annual Report, March 7, 1955, p. 3.

%3 Coca-Cola Company, 1957 Annual Report, March 3, 1958, p. 13.

54 See Coca-Cola Company annual reports for 1960 (p. 7) and 1961 (pp. 8-10); Mark Pendergrast, For
God, Country and Coca-Cola: The Unauthorized History of the Great American Soft Drink and the
Company That Makes It (New York: Charles Scribner’s Sons, 1993), 278.
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While Coca-Cola tentatively approached the postwar economic environment,
National Biscuit Company (Nabisco) diversified into such a wide variety of grain
products and baked goods that “a fourth of its 1955 sales represented items other than
biscuits and crackers.”® After WWII, the firm introduced new breads, crackers, desserts,
pet foods, and cereals. The 1954 acquisitions of Ranger Joe, Inc., and the Hills Brothers
Company also allowed Nabisco to begin marketing prepared baking mixes, dates,
candied fruits, and presweetened cereals (sold under the brand names “Wheat Honeys”
and “Rice Honeys”).%®

To enhance the capabilities needed to develop these products, Nabisco announced
plans in 1946 to construct another floor on top of its New York City bakery at Tenth
Avenue and Fifteen Street that, once approved by the Civilian Production Administration,
would house a research unit.%” Dedicated two years later, the New York Research
Laboratory was in operation for less than a decade when, in 1955, Nabisco shifted its
R&D activities to the suburbs, buying a tract of land at Fair Lawn, New Jersey, that
would soon be the site of a bakery and research complex.>® The Nabisco Research Center
opened in 1958 and contained both a Chemical Laboratory and Mechanical Development
Department where scientists might improve the company’s products and processes. >

Wilson & Company, Inc., broke ground in 1948 on a Chicago research

laboratory, opening the facility two years later to “serve [its] meat, fats and oils, and dairy

% “The Three Biscuiteers: They Are Expanding and Diversifying Their Product Lines,” Barron’s
National Business and Financial Weekly, September 24, 1956; See National Biscuit Company annual
reports for 1957 (pp. 11-12) and 1959 (pp. 7-8).

% “Nabisco Buys Ranger Joe Cereal Firm,” New York Herald Tribune, January 25, 1954, p. 21;
“Nabisco Buys Hills Brothers,” New York Herald Tribune, April 2, 1954, p. 34.

57 See National Biscuit Company annual reports for 1946 and 1947 (p. 6).

%8 William Cahn, Out of the Cracker Barrel: The Nabisco Story from Animal Crackers to Zuzus (New
York: Simon and Schuster, 1969), 280-81.

%9 National Biscuit Company, 1957 Annual Report, March 6, 1958, pp. 9-10.
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and poultry processing.”®® The firm broadened its selections of processed goods with
“Four Mors” canned lunch meats, “Ideal Dog Food,” and “Jane Wilson” vacuum-sealed,
heat-and-serve meals.®* A pharmaceutical division, Wilson Laboratories, produced new
drugs like the hormone ACTH, which was marketed under the brand name “Corticotropin
Solution.”®? The diversification efforts of the Wilson Sporting Goods Company were
somewhat hindered by fears of a rubber shortage, but this subsidiary still developed
“Dyna-Weight” golf clubs and “Riteweight-Lightweight” athletic shoes.®®

Corn Products Refining Company began to implement an aggressive post-
WWII diversification strategy in starches and grocery products by establishing its George
M. Moffett Research Laboratories at Argo, lllinois, in 1948.54 Scientists at the facility
conducted R&D for the Chemical Division that had been organized one year earlier, and
they would be responsible for such discoveries as “Niagara” cold water laundry starch,
“NuSoft” fabric softener, “NuBru” corn syrup.®®> Corn Products Refining broadened its
line of food products with the purchase of chocolate syrup manufacturer Bosco
Company, Inc., while the mid-1950s acquisitions of Kasco Mills, Inc., and Wirthmore

Feeds, Inc., gave the parent company new dog foods and “ready-mixed” farm feeds.®® In

80 See Wilson & Company, Inc., annual reports for 1948 and 1950 (pp. 4-6); “Wilson & Co.’s New
Research Lab Is Opened,” Chicago Daily Tribune, April 30, 1950, p. A11.

81 Wilson & Company, Inc., 1946 Annual Report, January 20, 1947; Elliott J. Richard, Jr., “Bringing
Home the Bacon: The Lean Years May Be Ending for the Meat Packers,” Barron’s National Business and
Financial Weekly, January 9, 1956, p. 3.

52 Wilson & Company, Inc., 1951 Annual Report, January 21, 1952.

8 Wilson & Company, Inc., 1950 Annual Report, January 22, 1951, p. 9.

64 See Corn Products Refining Company annual reports for 1946 (pp. 5-6) and 1948 (p. 6).

% See Corn Products Refining Company annual reports for 1948 (p. 6) and 1956 (p. 31); Alan
Abelson, “Corn Products Refining: Abundant Crops, New Lines Yield It a Rich Harvest,” Barron'’s
National Business and Financial Weekly, December 9, 1957, p. 15.

% Corn Products Refining Company, 1955 Annual Report, March 16, 1956, p. 6; W.T. Brady, “Corn
Products Refining”’: A Half Century of Progress and Leadership, 1906-1958 (New York: The Newcomen
Society in North America, 1958), 22; “2 Feed Mills Bought,” The Washington Post and Times Herald,
December 17, 1954, p. 47.
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1958, Corn Products Refining and Best Foods, Inc., merged to form the Corn Products
Company, which marketed a diverse selection of consumer goods like “Hellman’s”
mayonnaise, “Skippy” peanut butter, “Fanning’s” pickles, “All Purpose Rit” dyes, and
“Shinola” shoe polishes.®’

From 1941 through 1960, the American Sugar Refining Company did not
pursue diversification, continuing instead to sell its “Domino,” “Franklin,” and “Sunny
Cane” brands of refined sugars.® However, “during the latter part of 1958,” the firm
opened a Brooklyn research laboratory that housed “an enlarged library and a pilot plant
area.”®® While laboratory personnel did not enhance the technical capabilities needed to
move American Sugar into new business operations, they “undertook process and
equipment studies” in an effort to improve manufacturing efficiencies and product
quality.

General Mills, Inc., on the other hand, moved quickly after WWII to establish a
foothold in the chemical and appliances industries, expanding its Minneapolis research
facilities in 1947 with the construction of a “special unit for chemical engineering
research” and “products control and nutrition laboratories.”’® The company later
announced plans in November 1958 to build the James Ford Bell Research Center, which
was completed in stages at Golden Valley, Minnesota, from 1961 to 1963.”* Among the

many products introduced by General Mills scientists and engineers were polyamide

57 Corn Products Company, 1958 Annual Report, December 31, 1958, pp. 8-9. Best Foods maintained
its own research center in Bayonne, New Jersey. Because the head of Corn Products Refining, W.T. Brady,
became the president of the Corn Products Company in 1958, the new product lines that were added
following the merger with Best Foods are included in Table 5-20a.

8 American Sugar Refining Company, 1959 Annual Report, February 17, 1960, p. 10.

8 American Sugar Refining Company, 1958 Annual Report, February 18, 1959, p. 16.

0 See General Mills, Inc., annual reports for 1946 (p. 8) and 1948 (p. 27).

"1 See General Mills, Inc., annual reports for 1959 (pp. 22-23) and 1963 (p. 6).
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Table 5-20a: Product Diversification, 1941-1960, for Manufacturers of Food and

Kindred Products

Diversification of Product
Lines in Existing Industry

Diversification into

Company New Industry Groups
Groups after 1941 (SIC after 1941 (SIC Codes)
Codes)
Swift & Co. 201, 284, 287, 311 202, 203
Armour & Co. (Illinois) 201, 204, 207, 284, 287 202, 283

Schenley Industries, Inc. 208 204, 283, 2844
National Dairy Products 202, 206, 207 307
Corp.
Joseph E. S(i?]%ram & Sons, 208 283, 2844
Anderson, Clayton & Co. 207 None
Borden Co. 202, 209, 283 203, 207, 282, 287, 289

General Foods Corp.

203, 204, 206, 208, 209

None

National Distillers

Products Corp. 2085 281, 286, 291, 333
Coca-Cola Co. 2086 203, 2095
National Biscuit Co. 205 203, 204
Wilson & Co., Inc. 201, 204, 394 283
Comn Pmdg‘;ts Refining 204, 206 203, 209, 284, 2899
American Sugar Refining None None
Co.
General Mills, Inc. 204, 207 282, 283, 353, 363
Standard Brands Inc. 203, 208, 209 204, 265, 283
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Table 5-20b: Product Diversification, 1941-1960, for Manufacturers of Food and

Kindred Products (Continued)

Diversification of Product
Lines in Existing Industry

Diversification into

Company New Industry Groups
Groups after 1941 (SIC after 1941 (SIC Codes)
Codes)
H.J. Heinz Co. None None
California Packing Co. None None
Cudahy Packing Co. 201, 207, 284 283
Quaker Oats Co. 204, 205 282
Archer-Daniels-Midland 204. 207 282 286
Co. ' ’
Anheuser-Busch, Inc. 283 None
Wesson Qil & Snowdrift None 209
Co., Inc.
Carnation Co. 202, 204 203
Libby, McNeill & Libby 203 None
Wm. Wrigley Jr. Co. None None
Great Western Sugar Co. None 286

resins derived from soybean oil, a plasticizer marketed under the name “EpoxyGen,”

multivitamin additives for milk and food, and “Pro-Vim” wheat gluten.”? By 1946,

General Mills had also entered the household appliances field, marketing such goods as

mixers, grills, coffee makers, and electric irons.”® With the technical and functional

72 See General Mills, Inc., annual reports for 1946 (p. 9) and 1959 (pp. 11-12).
78 “General Mills to Produce New Home Appliance,” Chicago Daily Tribune, November 28, 1946, p.
57; “New Lines Sought by General Mills,” The New York Times, August 19, 1953, p. 41.
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capabilities needed to manufacture appliances, General Mills would even develop
industrial machinery like remote-control, mechanical arms used in “hot cell” work at
nuclear laboratories.”* Despite such dramatic attempts at diversification, the company
still focused on broadening its core line of “Betty Crocker” baking mixes and frostings.’®

From 1941 through 1960, Standard Brands Inc. did not diversify beyond the
manufacture of food products and packaging, but rather increased its selection of goods
in these industries. The company’s “Fleischmann” line of distilled liquors and yeasts, for
example, was complemented with frozen foods (eggs and vegetables) and malt extracts
with pharmaceutical applications, while new desserts and soups were sold under the
“Royal” brand.”® In 1956, Standard Brands acquired Clinton Foods, Inc., which included
the firm’s Corn Products (manufacturer of corn starches, syrups, and sugars) and
American Partition Divisions (partitions for cartons and containers).’”

Some of these products were studied and refined at Standard’s Fleischmann
Laboratories in the Bronx. This facility was expanded in 1947 with the opening of a $1
million unit dedicated to studies in “food technology and nutrition.”’® By 1954, the
Fleischmann Laboratories had been relocated to a 43-acre campus in Stamford,
Connecticut, where Corn Processing and Malting Company laboratories were established

three years later.”® The Marketing Department at Standard Brands even operated a

4 “General Mills’ Expansion Tills Nuclear Field,” The New York Times, November 5, 1957, p. 57.

s General Mills, Inc., 1956 Annual Report, July 27, 1956, p. 6.

76 “Enters Drug Field with Pharmaceutical Division,” The New York Times, January 25, 1943, p. 18;
“Studies New Line: Standard Brands Considers the Frozen Foods Field,” The New York Times, May 2,
1945, p. 30; See Standard Brands Inc. annual reports for 1949 (pp. 5-6), 1953 (p. 6), 1957 (p. 8), and 1959
(pp. 8-9).

77 Standard Brands Inc., 1955 Annual Report, March 14, 1956, pp. 7-8.

8 “Food Study to Ask Taste Preference,” The New York Times, April 15, 1946, p. 24.

8 Clementine Paddleford, “Fleischmann Unit Aims to Improve Food Flavor,” New York Herald
Tribune, April 21, 1954, p. 20; Standard Brands Inc., 1957 Annual Report, March 19, 1958, p. 8.
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mobile “testing laboratory” that allowed for small-scale scientific experiments and gave
consumers an opportunity to sample food products.®°

H.J. Heinz Company announced plans in August 1955 to construct a $3 million
“domestic and international food research center” at Pittsburgh.8! Completed within
three years, the Heinz Research Center housed a “pilot shop” and seven laboratories for
technical personnel to devote “continuing major research attention to flavor, uniformity
and nutritional values.”® As a result, Heinz was more concerned with improving the
quality and flavors of its famous “57 Varieties” of food items than with developing
innovative products that might move business operations into new consumer markets.
Company scientists also conducted agricultural and manufacturing research, improving
the processes that brought its soups, condiments, beans, and baby foods from farm to
market.83

To improve its selections of canned fruits and vegetables marketed under the “Del
Monte” brand, California Packing Company (Calpak) conducted three types of research
after WWII: agricultural, marketing, and manufacturing.®* Agricultural R&D at Calpak’s
Seed Germination Laboratory and Del Monte Experimental Seed Farm in Sunnyvale,
California, was intended to not only achieve a “better quality of raw material, but also
higher yields per acre and lower costs for the company.”8 Calpak coordinated its seed

research with work performed by scientists at the nearby San Leandro Agricultural

80 Clementine Paddleford, “Food Company’s Kitchen on Wheels Tests Tastes,” New York Herald
Tribune, October 21, 1947, p. 23.

81 “Heinz Plans to Build Food Research Center,” The Baltimore Sun, August 31, 1955, p. 27.

82 “Heinz Research Center to Open at Pittsburgh,” New York Herald Tribune, October 12, 1958, p. A5;
H.J. Heinz Company, 1958 Annual Report, April 30, 1958, p. 3.

8 H.J. Heinz Company, 1959 Annual Report, April 29, 1959, pp. 7-8.

8 California Packing Company, 1955 Annual Report, May 6, 1955, p. 6.

8 California Packing Company, 1948 Annual Report, May 28, 1948, p. 12.
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Research Center, opened in 1950 “for study and experimentation in practically every
phase of canning crop production.” While marketing studies took place in corporate
offices, “new, modern quarters” for the Central Research Laboratory at San Francisco
were constructed in 1952 to “trouble-shoot” plant operations.?6 Among the innovative
manufacturing processes that were tested in the late 1950s was the radiation treatment of
fruits and vegetables “as a ready solution to food storage and preservation problems.”®’
Accordingly, Calpak’s many research facilitics were most concerned with improving
product quality in existing lines, rather than moving the firm into new businesses.

By 1960, Cudahy Packing Company had “probably done less than any of the
major [meat] packers toward diversifying,” yet it still moved into the pharmaceutical
business after WWI1.88 The firm developed a number of products from its research on
the properties of animals glands (such as vitamins, insulin, and pancreatin), work which
was facilitated by the construction of an Omaha pharmaceutical laboratory in 1953.2° In
its more traditional product lines, Cudahy broadened its selections of meats, margarines,
and oils. These new goods included frankfurters and sliced bacon marketed under the
“Bar-S” brand, “Virginia Reel” sausages, “Delrich” margarine, and “plastic oleo 0il.”%

Cudahy also diversified its soaps and “Old Dutch” cleansers before selling these product

lines to the Purex Corporation in 1954.°*

8 California Packing Company, 1952 Annual Report, May 13, 1952, pp. 22-23.

87 California Packing Company, 1957 Annual Report, May 9, 1957, pp. 5-6.

8 John A. McWethy, “The Business Front: Meat Packers; Profits Look Fatter after a Lean 1952,”
Barron’s National Business and Financial Weekly, January 26, 1953, p. 9.

8 See Cudahy Packing Company annual reports for 1945 (p. 19), 1946 (p. 30), 1952 (p. 4), and 1953
(p. 4); Harry F. Lewis, ed., Laboratory Planning for Chemistry and Chemical Engineering (New York:
Reinhold Publishing Corporation, 1962), 481.

% See Cudahy Packing Company annual reports for 1943 (p. 23), 1946 (p. 14), 1957 (p. 6), and 1958
(p. 7); “News and Views of Investments: Profits of Cudahy Packing Mount in March Quarter,” Barron'’s
National Business and Financial Weekly, May 7, 1956, p. 31.

% See Cudahy Packing Company annual reports for 1947 (p. 27), 1953 (p. 5), and 1954 (p. 2).
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In the midst of its own extensive diversification program in the 1950s, the
Quaker Oats Company built a massive 88,000-square-foot research center at
Barrington, 1llinois.®? Opened in 1956, the $3 million John Stuart Research Laboratories
provided workspace where scientists could perfect Quaker’s grain mill and bakery
products.®® These lines were extended after WWII with the introduction of new “Aunt
Jemima” cake mixes and “Ken-L” pet foods.?* During the war, Quaker set up a
subsidiary (the Quaker Oats Chemical Company) to manufacture furfural, an organic
compound derived from grains that had applications in synthetic rubber, plastics, and
abrasives.® The subsidiary continued to develop furfural derivatives throughout the
1950s, including alcohols and synthetic resins.

Archer-Daniels-Midland Company (ADM), manufacturer of agricultural raw
materials like oils and fatty acids, developed dozens of new soybean-based products and
drying oils after the establishment of a “general research laboratory” in 1945. The lab,
which “acted as a consultant to all the divisions of ADM,” was set up at the former
Johnson School in Minneapolis and housed the company’s Research Department and a
staff of sixty.®” ADM would soon diversify its selection of livestock feeds (an industry in
which it had operated since 1933) with the 1951 purchase of the W.J. Small Company, a

processor of dehydrated alfalfa meal.®® In addition, the 1954 acquisition of the Resin

92 “Quaker Oats Plans Lab in Barrington,” Chicago Daily Tribune, September 24, 1953, p. D7.

93 “Quaker Oats Research Lab Is Previewed,” Chicago Daily Tribune, October 12, 1956, p. 9; Quaker
Oats Company, 1956 Annual Report, September 12, 1956, p. 2.

% See Quaker Oats Company annual reports for 1950 and 1956 (pp. 1-2).

% Arthur F. Marquette, Brands, Trademarks and Good Will: The Story of The Quaker Oats Company
(New York: McGraw-Hill Book Company, 1967), 170-71.

% See Quaker Oats Company annual reports for 1958 (p. 4) and 1960 (p. 8).

% Archer Daniels Midland, The Nature of What’s to Come: A Century of Innovation (Decatur, Illinois:
2002), 23.

98 «Archer-Daniels-Midland Purchases W.J. Small Co.,” New York Herald Tribune, August 28, 1951,
p. 26.

242



Division of U.S. Industrial Chemicals allowed ADM to move into the production of
synthetic resins and plastic materials.?® Although laboratory work was “focused on the
improvement of manufacturing procedures” until the early 1940s, “exploratory research”
would later produce resins for paint companies and vinyl plasticizers for the “expanding
paper industry.”100

Prior to WWII and into the 1950s, Anheuser-Busch, Inc., conducted exploratory
R&D at both its St. Louis Central Research Laboratory and a research unit in an Old
Bridge, New Jersey, yeast plant.1®® The company enhanced its technical and functional
capabilities in 1953 when it constructed another St. Louis facility “devoted exclusively to
beer” and the “[improvement of] products and processes”: the Brewery Research
Laboratory.% While the research staff increased manufacturing efficiencies and ensured
product quality, Anheuser-Busch did not diversify its selection of beers after WWII,
introducing a few beverages (such as “Busch Bavarian™) that were similar to its existing
“Budweiser” and “Michelob” brands.'® Likewise, Anheuser-Busch’s product lines in
bakery items (syrups, frozen eggs, etc.) and grains recovered from brewing operations
(yeasts, corn products, and starches) had not changed significantly since the 1920s and

1930s, when Prohibition and the Great Depression forced the company to establish

footholds in new markets.1% Where company scientists were able to develop products

% Archer Daniels Midland, The Nature of What’s to Come, 32-33; Archer-Daniels-Midland Company,
1955 Annual Company, August 26, 1955.

100 Archer-Daniels-Midland Company, 1958 Annual Report, August 30, 1958.

101 Callie Hull, ed., “Industrial Research Laboratories of the United States, Including Consulting
Laboratories,” Bulletin of the National Research Council, no. 104 (December 1940): 18.

102 See Anheuser-Busch, Inc., annual reports for 1953 (p. 9) and 1957 (p. 9).

103 «“Anheuser-Busch Brews Strong Rise in 1956 Earnings from Big Expansion,” Barron’s National
Business and Financial Weekly, July 9, 1956, p. 28.

104 Anheuser-Busch, Inc., 1950 Annual Report, December 31, 1950, pp. 17-20.
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during the 1950s was in pharmaceutical chemicals (enzymes and ergosterol derived from
yeast) and vitamins (B12).1%5

The postwar diversification strategy of Wesson Oil & Snowdrift Company,
Inc., was similar to that of Anheuser-Busch: both corporations continued to maintain
their core product lines and judiciously expanded their operations into related markets.
For Wesson Qil, this expansion took place in seafood packing and coffee roasting, as it
built plants for both activities by 1946.1% The firm still manufactured cottonseed oil
products, fertilizers, animal feeds, and soap fats, but it did not broaden its selection of
goods in these industries. Wesson Oil did, however, build a research laboratory in 1951
at its Chicago refinery, where scientists could improve the products and processes in its
oil and food lines.1%

In July 1952, Carnation Company broke ground on a Los Angeles research
center that would be completed one year later at a cost of $750,000.1% The 31,000-
square-foot building contained individual laboratories that were organized and equipped
for six types of R&D: engineering, cereals, bacteriological, biological, processing, and
analytical.t%® Within five years of the research center’s opening, Carnation entered the
frozen food industry—introducing a variety of meat and fruit pies—and continued to
extend its lines of pet food, infant food made from evaporated milk, and ice cream.10

Carnation also began to conduct research into pharmaceuticals in the late 1950s when it

105 See Anheuser-Busch, Inc., annual reports for 1953 (p. 9) and 1956 (p. 9).

106 See Wesson Qil & Snowdrift Company, Inc., annual reports for 1945 (p. 5) and 1946 (p. 4).

107 See Wesson Qil & Snowdrift Company, Inc., annual reports for 1951 (p. 5) and 1952 (pp. 4-5).

108 «“Ground Broken for Carnation Research Plant,” Los Angeles Times, July 23, 1952, p. A3.

109 «Plans to Increase Food Revealed by Carnation,” Los Angeles Times, October 8, 1953, p. A9. The
Los Angeles complex would be “substantially enlarged” in 1959.

110 “Carnation in Frozen Food Field,” New York Herald Tribune, August 12, 1955, p. 23; Carnation
Company, 1959 Annual Report, March 30, 1960, pp. 5-7.
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tested cholesterol drugs, but laboratory work did not immediately lead to a sustained
product line in this industry.'!!

Like Carnation, Libby, McNeill & Libby did business in food processing and
packaging, diversifying into frozen foods soon after the end of WWII. Libby’s
experience in packing large quantities of dehydrated foods for the armed forces during
the war would help it to refine and market frozen juices, fruits, and vegetables.*'? From
1941 through 1960, though, Libby did not significantly expand its existing product lines
of non-frozen, packaged meats, fruits, vegetables, seafood, and baby foods. Instead,
company scientists at seven divisional laboratories were more concerned with enhancing
product quality (e.g., more flavors, improved packaging, etc.) and manufacturing
efficiencies than with developing new consumer goods: an “agricultural research
experimental unit,” for example, was established at Clermont, Florida, in 1958 to
“improve yields of citrus crops.”*'® Likewise, Libby’s Midwest Agricultural Research
Center at Janesville, Wisconsin, which was dedicated in June 1962, was “devoted
exclusively to experimentation on vegetables” and “soil testing, entomology, seed
evaluation, and chemical analysis.”14
Despite being one of the most conservative enterprises among the largest

manufacturers in the U.S., the Wm. Wrigley Jr. Company built a “new and enlarged

research laboratory” in Chicago after WWII.1*> Established in 1949, the lab was part of a

111 John M. Morahan, “Carnation Moves into Drug Field; First Venture in Non-Grocery Line,” New
York Herald Tribune, October 4, 1958, p. A4.

112 See Libby, McNeil & Libby annual reports for 1945 (p. 5) and 1946 (p. 6).

113 |ibby, McNeill & Libby, 1958 Annual Report, August 7, 1958, pp. 10-11.

114 «UW Group at Libby Opening,” Janesville Daily Gazette, June 26, 1962, p. 13; Libby, McNeill &
Libby, 1962 Annual Report, August 10, 1962, p. 6.

115 Wm. Wrigley Jr. Company, 1949 Annual Report, March 7, 1950.
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postwar modernization program that began two years earlier.*'® Wrigley, however, did
not pursue diversification from 1941 through 1960, preferring instead to maintain a
limited product line with only three types of chewing gum: “Spearmint,” “Doublemint,”
and “Juicy Fruit.”'” Rather than help Wrigley move into new industries, the company’s
research capabilities were employed to improve manufacturing processes (especially in
packaging) and efficiencies.8

Great Western Sugar Company also did not aggressively pursue a postwar
diversification strategy even though it expanded its R&D facilities. In 1949, the firm
began construction of a “process development laboratory” that, upon its completion one
year later, was “equipped for thoroughly testing the recovery of valuable by-products
from beet factory waste water.”''® Research staff at the laboratory—Ilocated in Loveland,
California—worked on such projects as disposing waste from Great Western’s factories
and refining the “Steffen process™ used to recover sugar from beet molasses.?°

The Loveland unit joined two Great Western research installations in Colorado
that had been operating prior to WWII: a Denver laboratory and the Longmont

Agricultural Experiment Station (which at one time was “the largest privately funded

sugar beet research facility in the world”).1?! Together, these laboratories were, for the

116 Wm. Wrigley Jr. Company, 1948 Annual Report, March 2, 1949.

117 Faye Henle, “Snap in Chewing Gum: Its Makers Are Biting off Some New Markets,” Barron’s
National Business and Financial Weekly, May 28, 1956, p. 13.

118 Faye Henle, “Chewing Gum: Sales Are Growing Faster than the Population,” Barron’s National
Business and Financial Weekly, December 6, 1954, p. 17.

119 Great Western Sugar Company, 1949 Annual Report, April 28, 1950.

120 Great Western Sugar Company, 1950 Annual Report, April 26, 1951; Ron Sladek, Tatanka
Historical Associates, Inc., “Great Western Sugar Company Effluent Flume and Bridge, Fort Collins,
Colorado,” National Register of Historic Places Registration Form, National Register #14000927,
November 19, 2014, p. 27.

2L william John May, Jr., The Great Western Sugarlands: The History of the Great Western Sugar
Company and the Economic Development of the Great Plains (New York: Garland Publishing, Inc., 1989),
175; Hull, ed., “Industrial Research Laboratories of the United States,” Bulletin of the National Research
Council, no. 104 (December 1940): 126.
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most part, dedicated to the “improvement of the sugar beet,” mechanization of crop
planting and harvesting, and efficiency of sugar refining processes.*?? Great Western
scientists and engineers did introduce new chemical by-products from beet refining
(namely, monosodium glutamate) that were marketed to cattle ranchers, meatpackers, and
other food processers.*?3

Diversification into chemicals, just as Great Western achieved through its sugar
beet research, was a postwar strategy adopted by over half of the twenty-seven
manufacturers of food products among the 200 largest U.S. industrial corporations in
1948. Thirteen of these twenty-seven firms began to produce plastics or chemicals
(including pharmaceuticals, cosmetics, soaps, pesticides, and adhesives) from 1941
through 1960, while another two meatpacking interests (Swift and Cudahy) broadened
their existing lines of soaps and cleansers.*?* Chemical production was a natural outlet
for enterprises whose scientists were already well-versed in the problems of food
chemistry or for companies (e.g., meatpackers, corn refiners, distillers) that handled by-
products from the manufacturing processes in their core businesses.

Given the low barriers to entry in most food products markets, diversification was
commonplace after WWII, as firms sought to hedge against the threat of new competitors
or unexpected shortages of raw materials. Of the twenty-seven firms in the “Food and
Kindred Products” SIC major group, twenty-one broadened existing or developed new

lines of food items or packaging. Five of the six enterprises that did not diversify their

122 Great Western Sugar Company, 1951 Annual Report, April 24, 1952. In 1951, a “new building and
additional greenhouses” were added to the Longmont station.

123 Dana L. Thomas, “Sweet Prospect: The Sugar Beet Industry Grows Bigger and More Profitable,”
Barron’s National Business and Financial Weekly, December 23, 1957, p. 3.

124 In Tables 5-20a and 5-20b, the production of chemicals is designated by SIC codes whose first two
digits are “28.”
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range of food products from 1941 through 1960 marketed their goods under well-known
brand names: American Sugar Refining (“Domino,” “Franklin,” and “Sunny Cane”), H.J.
Heinz, California Packing (“Del Monte”), Anheuser-Busch, and Wrigley.'?> Some of
these companies introduced different varieties (flavors, ingredients, etc.) of their branded
products, but did not manufacture new goods with innovative characteristics that would
have—at least in this dissertation—been evidence of a concerted attempt at
diversification. Instead, for the five firms listed above, improving product quality and
manufacturing efficiencies through R&D was an integral part of brand maintenance,
which itself served as a hedge against the perceived competitive threats of the postwar
political economy.126

Although some manufacturers of food and kindred products did not pursue
diversification, all but one (Coca-Cola) of the twenty-seven companies assessed in this
subsection constructed new or expanded existing research facilities from 1941 through
1960, while fifteen of these enterprises had broken ground on or completed laboratories
by 1950. The companies that waited until the 1950s to first expand their research
facilities tended to build massive research complexes—such as the Armour
Pharmaceutical Center, General Foods Research Center, Heinz Research Center, Quaker
Oats’ John Stuart Research Laboratories, and Carnation Research Center—that
coordinated R&D among a variety of specialized product lines. At the same time, the

hiring of research personnel among manufacturers of food products was rather modest:

125 The sixth firm that did not diversify its selection of food products or packaging was Great Western
Sugar, but this company did not maintain a well-known brand with which consumers could easily
differentiate its goods.

126 Coca-Cola did not diversify until 1960 (when it acquired Fanta and Minute Maid), but until then, it
also approached the post-WWII economic environment by focusing on product quality and brand
maintenance.
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fourteen of the twenty-seven firms in this subsection doubled their R&D staffs (i.e., an
increase of at least 100%) during the 1940s and 50s, and only National Distillers
Products and Corn Products Refining (both of which made aggressive moves into
chemical production) increased their total research personnel by over 500%. Even so,
food products manufacturers devoted significant resources to R&D despite operating in a

relatively low-technology industrial sector.
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5.2.6 Furniture and Fixtures
Table 5-21: 1948 Industry Overview for Manufacturers of Furniture and Fixtures!

Rank among Major .
Company 200 Largest Qﬁ?ﬁ?ﬂg Product Lines Othe(glP Crocc:lgé:;sl)_mes
Corporations (SIC Codes)
Simmons Co. 190 68.9 251 None

Simmons Company, the only corporation among the 200 largest manufacturers
in the U.S. whose major product lines were furniture and fixtures, began work on an $8
million expansion project in 1959.2 The project called for three new structures to be built
near an existing manufacturing plant at Munster, Indiana. One of the structures was the
60,000-square-foot National Technological Center, which would house the Engineering,
Research, and Development Departments upon its completion by 1960.3

Much of the company’s research efforts from 1941 through 1960 went toward
improving manufacturing processes in its existing textile, bedding, and furniture lines.*
Product diversification, then, occurred within these industrial groups. For example,
Simmons introduced an electric blanket in 1946, developed dual-purpose sleep furniture
after WWII, and marketed a line of furniture and equipment specifically for hospitals.®
The National Technological Center in Munster was thus designed for the “research,
testing, and development” of products in both of Simmons’ major operating divisions:

hard goods and soft goods.

L Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,
Massachusetts: The Belknap Press of Harvard University Press, 1990), 652.

2 “Work on Simmons’ Munster Plant Started,” Chicago Daily Tribune, August 8, 1959, p. A5.

% Simmons Company, 1959 Annual Report, December 31, 1959, p. 8.

4 Warren Wells, “A Company Study: Simmons Company,” Barron’s National Business and Financial
Weekly, October 23, 1950, p. 16. Beginning in 1946, Simmons marketed its textile products under the
“Simtex” label.

5> See Simmons Company annual reports for 1946 (p. 11), 1955 (p. 4), and 1959 (p. 12).

250



Table 5-22: Research Facility Expansion, 1941-1960, for Manufacturers of
Furniture and Fixtures

Company

Name or
Description of
New Research

Facility

Facility Location

Facility
Groundbreaking

Official
Opening

Simmons Co.

National
Technological
Center

Munster, Indiana

August 1959

1960

Table 5-23: Research Facility Personnel, 1940-1960, for Manufacturers of Furniture

and Fixtures

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
Company in in
Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 from 1940 | from 1940
to 1960 to 1960
Simmons Co. NA NA NA 87 108 NA NA

Table 5-24: Product Diversification, 1941-1960, for Manufacturers of Furniture and

Fixtures
Diversification of Product . .
) i L Diversification into
Company Lines in Existing Industry New Industry Groups
Groups after 1941 (SIC after 1941 (SIC Codes)
Codes)
Simmons Co. 239, 251 None

251




5.2.7 Instruments and Related Products
Table 5-25: 1948 Industry Overview for Manufacturers of Instruments and Related
Products?

Rank among Major _
Company | 200 Largest Qi?ﬁ?ng Product Lines Othigfg%’ggésl)—mes
Corporations (SIC Codes)
Eastman
Kodak Co. 32 411.6 386 282, 286, 287

Near the end of WWII, the Eastman Kodak Company broke ground on a
research facility for its subsidiary, Tennessee Eastman. Located in Kingsport, Tennessee,
the 75,000-square-foot complex consolidated the subsidiary’s research activities upon its
opening in 1947.2 Tennessee Eastman used the Kingsport laboratories to develop “new
and improved textile fibers, plastic compounds, and specialized organic chemicals.”?

Kodak further expanded its research facilities in 1951 when a $1 million wing
was added to the company’s main laboratories in Rochester, New York.* By 1953,
another $4 million wing was built at the Rochester site, and Tennessee Eastman had
begun construction on a “textile development building.” Work also began in
1958 on a Rochester building that would house Kodak’s Physics Research Division.®

Basic and applied research conducted at Kodak facilities led to the development

of numerous products from 1941 through 1960. In the decade after WWII, the company

made improvements to its color films and introduced a variety of new cameras, including

1 Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,
Massachusetts: The Belknap Press of Harvard University Press, 1990), 657.

2 Eastman Kodak Company, 1945 Annual Report, March 5, 1946, p. 33.

3 Eastman Kodak Company, 1947 Annual Report, March 9, 1948, p. 25.

4 Eastman Kodak Company, 1951 Annual Report, March 4, 1952, p. 23. The Kodak Research
Laboratories had been in operation at Rochester since 1912.

5 Eastman Kodak Company, 1953 Annual Report, February 16, 1954, p. 18.

6 Eastman Kodak Company, 1958 Annual Report, February 17, 1959, p. 15. The physics building was
completed in 1960.
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Table 5-26: Research Facility Expansion, 1941-1960, for Manufacturers of
Instruments and Related Products

Compan Name or Description of Facility Facility Official
Pany | New Research Facility | Location | Groundbreaking | Opening
Eastman centralized research Kingsport,

Kodak Co. facilities” for Tennessee Tennessee 1945 1947

Eastman (subsidiary)

a dozen Brownie models and over two dozen 35mm models.” Tennessee Eastman and
Texas Eastman diversified the company’s line of plastics, synthetic fibers, and industrial
chemicals: the production of polyethylene (for use in packaging) began in 1954, acrylic
fiber was sold under the trade name “Verel” in 1956, and “Kodel” polyester fiber reached
the market in 1958.2 Additionally, Kodak made a foray into data processing equipment
with its Kodak Minicard System, which “combined [the] advantages of microfilm and

punched cards with digital computing techniques.”®

" Douglas Collins, The Story of Kodak (New York: Harry N. Abrams, Inc., 1990), 263-67.
8 Eastman Kodak Company, 1959 Annual Report, February 18, 1960, p. 8.
® Eastman Kodak Company, 1955 Annual Report, February 14, 1956, p. 13.
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Table 5-27: Research Facility Personnel, 1940-1960, for Manufacturers of

Instruments and Related Products

Co.

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
Company in in
Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 from 1940 | from 1940
to 1960 to 1960
Bastman Kodak | 434 | 470 | 860 | 1088 | 1465 | 1031 238%

Table 5-28: Product Diversification, 1941-1960, for Manufacturers of Instruments
and Related Products

Company

Codes)

Diversification of Product
Lines in Existing Industry
Groups after 1941 (SIC

Diversification into
New Industry Groups
after 1941 (SIC Codes)

Eastman Kodak Co.

282, 286, 287, 382

357
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5.2.8 Leather and Leather Products

Table 5-29: 1948 Industry Overview for Manufacturers of Leather and Leather

Products?
Rank among Major )
Company 200 Largest Qﬁ?ﬁgsn(g Product Lines Othe(grcrcgggésl)_mes
Corporations (SIC Codes)
International
Shoe Co. 120 117.8 314 None
Endicott 160 825 214 None
Johnson Corp.

The largest American manufacturer of footwear, International Shoe Company
constructed a new “plastics laboratory and pilot plant” in 1952. Located at Hartford,
Ilinois, this facility was devoted to research in plastic materials, synthetic resins, and
molding powders.? International Shoe also maintained a research laboratory at St. Louis
and a “rubber laboratory” at Hannibal, Missouri.?

In its R&D facilities, International Shoe refined the capabilities needed to
diversify its line of footwear. By 1960, the company had introduced a variety of
products, such as an “all-plastic shoe,” silicone-treated leather hunting boots, and water-
resistant golf shoes.* International Shoe even acquired the Florsheim Shoe Company,
which manufactured men’s and women'’s fine shoes that “rounded out [International’s]
coverage of the footwear needs of the consuming public.”® While International Shoe
researched cements and chemicals throughout the 1940s and 50s, it did not enter these

markets, instead using these materials to enhance its existing products.

1 Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,
Massachusetts: The Belknap Press of Harvard University Press, 1990), 654.

2 International Shoe Company, 1952 Annual Report, January 20, 1953, p. 23.

3 Callie Hull, ed., “Industrial Research Laboratories of the United States, Including Consulting
Laboratories,” Bulletin of the National Research Council, no. 113 (July 1946): 172.

4 “On Their Toes: The Makers of Shoe Machinery Are Taking Rapid Technological Strides,” Barron’s
National Business and Financial Weekly, September 28, 1959, p. 3; International Shoe Company, 1960
Annual Report, January 9, 1961, p. 12.

S International Shoe Company, 1953 Annual Report, January 4, 1954, p. 3.
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Table 5-30: Research Facility Expansion, 1941-1960, for Manufacturers of Leather
and Leather Products

Name or
Company Description of New
Research Facility

Facility Facility Official
Location Groundbreaking | Opening

International | .. . . Hartford, .
Shoe Co. plastics laboratory linois Not Available 1952
Endicott Not . Not
Johnson Corp. None Available | NOtAvailable 1 itable

Endicott Johnson Corporation, a competitor of International Shoe and the other
footwear manufacturer among the 200 largest U.S. industrial corporations, conducted
research in its laboratories to improve existing products. Endicott’s annual reports from
1941 to 1960, however, do not mention the expansion of a specific R&D facility. In
1959, the company opened a Style Studio meant to encourage “full coordination of
styling with market research and promotion,” but the activities of this particular
workspace did not include the discovery of new products and processes.®

Following WWII, Endicott diversified its line of footwear, introducing a “Guide-
Step” shoe, steel-toe safety footwear, and polyethylene shoe counters.” Like International
Shoe, Endicott remained focused on the footwear industry, although in 1954, it invested
(along with several other firms) in the American Synthetic Rubber Corporation (ASRC).8
This investment ensured that Endicott would have an adequate supply of rubber for its
footwear lines, as the ASRC was organized to purchase and operate a government-owned

synthetic rubber plant in Louisville, Kentucky.

& Endicott Johnson Corporation, 1959 Annual Report, January 15, 1960, p. 6. The company
established a Production Engineering Department in 1960, yet the annual reports do not suggest that a new
facility was constructed specifically to house this department and enhance engineering capabilities.

7 See Endicott Johnson Corporation annual reports for 1953 (p. 3), 1954 (p. 4), and 1956 (p. 3).

8 Endicott Johnson Corporation, 1954 Annual Report, January 27, 1955, p. 3.
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Table 5-31: Research Facility Personnel, 1940-1960, for Manufacturers of Leather
and Leather Products

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
Company in in
Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 from 1940 | from 1940
to 1960 to 1960
International |45 | 56 | 26 | 20 | 32 19 146%
Shoe Co.
Endicott Johnson | 5 |14 | 23 | 22 | 12 10 -45%
Corp.

Table 5-32: Product Diversification, 1941-1960, for Manufacturers of Leather and

Leather Products

Company

Diversification of Product
Lines in Existing Industry
Groups after 1941 (SIC

Diversification into
New Industry Groups
after 1941 (SIC Codes)

Codes)
International Shoe Co. 314 None
Endicott Johnson Corp. 314 None
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5.2.9 Lumber and Wood Products
Table 5-33: 1948 Industry Overview for Manufacturers of Lumber and Wood
Products!

Rank among Major :
Company 200 Largest Qﬁ?ﬁgsng Product Lines Othiglp c;()((:iéjgésl)_lnes
Corporations (SIC Codes)
Weyerhaeuser 71 210.1 242 243, 261
Timber Co.
Crown Cork & 164 80.5 249 341, 3559
Seal Co., Inc.

In 1942, the largest lumber and wood products manufacturer in the U.S.,
Weyerhaeuser Timber Company, enlarged its “development organization” and
constructed a research laboratory for its Pulp Division at Longview, Washington.? This
laboratory opened just a year after Weyerhaeuser dedicated its Clemons Tree Farm,
which was intended to promote forestry research and timber resource management.> The
company would later expand its Longview Technical Center in 1955, placing an
“emphasis on obtaining [personnel] capable of performing long-range basic research.”*
Although Weyerhaeuser did not pursue operations in new industrial sectors after 1941, it
diversified its chemical pulps, wood veneers (marketed as “Ply-Veneer”), and “Silvatek”
products (hardwoods, particle boards, and fibers).>

Crown Cork & Seal Company, Inc., another large-scale manufacturer of wood
products, expanded its Baltimore research facilities in 1959 when it opened a Technical

Services Laboratory. The lab was designed to render “scientific and technical

L Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,
Massachusetts: The Belknap Press of Harvard University Press, 1990), 652.

2 Weyerhaeuser Timber Company, 1947 Annual Report, April 10, 1948, p. 9.

3 Weyerhaeuser Timber Company, 1941 Annual Report, May 1, 1942, p. 19; Charles E. Twining, Phil
Weyerhaeuser: Lumberman (Seattle: University of Washington Press, 1985), 228-31.

4 Weyerhaeuser Timber Company, 1955 Annual Report, February 7, 1956, p. 7.

> See Weyerhaeuser Timber Company annual reports for 1958 (p. 14) and 1959 (p. 13).
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Table 5-34: Research Facility Expansion, 1941-1960, for Manufacturers of Lumber
and Wood Products

Name or Description

Facility Facility Official
Company of New Rgsearch Location Groundbreaking | Opening
Facility
Weyerhaeuser | “research laboratory” | Longview, .
Timber Co. for Pulp Division Washington Not Available 1942
Crown Cork . . .
& Seal Co., Technical Services Baltimore, Not Available 1959
Inc. Laboratory Maryland

assistance. ..to the various manufacturing departments” of the company.® In 1955, Crown
announced plans to build a $1.5 million research laboratory in Towson, Maryland, but
subsequent annual reports do not mention if the facility was actually constructed.’
Progress on the Towson facility might have been hindered by a reorganization of the
company’s research departments and staff that was ongoing in 1960.8

From 1941 through 1960, Crown Cork & Seal conducted research in its
laboratories to diversify its range of packaging containers and machinery. The company
introduced its first light-weight aerosol cans immediately following WWII.° In 1954,
Crown purchased a small plastics manufacturer on the West Coast, moving the newly
acquired equipment to St. Louis in order to produce its “Freez-tainers” and a plastic
cosmetic container trademarked as “Sealstik.”1® Throughout the 1950s, Crown also
continued to develop its line of packaging machinery for such food items as soft drinks,

beer, and dairy products.!!

6 “New Technical Services Laboratory at Crown Cork & Seal Company,” The Chesapeake Chemist 15,
no. 4 (April 1959): 7.

" “Crown Cork Picks Towson,” The Baltimore Sun, September 30, 1955, p. 27.

8 John H. Gribbin and Sue Singer Krogfus, eds., Industrial Research Laboratories of the United States
(Washington, D.C.: National Academy of Sciences—National Research Council, 1960), 132.

9 «§ Billion Industry Seen in Aerosols,” New York Herald Tribune, November 22, 1956, p. A7.

10 Crown Cork & Seal Company, Inc., 1954 Annual Report, March 26, 1955, p. 9.

11 Crown Cork & Seal Company, Inc., 1959 Annual Report, March 18, 1960, p. 13.
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Table 5-35: Research Facility Personnel, 1940-1960, for Manufacturers of Lumber

and Wood Products

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
sompany 1040 | 1946 | 1950 | 1956 | 1960 personnel | Personnd
from 1940 | from 1940
to 1960 to 1960
Weyerhaeuser | 4, | 15 | 18 | 114 | 194 183 1664%
Timber Co.
CrownCork & | o) | 55 | 74 | 108 | NAe NA NA
Seal Co., Inc.A

A Totals for Crown Cork & Seal include its subsidiary Crown Can Co.
B The NRC directory for 1960 contains an entry for Crown Cork & Seal, but it does not provide research
personnel figures. Instead, the directory simply states that the company’s “research program [was]

being reorganized.”

Table 5-36: Product Diversification, 1941-1960, for Manufacturers of Lumber and

Wood Products

Company

Diversification of Product
Lines in Existing Industry
Groups after 1941 (SIC

Diversification into
New Industry Groups
after 1941 (SIC Codes)

Inc.

Codes)
Weyerhaeuser Timber Co. 242, 243, 261 None
Crown Cork & Seal Co., 341, 3559 3499
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5.2.10 Machinery, Except Electric
Table 5-37a: 1948 Industry Overview for Manufacturers of Machinery (Except

Electric)?
Rank among Major
Compan 200 Laraest Assets ($ | Product Other Product
pany G g Millions) | Lines (SIC | Lines (SIC Codes)
orporatlons
Codes)
International 19 671.8 352 353, 3711
Harvester Co.
Deere & Co. 58 2575 352 None
Allis-Chalmers 60 253.8 353 3523, 3551, 361
Manufacturing Co.
International
Business Machines 63 2419 357 387
Corp.
Singer
Manufacturing Co. 72 209.1 3636 361, 362
Caterp"c':aor Tractor 95 1473 352 3531
National Cash 08 143.9 357 None
Register Co.
Rem'”?rfcc’” Rand 107 127.9 357 264, 363, 386
United Shoe 133 104.6 3636 None
Machinery Corp.

National Supply Co. 137 101.6 353 351
Ingersoll-Rand Co. 142 96.1 353 351, 356
Food Machinery & 281, 286, 287, 353,

Chemical Corp. 146 0.3 3551 355, 356

Babcoc‘é‘s‘ Wilcox 165 79.3 351 249, 341, 355

Timken Roller 166 78.8 3562 331
Bearing Co.
Fa"ba”ké'o'v'orse & 169 77.4 351 362, 374
J.I. Case Co. 172 76.6 352 None
Sperry Corp. 177 74.2 356 352, 35‘:1’;83155, 362,

1 Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,

Massachusetts: The Belknap Press of Harvard University Press, 1990), 655-56.
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Table 5-37b: 1948 Industry Overview for Manufacturers of Machinery (Except
Electric) (Continued)?

Rank amon Major
Compan 200 Lar es'? Assets ($ | Product Other Product
pany 9 Millions) | Lines (SIC | Lines (SIC Codes)
Corporations Codes)
Otis Elevator Co. 178 73.6 3534 None
Oliver Corp. 180 73.2 352 None
Worthington Pump & 351, 353, 358, 361,
Machinery Corp. 184 721 3561 382
Dresser Industries,
Inc. 187 69.9 3533 356
Burroughs Adding
Machine Co. 191 68.5 357 264
Combustion
Engineering- 192 68.4 356 None
Superheater, Inc.

International Harvester Company, the largest American manufacturer of farm
and construction equipment, opened a “specialized” research center in 1947. Located in
Chicago, the complex contained 230,000 square feet of workspace and eight laboratories
devoted to the “improvement of manufacturing methods and processes for all [of
Harvester’s] products.”® Other research facilities built between 1941 and 1960 were
focused on product development rather than process refinement. Scientists and engineers
that staffed a “home economics laboratory” were tasked with designing the refrigerators
and freezers that Harvester began to make two years after WWI1.% Similarly, the
“engineering laboratory” of the Motor Truck Division (established in 1952 at Fort
Wayne, Indiana) and the Farm Equipment Research and Engineering Center (dedicated in

1959 at Hinsdale, Illinois) allowed Harvester to sell new models of tractors, trucks,

2 Chandler, Scale and Scope, 656.

3 “New Harvester Plant Will Be Research Unit,” Chicago Daily Tribune, February 14, 1946, p. 33.

4 “Harvester Firm to Offer Line of Refrigerators,” New York Herald Tribune, September 11, 1947, p.
35; International Harvester Company, 1947 Annual Report, October 31, 1947, p. 17.
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combines, and loaders.> The firm even acquired the Solar Aircraft Company in 1960, but
instead of diversifying into the aviation industry, Harvester employed the subsidiary’s
engineers to develop gas turbine engines for trucks and off-highway vehicles.®

Another manufacturer of farm tractors and equipment, Deere & Company
diversified its range of these durable goods following WWII. The firm designed more
efficient combines, introduced a diesel-powered tractor (the Model R) in 1949, and
marketed its first four-cylinder engines by 1953.” With the R&D demands placed on its
product lines, Deere constructed a Tractor Research and Engineering Center at Waterloo,
lowa, in 1956.8 Work performed at this facility would benefit Deere’s growing selection
of “light industrial equipment,” which included backhoes, special-purpose bulldozers,
and loaders.® Additionally, Deere organized a Chemical Division in the mid-1950s and
began production of nitrogen fertilizers and agricultural chemicals (ammonia, urea, etc.),
giving the company a foothold in an industry well removed from its core competencies.*°

The exigencies of WWII mobilization also pushed Allis-Chalmers
Manufacturing Company into high-technology industries beyond farm and construction
equipment. Because Allis-Chalmers “produced more equipment by weight” for the

Manhattan Project than any other firm, it was able to develop the capabilities needed to

> Barbara Marsh, A Corporate Tragedy: The Agony of International Harvester Company (Garden City,
New York: Doubleday & Company, Inc., 1985), 120; See International Harvester Company annual reports
for 1951 (p. 16) and 1959 (p. 16).

6 Marsh, A Corporate Tragedy, 108-10.

" Wayne G. Broehl, Jr., John Deere’s Company: A History of Deere & Company and Its Times (New
York: Doubleday & Company, Inc., 1984), 590, 642; David A. Loehwing, “Plowing Ahead: Farm
Equipment Makers May Reap a Richer Harvest Next Year,” Barron’s National Business and Financial
Weekly, December 17, 1956, p. 3.

8 Deere & Company, 1956 Annual Report, January 9, 1957, pp. 13-15.

® See Deere & Company annual reports for 1955 (p. 11) and 1958 (p. 12).

10 “Deere to Spend 18 Million for Fertilizer Plant,” New York Herald Tribune, July 9, 1952, p. 29;
Deere & Company, 1957 Annual Report, December 31, 1957, p. 11.
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Table 5-38a: Research Facility Expansion, 1941-1960, for Manufacturers of
Machinery (Except Electric)

Name or - - ..
Company Description of New FaC|I|_ty Facility . Oﬁ'c_'al
1 Location | Groundbreaking | Opening
Research Facility
International “research center” Chl_cago, February 1946~ 1947
Harvester Co. Ilinois
Tractor Research Waterloo
Deere & Co. and Engineering ’ Not Available 1956
lowa
Center
Allis-Chalmers o ) .
Manufacturing basic mduSt,r,leS W?St All!s, Not Available 1945
Co. laboratory Wisconsin
International Watson Scientific New York
Business Computing City, New Not Available 1945
Machines Corp. Laboratory York
“research
Singer laboratories” for State
Manufacturing | Haller, Raymond & College, Not Available 19588
Co. Brown, Inc. Pennsylvania
(subsidiary)
Caterpillar « e Peoria,
Tractor Co. research building linois 1941 1943
National Cash Electronics Hawthorne, 1955 May
Register Co. Research Building California 1956
. South
Remington Laboratory of Norwalk, 1944 1945
Rand Inc. Advanced Research C .
onnecticut
United Shoe United Shoe
Machinery Machinery Ohio Xenia, Ohio Not Available 1956
Corp. Laboratories
National Supply | Pittsburgh Technical | Allison Park, Not Available 1957

Co.

Center

Pennsylvania

A Date refers to International Harvester’s purchase of a government plant that it would convert into a

research facility.

B Date refers to Singer’s acquisition of Haller, Raymond & Brown, which operated research facilities in
State College. This subsidiary would be renamed “HRB-Singer, Inc.”
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Table 5-38b: Research Facility Expansion, 1941-1960, for Manufacturers of
Machinery (Except Electric) (Continued)

Cletrac Division

Name or - - ..
Company Description of New FaC|I|_ty Facility . Offlc!al
S Location Groundbreaking | Opening
Research Facility
Ingersoll-Rand None None None None
Co.
Food
Machinery & Central Research San Jose,
Chemical Laboratory California 1945 1946
Corp.
Babcock & | Babcock & Wilcox Alliance, A
Wilcox Co. Research Center Ohio 1946 1947
“metallurgical
Timken Roller | researchand | o) opig 19568 1957
Bearing Co. physical testing
laboratories”
Fairbanks, [R)eefliallg(:hmaenn(i Beloit, Not Available October
Morse & Co. P Wisconsin 1959
Center
Engineering
JI. Case Co. |  Researchand Racine, Not Available | 1957
Development Wisconsin
Center
“electronics Lake
Sperry Corp. research Success, 1941 1942¢
laboratories” New York
. “research facilities”
Otis Elevator for Electronics Brooklyn, Not Available 1953
Co. L New York
Division
“research
: " Cleveland, . November
Oliver Corp. laboratory” for Ohio Not Available 19440

A Date refers to a formal announcement made by Babcock & Wilcox that it planned to purchase a
building into which it would move research staff and equipment.
B Date refers to a formal announcement made by Timken that it planned to construct a new research

facility.

C It would take Sperry until 1946 to completely “consolidate all of its manufacturing and research
activities” at the Lake Success complex.
P Date refers to Oliver’s acquisition of the Cleveland Tractor Company, which became an operating
division and was renamed “Cletrac.”
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Table 5-38c: Research Facility Expansion, 1941-1960, for Manufacturers of
Machinery (Except Electric) (Continued)

Name or - - ..
Company Description of New FaC|I|_ty Facility . Offlc!al
S Location Groundbreaking | Opening
Research Facility
Worthington
Pump & welding rese’a}rch Harrison, Not Available 1953
Machinery laboratory New Jersey
Corp.
“research
Dresser laboratory” for Houston November
. Magnet Cove ’ Not Available
Industries, Inc. : . Texas 1949~
Barium Corporation
(subsidiary)
Burroughs « . . .
Machine Co. y y
Combustion Nuclear
Engineering- Engineering and Windsor, 5
Superheater, Development Connecticut 1955 1957
Inc. Center

A Date refers to Dresser’s acquisition of Magnet Cove Barium, which operated research facilities in

Houston.

B Date refers to a formal announcement made by Combustion Engineering that it had purchased the tract
of land on which it would construct a research facility.

build nuclear reactor components and electrical industrial apparatus like silicon rectifiers,

steam and hydraulic turbines, generators, and pumps.'* At the same time, Allis-Chalmers

established full lines of tractors, combines, bulldozers, and auxiliary equipment through

its 1952 acquisition of the LaPlant-Choate Manufacturing Company and the 1955

purchases of the Gleaner Harvester Company and Baker Manufacturing Company.*?

To broaden new and existing product lines, Allis-Chalmers constructed several

research facilities where, from 1941 through 1960, technical and functional capabilities

1 Walter F. Peterson, An Industrial Heritage: Allis-Chalmers Corporation (Milwaukee, Wisconsin:
Milwaukee County Historical Society, 1976), 339; See Allis-Chalmers Manufacturing Company annual
reports for 1959 (p. 8) and 1960 (pp. 3-4).

12 peterson, An Industrial Heritage, 349; Allis-Chalmers Manufacturing Company, 1948 Annual
Report, December 31, 1948, p. 18.
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were enhanced by its scientists. In 1945, the company opened a five-story, “basic
industries laboratory” at its West Allis Works to assess how well farm and construction
machinery could handle raw material samples (e.g., ores, flour, food products).'® Four
years later, a “development laboratory” and a “sound laboratory for testing full-size
power transformers” were constructed at the Pittsburgh Works.# By 1958, Allis-
Chalmers had completed a $3.25 million research center at Harvey, Illinois, as well as
research laboratories “for advanced nuclear power plants” in Glendale, Wisconsin.!®

The Watson Scientific Computing Laboratory, established at Columbia University
in 1945, allowed International Business Machines Corporation (IBM) to become an
“initial path definer” in the computer mainframe industry.'® The location of this facility
attracted top academic talent, and within three years, researchers had introduced what
was briefly the world’s fastest computer: the Selective Sequence Electronic Calculator.t’
Throughout the 1950s, as the Justice Department targeted IBM for anticompetitive
practices, the manufacture of punched-card and tabulating machines declined in
importance while the company increasingly focused on magnetic tape and computers.!8

IBM even designed electronic bombing and navigation systems (known as BRANE) for

13 Allis-Chalmers Manufacturing Company, 1945 Annual Report, December 31, 1945, p. 15.

14 Allis-Chalmers Manufacturing Company, 1949 Annual Report, December 31, 1949, p. 15.

15 “Allis-Chalmers Laboratory Begun at Harvey Works,” Chicago Daily Tribune, August 7, 1957, p.
C7; Allis-Chalmers Manufacturing Company, 1958 Annual Report, March 3, 1959, p. 15.

16 Alfred D. Chandler, Jr., Inventing the Electronic Century: The Epic Story of the Consumer
Electronics and Computer Industries (New York: The Free Press, 2001), 132; Jean Ford Brennan, The IBM
Watson Laboratory at Columbia University: A History (New York: International Business Machines Corp.,
1971), 11-12.

17 Jack Beatty, Colossus: How the Corporation Changed America (New York: Broadway Books,
2001), 305-06.

18 James W. Cortada, Before the Computer: IBM, NCR, Burroughs, and Remington Rand and the
Industry They Created, 1865-1956 (Princeton, New Jersey: Princeton University Press, 1993), 231-32;
International Business Machines Corporation, 1949 Annual Report, March 1, 1950, pp. 6-7. IBM still
extended its range of clocks, timers, accounting machines, collators, and typewriters after WWII. The
company’s 1956 consent decree with the federal government called on IBM to sell or lease its current and
future tabulating, accounting, and computing machines to any firm that could afford the licenses.
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intercontinental bombers on Cold War alert.’® The R&D requirements of these complex
product lines led IBM to not only build a San Jose, California, laboratory in 1952, but
also establish the Watson Research Center at Yorktown Heights, New York, in 1961.2°
Singer Manufacturing Company, which operated laboratories at Bridgeport,
Connecticut, and Elizabethport, New Jersey, acquired additional research facilities when
it purchased the electronics firm Haller, Raymond & Brown, Inc. (HRB), in 1958.21
HRB maintained a staff of 350 engineers and scientists at State College, Pennsylvania,
where R&D was conducted on infrared detection equipment, tape recording devices,
pulse signal simulators, special-purpose analog computers, and radar components.??> The
acquisition of HRB was part of an aggressive diversification strategy adopted by Singer
as it moved beyond the manufacture of household sewing machines and allied goods.?
An operating division, Singer-Fidelity, developed equipment for use in the textile, wire,
and rubber industries, while subsidiary Diehl Manufacturing Company marketed electric
motors, fans, and power tools.?* The growth of its many businesses eventually prompted
Singer to consolidate “long-range basic development work™ at a 40,000-square-foot

Central Research Laboratory in Denville, New Jersey.?®

19 International Business Machines Corporation, 1957 Annual Report, January 28, 1958, p. 15.

20 |_ouise A. Mozingo, Pastoral Capitalism: A History of Suburban Corporate Landscapes
(Cambridge, Massachusetts: The MIT Press, 2011), 92. The San Jose laboratory, which was “initially
housed in a converted print plant in a downtown industrial district,” was established in order to attract
California-based engineers who were reticent to move to New York.

2L “Electronics Unit Bought by Singer,” The New York Times, January 22, 1958, p. 37.

22 Alan Abelson, “Singer Manufacturing: The Century-Old Maker of Sewing Machines Is Wearing a
New Look,” Barron’s National Business and Financial Weekly, February 17, 1958, p. 15; Singer
Manufacturing Company, 1959 Annual Report, April 11, 1960, pp. 18-19.

23 Singer broadened its line of sewing machines after WWII, introducing “zig-zag” machines and its
“Slant-O-Matic” model.

2 David A. Loehwing, “New Tune for Singer: The Old Sewing Machine Maker Is Staging a
Comeback,” Barron’s National Business and Financial Weekly, May 14, 1956, p. 3; See Singer
Manufacturing Company annual reports for 1959 (p. 19) and 1960 (pp. 22-23).

% See Singer Manufacturing Company annual reports for 1959 (p. 20) and 1960 (p. 24). The Central
Research Laboratory was dedicated in 1960.
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As a result of the demands placed on it by mobilization, Caterpillar Tractor
Company purchased a building adjoining its Peoria, Illinois, plant that would be
converted into facilities for its Research Department by 1943.26 Engineers in this
department designed vehicles and equipment for the armed forces—including tractors,
diesel engines, tank parts, and shells—which were manufactured by a subsidiary: the
Caterpillar Military Engine Company.?’ Following the end of hostilities, Caterpillar
quickly resumed production of tractors, bulldozers, scrapers, and heavy machinery for
commercial markets, diversifying its available vehicles and equipment over the next two
decades.?® The firm’s 1951 acquisition of the Trackson Company also gave Caterpillar a
variety of “hoists, cranes, and other tractor attachments” to market.?® These product lines
were further broadened by research personnel working in the Caterpillar Technical
Center, construction of which began near Peoria in 1959.%°

National Cash Register Company (NCR) built its own $1 million research
center at Hawthorne, California, in May 1956.3* The facility—named the Electronics
Research Building—complemented the firm’s purchase of the Hawthorne-based
Computer Research Corporation four years earlier.®? With this acquisition and the
subsequent expansion of its available R&D workspace, NCR sought to establish a

foothold in the same computer mainframe industry where competitors IBM and

26 See Caterpillar Tractor Company annual reports for 1941 (p. 10) and 1943 (pp. 12-14).

27 See Caterpillar Tractor Company annual reports for 1942 (pp. 9-11) and 1945 (pp. 12-13). The
Caterpillar Military Engine Company was organized in 1942 “to supervise the design and construction of
the government-owned Victory Ordnance Plant at Decatur, Illinois.” This subsidiary would be liquidated
soon after the war.

28 Caterpillar Tractor Company, 1946 Annual Report, January 29, 1947, pp. 12-15.

29 Caterpillar Tractor Company, Fifty Years on Tracks (Peoria, lllinois: 1954), 60.

%0 Caterpillar Tractor Company, 1959 Annual Report, January 20, 1960, p. 12.

31 “Dedication Scheduled for Research Center,” Los Angeles Times, May 9, 1956, p. B10.

32 See National Cash Register Company annual reports for 1954 (p. 3) and 1955 (p. 11); “Computer
Maker to Sell Control,” The New York Times, September 30, 1952, p. 51.
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Remington Rand had already secured first-mover advantages.®® By 1960, NCR scientists
and engineers had introduced several computers (Models 302 through 304) with business
applications, as well as new electronic adding and accounting machines.3* Additional
development of computers and business machines took place at NCR’s Dayton, Ohio,
Engineering and Research Building, which was dedicated in 1957.%°

Before its 1955 merger with Sperry Corporation, Remington Rand, Inc.,
established a Laboratory of Advanced Research at South Norwalk, Connecticut. Placed
into operation by 1945, this facility was responsible for “wide diversification of the
Company’s [product] lines,” and its staff collaborated with divisional laboratories to
design typewriters, accounting machines, and printing calculators.®® Remington Rand
gained additional expertise and patent rights through the postwar acquisitions of the
Eckert-Mauchly Computer Corporation (manufacturer of the UNIVAC line of electronic
computers) and Engineering Research Associates (producer of large-scale computer
systems like the “1101” and “1103”).%" In addition, Remington broadened its selections
of cameras and “DeLuxe” electric shavers following WWII, complementing its line of
business machines with a range of electronic equipment and appliances.3?

United Shoe Machinery Corporation (USM) sought to expand its range of

available products after being accused of federal antitrust violations in December 1947.3°

33 Cortada, Before the Computer, 236-37.

3 Richard S. Rosenbloom, “Leadership, Capabilities, and Technological Change: The Transformation
of NCR in the Electronic Era,” Strategic Management Journal 21, no. 10/11 (October-November 2000):
1087-90.

35 National Cash Register Company, 1956 Annual Report, March 7, 1957, p. 3.

% See Remington Rand, Inc., annual reports for 1944 (p. 11), 1945 (pp. 5-6), and 1947 (p. 5).

37 Remington Rand, Inc., 1949 Annual Report, May 31, 1950, p. 6; “Rand Acquires Developer of Navy
Computer,” New York Herald Tribune, April 29, 1952, p. 33.

3% Remington Rand, Inc., 1954 Annual Report, May 20, 1955, pp. 20-21; “C.B.S., Remington Rand
Join in Commercial Color TV Plan,” New York Herald Tribune, August 16, 1950, p. 33.

39 United Shoe Machinery Corporation, 1948 Annual Report, July 15, 1948, p. 3.

270



Once a focused manufacturer of equipment for shoemaking and repair, the firm moved
into the production of “Pop” rivets, hand-held power tools, and machinery for assembling
radios and television sets.*® B.B. Chemical Company, a subsidiary, introduced high-
strength cements and adhesives (including “Thermogrip”) during the 1950s, while
USM’s Atomic Power Department fabricated components for nuclear reactors under
subcontract with Westinghouse and General Electric.*! “Harmonic Drive” gears found
applications in radar systems developed by the Ordnance Department, which also made
guided missile parts for the armed forces.*?

Scientists and engineers worked on these various products at the long-running
USM laboratory in Beverly, Massachusetts, and B.B. Chemical’s facilities in nearby
Cambridge.*® By 1956, the United Shoe Machinery Ohio Laboratories had opened at
Xenia, and work began on an additional R&D unit at Beverly for the recently organized
Atomic Power Department.** Despite its research facility expansion and aggressive
product diversification, USM still extended its core product line (shoe machinery) with
new lasting and sewing machines during the 1940s and 50s.

Similarly, National Supply Company continued to broaden its selections of

diesel engines and oil field equipment after WWII, developing such goods in its

40 “News and Views of Investments: Outlook Brightens Steadily at United Shoe Machinery,” Barron’s
National Business and Financial Weekly, August 15, 1960, p. 24.

41 See United Shoe Machinery Corporation annual reports for 1955 (p. 8) and 1959 (p. 10); “News and
Views of Investments: United Shoe Machinery Scoring Profit Gains,” Barron’s National Business and
Financial Weekly, March 5, 1956, p. 33.

42 See United Shoe Machinery Corporation annual reports for 1958 (pp. 10-11), 1959 (p. 11), and 1960
(p- 9).

43 United Shoe Machinery Corporation, 1940 Annual Report, May 18, 1940, p. 3; Callie Hull, ed.,
“Industrial Research Laboratories of the United States, Including Consulting Laboratories,” Bulletin of the
National Research Council, no. 104 (December 1940): 285-86.

44 United Shoe Machinery Corporation, 1956 Annual Report, June 13, 1956, p. 9.
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laboratories at Ambridge, Pennsylvania, and Torrance, California.*> Among the products
introduced by the firm were oil rigs, pumps, well casing heads, and drilling pipes.*®¢ To
further “augment its line of diesel engines and to provide additional sales outlets,”
National Supply would purchase the Atlas Imperial Diesel Engine Company of Oakland
in 1950.4 In 1957, one year before it was acquired by Armco Steel Corporation,
National Supply expanded its available R&D workspace with the construction of the
20,000-square-foot Pittsburgh Technical Center in Allison Park.*8

The annual reports of the Ingersoll-Rand Company make no mention of
research facility expansion from 1941 through 1960. In 1962, though, the firm opened a
“fundamental research laboratory” at Bedminster, New Jersey. While this facility was
meant to “expand...development of new products and broaden [its] markets,” Ingersoll
did not attempt to move beyond its core businesses in the decade after WWI1.4° The
company had long sold many of its manufactured goods (which included industrial
machinery and equipment) to construction and mining firms.>® These product lines were
extended in the 1940s and 1950s, as Ingersoll increased its offerings of air and gas
compressors, pneumatic tools, mining drills, and pumps.5!

Food Machinery Corporation (FMC), on the other hand, was able to diversify

beyond agricultural machinery and equipment, entering the pesticide industry with its

45 John H. Gribbin and Sue Singer Krogfus, eds., Industrial Research Laboratories of the United States
(Washington, D.C.: National Academy of Sciences—National Research Council, 1960), 39.

46 See National Supply Company annual reports for 1951 (p. 7), 1952 (p. 7), and 1953 (p. 7).

47 National Supply Company, 1950 Annual Report, March 1, 1951, p. 3.

48 “Firm Picks Etna Site for Big Lab,” The Pittsburgh Press, March 1, 1957, p. 4; National Supply
Company, 1957 Annual Report, February 14, 1958, p. 5.

49 Ingersoll-Rand Company, 1962 Annual Report, March 1, 1963, p. 3.

%0 “Investor’s Guide: Ingersoll-Rand Growth,” Chicago Daily Tribune, April 22, 1952, p. B6.

51 For descriptions of the new products developed and marketed by Ingersoll, see Ingersoll-Rand
Company, 1960 Annual Report, December 31, 1960, pp. 4-6, 10-15; Jeffrey L. Rodengen, The Legend of
Ingersoll-Rand (Fort Lauderdale, Florida: Write Stuff Syndicate, Inc., 1995), 92-95.
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Table 5-39a: Research Facility Personnel, 1940-1960, for Manufacturers of
Machinery (Except Electric)

Research Personnel Employed Total Percent
by Company and Subsidiaries Increase Increase
Company in in
Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 from 1940 | from 1940
to 1960 to 1960
International 1808 | 2027 | 248 | 237 | 3409 | 1601 89%
Harvester Co.A
Deere & Co. 41 41 45 94 395 354 863%
Allis-Chalmers 28 | 331 | 237 | 592 | 143 115 411%
Manufacturing Co.
International Business | o, | 519 | 497 | 3495 | 9721 | 9701 48505%
Machines Corp.
Singer Mgr(‘)“facw””g 31 | 30 | 30 | 205 |1001| 970 3129%
Caterpillar Tractor Co. | 146 | 199 | 534 | 790 | 1497 1351 925%
National Cash a4 | 177 | 173 | 316 | 1684 | 1640 3727%
Register Co.
Remington Rand Inc.2 | NA | NA | 507 | 205 | NA NA NA
United Shoe 701 | 643 | 774 | 823 | 842 141 20%
Machinery Corp.¢
National Supply Co.> | NA | NA | 37 27 NA NA NA
Ingersoll-Rand Co. 27 NA | NA | NA | NA NA NA
Food Machinery & |10 | oo | 196 | 327 | 1154 | 1136 6311%
Chemical Corp.E

A The dramatic decline in research personnel from 1946 to 1950 might be explained by International
Harvester’s apparent decision to not list “shop mechanics” and “auxiliary personnel” in the 1950 and
1956 NRC surveys.

B Remington Rand merged with Sperry Corp. in 1955 to form Sperry Rand, and Remington became an
operating division of the new company. The 1960 research personnel total for Sperry Rand is listed
in Table 5-39b as the 1960 total for Sperry Corp.

€ Totals for United Shoe Machinery include its subsidiary B.B. Chemical Co. Also included is Celastic
Corp., which was USM’s joint venture with Du Pont.

D National Supply was acquired by Armco Steel in 1958.

E Totals for Food Machinery & Chemical include its subsidiary Niagara Sprayer and Chemical Co.
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Table 5-39b: Research Facility Personnel, 1940-1960, for Manufacturers of

Machinery (Exce

pt Electric) (Continued)

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
Company in in
Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 from 1940 | from 1940
to 1960 to 1960

Babcock & -\ 45 | 57 | 343 | 327 | 347 305 726%
Wilcox Co.

Timken Roller | 551 | 546 | 104 | 147 | 164 40 -20%

Bearing Co.

Fairbanks, 0
Morse & Co. 33 NA 112 164 83 50 152%
J.l. Case Co.A 41 94 84 15 17 -24 -59%
Sperry Corp.B 78 2257 | 1558 | 3205 | 10146 10068 12908%
Otis E'g"ator NA | NA | NA | NA | NA NA NA
Oliver Corp.© NA NA NA NA NA NA NA
Worthington

Pump & 31 43 98 108 485 454 1465%
Machinery Corp.
Dresser 7 | NA | 30 | 261 | NA NA NA
Industries, Inc.P
Burroughs
Adding Machine | NA NA 146 528 | 1704 NA NA
Co.

Combustion
Engineering- | \A | NA | NA | NA | NA NA NA
Superheater,

Inc.E

AThe dramatic decline in research personnel from 1950 to 1956 might be explained by Case’s apparent
decision to not list “associated engineers” in the 1956 and 1960 NRC surveys.

B Totals for Sperry Corp. include its subsidiaries Sperry Gyroscope Co. and Vickers, Inc. Because
Sperry merged with Remington Rand in 1955, the research personnel total for 1960 is that of Sperry

Rand.

€ Each NRC directory from 1940 to 1956 contains an entry for Oliver Corp., but these entries only list
the company’s research managers and do not provide figures for research personnel. Oliver Corp. is
not included in the 1960 directory.

P Totals for Dresser Industries include its subsidiary Clark Brothers Co.

E Each NRC directory from 1940 to 1960 contains an entry for Combustion Engineering-Superheater,
but these entries only list the company’s research managers and do not provide figures for research

personnel.
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1943 acquisition of Niagara Sprayer and Chemical Company.> Five years later, FMC
purchased Westvaco Chemical Corporation (a manufacturer of industrial chemicals like
soda ash and phosphorus) and, to reflect its “greatly extended activities,” formally
changed its name to Food Machinery & Chemical Corporation.>® Additional
acquisitions made by the firm through 1960 included: Ohio-Apex, Inc. (a maker of
plasticizers), in 1951; Buffalo Electro-Chemical Company (hydrogen peroxide) in 1952;
and both J.S. Coffin, Jr., Company (turbine-driven, high-pressure marine pumps) and
Hamer Valves, Inc. (positive shut-off valves for the petroleum industry), in 1959.5* FMC
even entered into a joint venture with Tennessee Gas Transmission Company to form
Petro-Tex Chemical Corporation, a producer of butadiene for synthetic rubber.>®
Scientists broadened these product lines—as well as FMC’s selection of tractors,
canning and packing equipment, and ground support vehicles for long-range and surface-
to-air missiles—at the Central Research Laboratory in San Jose.>® This facility, which
housed the newly created Central Engineering Department, was established in 1946 and
expanded within a decade.®” FMC later broke ground on a 45,000-square-foot chemical

research laboratory at Princeton, New Jersey, that would be staffed by 150 employees.5®

52 “Buys Insecticide Firm: Food Machinery Co. Acquires Niagara Sprayer,” The New York Times,
September 16, 1943, p. 31.

53 See Food Machinery & Chemical Corporation annual reports for 1948 (p. 3) and 1949 (pp. 11-12).

% “News and Views of Investments: Food Machinery to Boost Sales, Net to New Peaks,” Barron’s
National Business and Financial Weekly, September 5, 1960, p. 24; See Food Machinery & Chemical
Corporation annual reports for 1951 (p. 11) and 1959 (p. 11).

% Food Machinery & Chemical Corporation, 1955 Annual Report, March 1, 1956, p. 4.

% See Food Machinery & Chemical Corporation annual reports for 1945 (pp. 7-8), 1954 (pp. 11-15),
1958 (pp. 13-15), and 1959 (pp. 11-12); Callie Hull, ed., “Industrial Research Laboratories of the United
States, Including Consulting Laboratories,” Bulletin of the National Research Council, no. 113 (July 1946):
120.

57 See Food Machinery & Chemical Corporation annual reports for 1946 (p. 6) and 1956 (p. 4).

%8 “Tract Is Bought to Aid Research,” The New York Times, October 21, 1955, p. 45; “FMC to Build
Chemical Lab for Long Range Research,” Journal of Agricultural and Food Chemistry 3, no. 11
(November 1955): 905.
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The Babcock & Wilcox Company established a research center at Alliance,
Ohio, in 1947, consolidating the R&D work of its Boiler and Refractories Departments.>®
From 1941 through 1960, engineers in these departments introduced such goods as:
industrial and marine boilers; “Kaowool” and “Cerox” ceramic refractories; alloy and
stainless steels; and titanium, zirconium, and molybdenum tubular shapes.®® Babcock &
Wilcox also owned two subsidiaries—the Bailey Meter Company (maker of industrial
control apparatus and meters) and Diamond Power Specialty Corporation (closed-circuit
television, water gauges, and soot blowers)—that extended their product lines after
WWI1.81 Although Babcock & Wilcox remained, for the most part, in core industrial
sectors where it had existing capabilities, the firm did move into the nuclear energy field,
conducting work on the Manhattan Project and, in the 1950s, manufacturing reactors and
fuels.®2 Nuclear research was facilitated by the 1956 construction of a Critical
Experiments Facility at Lynchburg, Virginia.®3

Around this time, Timken Roller Bearing Company announced that it would
embark on a $2 million construction program to increase its available R&D workspace,
and in 1957, the firm completed “quarters for product engineering, metallurgical
research, and [a] physical testing laboratory” at Canton, Ohio.®* The facilities assisted

Timken’s attempts to broaden its line of roller and ball bearings. New precision bearings

%9 Babcock & Wilcox Company, The Babcock & Wilcox Story, 1867-1967: 100 Years of Service to
Industry (New York: 1957), 41; Babcock & Wilcox Company, 1946 Annual Report, February 20, 1947.

80 Babcock & Wilcox Company, The Babcock & Wilcox Story, 42-43, 47, 55-57.

61 See Babcock & Wilcox Company annual reports for 1953 (p. 3) and 1957 (pp. 16-18).

62 Alan Haberman and Richard Abrons, “Babcock & Wilcox: It Is the Nation’s No. 1 Boiler Maker,”
Barron’s National Business and Financial Weekly, May 3, 1954, p. 13.

8 “Industry Is Born: Reactor Factory,” The New York Times, May 18, 1956, p. 35; Babcock & Wilcox
Company, The Babcock & Wilcox Story, 67.

8 Timken Roller Bearing Company, 1956 Annual Report, February 20, 1957; Bettye H. Pruitt, Timken:
From Missouri to Mars—A Century of Leadership in Manufacturing (Boston: Harvard Business School
Press, 1998), 184; “News of Distributors,” Western Construction 32, no. 1 (January 1957): 204.
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allowed the company “to expand its machine-tool market,” while the “All-Purpose”
bearing was designed for rail freight cars.®> Through this diversification effort, Timken
could market its products to manufacturers of the machine tools, locomotives, aircraft,
and automobiles that were essential to the growing postwar economy.%¢

Even before the conclusion of WWII, Fairbanks, Morse & Company
implemented a product diversification strategy, moving (“with government permission’)
into the diesel locomotive industry by 1944.57 That same year, the firm acquired the
Ponoma Pump Division of the Joshua Hendy Iron Works, broadening its line of turbine
pumps for drilling and irrigation.®® Fairbanks would later purchase “the designs, tools,
and inventory” of the Armstrong Products Company in order to manufacture re-winder
starters and centrifugal clutches.®®

Throughout the 1950s, Fairbanks, Morse continued to diversify existing product
lines, as it introduced dual-fuel (oil and natural gas) diesel engines and organized a
division in Davenport, lowa, to conduct R&D on electronic scales and engine
components (such as magnetos and cooling fans).”® Fairbanks further enhanced its
technical and functional capabilities in 1959 when it opened a 20,000-square-foot

Research and Development Center at Beloit, Wisconsin.”* The laboratories in this

8 Pruitt, Timken, 212-13.

8 “Over the Rough Spots: The Ball Bearings Industry Will Roll More Smoothly Next Year,” Barron’s
National Business and Financial Weekly, December 1, 1958, p. 11.

57 Fairbanks, Morse & Company, 1944 Annual Report, March 28, 1945.

% Fairbanks, Morse & Company, Pioneers in Industry: The Story of Fairbanks, Morse & Co., 1830-
1945 (Chicago: 1945), 76.

89 “News and Views of Investments: Diversified Product Lines Aiding Fairbanks, Morse,” Barron’s
National Business and Financial Weekly, October 10, 1955, p. 27.

70 See Fairbanks, Morse & Company annual reports for 1954 (p. 13), 1955 (p. 8), and 1956 (p. 5);
“New Fairbanks Unit Is Set Up in Electronics,” Chicago Daily Tribune, April 5, 1954, p. C7.

1 “Fairbanks, Morse Plans Beloit, Wis., Research Center,” Chicago Daily Tribune, July 13, 1959, p.
C6; “Morse to Open Beloit Research Unit Oct. 1,” Chicago Daily Tribune, September 16, 1959, p. C6.
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facility contained workspace for 50 scientists and were devoted to research in insulation
materials, home water systems, and electronic devices.?

Research performed in the laboratories of the J.I. Case Company was hindered
by mobilization, as resources were committed to the “engineering of special war
materials” rather than the firm’s commercial line of agricultural machinery. Following
the surrender of Japan, however, Case researchers began to develop new self-propelled
combines, forage harvesters, corn planters, plows, diesel tractors, and grain drills.”® By
1956, “important steps were taken...toward the objective of diversification...in the non-
farm field.”’* First, Case’s acquisition of the American Tractor Corporation allowed for
the manufacture of bulldozers, back hoes, and other earth-moving equipment.” Second,
the 1957 construction of the Engineering Research and Development Center at Racine,
Wisconsin, provided Case with a facility to refine the products (irrigation equipment,
magnetos, stationary engines, etc.) introduced since WWI1.76

The Sperry Corporation launched a program of research facility expansion in
1941, leasing a 2.1 million-square-foot plant from the federal government at Lake
Success, New York, where it would “consolidate all of its manufacturing and research

activities” within five years.”” This complex, which housed Sperry’s “electronics

2 Fairbanks, Morse & Company, 1959 Annual Report, December 31, 1959. Fairbanks, Morse merged
with Penn-Texas Corporation in 1958 (forming Fairbanks Whitney Corporation), but it continued to
operate as a subsidiary.

78 See J.1. Case Company annual reports for 1946 (p. 5) and 1953 (p. 25); “Case Making Diesel
Tractor,” The New York Times, June 23, 1953, p. 36.

4 J.1. Case Company, 1956 Annual Report, January 21, 1957, p. 2.

5 «J 1. Case’s Loss in 6 Months Tops Year Ago: Diversification May Aid Position,” Chicago Daily
Tribune, June 8, 1956, p. C7; “Merger Approved for J.I. Case Co., American Tractor,” The New York
Times, November 16, 1956, p. 46.

76 J.1. Case Company, 1957 Annual Report, January 24, 1958, pp. 4-9. Case’s 1952 annual report (p.
11) mentions a new “general office and engineering building” at its Rock Island plant, but it is not clear if
company researchers in this facility were given their own standalone laboratory workspace.

" Fitzhugh Turner, “Sperry U.N. Site Is Reported as ‘Made to Order,”” New York Herald Tribune,
April 5, 1946, p. 1A; Sperry Corporation, 1946 Annual Report, April 4, 1947, p. 7.
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research laboratories,” would also be the temporary home of the United Nations from
1946 to 1951.7® Sperry continued to establish R&D facilities after the surrender of Japan,
converting the diesel-driven yacht Wanderer into a “floating laboratory” for the testing of
gyroscopes, marine instruments, and radar systems.”® In 1955, the firm announced plans
to build an “advanced flight research center” at Phoenix “for the development and
manufacture of aviation electronic equipment,” and six years later, a basic and applied
research complex was dedicated at Sudbury, Massachusetts.

These extensive facilities allowed Sperry to enhance the many product lines it
would accumulate through internal R&D and targeted acquisitions. The company was an
early developer of guided missiles (the “Sparrow I” was the first such air-to-air weapon),
while long-running subsidiary Vickers, Inc., made hydraulic pumps and systems for use
in machine tools, power steering, and aircraft landing gear.8! Sperry purchased Wright’s
Automatic Machinery Company (maker of packaging and labeling machines) in 1945 and
New Holland Machine Company (hay balers, loaders, and harvesters) in 1947.82 The
1955 merger with Remington Rand, manufacturer of business machines and computers,
gave Sperry a diversified range of electronic equipment in which to market.8

Facing “the shortage of essential material, such as steel and copper,” at the onset

of the Korean War, the Otis Elevator Company pursued a diversification strategy

8 Robert Sobel, Thomas Watson, Sr.: IBM and the Computer Revolution (Washington, D.C.: Beard
Books, 2000), 149. Sperry occupied approximately 70% of the Lake Success facility.

79 “Sperry to Outfit Yacht as Floating Laboratory,” New York Herald Tribune, December 16, 1945, p.
C5; “Laboratory-Yacht to Show Latest Navigational Aids,” The Baltimore Sun, June 25, 1947, p. 7.

8 Sperry Rand Corporation, A History of the Sperry Rand Corporation (1961), 13; “Sperry Planning
Flight Test Center,” New York Herald Tribune, December 22, 1955, p. A5.

81 Sperry Rand Corporation, A History of the Sperry Rand Corporation, 11-12.

82 See Sperry Rand Corporation annual reports for 1945 (p. 7) and 1947 (pp. 9-10).

8 John M. Morahan, “Sperry-Rand Deal Seen Boon to Defense Output,” New York Herald Tribune,
May 1, 1955, p. A8.
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through several key acquisitions.®* In 1953, the firm bought the Transmitter Equipment
Manufacturing Company (TEMCO), which would become the Otis Electronics
Division.® This division maintained Brooklyn research facilities that would be expanded
by 1956, and its staff designed components for guided missiles and radar in order to
secure defense contracts.®® A year after buying TEMCO, Otis purchased the Baker-
Raulang Company to enter the forklift industry, and in 1955, the elevator manufacturer
would collaborate with the Murray Corporation of America to begin producing automatic
bowling pinsetters.8” Otis engineers also added to its line of elevators with technological
innovations, such as the “Autotronic” model that ran without attendants. 88

Like Otis, the Oliver Corporation increased its available R&D workspace by
acquiring other firms and their research facilities. The firm purchased the Cleveland
Tractor Company, a manufacturer of crawlers for “both the agricultural and industrial
fields,” in 1944.%8° Cleveland Tractor would become Oliver’s Cletrac Division and,
according to the National Research Council directories from 1946 through 1956, operated
its own research laboratory.?® Oliver continued to acquire smaller farm equipment
manufacturers—specifically, the A.B. Farquhar Company in 1951 and the Be-Ge

Company in 1953—until it was bought out by White Motor Company in October 1960.%!

84 Otis Elevator Company, 1950 Annual Report, December 31, 1950, p. 14.

8 «Otis Sets Up Electronics Unit,” The New York Times, August 8, 1953, p. 23.

8 See Otis Elevator Company annual reports for 1956 (pp. 10-11) and 1957 (p. 10); Jason Goodwin,
Otis: Giving Rise to the Modern City (Chicago: Ivan R. Dee, 2001), 169.

87 See Otis Elevator Company annual reports for 1954 (p. 9) and 1955 (p. 12).

8 Qtis Elevator Company, 1951 Annual Report, December 31, 1951, p. 23.

8 Qliver Corporation, 1944 Annual Report, January 23, 1945,

% Hull, ed., “Industrial Research Laboratories of the United States,” Bulletin of the National Research
Council, no. 113 (July 1946): 231; James F. Mauk, ed., Industrial Research Laboratories of the United
States (Washington, D.C.: National Academy of Sciences—National Research Council, 1956), 356-57.

% Sherry Schaefer and Jeff Hackett, Oliver Tractors (Minneapolis, Minnesota: Voyageur Press, 2009),
16-17; “Oliver Board Approves Sale of Farm Unit to White Motor,” New York Herald Tribune, October 4,
1960, p. 37. A.B. Farquhar maintained engineering facilities in York, Pennsylvania.
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Table 5-40a: Product Diversification, 1941-1960, for Manufacturers of Machinery

(Except Electric)

Diversification of Product
Lines in Existing Industry

Diversification into

Chemical Corp.

Company New Industry Groups
Groups after 1941 (SIC after 1941 (SIC Codes)
Codes)
International Harvester Co. 352, 353, 3711 363
Deere & Co. 352 287, 353
Allis-Chalmers 352, 353 344, 351, 361, 362
Manufacturing Co.
International Business
Machines Corp. 357, 387 366
Singer Manufacturing Co. 362, 3636 354, 355, 357, 366, 382
Caterpillar Tractor Co. 352, 3531 None
National Cash Register Co. 357 None
Remington Rand Inc. 357, 363, 386 None
United Shoe Machinery 3559, 3636 289, 344, 354, 366
Corp.
National Supply Co. 351, 353 None
Ingersoll-Rand Co. 351, 353, 356 None
Food Machinery & 353, 355, 356 281, 286, 287, 352, 371

329, 331, 335, 344, 356, 362,

Babcock & Wilcox Co. 382 281
Timken Roller Bearing Co. 3562 None
Fairbanks, Morse & Co. 351, 362, 369 3576, 374
J.1. Case Co. 352 351, 353, 369
Sperry Corp. 356, 381 352, 354, 355, 357, 363,

366, 376
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Table 5-40b: Product Diversification, 1941-1960, for Manufacturers of Machinery
(Except Electric) (Continued)

Diversification of Product Diversification into
Company Lines in Existing Industry New Industry Groups
Groups aggzrei)gu (SIC | after 1941 (SIC Codes)
Otis Elevator Co. 353 366, 394
Oliver Corp. 352 351
Worthington Pump &
Machinery Corp. 351, 356, 358, 361 354
Dresser Industries, Inc. 351, 3533, 356 289, 344, 366, 382
Burroughs Adding
Machine Co. 357 None
Combustion Engineering-
Superheater, Inc. 344, 356 None

While Oliver had mainly focused on broadening its line of tractors and farm equipment, it
began to produce outboard motors at its Battle Creek, Michigan, plant following the 1954
purchase of “tooling and design rights” from the Chris-Craft Corporation.®?

Although it already had a diversified line of machinery and equipment,
Worthington Pump and Machinery Corporation still engineered innovative products
and processes following WWI1.%3 The company improved its turbines, pumps,
construction drills, and engines with more powerful and efficient models, such as pumps
meant to handle “various types of radioactive liquids” and the 125,000-square-foot steam
condenser designed for Consolidated Edison Company in 1952 that was “probably the

largest...ever built by anyone” at the time.** Besides manufacturing heavy machinery for

92 QOliver Corporation, 1954 Annual Report, January 10, 1955, p. 6.

9 Worthington Pump and Machinery changed its name to “Worthington Corporation” in 1952 to better
reflect the broad range of products that it manufactured.

% See Worthington Corporation annual reports for 1952 (pp. 4, 7-11), 1953 (pp. 16-17), 1959 (pp. 8-
13), and 1960 (pp. 7-9).
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industrial corporations and public utilities, Worthington saw significant growth in the sale
of its air conditioning and refrigeration appliances as they became more commonplace in
the household.®® Worthington also expanded into the production of welding positioners
by acquiring Ransome Machinery Company in 1943 and constructing a “welding
research laboratory” at Harrison, New Jersey, in 1953.%¢ Two years later, Worthington
opened a “hydraulic testing laboratory” at Harrison, and in 1956, it announced plans for
an air-conditioning research facility at its Ampere (N.J.) Works.%’

Dresser Industries, Inc., increased its available R&D workspace by purchasing
Magnet Cove Barium Corporation in November 1949. One of the largest American
producers of barite and drilling mud, Magnet Cove had a “modern laboratory [at
Houston] staffed with skilled personnel for product development and quality control.”%
The Magnet Cove acquisition complemented Dresser’s existing lines of drills and related
equipment, which were enhanced by the company scientists who introduced new bits,
turbines, centrifugal compressors, and engines.®® Dresser even divested itself of its
household appliance businesses—namely, the production of heaters and air

conditioners—in January 1949, as the firm concentrated on opportunities in the growing

oil and natural gas industries.1%

% «“Worthington Expands Stake in Air Conditioning Market,” Barron’s National Business and
Financial Weekly, April 12, 1954, p. 29. Before WWII, Worthington manufactured condensers and
vacuums for basic air conditioning units, but by the 1950s, the company had developed more complex
systems that combined heating and air conditioning.

% “Worthington Acquires Ransome,” The New York Times, August 3, 1943, p. 22; Worthington
Corporation, 1953 Annual Report, February 17, 1954, p. 8.

9 «“Worthington Shows Huge New Pump Lab,” The New York Times, March 30, 1954, p. 43;
“Worthington to Extend Research into Cooling,” New York Herald Tribune, December 30, 1956, p. 9C.

% Dresser Industries, Inc., 1949 Annual Report, January 26, 1950, p. 7.

9 See Dresser Industries, Inc., annual reports for 1946 (pp. 17-24), 1954 (pp. 23-25), 1955 (pp. 27-43),
and 1958 (pp. 20-39).

100 Darwin Payne, Initiative in Energy: Dresser Industries, Inc., 1880-1978 (New York: Simon and
Schuster, 1979), 178, 205-06. As the company diversified into the energy industry, its formal name was
changed from “Dresser Manufacturing Company” to “Dresser Industries, Inc.,” on June 23, 1944.
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During the 1950s, Dresser continued to expand its operations into areas where it
could apply the technical and functional capabilities that it had cultivated in
metalworking and the production of capital goods. For example, the company began to
manufacture radio, television, and microwave towers that were sold through its ldeco
Division.’%* On March 1, 1955, Dresser would acquire Lane-Wells Company (a provider
of oil field technical services) and its research facilities in Los Angeles and San Gabriel,
California.1%? Through its Southwestern Industrial Electronics (SIE) subsidiary, Dresser
even developed a full line of electronic equipment related to oil and gas drilling, such as
geophysical instrumentation, industrial test instruments, power supplies, and automation
and control systems.1% SIE, which had been organized in 1945, moved into the newly
constructed, 300,000-square-foot Dresser Electronics Center at Houston by 1958.104

To keep pace with its competitors in the field of office machinery, Burroughs
Adding Machine Company established an “electronics laboratory” at Philadelphia in
1949.105 Qver the next seven years, Burroughs built two more Pennsylvania R&D
facilities: a $3 million research center at Paoli (dedicated in 1954) and the 126,000-
square-foot, Great Valley laboratories (opened by 1956).1%6 At these research complexes,
scientists and engineers worked on new accounting, bookkeeping, and automatic ticket

machines that enhanced the company’s range of available products.'®” More importantly,

101 Wm. I. Latourette, “Dresser Industries: Moves toward a Goal of More Stable Earnings,” Barron’s
National Business and Financial Weekly, July 26, 1954, p. 15.

102 «“Lane-Wells to Be a Unit of Dresser,” New York Herald Tribune, March 2, 1955, p. 28; Mauk, ed.,
Industrial Research Laboratories of the United States, 152-53.

103 Dresser Industries, Inc., 1958 Annual Report, January 29, 1959, p. 40.

104 Payne, Initiative in Energy, 260-61.

105 See Burroughs Adding Machine Company annual reports for 1948 (p. 16) and 1949 (p. 19).

106 See Burroughs Corporation annual reports for 1952 (p. 5), 1954 (p. 8), and 1956 (p. 9). Burroughs
Adding Machine formally changed its name to “Burroughs Corporation” in 1953.

107 Burroughs Corporation, 1954 Annual Report, March 15, 1955, pp. 4-7.
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Burroughs attempted to move into the emerging computer industry by introducing the E-
101 in 1954 and purchasing ElectroData Corporation two years later.1%® This bid to gain
a foothold in electronic computers, however, would not be successful until the 1960s, as
Burroughs had “relied too long on its existing product line” and was slow to embrace the
technology that was already reshaping the marketplace.'%°

The Combustion Engineering Company, a manufacturer of range boilers and
water heaters, moved much faster than Burroughs to reposition itself in the post-WWII
economy, merging with the Superheater Company (maker of steam superheaters and
related components for locomotive, marine, and stationary boilers) in 1948 to form
Combustion Engineering-Superheater, Inc. (C-E).*%° In 1953, “Superheater” was
removed from the company’s name to reflect the gradual marginalization of its product
lines for steam locomotives.!! That same year, C-E organized a Nuclear Power Division
to build reactors and related components for power plants and submarines.'*? These
operations would be fostered by research performed at C-E’s Nuclear Engineering and
Development Center, which was constructed in 1957 on a 530-acre site at Windsor,
Connecticut.®® In its core business, C-E continued to develop new models of utility and

industrial boilers, including those used to power large ships.*!4

198 Burroughs Corporation, 1956 Annual Report, March 15, 1957, pp. 4-5.

109 Cortada, Before the Computer, 241.

110 The 1945 annual report for the Superheater Company notes that the “research laboratory at East
Chicago was enlarged during the year,” although it does not describe the extent of this addition. One year
later, Combustion Engineering built a “testing laboratory” at Chattanooga that would later be called the
“Kreisinger Development Laboratory.” See Combustion Engineering Company, Inc., 1946 Annual Report,
December 31, 1946.

11 Combustion Engineering-Superheater, Inc., 1952 Annual Report, March 12, 1953, p. 7.

112 Combustion Engineering, Inc., 1953 Annual Report, March 18, 1954, pp. 6-7.

113 See Combustion Engineering, Inc., annual reports for 1955 (pp. 5-6) and 1957 (p. 5). The Windsor
complex housed a “critical experiment facility for studying physics and nuclear characteristics of reactor
cores, a ‘hot’ laboratory, and a fuel element fabrication plant.”

114 See Combustion Engineering, Inc., annual reports for 1957 (pp. 5-7), 1959 (pp. 12-13), and 1960 (p.
27).
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C-E’s extensive broadening of its fabricated metal products line was characteristic
of the postwar diversification strategies adopted by the twenty-three machinery
manufacturers among the 200 largest industrial corporations in 1948. All twenty-three
firms diversified their existing businesses, adding innovative models to their lines of
engines, farm and construction equipment, business machines, drills, and boilers. Fifteen
of these companies moved their operations into at least one new industry group,
according to the SIC codes: seven firms (International Harvester, IBM, Singer, United
Shoe Machinery, Sperry, Otis Elevator, and Dresser Industries) began to market electrical
apparatus and electronics to support their heavy equipment and machinery lines, while
five enterprises (Deere, United Shoe, Food Machinery & Chemical, Babcock & Wilcox,
and Dresser) diversified into some form of chemical production. A total of four
machinery manufacturers (Allis-Chalmers, United Shoe, Babcock & Wilcox, and C-E)
even took advantage of their technical and functional capabilities in metal fabrication to
work on nuclear reactors and components.

Of the twenty-three firms assessed in this subsection, six became highly
diversified between 1941 and 1960, extending their operations into at least four new
industry groups. These companies included Allis-Chalmers, Singer, United Shoe, Food
Machinery & Chemical, Sperry, and Dresser. On the other hand, three of the four
manufacturers of business machines among the 200 largest industrial corporations in the
U.S. as of 1948—National Cash Register, Remington Rand, and Burroughs—did not
diversify beyond their existing product lines. This narrow focus on the development of
business machines was understandable, however, as the tremendous opportunities

presented by the emergence of mainframe computers required the full attention of
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research personnel. In fact, three enterprises that produced business machines were
among the first members of the “Machinery, Except Electric”” SIC group to construct new
research facilities after 1941: IBM, Remington Rand, and Burroughs all broke ground on
laboratories either during WWII or within three years of the end of hostilities.

All but one of the twenty-three machinery manufacturers among the 200 largest
industrial corporations in 1948 established research laboratories from 1941 through
1960.1*> To staff these complexes, firms hired armies of technical personnel. Nine of the
twenty-three machinery manufacturers increased their research staffs by over 500% in the
twenty years after Pearl Harbor, hiring hundreds of scientists and engineers to enhance
their R&D capabilities. The technological demands of machinery production required
that companies make these massive investments in research facilities and personnel to

broaden their product lines and remain competitive in the marketplace.

115 The one exception, Ingersoll-Rand, actually opened a laboratory by 1962.

287



5.2.11 Miscellaneous Manufacturing Industries
Table 5-41: 1948 Industry Overview for Manufacturers in Miscellaneous Industries?

Rank among Major )
Company | 200 Largest f/ﬁ?ﬁgsng Product Lines Othigfg%’g&gs‘)—'”es
Corporations (SIC Codes)
Armstrong
Cork Co. 128 109.1 399 249
Diamond
Match Co. 199 67.0 399 None

On April 26, 1950, Armstrong Cork Company began construction of its
Research and Development Center located four miles west of Lancaster, Pennsylvania.?
Completed in the fall of 1951, the Lancaster complex provided the firm with 162,000
square feet of workspace, housed a pilot plant “for the testing of laboratory-devised
processes on a production scale,” and contained an organic chemical research unit.
Armstrong would further enhance its technical and functional capabilities when it broke
ground on a “highly specialized” Acoustical Research Building in 1954.4

From 1941 through 1960, Armstrong diversified its existing lines of cork
products, linoleum flooring, and glass containers and equipment.> The company also
manufactured new goods, including plastic and vinyl flooring, asbestos insulating
materials, and fire-retardant acoustical ceiling tiles.® In 1954, Armstrong acquired the
Deltox Rug Company of Oshkosh, Wisconsin, and began to produce a “quality line of

floor coverings made of fiber and combinations of fiber, wool, and rayon.”’

1 Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,
Massachusetts: The Belknap Press of Harvard University Press, 1990), 657.

2 Armstrong Cork Company, 1950 Annual Report, February 23, 1951, p. 15.

3 Armstrong Cork Company, 1951 Annual Report, February 21, 1952, pp. 15-16.

4 Armstrong Cork Company, 1954 Annual Report, February 24, 1955, p. 28.

5 See Armstrong Cork Company annual reports for 1950 (pp. 31-33) and 1957 (p. 17).

6 “Company Develops Two New Backings for Vinyl Flooring,” Chicago Daily Tribune, June 24, 1956,
p. SD; “Tile Is Designed to Retard Flame,” The New York Times, February 22, 1959, p. R7; Armstrong
Cork Company, 1959 Annual Report, February 12, 1960, pp. 19-21.

" Armstrong Cork Company, 1954 Annual Report, February 24, 1955, p. 6.
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Table 5-42: Research Facility Expansion, 1941-1960, for Manufacturers in
Miscellaneous Industries

Compan Name or Description of Facility Facility Official
PanY | New Research Facility Location Groundbreaking | Opening
Armstrong Research and Lancaster, .
Cork Co. Development Center Pennsylvania April 1350 1951
Diamond Stamford Research and Stamford, A
Match Co.A Engineering Center Connecticut July 1956 1957

A Date refers to a formal announcement made by Diamond Match that it had purchased the building into
which the company would move research staff and equipment.

Besides Armstrong Cork, there was only one other manufacturer among the 200
largest U.S. industrial corporations in 1948 whose SIC major group classification was
“Miscellaneous Industries”: Diamond Match Company. In 1956, Diamond purchased a
building at Stamford, Connecticut, to house the company’s research laboratories. By the
end of 1957, the facility was in full operation, containing “three experimental, semi-
commercial machines for molded pulp products,” a chemical unit, offices, a library, and
service departments.® Although Diamond already operated laboratories in Oswego and
White Plains, New York, the Stamford Research and Engineering Center allowed the
firm to centralize its R&D activities, the need for which “became increasingly apparent as
diversification [had] progressed, and as problems of associated plants...became more
related and interdependent.”® After WWII, Diamond continued to sell matches while
diversifying its wood, pulp, and paper products (part of its B-F-D Division).'® The
company later moved into the packaging industry with the acquisitions of General

Package Corporation in 1955 and Gardner Board and Carton Company in 1957.11

8 Diamond Gardner Corporation, 1957 Annual Report, March 11, 1958, p. 8.

® Diamond Match Company, 1956 Annual Report, March 15, 1957, p. 8.

10 See Diamond Match Company annual reports for 1947 (pp. 16-22) and 1948 (pp. 4-5).

11 Richard Phalon, “Diversification Sparks Diamond Match Success,” New York Herald Tribune, June
16, 1956, p. A2; Diamond Gardner Corporation, 1957 Annual Report, March 11, 1958, p. 4.
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Table 5-43: Research Facility Personnel, 1940-1960, for Manufacturers in

Miscellaneous Industries

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
Company " .
Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 from 1940 | from 1940
to 1960 to 1960
Armsiong Cork'| 136 | 208 | 226 | 328 | 367 231 170%
Dlamc?(;jAMatch 8 NA 18 18 68 60 750%

AThe NRC directory for 1946 only lists Diamond Match’s research managers and does not provide
figures for research personnel.

Table 5-44: Product Diversification, 1941-1960, for Manufacturers in Miscellaneous

Industries
Diversification of Product . T
. ! . Diversification into
Company Lines in Existing Industry New Industry Groups
Groups after 1941 (SIC after 1941 (SIC Codes)
Codes)
Armstrong Cork Co. 249, 322, 399 228, 329
Diamond Match Co. 242, 243, 261, 262 263, 265
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5.2.12 Paper and Allied Products
Table 5-45: 1948 Industry Overview for Manufacturers of Paper and Allied
Products?

Rank among Assets ( Major Other Product
Company 200 Largest Millions) Product Lines Lines (SIC
Corporations (SIC Codes) Codes)
International Paper 262, 264, 265,
Co. 40 323.2 263 266
St. Regis Paper Co. 87 157.6 262 264
Crowncze"erbaCh 88 155.7 262 263, 264
orp.
Kimberly-Clark 111 125.4 262 263, 266
Corp.
Champion Paper 263, 264, 265,
and Fibre Co. 170 7638 262 286
West Virginia Pulp 174 75.8 262 263, 264
and Paper Co.

As the largest U.S. manufacturer of paper and allied products in 1948,
International Paper Company operated a long-running laboratory in Glens Falls, New
York. The lab opened in 1901 and was the first such facility in the American pulp and
paper industry.? In 1952, International Paper expanded its R&D facilities when it
constructed “the most modern and completely equipped pulp research unit in the South.”
This unit, which was named the “Erling Riis Laboratory,” was built in Mobile, Alabama,
at a cost of $400,000, and it conducted R&D for International Paper’s Southern Kraft
Division.® The Southern Kraft Division later established a forest research station—the

15,000-acre Southlands Experimental Forest—near Bainbridge, Georgia.*

L Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,
Massachusetts: The Belknap Press of Harvard University Press, 1990), 652.

2 International Paper Company, “A Short History of International Paper: Generations of Pride,” Forest
History Today (1998): 29.

3 International Paper Company, 1952 Annual Report, March 14, 1953, pp. 8-9.

4 International Paper Company, 1957 Annual Report, March 11, 1958, pp. 13-14.
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Research conducted at its facilities from 1941 through 1960 allowed International
Paper to offer a wider range of papers (including laminated and coated papers), cartons,
and food containers.> The company would acquire the Long-Bell Lumber Corporation in
1956, diversifying into the lumber and plywood markets.® By the end of the decade,
International Paper also began to market “Tyrex” tire cord, “Pure-Pak” plastic containers,
and commercial wood pulp.’

Like International Paper, the St. Regis Paper Company diversified into plastics
after constructing additional research facilities. St. Regis had operated a “chemical and
mechanical laboratory” at its Deferiet mill when, in 1948, the lab was enlarged to
“conduct an extensive program of research connected with pulping, new paper coatings,
and new paper products.”® Two years later, a “consolidated research department to serve
all mills and plants™ was organized at Deferiet, and the improved facilities were soon
referred to as the “Central Research Laboratory.”® St. Regis would build additional R&D
units at Oswego, New York (where a “machine development laboratory” was set up in
1948), and Richmond, Indiana (where a “thermoplastics laboratory” was established in
1956).1% The company’s expansion projects culminated with the 1962 opening of a

massive Technical Center at West Nyack, New York.!!

5 See International Paper Company annual reports for 1958 (pp. 9-10) and 1960 (p. 17). In 1958,
International Paper acquired Lord Baltimore Press, a manufacturer of “folding cartons and labels used to
package various household products” like cosmetics, medicine, and beverages.

® Raymond Hoadley, “International Paper Eyes Expansion on West Coast,” New York Herald Tribune,
September 19, 1956, p. A3.

7 See International Paper Company annual reports for 1958 (p. 16) and 1960 (pp. 19-20).

8 See St. Regis Paper Company annual reports for 1948 (pp. 14-15) and 1949 (p. 21).

9 St. Regis Paper Company, 1950 Annual Report, February 23, 1951, p. 17; “St. Regis Paper Co. Plant
Raises Capacity 37.5%,” New York Herald Tribune, October 26, 1946, p. 21. The laboratory
improvements were part of a postwar plant modernization program at Deferiet.

10 St. Regis Paper Company, 1948 Annual Report, March 1, 1949, p. 17; “St. Regis Opens Plastics
Lab,” The New York Times, February 17, 1956, p. 36.

11 St. Regis Paper Company, 1962 Annual Report, February 14, 1963, p. 26.
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Table 5-46: Research Facility Expansion, 1941-1960, for Manufacturers of Paper
and Allied Products

Compan Name or Description of | Facility Facility Official
pany New Research Facility | Location | Groundbreaking | Opening
International Erling Riis Research Mobile, .
Paper Co. Laboratory Alabama Not Available 1952
St. Regis Central Research Deferiet, A
Paper Co. Laboratory New York 1948 1949
Central Research
Crown Laboratory and Packing San
Zellerbach Institute of Western Leandro, 1947 1948
Corp. Waxed Paper Company | California
(operating division)
Kimberly- « " Neenah, .
Clark Corp. research center Wisconsin Not Available 1946
Champion « ) .
Paper and laboratories qlll.d. ot’l}er Hamr:!ton’ 1947 1949
Fibre Co. research facilities Ohio
West Virginia “technical research and | Covington, . October
Pulp and N .2 Not Available
Paper Co. development laboratory Virginia 1956

A Date refers to when the expansion of the Deferiet laboratory (which had been in operation prior to
1948) began.

In its laboratories, St. Regis developed materials and products to broaden existing
offerings of paper (such as coated papers, specialty papers, and various paper grades),
kraft paper, multiwall bags, and containerboard.*> The company further diversified its
operations in the mid-1950s through targeted acquisitions that complemented ongoing
R&D conducted by its scientists and engineers. These acquisitions included the
Growers’ Container Corporation (a producer of containers and flexible packaging),
Chester Packaging Products Company (polyethylene film), and Rhinelander Paper

Company (glassine paper and lumber products).*3

12 St. Regis Paper Company, 1959 Annual Report, February 15, 1960, pp. 12-17.
13 Eleanor Amigo and Mark Neuffer, Beyond the Adirondacks: The Story of St. Regis Paper Company
(Westport, Connecticut: Greenwood Press, 1980), 107-09.
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Crown Zellerbach Corporation, another paper company that began to
manufacture plastic materials and chemicals after WWII, broke ground in 1947 on a
research complex at San Leandro, California.* Completed one year later, this facility—
the Central Research Laboratory and Packing Institute—served one of Crown
Zellerbach’s major operating divisions, the Western Waxed Paper Company.® In 1952,
Crown would construct a Development Laboratory at Camas, Washington, for its Central
Research Department.'® With the added technical and functional capabilities from the
San Leandro and Camas laboratories, Crown broadened its paper and paperboard lines
with products like “industrial and food packaging materials, sanitary papers, and [coated]
magazine papers.”!’ By 1960, the company had entered new fields, introducing phenolic
resin overlays for plywood and marketing organic chemicals from wood pulp.!®

Kimberley-Clark Corporation also conducted business in new industries after
centralizing R&D that had “previously [been] housed in various mill buildings.” In 1946,
the company opened a 60,000-square-foot research center at Neenah, Wisconsin, that was
staffed by 160 scientists and related personnel.!® These scientists would assist Kimberly-
Clark’s postwar diversification efforts by developing such products as “resin-
impregnated paper” trademarked as “Kimpreg,” coated paper, glues for mailing

envelopes, “Lenosoft” woven gauze, fiber board, tea bags, and reconstituted binder

14 Crown Zellerbach Corporation, 1947 Annual Report, July 3, 1947, p. 9.

15 Crown Zellerbach Corporation, 1948 Annual Report, July 8, 1948, p. 14.

16 Crown Zellerbach Corporation, 1952 Annual Report, July 1, 1952, pp. 20-21.

7 R.0O. Hunt, Pulp, Paper and Pioneers: The Story of Crown Zellerbach Corporation (New York: The
Newcomen Society in North America, 1961), 23-24.

18 “News and Views of Investments: Crown Zellerbach to Net $4 per Share in Fiscal ’55,” Barron’s
National Business and Financial Weekly, September 13, 1954, p. 25; Crown Zellerbach Corporation, 1960
Annual Report, March 10, 1961, p. 14.

19 Thomas Heinrich and Bob Batchelor, Kotex, Kleenex, Huggies: Kimberly-Clark and the Consumer
Revolution in American Business (Columbus: The Ohio State University Press, 2004), 131. The Neenah
research center was a converted paper mill that had been in disuse by 1946.
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Table 5-47: Research Facility Personnel, 1940-1960, for Manufacturers of Paper
and Allied Products

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
Company n "
Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 | £ 1940 | from 1940
to 1960 to 1960
ntemational Paper | 35 | 28 | 20 | 93 | 132 9% 247%
St. Regls Paper | A | 15 | 14 | 66 | 206 NA NA
Crown Zellerbach |, 22 50 80 180 159 757%
Corp.®
Kimberly-Clark | 5, | 111 | 166 | 163 | 326 | 272 504%
Corp.
ChampionPaper | o9 | 75 | g3 | 114 | 143 | 44 44%
and Fibre Co.
West Virginia Pulp NA | NA 17 17 297 NA NA
and Paper Co.

ATotals for International Paper include its subsidiary Southern Kraft Corporation.
B Totals for Crown Zellerbach include its operating division Western Waxed Paper Company.

tobacco for the cigar industry.?® At the same time, the firm increased its selections of
consumer paper goods marketed under existing brand names (e.g., Kotex, Kleenex,
Delsey).?!

Although it did not diversify to the same extent as Kimberly-Clark, Champion
Paper and Fibre Company still introduced a variety of products from 1941 through
1960 to complement its offerings of paper stock, paperboard, and containers. Among
these products developed by Champion were metallized papers (trademarked as

“Aluprint”), paper-based milk containers, and a wide range of envelopes and postal card

20 Heinrich and Batchelor, Kotex, Kleenex, Huggies, 132-33; “New Kimberly-Clark Corp. Product,
Fiber Board, Is Introduced,” Chicago Daily Tribune, August 28, 1949, p. WD.
2L Kimberly-Clark Corporation, 1958 Annual Report, April 30, 1958, pp. 11-13.

295



stock.?? In addition, the company moved into the manufacture of plastic containers with
its line of “Thermokup” consumer goods.?3

To enhance the capabilities needed to broaden its product lines after WWII,
Champion had to resolve “the serious overcrowding that had handicapped research

activities in recent years.”%*

Therefore, as part of a $9.5 million “postwar expansion and
integration program,” Champion moved equipment from its Hamilton, Ohio,
manufacturing plant to Houston in 1947.%5 Floor space at the Hamilton plant was thus
made available to construct “new and enlarged laboratories and other research facilities”
in a “centralized location” that would allow for a coordination of R&D.?

West Virginia Pulp and Paper Company sought to coordinate its basic and
applied research activities when, on October 18, 1956, it dedicated a “technical research
and development laboratory” in Covington, Virginia.?” That same year, the firm opened
a “product development laboratory” in Williamsburg, Virginia, where scientists “initiated
a long-range study of the relationships of paper to...various printing processes.”?® West
Virginia Pulp and Paper Company even set aside 20,000 acres of South Carolina
woodlands in 1944 to serve as the Westvaco Experimental Forest.?°

With its additional R&D capabilities, West Virginia Pulp and Paper continued to

manufacture various types of paper stock, coated paper, kraft paper, and colored

22 Wilbur E. Higbee, “Champion Paper: Well-Balanced Product Line Keeps Its Sales Rising,” Barron’s
National Business and Financial Weekly, January 4, 1954, p. 17; “Champion Paper to Try Metalizing by
Vacuum,” New York Herald Tribune, December 20, 1957, p. B7; Champion Paper and Fibre Company,
1959 Annual Report, March 31, 1959, pp. 22-23.

23 Champion Paper and Fibre Company, 1960 Annual Report, March 31, 1960, p. 13.

24 Champion Paper and Fibre Company, 1947 Annual Report, July 15, 1947, p. 30.

%5 See Champion Paper and Fibre Company annual reports for 1947 (pp. 29-30) and 1948 (p. 17).

26 Champion Paper and Fibre Company, 1949 Annual Report, June 20, 1949, p. 20.

27 «“Paper Company Opens Lab,” The New York Times, October 19, 1956, p. 38.

28 \West Virginia Pulp and Paper Company, 1956 Annual Report, December 18, 1956, pp. 10-11.

29 West Virginia Pulp and Paper Company, 1944 Annual Report, December 23, 1944, p. 5.
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Table 5-48: Product Diversification, 1941-1960, for Manufacturers of Paper and

Allied Products

Company

Diversification of Product
Lines in Existing Industry
Groups after 1941 (SIC

Diversification into
New Industry Groups
after 1941 (SIC Codes)

Paper Co.

Codes)
International Paper Co. 262, 264, 265 2296, 243?(’)7243’ 261,
St. Regis Paper Co. 262, 264 242, 282, 307
Crown Zellerbach Corp. 262, 263, 264 282, 286
Kimberly-Clark Corp. 262, 263 239, 264, 289
Champion nger and Fibre 262. 263. 264. 265 307
West Virginia Pulp and 262. 263, 264 286, 307

paperboard.®® The company also diversified into new fields after WWII, including

industrial organic chemicals (tall oil and lignin) extracted from wood pulp and plastics

derived from wood cellulose.3* A Polychemicals Division, organized by West Virginia

Pulp and Paper in 1953, oversaw the development and marketing of these products.3?

Such a concerted emphasis on the organization of chemical research was

reflective of a postwar strategic approach adopted by all six of the paper companies

among the 200 largest industrial corporations in 1948. Each of the six firms discovered

innovative uses for the by-products of pulp and paper manufacturing, and all but one

(Kimberly-Clark being the only exception) made inroads into the plastics industry by

1960. Branding was necessary to differentiate chemical and plastic goods from one

30 See West Virginia Pulp and Paper Company annual reports for 1953 (pp. 8-10) and 1955 (p. 11).
31 See West Virginia Pulp and Paper Company annual reports for 1946 (p. 22) and 1955 (p. 16).
32 “Company Forms Lignin Division,” The New York Times, November 2, 1953, p. 38.
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another and find a suitable market where consumers might benefit from their many
applications. Pulp and paper manufacturers, though, still maintained broad lines in their
original core competencies, introducing coated and laminated papers for magazines and
other publications. The development of these existing and new product lines occurred in
expanded research facilities: four of the six large-scale paper companies in 1948 would
construct laboratories within five years of the end of WWII. R&D facilities built by
firms in the paper industry tended to be massive central laboratories and complexes—as
opposed to the specialized research units found in industrial sectors like electronics or
transportation equipment—where scientists and managers could coordinate work
performed in the lab with the many plants and mills operated by their respective

companies.
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5.2.13 Petroleum and Coal Products
Table 5-49a: 1948 Industry Overview for Manufacturers of Petroleum and Coal

Products?!
Rank among Major
Compan 200 Largest Assets ($ | Product Other Product
pany G g Millions) | Lines (SIC | Lines (SIC Codes)
orporations
Codes)
Standard Oil Co. 1 3526.0 201 286, 287, 295, 299
(New Jersey)
Standard Oil Co. 4 1500.0 201 286, 295, 299
(Indiana)
Socony-Vacuum Oil 5 1443.0 291 None
Co., Inc.

Texas Co. 6 1277.0 291 286, 2895, 295, 299
Gulf Oil Corp. 7 1191.0 291 286, 295, 299
Standard Oil Co. of 11 1074.5 201 286, 287, 295, 299

California
Cities Service Co. 13 991.8 291 None
Sinclair Oil Corp. 16 710.1 291 None
Shell Union Oil 21 640.5 201 286, 299
Corp.
Phillips Petroleum 99 579 2 291 289, 299
Corp.
Atlantic Refining 33 3825 291 None
Co.
Union Oil Co. of 46 208.4 201 295, 299
California
Tide Water
Associated Oil Co. 49 281.7 291 299
Sun Qil Co. 51 278.5 291 295, 299, 373

1 Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,

Massachusetts: The Belknap Press of Harvard University Press, 1990), 653-54.
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Table 5-49b: 1948 Industry Overview for Manufacturers of Petroleum and Coal
Products (Continued)?

Rank among Major
Compan 200 Lardest Assets ($ | Product Other Product
pany g Millions) | Lines (SIC | Lines (SIC Codes)
Corporations
Codes)
Pure Qil Co. 55 270.9 291 299
Continental Oil Co. 56 261.9 291 299
Standard Oil Co. 64 237.3 291 295, 299
(Ohio)
Ohio Qil Co. 74 203.3 291 None
Skelly Oil Co. 83 169.0 291 None
Richfield Oil Corp. 97 146.9 291 None
Mid-Continent 101 137.1 291 286, 209
Petroleum Corp.
Sunray Oil Corp. 102 136.0 291 None

Even though it was by far the largest U.S. industrial corporation in 1948 and
already maintained a staff of over 1,600 scientists and technicians prior to WWII,
Standard Oil Company (New Jersey) still expanded its research facilities to take
advantage of the opportunities and prepare for the uncertainties of the postwar political
economy. The oil giant broke ground in 1945 on new laboratories at Linden, New Jersey,
and Baton Rouge, Louisiana, that would be operated by the Esso Development Company,

an R&D subsidiary.® Completed three years later at a cost of $8 million, the three-story

2 Chandler, Scale and Scope, 654.

3 Standard Oil Company (New Jersey), 1945 Annual Report, April 23, 1946, p. 14; “$2,000,000
Building Permit: Standard Oil Subsidiary Plans Laboratory, Office at Linden,” The New York Times,
February 14, 1946, p. 4.
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Linden facility (named the “Esso Research Center”) contained 80 laboratory units, sat on
a 40-acre campus, and accommodated 650 “chemists, engineers, executives, and service
personnel.”® During the 1950s, Jersey Standard added a $1.6 million office and
laboratory building to the Esso Research Center, and later established a complex in
Florence, New Jersey, “to permit the consolidation of engineering personnel responsible
for designing...refineries.”

At Jersey Standard’s research facilities, scientists developed a wide range of
petroleum goods that enhanced existing product lines. After WWII, the company began
to market premium gasolines (such as “Total Power Esso Extra”), “Tervan” waxes,
“Uniflo” motor oil, and rocket fuels and propellants.® In the chemical field, Jersey
Standard continued to improve the butyl rubber that it had begun to make in large
quantities for the synthetic rubber program, and the technical and functional capabilities
that the firm acquired during the war allowed it to introduce new insecticides, fungicides,
petrochemicals (i.e., polyethylene), synthetic resins, and plastics.’

A similar diversification strategy was adopted by Standard Oil Company
(Indiana), which refined its core lines of petroleum goods while shifting its focus to
chemical by-products that had wide applications in the growing postwar economy. The
demands of mobilization led Standard to, during the 1940s, manufacture butadiene,

aromatics, high-octane motor and aviation fuels, and “Stanolube” lubricating oils for

4 Standard Oil Company (New Jersey), 1948 Annual Report, April 23, 1949, pp. 24-25; “$8,000,000
Esso Unit Will Open This Week,” The New York Times, October 11, 1948, p. 36.

5 “Esso to Expand: New Office and Laboratory at Research Unit in Linden Set,” The New York Times,
November 9, 1955, p. 67; Standard Oil Company (New Jersey), 1959 Annual Report, April 4, 1960, pp. 19-
20.

6 See Standard Oil Company (New Jersey) annual reports for 1954 (p. 29) and 1958 (p. 26).

7 See Standard Oil Company (New Jersey) annual reports for 1946 (p. 12), 1949 (p. 31), 1950 (pp. 29-
30), 1951 (p. 46), and 1959 (pp. 16-19).
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turbines and engines.2 Company scientists soon discovered new insecticides, gasoline
additives, petrochemicals (e.g., ethylene, thiophene, formaldehyde), and synthetic resins
that found use in the pharmaceutical, rubber, cosmetic, and clothing industries.® These
petroleum and chemical products were studied in Standard’s many R&D facilities,
including its $10 million research center at Whiting, Indiana.'® The Whiting laboratories
were dedicated on April 16, 1948, sat on a 28-acre campus, and were staffed by over
1,000 technical and non-technical personnel.?

Socony-Vacuum Oil Company, Inc., broke ground in 1946 on a Chemical
Physics Building that would be completed two years later at its Paulsboro, New Jersey,
Research and Development Laboratories.'? A 22,000-square-foot “lubricating oil pilot
plant” was also established at the Paulsboro complex after WWII, allowing researchers to
“produce experimental oils in sufficient quantities to support realistic test programs in the
field.”*® With the added technical and functional capabilities from these facilities,
Socony was able to introduce “high-grade lubricants,” jet fuels, “Mobil” motor oils, and
gasoline additives during the 1940s and 50s.1* In addition, Socony moved into the

manufacture of petrochemicals, including butadiene, ethylene, and propylene.t® To refine

8 Paul H. Giddens, Standard Oil Company (Indiana): Oil Pioneer of the Middle West (New York: Arno
Press Inc., 1976), 620, 648.

9 Standard Oil Company (Indiana), 1949 Annual Report, March 2, 1950, pp. 15-18; Giddens, Standard
Oil Company (Indiana), 648-49.

10 Emmett Dedmon, Challenge and Response: A Modern History of Standard Oil Company (Indiana)
(Chicago: The Mobium Press, 1984), 71.

11 “Standard Oil Opens Large Laboratory,” Chicago Daily Tribune, April 17, 1948, p. F5; Giddens,
Standard Qil Company (Indiana), 646.

2 «“Turner Co. Gets Contract for Socony Laboratory,” New York Herald Tribune, August 20, 1946, p.
35A; Socony-Vacuum Oil Company, Inc., 1948 Annual Report, March 7, 1949, p. 17.

13 «Qil Pilot Plant Shown,” The New York Times, July 30, 1947, p. 34; Max Forester, “Socony-Vacuum
Baby Refinery Combines All Experiments in Oil,” New York Herald Tribune, July 30, 1947, p. 27.

14 See Socony-Vacuum Qil Company, Inc., annual reports for 1944 (pp. 11-12), 1949 (p. 13), and 1960
(pp. 15-16). Socony formally changed its name to “Socony Mobil Oil Company, Inc.,” to incorporate its
“Mobil” brand.

15 Socony Mobil Oil Company, Inc., 1959 Annual Report, March 21, 1960, pp. 10-11.
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these chemicals and its core product lines, the company built a “nuclear research center”
at Paulsboro for the “study of the application of radiation to petroleum technology.”1®

The Texas Company (Texaco), in cooperation with the Massachusetts Institute of
Technology, had studied the potential role of nuclear science and isotope tracers in the
petroleum industry since the late 1940s, eventually constructing a “radiation laboratory”
at Beacon, New York, in 1958.17 Beacon had long been the home of the Texaco
Research Center, and these facilities were expanded three years after WWII with the
opening of a laboratory “designed exclusively to conduct engineering research in the jet
and rocket field.”*® At the same time, a “modern laboratory for geographical and
production research” was erected at Bellaire, Texas, as the company sought to improve
the equipment used to search for and recover petroleum.*®

Texaco and its subsidiaries increased their available laboratory workspace over
the next decade, beginning with new facilities for Jefferson Chemical Company (a joint
venture with American Cyanamid) on a 70-acre site in Austin, Texas.?® Jefferson
Chemical manufactured petrochemicals (ethylene, propylene, etc.), complementing
Texaco’s production of toluene, sulfuric acid, and ammonia.? In 1954, Texaco

established a joint venture with the United States Rubber Company to operate a butadiene

plant at Port Neches, Texas, and five years later, ground was broken on a Morristown,

16 ““plant Site Acquired: Socony Mobil Oil Co. to Build Nuclear Research Center,” The New York
Times, March 15, 1957, p. 35.

17 See Texas Company annual reports for 1948 (p. 16) and 1958 (p. 20).

18 «Allen V. Ritchie, Headed Oil Research Laboratory,” New York Herald Tribune, June 20, 1945, p.
16A; “Texas Co. at Work on New Jet Fuels,” New York Herald Tribune, December 2, 1947, p. 20; Texas
Company, 1947 Annual Report, March 16, 1948, p. 10. This facility housed a supersonic wind tunnel
capable of simulating atmospheric conditions up to 60,000 feet and at 2,400-mile-per-hour speeds, which
allowed Texaco to develop aviation fuels.

19 Marquis James, The Texaco Story: The First Fifty Years, 1902-1952 (New York: 1953), 105.

20 Texas Company, 1950 Annual Report, March 19, 1951, pp. 23-24.

21 Texas Company, 1959 Annual Report, March 16, 1960, p. 23; James, The Texaco Story, 78.
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Table 5-50a: Research Facility Expansion, 1941-1960, for Manufacturers of
Petroleum and Coal Products

Name or

Compan Description of New Facility Facility Official
pany P S Location Groundbreaking | Opening
Research Facility
Standard QOil .
Co. (New | Esso Research Center Linden, New 1945 October
Jersey 1948
Jersey)
Standard Oil « ” Whiting, April
Co. (Indiana) research center Indiana September 1945 1948
Chemistry and
Socony- Physics Building at
Vacuum Oil Research and Paulsboro, 1946 1948
New Jersey
Co., Inc. Development
Laboratories
Texas Co. Texaco Research Beacon, New 19314 1948
Center York
Gulf Oil Gulf Oil Research Harmarwllt_e, 19358 1948
Corp. Center Pennsylvania
Standard QOil Richmond
Co. of “research laboratory” e ! September 1944 1947
. California
California
Cities Cities Service Cranbury, c
Service Co. Research Center New Jersey October 1955 June 1957
. . “campus-
Sinclair Oil environment Ha_rve_y, Not Available 1948
Corp. - Ilinois
laboratories
Shell Union Agricultural Modesto, September
Oil Corp. Laboratory California September 1945 1946
Phillips -
Petroleum | “research laboratory” Phillips, 1943 1944
Texas
Corp.
Atlantic “production
Refining Co. laboratories” Dallas, Texas 1946 May 1948

A Date refers to the original construction of the Texaco Research Center. New laboratories for jet and

rocket propulsion research were added to the facility in 1948.

B Date refers to the original construction of the Gulf Oil Research Center. New buildings were added to
the facility in 1948.
€ Date refers to a formal announcement made by Cities Service that it planned to construct a new
research facility.
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Table 5-50b: Research Facility Expansion, 1941-1960, for Manufacturers of
Petroleum and Coal Products (Continued)

Name or
Compan Description of Facility Facility Official
pany New Research Location Groundbreaking | Opening
Facility
Union Oil Co. Brea Research Brea, January 1950 September
of California Center California y 1951
Tide Water
Associated Oil None N.Ot Not Available NOt
Co Available Available
Newtown
Sun Oil Co. | Physical Laboratory Square, Not Available 1947
Pennsylvania
Research and Crystal Lake September
Pure Qil Co. Development ysial Lake, July 1948 P
) Illinois 1950
Laboratories
Continental Oil | “central research Ponca City,
Co. laboratories” Oklahoma September 1350 1952
. “modern office and
Standard .O'I laboratory Lima, Ohio 1947 1950
Co. (Ohio) PP
building
Ohio Oil Co. | Research Center Denver, 1955 1956
Colorado
. “central research Pawhuska, . A
Skelly Qil Co. laboratory” Oklahoma Not Available 1946
Richfield Oil Richfield Oil Anaheim,
Corp. Research Center California January 1955 1956
Mid-Continent
Petroleum Harry T. Bennett Tulsa, Not Available 1957
Research Center® Oklahoma
Corp.
Sunray Oil Harry T. Bennett Tulsa, .
Corp. Research Center® Oklahoma Not Available 1957

A Date refers to when the expansion of the Pawhuska laboratory (which had been in operation prior to
WWII) was completed.

B Sunray Oil and Mid-Continent Petroleum merged in 1955 to form Sunray Mid-Continent Oil Co. This
new company maintained a wholly owned subsidiary, DX Sunray Oil Co., which operated refinery,
pipeline, and marketing facilities. DX Sunray constructed the Harry T. Bennett Research Center in
1957, and accordingly, the facility is listed for both Sunray and Mid-Continent in the above table.
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New Jersey, research center for this jointly owned subsidiary (Texas-U.S. Chemical
Company).?? Other instances of Texaco research facility construction included: “new
buildings” at the Beacon and Houston laboratories in 1952; an “analytical laboratory” at
Port Arthur, Texas, and “jet fuels laboratory” at the Texaco Research Center in 1956; and
an expansion of the Port Arthur and Montebello, California, labs in 1957.23

Rather than operate several divisional laboratories across the country like Texaco
and some of the other major oil firms, Gulf Oil Corporation confined most of its R&D
activities to a 57-acre complex near Harmarville, Pennsylvania. The Gulf Oil Research
Center, which was placed into operation by 1931, would be expanded several times over
the next two decades, as its facilities kept pace with alterations to the company’s product
strategy.?* In 1948, “several new buildings” were added to the research center, providing
scientists and technicians with workspace to develop the petroleum products—“Gulf No-
Nox” gasoline, “Gulfpride” oils and lubricants, and aviation fuels—that had come into
greater demand after WWI1.25> One year later, the Leovy Laboratory of Geophysics was
constructed to improve geological exploration and drilling processes.2®

By 1952, Gulf had not only broken ground on a three-story, $1 million “chemistry
building” at Harmarville, but it had also formed a joint venture with B.F. Goodrich called

“Goodrich-Gulf Chemicals, Inc.”?” This agreement with Goodrich emerged from Gulf’s

22 Texas Company, 1954 Annual Report, March 16, 1955, pp. 12-14. The Port Neches plant was
purchased from the federal government, which had financed its construction for the WWII1 synthetic rubber
program.

23 See Texas Company annual reports for 1952 (p. 23), 1956 (pp. 17-18), and 1957 (p. 20).

24 Gulf Oil Corporation, 1935 Annual Report, April 22, 1936, pp. 9-10.

% See Gulf Oil Corporation annual reports for 1946 (p. 11), 1947 (pp. 18-19), and 1948 (pp. 22-24).

%6 “Gulf to Dedicate New Unit,” New York Herald Tribune, October 19, 1949, p. 39; Gulf QOil
Corporation, 1949 Annual Report, April 5, 1950, p. 23.

27 “Goodrich, Gulf Form New Chemical Firm,” The Washington Post, November 25, 1952, p. 35;
Arthur R. Friedman, “Gulf Oil Research Center to Be Expanded Further,” Pittsburgh Post-Gazette,
December 19, 1952, p. 25.
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growing interest in petrochemicals (ethylene, iso-octyl alcohol) and insecticides (“Gulf
Spay” poisons and aerosol concentrates) over the past decade.?® Expansion of the Gulf
Oil Research Center continued in 1957 with the dedication of a Production Laboratory,
Automotive Products Laboratory, and Nuclear Research Laboratory.?® The nuclear lab
housed a particle accelerator that allowed Gulf to test the applications of atomic science
on petroleum products and processes.3°

Standard Oil Company of California (Socal) sought to improve its petroleum
products and processes when, in 1944, it created a subsidiary, the California Research
Corporation, “to take over the present functions of [the] patent and research and
development departments.”®* The following year, Socal initiated a $20 million plant
expansion program that included $2 million for “laboratory facilities” at Richmond,
California.®? Completed in 1947, these facilities complemented additional research units
at El Segundo and La Habra, which were also enlarged after WWI1.33 Scientists at Socal
laboratories improved some of the products introduced by the company during the war,
including aviation fuels, butadiene for synthetic rubber, diesel lubricating oils, and
phthalic anhydride (an organic chemical).3*

Socal’s California Research Corporation developed a variety of detergents and

cleansers by 1946, marketing them through another subsidiary, the Oronite Chemical

28 “Gulf Oil Offers New Insecticide,” The New York Times, November 17, 1948, p. 47; “Gulf Offers
New Aerosol Spray,” The New York Times, May 24, 1949, p. 40.

29 “Gulf Oil Expands Research Plant,” New York Herald Tribune, October 6, 1954, p. 29; “Gulf Oil
Corp. Dedicates 3 Laboratories,” The Washington Post and Times Herald, May 30, 1957, p. C6.

30 Niles N. Peebles, “3 New Gulf Oil Labs Unveiled in Center,” New York Herald Tribune, May 29,
1957, p. A3.

81 «Qil Research Expanded: Standard of California Forms Subsidiary Corporation,” The New York
Times, April 18, 1944, p. 32.

32 «Standard Oil Tells Huge Expansion Plan,” Los Angeles Times, September 24, 1945, p. 11.

33 See Standard Oil Company of California annual reports for 1947 (p. 8) and 1948 (p. 12).

34 See Standard Oil Company of California annual reports for 1942 (p. 9) and 1944 (p. 5).
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Company.® During the 1950s, Socal manufactured new motor gasolines with antiknock
agents, “Ortho” insecticides (sold by the California Spray-Chemical Corporation),
fertilizers, and aircraft hydraulic fluid.®® The company even formed an agreement with
the Radiation Laboratory of the University of California and the Atomic Energy
Commission (AEC) to test the “application of radioactive isotope tracers to industrial
processes” in its pipe lines and refineries.3’

To coordinate R&D at its refineries and laboratories across the country, Cities
Service Company organized a research subsidiary (Cities Service Research and
Development Corporation) in 1947.38 This subsidiary continued to enhance the
company’s lines of petroleum products (Synthetic fuels, aviation gasoline, and industrial
and automotive lubricants), industrial organic chemicals (formaldehyde, acetone solvents,
and ethylene), agricultural chemicals (anhydrous ammonia), and specialty chemicals
(antifreeze compounds).®® By the late 1950s, Cities Service was marketing automatic
transmission fluid and, like many of the large American oil companies, was assessing the
effect of radiation on its petroleum goods.*° Nuclear and petroleum research was
conducted at the massive Cities Service Research Center, located on a 100-acre tract of

land in Cranbury, New Jersey.*! This facility, which was dedicated on June 12, 1957,

% Standard Oil Company of California, 1946 Annual Report, March 18, 1947, p. 5.

3 See Standard Oil Company of California annual reports for 1958 (pp. 17-18) and 1960 (pp. 16-18).

37 Waldemar Kaempffert, “Fuel Oils ‘Tagged’ with Radioactive Isotopes Reveal Their Secrets to the
Chemists,” The New York Times, February 13, 1949, p. E9; Standard Oil Company of California, 1950
Annual Report, March 16, 1951, p. 11.

38 «“Research Grouped by Cities Service,” The New York Times, October 16, 1947, p. 43. Prior to the
formation of the Cities Service Research and Development Corporation, company scientists worked on
projects at refineries and labs in East Chicago (In.), Lake Charles (La.), Hillside (N.J.), and Tallant (Ok.).

39 See Cities Service Company annual reports for 1944 (p. 3), 1948 (p. 12), 1953 (p. 21), 1955 (pp. 5,
15), and 1957 (pp. 13-14).

40 Cities Service Company, 1957 Annual Report, March 18, 1958, p. 14.

41 «“Cities Service Plans New Research Center,” The Washington Post and Times Herald, October 18,
1955, p. 36.
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accommodated 150 technical personnel and contained electronic, X-ray, and infrared
testing equipment.2

Having operated a research laboratory at its East Chicago refinery since WWI,
Sinclair Oil Corporation would open “campus environment laboratories” at Harvey,
Ilinois, in 1948.#3 Three years later, the company reorganized its R&D activities into a
new subsidiary, Sinclair Research Laboratories, Inc.** Sinclair Research operated
“temporary” facilities in Oklahoma for the “study of crude oil exploration...and the
conservation of oil resources” until the dedication of the Tulsa Research Center in 1963.%°

Although much of its R&D from 1941 through 1960 was focused on improving
drilling and refining processes, Sinclair introduced products in its gasoline, solvents, and
lubricating oil lines.*® More importantly, though, Sinclair’s research led the company
into the petrochemicals and plastics industries, as its scientists developed “plastic grade”
polypropylene and polyethylene materials.*” In fact, an operating division (Sinclair
Chemicals, Inc.) was established by 1951 to handle increased business in these fields.*®

Shell Union Oil Corporation expanded into the production of chemicals
immediately after the surrender of Japan, breaking ground on an Agricultural Laboratory

in September 1945. The facility, which was established one year later on a 142-acre farm

42 Niles N. Peebles, “Cities Service Dedicates Giant N.J. Research Lab,” New York Herald Tribune,
June 13, 1957, p. A2.

43 Sinclair Oil Corporation, A Great Name in Qil: Sinclair through Fifty Years (New York: F.W.
Dodge Company, 1966), 76.

44 James F. Mauk, ed., Industrial Research Laboratories of the United States (Washington, D.C.:
National Academy of Sciences—National Research Council, 1956), 429-30.

% Sinclair Oil Corporation, A Great Name in Qil, 76.

46 |bid., 78-81.

47 Raymond Hoadley, “The Week in Business: New Sinclair Plant Adds to Oil’s Chemical Stake,” New
York Herald Tribune, August 29, 1954, p. Al; “Petrochemical Program Set for Sinclair Plant,” New York
Herald Tribune, December 3, 1957, p. B9.

48 “Sinclair Forms Chemical Unit,” The New York Times, February 8, 1951, p. 41.
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Table 5-51a: Research Facility Personnel, 1940-1960, for Manufacturers of
Petroleum and Coal Products

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
Company In In
Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 from 1940 | from 1940
to 1960 to 1960
Standard Oil Co. | 4 eeq | 146 | 2800 | 2779 | 2807 1154 70%
(New Jersey)»
Standard Oil Co. | a5 | 1089 | 2045 | 2658 | 1580 | 997 171%
(Indiana)®
Socony-Vacuum |45 | 1976 | 1364 | 1428 | 1546 | 1104 250%
Oil Co,, Inc.c
Texas Co. NAP | 1223 | 1669 | 1284 | 1729 NA NA
Gulf Oil Corp.E | 1027 | 1293 | 1609 | 1307 | 1828 801 78%
Standard Oil Co. | po) | 574 | 908 | 881 | 1537 | 1073 231%
of California®
CliesSemvice | g3 | 14 | 92 | 146 | 255 | 172 207%
Sinclair Ol | 559 | 275 | s34 | 616 | 717 | 488 213%
Corp.
She"clérr‘g)o,” Ol | 710 | 1546 | 1845 | 2082 | 3064 | 2352 330%

A Totals for Standard Oil (New Jersey) include its subsidiaries Peoples and Affiliated Natural Gas
Companies, Stanco, Inc., Standard Oil Co. of Louisiana, and Standard Oil Development Co. In the
1956 NRC directory, information for Standard of New Jersey can be found under the entry for “Esso

Research and Engineering Company.”

B Totals for Standard Oil (Indiana) include its subsidiaries Mexican Petroleum Corp., Pan American
Petroleum and Transport Co., Pan American Refining Corp., Stanolind Oil and Gas Co., Utah QOil
Refining Co., and Western Geophysical Co.

€ Totals for Socony-Vacuum Qil include its subsidiary Magnolia Petroleum Co.

P The NRC directory for 1940 only lists Texaco’s research managers and does not provide figures for

research personnel.

E Totals for Gulf Qil include its subsidiary Gulf Research and Development Co.
F Totals for Standard Oil of California include its subsidiaries American Bitumuls Co., California

Research Corp., and California Spray-Chemical Corp.
G Totals for Cities Service include its subsidiaries Cities Service Research and Development Co. and

Power Patents Co.

H Totals for Sinclair Oil include its subsidiary Sinclair Research Laboratories, Inc.
I Totals for Shell Union Qil include its subsidiaries Shell Chemical Corp., Shell Development Co., and
Shell Pipe Line Corp.
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Table 5-51b: Research Facility Personnel, 1940-1960, for Manufacturers of
Petroleum and Coal Products (Continued)

Research Personnel Employed by Percent
Company and Subsidiaries Total Increase
Increase in in
Company Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 | from 1940 | from
to 1960 1940 to
1960
Ph""pé;;tio'e“m 192 | 447 | 558 | 1045 | 875 | 683 356%
At'a”“‘ése‘c'”'”g 108 | 316 | 463 | 553 | 520 331 167%
Union Ol Co. of | 109 | 906 | 244 | 436 | 464 303 188%
California
Tide Water 0
Associated Oil Co. 9 143 199 166 97 1 1%
Sun Oil Co. 252 | 275 | 412 | 502 | 480 228 90%
Pure Oil Co. 146 | 152 | 192 | 256 | 296 150 103%
Cont"(‘:egta' Ol 974 | 220 | 155 | 257 | 474 300 172%
Standard Oil Co. | ¢, | 139 | 180 | 375 | 367 313 580%
(Ohio)
Ohio Oil Co. NA | NA | NA | 117 | 152 NA NA
Skelly Oil Co. 25 | 41 | 24 | NA | NA NA NA
Richfield Oil NA | NA | NA | NA | 129 NA NA
Corp.
Mid-Continent | 5o | 2g | 57 | gg | s5ge 0 0%
Petroleum Corp.
Sunray Oil Corp. NA NA NA NA 598 NA NA

A Totals for Phillips Petroleum include its joint venture with B.F. Goodrich, Hydrocarbon Chemical and
Rubber Co.

B Sunray Oil and Mid-Continent Petroleum merged in 1955 to form Sunray Mid-Continent Qil Co. This
new company maintained a wholly owned subsidiary, DX Sunray Oil Co., which operated refinery,
pipeline, and marketing facilities. The 1960 NRC directory contains an entry for DX Sunray Oil,
and the research personnel totals for the subsidiary are included above for both Sunray and Mid-
Continent.
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near Modesto, California, allowed company scientists to introduce petroleum-based weed
killers, insecticides, and fungicides.*® As Shell continued to broaden its line of petroleum
goods and petrochemicals in the late 1940s, it built laboratories at Houston and
Emeryville, California, where R&D was conducted on exploration and production
processes.>® With the enhanced technical and functional capabilities from these facilities,
Shell was able to bring a variety of new products to market after WWII, including “X-
100 Premium Motor Oil,” aviation fuels, semi-rigid polymers, “Epon” epoxy resins, and
petrochemicals.5?

Phillips Petroleum Company entered the petrochemical industry in 1940 when it
formed a joint venture (Hydrocarbon Chemical and Rubber Company) with B.F.
Goodrich for research into and the production of butadiene.>? Four years later, the firm
opened a “large new research laboratory and its associated pilot plant installations” at
Phillips, Texas, where scientists studied problems “relating to rubber, carbon black, and
chemicals.”®® By the early 1950s, Phillips had become a highly diversified chemical
manufacturer, developing ammonium-based nitrogen fertilizers, cyclohexane (for use in
synthetic fibers), para-xylene, vinylpyridine, and drilling muds.>* The firm was also able

to move into the production of polyethylene plastics, which were marketed under the

49 Kendall Beaton, Enterprise in Qil: A History of Shell in the United States (New York: Appleton-
Century-Crofts, Inc., 1957), 682-83. Shell Union shortened its formal name to “Shell Oil Company” in
1949,

%0 See Shell Union Oil Corporation annual reports for 1946 (p. 10) and 1948 (p. 12); Beaton,
Enterprise in Oil, 684-85.

51 See Shell Oil Company annual reports for 1949 (pp. 10-11), 1956 (pp. 13-16), 1957 (pp. 10-11, 15),
and 1958 (pp. 12-13).

52 “Form Unit to Make Synthetic Rubber: Goodrich and Phillips Petroleum Join for Production,” The
New York Times, July 31, 1940, p. 10.

53 See Phillips Petroleum Company for 1943 (p. 5) and 1944 (p. 5).

54 “Chemical Firm Set Up as Unit of Oil Concern,” New York Herald Tribune, July 15, 1948, p. 29;
Frank Brigham, “Phillips Petroleum: Research Has Spurred a Very Rapid Rate of Growth,” Barron’s
National Business and Financial Weekly, May 26, 1952, p. 13; “Phillips Opens Plant: Makes Para-Xylene
in Texas for New Synthetic Fiber,” The New York Times, December 31, 1953, p. 22.
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“Marlex” brand.>® To foster these product lines, Phillips constructed a Sales Service
Laboratory—designed to “evaluate new...plastics still in the development stage”—and
Chemical Research Laboratories in 1956 at its Bartlesville, Oklahoma, research center.

In its core petroleum businesses, Phillips introduced a new type of carbon black,
aviation fuels, and high-octane blends of its “Flite-Fuel” and “66” motor oils.>” The
capabilities acquired by the company as it produced butadiene during WWII helped it to
manufacture synthetic rubber (“Philprene”) by 1947, while research into rocket
propellants led Phillips to briefly enter a joint venture (Astrodyne, Inc.) with North
American Aviation in 1958.58 Phillips even operated test reactors for the AEC, mined
uranium in New Mexico, and investigated the effects of radiation on petroleum and
chemical products.>®

Interest in the chemical by-products from petroleum refining led the Atlantic
Refining Company to begin the expansion of its research facilities soon after WW11.8°
At Dallas, Atlantic dedicated its $2 million “production laboratories,” which contained
47,000 square feet of workspace, in May 1948.1 By 1956, a wing had been added to the
262

Dallas labs “for further investigations of oil exploration and production techniques.

Atlantic’s other research complex in Philadelphia was enlarged in 1951 with the

%5 Phillips Petroleum Company, 1955 Annual Report, March 20, 1956, p. 18.

% See Phillips Petroleum Company annual reports for 1955 (p. 22) and 1956 (pp. 22, 26).

57 «“Research Step Promises More Life for Tires,” New York Herald Tribune, July 2, 1950, p. B9; See
Phillips Petroleum Company annual reports for 1950 (p. 14), 1957 (p. 26), and 1959 (p. 15).

%8 “New Synthetic Rubber Made,” The New York Times, December 28, 1947, p. F5; “Company Formed
to Specialize in Fuels for Rockets and Planes,” The New York Times, January 11, 1958, p. 24; “Rocketdyne
to Acquire Solid Propellant Firm,” Los Angeles Times, July 9, 1959, p. 22.

%9 See Phillips Petroleum Company annual reports for 1955 (pp. 22-23) and 1960 (p. 29); Norman C.
Stabler, “Phillips Petroleum’s Risk Found Paying Off,” New York Herald Tribune, February 23, 1960, p.
35.

80 Atlantic Refining Company, 1946 Annual Report, March 20, 1947, p. 7.

61 Dallas-Fort Worth Section of the American Chemical Society, “Atlantic Refining Opens New
Laboratories,” The Activator 4, no. 8 (1948): 16.

82 Atlantic Refining Company, 1956 Annual Report, March 20, 1957, p. 14.
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construction of a “high-pressure laboratory,” as well as in 1958 with “additional
automotive engine testing facilities.”%®

Expanded laboratory space allowed Atlantic’s scientists to develop a number of
chemicals, including “Ultrawet” detergents, ammonia, rubber plasticizers, polymers, and
aromatics.®* Likewise, among the new petroleum products introduced by the company
during the 1940s and 50s were its “Premium” gasoline and motor oils, lubricating oils for
machine tools, ball-bearing greases, “Atlanite 5” asphalts, and odorless solvents “used in
the manufacture of [interior] paints.”® To better coordinate its highly diverse research
activities, Atlantic invited the Stanford Research Institute to study its Research
Department, so that laboratory work might “be more effectively and aggressively
identified with the management’s plans for the future.”%®

Union Oil Company of California, as it diversified into petroleum refining by-
products, organized a subsidiary (Brea Chemicals, Inc.) in 1952 to handle the
manufacturing and marketing of inorganic and petrochemicals, such as ammonia-based
fertilizers, ethylene, and dry ice.%” From 1941 through 1960, the firm also began to
manufacture an improved line of “Royal Triton” motor oils, phosphorus-based additives

for “Royal 76” gasoline, gear lubricants, and briquettes for fireplaces.® Union scientists

refined these many chemical and petroleum product lines at its Brea Research Center,

83 See Atlantic Refining Company annual reports for 1951 (p. 11) and 1958 (p. 15).

84 See Atlantic Refining Company annual reports for 1951 (pp. 11-12) and 1960 (p. 17).

8 Atlantic Refining Company, 1953 Annual Report, March 18, 1954, p. 11.

8 Atlantic Refining Company, 1959 Annual Report, March 22, 1960, p. 16.

67 Earl M. Welty and Frank J. Taylor, The 76 Bonanza: The Fabulous Life and Times of the Union Oil
Company of California (Menlo Park, California: Lane Magazine & Book Company, 1966), 251; See Union
Oil Company of California annual reports for 1953 (pp. 16, 21) and 1956 (p. 13). In 1957, Union Qil
merged Brea Chemicals with another subsidiary, the R.T. Collier Corporation, to form the Collier Carbon
and Chemical Company.

8 Union Oil Company of California, 1959 Annual Report, February 29, 1960, p. 14.
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which was dedicated on September 1, 1951.%° This $8 million complex consisted of
twelve buildings on a 22-acre campus, providing workspace for 300 scientists and
technicians.’®

The annual reports of Tide Water Associated Oil Company make no mention of
research facility expansion from 1941 through 1960, but the firm opened a Valley Forge,
Pennsylvania, laboratory in 1962 “where techniques [were] developed for increasing
refinery realizations from low value raw materials.”’* Tide Water did operate labs at its
Bayonne, New Jersey, and Avon, California, refineries, so company scientists could work
on new gasolines (e.g., jet fuel) and petroleum products.”? Early in 1951, Tide Water
agreed to capture hydrogen sulfide and acid sludge from its Avon refineries and sell these
inorganic chemicals to Monsanto for the production of sulfuric acid.”

By entering into a joint venture with American Viscose Corporation, Sun Oil
Company was also able to market chemicals after WWII. The two firms formed AviSun
Corporation in 1959, renting facilities at Port Reading, New Jersey, to make
polypropylene resins, film, and fibers.”* In its core business, Sun Oil broadened its range
of petroleum products with “Dynafuel” gasoline (introduced in 1945), “Dynalube” motor

oil (1946), and “Lubeway” hydraulic fluid (1948).”> By 1950, the company also began to

89 Welty and Taylor, The 76 Bonanza, 236-37.

0 Union Qil Company of California, 1949 Annual Report, February 27, 1950, pp. 10-11.

" Tidewater Oil Company, 1962 Annual Report, December 31, 1962, p. 14. In 1956, Tide Water
Associated shortened its name to “Tidewater Oil Company.”

2 «“Tidewater Dedicates ‘Oil Refinery of Future,”” The New York Times, May 24, 1957, p. 48; Tide
Water Associated Oil Company, 1943 Annual Report, March 25, 1944, p. 1.

3 Tide Water Associated Oil Company, 1951 Annual Report, March 31, 1952, p. 12. By 1959,
Tidewater agreed to supply sulfur to the Stauffer Chemical Company for the production of petrochemicals
like carbon bisulfide (which was used to manufacture rayon, lacquers, paints, and rubber products). See
Tidewater Oil Company, 1959 Annual Report, December 31, 1959, p. 17.

74 «“Unit Set Up by Viscose and Sun Oil,” New York Herald Tribune, February 18, 1959, p. B5; Sun Oil
Company, 1959 Annual Report, February 15, 1960, p. 13.

S Arthur M. Johnson, The Challenge of Change: The Sun Oil Company, 1945-1977 (Columbus: The
Ohio State University Press, 1983), 66; Sun Oil Company, 1948 Annual Report, December 31, 1948, p. 13.
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use tetraethyl lead additives in its fuel and had established a “furfural solvent extraction
plant for the manufacture of paraffinic-type lubricating oils.”’® These goods were
developed at Sun Oil’s R&D facilities, which were expanded in 1947 with the
construction of a Physical Laboratory at Newtown, Pennsylvania.””

While Sun Qil began to manufacture chemicals by the 1950s, Pure Oil Company
did not make a sustained move into petrochemicals until 1961, when it established “BTX
units” (for the manufacture of benzene, toluene, and xylene aromatics) at refineries in
Smith’s Bluff, Texas, and Lemont, Illinois.”® The firm did, however, produce butadiene
for the synthetic rubber program and later diversified its selection of lubricating oils,
greases, and high-octane motor and jet fuels.”® Pure Qil broke ground on a $2 million
research center at Crystal Lake, Illinois, in July 1948 to aid R&D being conducted on its
existing product lines.8 This 80,000-square-foot facility, named the “Research and
Development Laboratories,” was staffed by over 200 technical personnel.8

On September 12, 1950, the Continental Oil Company began work on its three-
story, 40,000-square-foot ““central research laboratories” in Ponca City, Oklahoma.®? The
$2.5 million facility housed units for chemical, lubricating oil, physics, and colloid

R&D.8 Construction of the Ponca City laboratories—which were completed

6 Sun Oil Company, 1950 Annual Report, December 31, 1950, p. 11.

7 See Sun Oil Company annual reports for 1947 (p. 12) and 1948 (p. 14).

8 Welty and Taylor, The 76 Bonanza, 346; “Flow to Start at the World’s Largest Oil Butadiene Plant,”
The New York Times, January 24, 1944, p. 8.

9 “Qil Research Center Will Open in 1949: Pure Oil Starts Large Project,” Chicago Daily Tribune,
July 18, 1948, p. B7; Philip Hampson, “Pure Oil Opens New Research Laboratories,” Chicago Daily
Tribune, September 30, 1950, p. C5.

80 «Pyre Oil Starts Research Center,” The New York Times, July 18, 1948, p. F1; Pure Oil Company,
1948 Annual Report, February 28, 1949, p. 7.

81 Welty and Taylor, The 76 Bonanza, 312.

82 «0il Company Will Construct Research Unit,” Chicago Daily Tribune, August 20, 1950, p. A9;
“Continental Oil Marks 75" Year: Ground Is Broken for New Research Building,” New York Herald
Tribune, September 13, 1950, p. 30.

8 “Continental Oil to Build Laboratory,” New York Herald Tribune, August 20, 1950, p. A9.

316



Table 5-52a: Product Diversification, 1941-1960, for Manufacturers of Petroleum

and Coal Products

Company

Diversification of Product
Lines in Existing Industry
Groups after 1941 (SIC
Codes)

Diversification into
New Industry Groups
after 1941 (SIC Codes)

Standard Oil Co. (New

286, 287, 291, 299

282

Jersey)
Standard Oil Co. (Indiana) 286, 291, 299 287
Socony-Vacuum Oil Co., 291 286
Inc.
Texas Co. 281, 291, 299 286
Gulf Oil Corp. 291, 299 286, 287
Standard Oil Co. of 286, 287, 291, 299 284
California
Cities Service Co. 291 286, 287, 289, 299
Sinclair Oil Corp. 291 282, 286
Shell Union Qil Corp. 286, 291, 299 282, 285, 287
Phillips Petroleum Corp. 289, 291, 299 281, 282, 286
Atlantic Refining Co. 291 281, 282, 284, 295
Union Oil Co. of California 291, 299 281, 286, 287
Tide Water Associated Oil 291 281
Co.
Sun Oil Co. 291 282
Pure Oil Co. 291, 299 None
Continental Oil Co. 291, 299 284, 289
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Table 5-52b: Product Diversification, 1941-1960, for Manufacturers of Petroleum
and Coal Products (Continued)

Diversification of Product . e .
S L. Diversification into
Company Lines in E);'Stmg Industry New Industry Groups
Groups after 1941 (SIC after 1941 (SIC Codes)
Codes)
Standard Oil Co. (Ohio) 291, 299 281, 287
Ohio Oil Co. 291 None
Skelly Qil Co. 291 None
Richfield Oil Corp. 291 286
Mid-Continent Petroleum 291 None
Corp.
Sunray Oil Corp. 291 None

by 1952—had been preceded by the creation of a “unified Development and Research
Department” in 1949.84 Personnel in this department were responsible for the “final
preparation and testing” of Continental’s recently introduced “Super Motor Oil,” and in
the early 1950s, they would lead the company into the petrochemical industry. Among
the products marketed as a result of their research were new lubricating oil additives,
carbon blacks, synthetic detergents, industrial soaps, and antifreezes.2> To complement
the work that developed and refined such products, Continental established a $500,000
laboratory and pilot plant next to an unused Ponca City storage tank in 1955.86

As part of a three-year, $30 million plant modernization initiative at its Lima,

Ohio, plant, Standard Oil Company (Ohio) built a “modern office and laboratory

8 Continental Oil Company, 1949 Annual Report, March 9, 1950, p. 22.
8 See Continental Oil Company annual reports for 1951 (pp. 14-16), 1958 (p. 23), and 1960 (pp. 11-
12).
8 «“Old Conoco Tank Now Laboratory,” New York Herald Tribune, October 10, 1955, p. A2.
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building” by 1950 for the study of high-octane gasoline.®” Sohio expanded its R&D
facilities throughout the decade, announcing plans in 1955 for a “large new research
laboratory” on the outskirts of Cleveland.® This facility, completed two years later at a
cost of $2.4 million, was named the “Chemical and Physical Research Center” and
allowed technical personnel to study the growing field of petrochemicals.?® By 1958, the
company had initiated a $1 million expansion program of the Process & Product
Development and Automotive Engineering Laboratories in Cleveland.®°

With R&D performed at the facilities in Lima and Cleveland, Sohio diversified its
existing lines of refined petroleum products and moved into the manufacture of
chemicals. The firm continued to refine jet fuel after WWII, developed different blends
of motor and lubricating oils, and introduced its “Boron Supreme” gasoline in 1954.%! In
the fields of agricultural and organic chemicals, Sohio began production of dry ice, urea,
nitic acid, and ammonia by the mid-1950s.%? These products were mainly sold to
fertilizer companies, although some business was done with companies in the paint,
textile, steel, and paper industries.®® Sohio later set up a Lima plant for the manufacture
of acrylonitrile, which had applications in synthetic fibers.®*

The Ohio Oil Company, on the other hand, did not branch out into chemical
production during the 1940s and 50s, but instead focused on increasing its petroleum

drilling and refining capacities. The firm did develop high-octane fuels, setting up an

87 See Standard Oil Company (Ohio) annual reports for 1947 (p. 13) and 1950 (p. 19).

8 Standard Oil Company (Ohio), 1955 Annual Report, February 29, 1956, p. 12.

8 Standard Oil Company (Ohio), 1957 Annual Report, March 3, 1958, p. 11.

% Standard Oil Company (Ohio), 1958 Annual Report, March 2, 1959, p. 6.

%1 See Standard Oil Company (Ohio) annual reports for 1951 (p. 13), 1954 (p. 10), and 1955 (p. 10).
92 Standard Oil Company (Ohio), 1957 Annual Report, March 3, 1958, p. 12.

% Standard Oil Company (Ohio), 1956 Annual Report, March 1, 1957, p. 12.

% Standard Oil Company (Ohio), 1958 Annual Report, March 3, 1958, pp. 7-8.
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alkylation unit in 1954 that would provide “the basic stocks for aviation gasoline” and
improve various blends of motor fuels marketed under the “Marathon” brand.® In 1956,
Ohio Oil opened its Denver Research Center, which soon accommodated 140 scientists.%
This complex was enlarged over the next three years at the cost of $2 million so that the
newly established Research Department might increase the efficiency of “petroleum
exploration, recovery, refining, and transportation” processes.®’

To facilitate “work...directed toward the development of new and improved
processes and products,” the Skelly Oil Company operated a “central research
laboratory” at Pawhuska, Oklahoma.®® In operation since before WWII, the laboratory
was “more than doubled” in size by the end of 1946.%° At the Pawhuska facilities,
company scientists introduced a variety of petroleum products during and after the war:
high-octane jet fuel, motor oils, and “Skelly-solve” solvents that were “sold widely to the
rubber, paint, dry cleaning, pharmaceutical, and oil and fat industries.”*® Among the
new gasolines marketed by Skelly were its “Supreme Gasoline” in 1954 and “Keotane”—
used in high-compression automobile engines—in 1956.191 Additionally, Skelly owned a

majority interest in Spartan Aircraft Company, but sold this business following the

surrender of Japan in 1945.102

9 Hartzell Spence, Portrait in Oil: How the Ohio Oil Company Grew to Become Marathon (New
York: McGraw-Hill Book Company, Inc., 1962), 311; Ohio Oil Company, 1956 Annual Report, March 22,
1957, p. 12.

% Spence, Portrait in Oil, 302-03.

97 See Ohio Qil Company annual reports for 1954 (p. 5) and 1959 (p. 21).

% See Skelly Oil Company annual reports for 1943 (p. 3) and 1950 (p. 4).

9 Skelly Oil Company, 1946 Annual Report, March 17, 1947, p. 3.

100 Roberta Louise Ironside, An Adventure Called Skelly: A History of Skelly Oil Company through
Fifty Years, 1919-1969 (New York: Appleton-Century-Crofts, 1970), 58; Skelly Oil Company, 1945
Annual Report, March 25, 1946, p. 3.

101 Ironside, An Adventure Called Skelly, 59; Skelly Oil Company, 1955 Annual Report, March 8,
1956, p. 4.

102 Skelly Oil Company, 1945 Annual Report, March 25, 1946, p. 1.
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Like Skelly, Richfield Oil Corporation diversified its line of petroleum-related
products after WWII, developing gasoline additives, jet fuels, automatic transmission
fluids, and automotive and industrial lubricants.1®® With the opening of its $2.5 million
Anaheim research center in 1956, the company also entered the chemicals business.04
R&D conducted by scientists at the Anaheim laboratories allowed Richfield, by the end
of the 1950s, to sell such materials as benzene, toluene, and ethylene.0

The Mid-Continent Petroleum Corporation operated its own research
laboratory at Tulsa, Oklahoma, but the firm’s annual reports make no mention of any
expansion of this facility after 1941. Even so, Mid-Continent scientists developed
aviation gasolines, waxes, and “new grades of lubricating oil required...by Diesel and
heavy duty engines.”% By 1954, the company was “one of the industry’s largest
producers of wax and wax Specialties,” which were often marketed to manufacturers in
the “food and container trades.”1%’

Mid-Continent would merge with Sunray Oil Corporation in 1955, creating two
organizations: the Sunray Mid-Continent Oil Company (tasked with the “exploration,
production, and various general management functions of the corporation”) and its
wholly owned subsidiary DX Sunray Oil Company (in charge of “refining, pipeline, and
marketing” operations). Two years later, DX Sunray dedicated the Harry T. Bennett

Research Center at its Tulsa refinery.1% Prior to the merger, Sunray Qil did not pursue an

aggressive diversification strategy, choosing instead to increase its exploratory well

103 See Richfield Oil Corporation annual reports for 1956 (p. 13) and 1960 (p. 11).

104 «Richfield Sets Start on New Research Unit,” Los Angeles Times, January 12, 1955, p. 2.

105 Richfield Oil Corporation, 1959 Annual Report, March 14, 1960, p. 17.

106 See Mid-Continent Petroleum Corporation annual reports for 1949 and 1950.

107 Mid-Continent Petroleum Corporation, 1954 Annual Report, March 10, 1955.

108 Sunray Mid-Continent Oil Company, Public Relations Department, The Sunray News (40™
Anniversary Issue, January-February 1960), p. 5.
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drilling in Texas, Oklahoma, California, and Canada.!®® Sunray did extend its range of
refined petroleum products after WWII, as it marketed “‘higher octane housebrand and
ethyl gasolines,” furnace oils, and “asphaltic materials used for road building
purposes.”10

All twenty-two oil companies among the 200 largest U.S. industrial corporations
in 1948 diversified, just as Sunray had, their range of petroleum goods from 1941 through
1960. Likewise, seventeen of these twenty-two enterprises broadened existing or created
new lines of chemical products (organic, inorganic, agricultural, etc.) in the two decades
after American entry into WWI1.1*1 The manufacture of chemicals was a natural
technological outlet for oil companies whose researchers began to discover more
commercial applications for the by-products of petroleum refining processes.
Diversification into chemicals was less likely, though, for the smaller firms among those
assessed in this subsection: while the twelve largest oil producers as of 1948 all
established chemical businesses by 1960, only five of the ten companies ranked in size
from 13 to 22 among their industry competitors moved beyond core competencies in
petroleum goods.

In fact, an assessment of the postwar R&D strategies adopted by American oil
corporations reveals several other key differences between the twelve largest firms and
those ranked in size from 13 to 22. Despite their extensive technical and functional
capabilities prior to WWII, eleven of these twelve oil giants had broken ground on or

completed the construction of new laboratories by 1950, and all but two (Cities Service

109 See Sunray Qil Corporation annual reports for 1951 (p. 5) and 1952 (p. 4).

110 See Sunray Qil Corporation annual reports for 1945 (p. 14), 1947 (p. 10), and 1952 (p. 11).

111 In Tables 5-52a and 5-52b, the production of chemicals is designated by SIC codes whose first two
digits are “28.”
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and Union Oil of California) maintained research staffs of more than 500 technical and
non-technical personnel by 1960.1%2 Most of the largest oil companies not only organized
R&D subsidiaries that oversaw research personnel and facilities, but they also operated
nuclear laboratories where they could test radioactive tracers—obtained from the AEC,
universities, or even their own small-scale test reactors—on petroleum and chemical
products.tt3

The growing technological complexity of manufacturing operations in the oil
industry demanded that firms increase the amount of workspace for their chemists and
engineers after WWII. Of the twenty-two oil companies among the 200 largest U.S.
industrial corporations in 1948, all but one (Tide Water Associated) constructed new or
expanded existing research facilities from 1941 through 1960.114 Although
manufacturers of petroleum goods might not have diversified into as many industries as,
say, electronics or machinery producers, they still made significant investments in their
R&D capabilities as they adapted to the competitive challenges of the postwar political

economy.

112 Of the ten firms ranked in size from 13 to 22 among their oil industry competitors in 1948, only five
had broken ground on new laboratories by 1950, and none maintained a research staff greater than 500 by
1960.

113 A few oil companies operated reactors for the AEC or mined uranium, but it should be noted that
these firms did not manufacture nuclear fuels or the reactors themselves.

114 Tide Water, however, would join its industry competitors by building a laboratory at Valley Forge
in 1962.
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5.2.14 Primary Metal Industries
Table 5-53a: 1948 Industry Overview for Manufacturers in Primary Metal
Industries!

Rank among Major
Compan 200 Laraest Assets ($ | Product Other Product
pany G g Millions) | Lines (SIC | Lines (SIC Codes)
orporations
Codes)
. 327, 332, 344, 345,
U”'tEdCS(g";‘teS Steel 3 2534.9 331 346, 347, 349, 373,
P 374
Bethlehem Steel 12 1029.0 331 322, 344, 345, 373,
Corp. 374
Anaconda Copper 20 660.3 333 335, 342, 343
Mining Co.
Kennecott Copper 242, 287, 335, 342,
Corp. 23 5754 333 343, 346
Aluminum Co. of 334, 335, 336, 344,
America 27 503.6 333 345, 349, 356
Republic Steel Corp. 28 489.1 331 344, 345
Jones & Laughlin 34 379.1 331 343, 344
Steel Corp.
National Steel Corp. 39 329.8 331 None
Armco Steel Corp. 43 316.2 331 344
Youngstown Sheet
& Tube Co. 44 311.6 331 291
Inland Steel Co. 47 292.8 331 341, 344
American Smelting
& Refining Co. 48 290.4 333 334
Phelps Dodge Corp. 53 274.3 333 281
Wheeling Steel 81 172.2 331 344, 346
Corp.
Reynolds Metals Co. 123 114.1 333 344
American Metal Co. 125 1127 333 None
Crucible Ste_el Co. of 196 112.0 331 None
America

1 Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,

Massachusetts: The Belknap Press of Harvard University Press, 1990), 654-55.
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Table 5-53b: 1948 Industry Overview for Manufacturers in Primary Metal
Industries (Continued)?

Rank among Assets ($ Major Other
Company 200 Largest Millions) Product Lines | Product Lines
Corporations (SIC Codes) | (SIC Codes)
Colorado Fuel & Iron 156 856 331 349, 353
Corp.
U.S. Smelting,
Refining & Mining Co. 167 88 333 None
American Brake Shoe 171 76.6 332 346, 356, 374
Pittsburgh Steel Co. 186 70.5 331 None
Allegheny Ludlum 193 68.4 331 None
Steel Corp.
Sharon Steel Corp. 196 67.9 331 None

The third-largest American industrial manufacturer as of 1948, United States
Steel Corporation broke ground in July 1953 on a massive research center at
Monroeville, Pennsylvania, about fifteen miles east of Pittsburgh.® This complex, which
was dedicated three years later, employed 750 scientists and technicians that conducted
research to round out the firm’s already diversified product lines.* Indeed, U.S. Steel had
grown so massive by the end of WWII that it—and the rest of the steel industry—risked
becoming complacent from the “understandable satisfaction” of having captured much of
the global market.> Company scientists did shift their focus to lighter steels and chemical
products in the 1950s, developing high-strength alloys for aircraft landing gear and coal
tar chemicals (e.g., pyridine, ammonium sulfate, naphthalene) for use in plastics,

fertilizers, and paints.® Although it was almost blocked by the federal government, the

2 Chandler, Scale and Scope, 655.

% United States Steel Corporation, 1953 Annual Report, February 23, 1954, p. 15.

4 United States Steel Corporation, 1956 Annual Report, February 26, 1957, pp. 9-10.

5 Kenneth Warren, Big Steel: The First Century of the United States Steel Corporation, 1901-2001
(Pittsburgh: University of Pittsburgh Press, 2001), 214.

6 See United States Steel Corporation annual reports for 1954 (pp. 11-12) and 1956 (p. 10).
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1948 acquisition of Consolidated Steel Corporation gave U.S. Steel plate-fabricating
yards that were able to manufacture a variety of items, including tanks and welded pipe.’
The National Tube Division of U.S. Steel also began to produce plastic pipe at its Gary
Works by 1954, as the company tentatively moved beyond its core competencies in steel
goods.® Despite such attempts at expansion and diversification made by U.S. Steel and
some of the other large corporations in the industry, the American share of global steel
output dropped from 62.4% in 1945 to 26% by 1960.°

Another of these large American steel companies, Bethlehem Steel Corporation
had already established a full line of products before WWII, manufacturing everything
from plates and wire to ships and railcars. To improve these goods and prepare for
mobilization, the company built a “chemical and metallurgical laboratory” at its Sparrows
Point, Maryland, mill in 1940.1° Although Bethlehem initiated a major plant expansion
program after the war and continued a “shift in emphasis from heavy to lighter steel
products that began in the 1930s,” it did not extensively diversify its product lines or
move into new industries before 1960.!!

This lack of diversification from 1941 through 1960 can be explained by two
factors. First, Bethlehem offered such a broad selection of steel goods and by-products
(including coal chemicals) before WWII that there was little technological room for
growth beyond improving manufacturing processes or making use of different raw

materials (e.g., low-grade iron ores like taconite, which became more heavily mined in

" Warren, Big Steel, 203; “No Monopoly in Consolidated Steel Sale Seen,” New York Herald Tribune,
June 19, 1947, p. 29.

8 “Plastic Pipe to Be Made by Nat. Tube,” Chicago Daily Tribune, May 27, 1954, p. D7.

 Warren, Big Steel, 214-15.

10 Bethlehem Steel Corporation, 1940 Annual Report, March 1, 1941, p. 7.

11 Kenneth Warren, Bethlehem Steel: Builder and Arsenal of America (Pittsburgh: University of
Pittsburgh Press, 2008), 152, 158-59.
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the late 1940s).12 Second, the war had “temporarily distorted the structure and trends of
national steel consumption and production,” emphasizing the application of steel in
“heavy” products (ships, rail, etc.) over “light” consumer durables.'® Bethlehem was
simply “slow in moving into a new generation of steel making processes” that would
allow it to meet the automobile industry’s growing demand for steel.* The company,
however, did begin construction in 1958 of its Homer Research Laboratories where
manufacturing processes could be tested in mechanical engineering and chemical pilot
plants.t> Constructed in two stages, the facility was finally dedicated on October 9, 1961,
providing workspace for 400 scientists and engineers.1®

Most of the major American copper enterprises diversified more extensively than
did large steel firms like Bethlehem, although the range of their operations still paled in
comparison to those of manufacturers in high-tech economic sectors like electronics or
plastics. Anaconda Copper Mining Company, for example, conducted business in
several industries, including mining, metal refining and fabrication (through its American
Brass Company subsidiary), lumber, and fertilizers derived from phosphate.l” After
1941, Anaconda expanded beyond the refining and rolling of copper, lead, and zinc by
moving into aluminum production. The company first organized a subsidiary (Anaconda
Aluminum Company) in 1952 to handle its reduction plants, and later acquired Cochran

Foil Company for the “fabrication of such commercial [aluminum] products as rod, tube,

12 Bethlehem Steel Corporation, 1953 Annual Report, February 23, 1954, pp. 6-7.

13 Warren, Bethlehem Steel, 169-70.

14 1bid., 184.

15 Harry F. Lewis, ed., Laboratory Planning for Chemistry and Chemical Engineering (New York:
Reinhold Publishing Corporation, 1962), 424.

16 See Bethlehem Steel Corporation annual reports for 1957 (p. 11) and 1961 (pp. 7-9).

17 Anaconda Copper Mining Company, 1952 Annual Report, April 18, 1953, pp. 8-11, 24.
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sheet, extrusions, foil, and other items.”'® By 1953, Anaconda was also mining uranium
ore for the Atomic Energy Commission.*?

To improve refining techniques in existing metal industries and develop the
capabilities needed to compete in aluminum and uranium, Anaconda operated
laboratories at its manufacturing plants throughout the country. Some examples of these
research units included: a Practical Research Laboratory in Anaconda, Montana; a
Moonlight Laboratory in Butte; and a Geophysical Laboratory in Tooele, Utah.?° The
mining company announced plans in 1957 to construct laboratories at Hastings-on-
Hudson, New York, for the “impulse testing of cables up to 3,000,000 volts.”?! These
facilities were completed by 1959, the same year that Anaconda Aluminum opened a
research laboratory at its new fabricating plant in Terre Haute, Indiana.??

A direct competitor of Anaconda, Kennecott Copper Corporation dedicated a
$1.25 million research center in 1954 that it had constructed on the campus of the
University of Utah in Salt Lake City to “coordinate and expand the research of the
[company’s] four western mining divisions.”?* Personnel at the complex—which
contained 40,000 square feet of workspace—conducted the R&D needed to improve
Kennecott’s existing businesses and implement a postwar diversification strategy. The

company maintained fabricating divisions that produced copper wire and cable, and these

18 «“Anaconda Copper Organizes Unit for Output of Aluminum,” New York Herald Tribune, October 6,
1952, p. 25; J.D. Tompkins, “Anaconda Expands in Aluminum,” New York Herald Tribune, January 5,
1959, p. B4.

19 |saac F. Marcosson, Anaconda (New York: Dodd, Mead & Company, 1957), 302-03.

20 Marcosson, Anaconda, 344-46.

2L Anaconda Company, 1957 Annual Report, March 21, 1958, p. 17. Anaconda Copper changed its
name to the “Anaconda Company” in 1955.

22 “Big Testing Facility Opened by Anaconda Wire,” The New York Times, April 14, 1959, p. 49;
Anaconda Company, 1959 Annual Report, March 25, 1960, pp. 12-13.

23 Kennecott Copper Corporation, 1951 Annual Report, March 6, 1952, p. 8; “Kennecott Opens
Research Center,” The New York Times, August 14, 1954, p. 18.
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Table 5-54a: Research Facility Expansion, 1941-1960, for Manufacturers in
Primary Metal Industries

Name or
Compan Description of Facility Facility Official
pany New Research Location Groundbreaking | Opening
Facility
United States U.S. Steel Monroeville, Julv 1953 May
Steel Corp. Research Center Pennsylvania y 1956
Bethlehem Homer Research Bethlehem, 1958 October
Steel Corp. Laboratories Pennsylvania 1961
Anaconda o Hastings-on- .
Copper hﬁgo\;:tlzi?:s’t’%t Hudson, New 19574 ?gglgl
Mining Co. York
Kennecott “research center | Salt Lake City, 19514 August
Copper Corp. and pilot plant” Utah 1954
Alummum_ Co. Development East S_t. L_oms, Not Available 1944
of America Laboratory Ilinois
Republic Steel Republic Steel Independence,
Corp. Research Center Ohio 1956 1958
Jones & Research and Pittsburah
Laughlin Steel Development an, Not Available 1946
Pennsylvania
Corp. Laboratory
National Steel National Steel Weirton, West A
Corp. Research Center Virginia 1958 1961
Armco Steel Research Baltimore, s | January
Corp. Laboratory Maryland September 1956 1957
Youngstown “tubular products
Sheet & Tube research Youngs_town, Not Available 1958
N Ohio
Co. laboratory

A Date refers to a formal announcement made by the company in question that it planned to construct a
new research facility.

B Date refers to a formal announcement made by Armco that it planned to expand its Baltimore Research

Laboratory.
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Table 5-54b: Research Facility Expansion, 1941-1960, for Manufacturers in
Primary Metal Industries (Continued)

Name or - . -
Company | Description of New FaC|I!ty Facility . Off'c.'al
. Location Groundbreaking | Opening
Research Facility
“research building”
Inland Steel at Purdue Hammond, 1953 October
Co. University’s Calumet Indiana 1954
Center
American South
Smelting & Central Research Plainfield, October 1951 March
- Laboratory 1953
Refining Co. New Jersey
“high-voltage test
Phelps laboratory” for Yonkers, New
Dodge Corp. | Habirshaw Cable and York 1952 1953
Wire (division)
. “industrial
Wheeling lubrication control Benw_ooq,_ Not Available November
Steel Corp. , West Virginia 1953
laboratory
“research
Reynolds laboratories™ for Glen Cove, A
Metals Co. Reynolds Research New York January 1944 1945
Institute (subsidiary)
. “metallurgical
American
Metal Co., dcontrol and Carteret, New Not Available 1954
Lid evelopment Jersey
' laboratory”
Crucible .
Steel Co, of | Central Research | Pittsburgh, June 1955¢ | July 1955
America Laboratory Pennsylvania
Colorado “research laboratory”
for John A. Trenton, New . December
Fuel & Iron e Not Available N
Corp Roebling s _Sons Co. Jersey 1952
' (subsidiary)

A Date refers to a formal announcement made by Reynolds that it would convert Winfield Hall at Glen
Cove into laboratories for its research subsidiary.
B Date refers to a formal announcement made by Crucible that it had leased the building into which it

would move research staff and equipment.

€ Date refers to CF&I’s acquisition of John A. Roebling’s Sons, which operated research facilities in

Trenton.
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Table 5-54c: Research Facility Expansion, 1941-1960, for Manufacturers in
Primary Metal Industries (Continued)

Name or - - -

Company | Description of New FaC|I!ty Facility . Off'c.'al

- Location Groundbreaking | Opening
Research Facility
u.S.

Smelting, . . Not
Refining & None Not Available Not Available Available
Mining Co.

American Experimental Mahwah
Brake Shoe | Foundry at Mahwah New Jersé 1933~ 1943

Co. Research Center y
. “research laboratory”
Pittsburgh for Thomas Strip Warren, Ohio Not Available September
Steel Co. o 19518
Division

Allegheny .

Ludlum “research center” EraCken“dg.e’ May 1950¢ 1952
ennsylvania

Steel Corp.

“titanium research
laboratory” for
Sharon Steel Mallory-Sharon Niles, Ohio Not Available 1953
Corp. o .
Titanium Corp. (joint
venture)

A Date refers to the construction of the first research unit (Metallurgical Laboratory) at the Mahwah
Research Center. In 1943, American Brake Shoe added an Experimental Foundry to the center.
B Date refers to Pittsburgh Steel’s acquisition of Thomas Steel Co., which became an operating division

and was renamed “Thomas Strip.”
C Date refers to a formal announcement made by Allegheny Ludlum that it planned to construct a

research facility.

operations were enhanced by the 1958 acquisition of the Okonite Company.?* While it
had always been a leader in the smelting, refining, and rolling of copper, Kennecott

turned to other metals in the 1940s and 50s: namely, titanium and aluminum.?®

24 Kennecott Copper Corporation, 1949 Annual Report, March 1, 1950, p. 5; “Kennecott Copper to
Buy Okonite,” Barron’s National Business and Financial Weekly, October 20, 1958, p. 18.

% Charles Caldwell Hawley, A Kennecott Story: Three Mines, Four Men, and One Hundred Years,
1897-1997 (Salt Lake City: The University of Utah Press, 2014), 274-75; “Kaiser Aluminum in Kennecott
Deal,” The New York Times, December 19, 1953, p. 24.
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The largest aluminum products manufacturer in the U.S., Aluminum Company
of America (Alcoa), played a major role in WWII mobilization by supplying much of
this essential material for the nation’s military aircraft. Before the end of hostilities,
Alcoa had opened a research laboratory at East St. Louis “for the purpose of further
developing the use of low-grade bauxite ores,” as well as a Cleveland laboratory
“equipped with the most modern facilities for the design, development, and testing of
castings and forgings for war purposes.”?® The company also expanded its New
Kensington, Pennsylvania, research complex, adding a second building in 1944 and a
third in 1951.2 By the end of the 1950s, Alcoa decided to centralize the highly
diversified research being performed at several laboratory locations across the country,
formalizing plans for a technical center to be constructed on a 2,400-acre tract of land
near New Kensington.?8

At its facilities, Alcoa’s R&D “shifted decisively toward product development
and its manufacturing processes and away from primary aluminum processes.”?® Among
these new products were light-weight structural aluminum, high-strength alloys for use in
aircraft and vehicles, “Wear-Ever” foil, “Alumilite” hard coating, and a “complete line of
aluminum rain-carrying equipment (gutters, downspouts, and related goods) for

residential use.”*® After WWII, Alcoa scientists began working on chemicals (e.g.,

26 Aluminum Company of America, 1944 Annual Report, March 31, 1945, pp. 8-9.

27 Margaret B.W. Graham and Bettye H. Pruitt, R&D for Industry: A Century of Technical Innovation
at Alcoa (New York: Cambridge University Press, 1990), 288.

28 Graham and Pruitt, R&D for Industry, 320; “Big Science Center Planned by Alcoa,” The New York
Times, September 11, 1959, p. 44.

29 George David Smith, From Monopoly to Competition: The Transformations of Alcoa, 1888-1986
(New York: Cambridge University Press, 1988), 262.

30 See Aluminum Company of America annual reports for 1949 (p. 16), 1951 (p. 16), 1952 (pp. 25-26),
1957 (pp. 6-7), and 1958 (pp. 8-9); “Alcoa Announces New Plane Alloy,” The New York Times, October 1,
1957, p. 67.
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calcium aluminate adhesives, tabular alumina, sodium fluoride) and nonaluminum metals
like gallium, beryllium, and titanium.3!

In 1952, Republic Steel Corporation moved into the commercial production of
titanium and its alloys “in ingot, plate, sheet and strip, and bar forms.”3? The firm
broadened its line of steel goods from 1941 through 1960 by introducing stainless steel
curtain wall panels, alloys for aircraft and missiles, “X-Tru-Coat” pipe with polyethylene
coating, and electrolytic zinc-plated steel sheets.®® Republic even entered the plastic pipe
and tubing industry with its 1953 acquisition of Owings-Sharpe, Inc.3* Scientists who
developed these product lines were given more workspace and equipment when, in 1958,
the 120,000-square-foot Republic Steel Research Center was built on a 106-acre plot at
Independence, Ohio.®

Jones & Laughlin Steel Corporation (J&L) embarked on a postwar construction
program to expand its available R&D workspace and enhance its technical and functional
capabilities. By 1946, the company’s Research and Development Laboratory in
Pittsburgh had been “increased in size, and additions [were] made to its equipment.”3®
One year later, an “iron ore research laboratory” was constructed in Negaunee, Michigan,

to address “the problem of refining ore of low iron content.”3” Other research facilities

built by J&L over the next decade included a “coal and coke laboratory” at its Aliquippa

31 Smith, From Monopoly to Competition, 262-63; See Aluminum Company of America annual reports
for 1948 (p. 7) and 1957 (p. 6).

32 Republic Steel Corporation, 1952 Annual Report, March 25, 1953, pp. 11-12; “Titanium Output to
Be Increased,” The New York Times, August 10, 1956, p. 25.

33 See Republic Steel Corporation annual reports for 1949 (p. 10), 1958 (p. 7), and 1959 (pp. 5-6).

34 «“Republic Steel Acquires Maker of Plastic Tubing,” The New York Times, June 24, 1953, p. 41.

% See Republic Steel Corporation annual reports for 1956 (p. 9) and 1958 (pp. 10-13).

3 Jones & Laughlin Steel Corporation, 1946 Annual Report, March 14, 1947, p. 10.

37 Jones & Laughlin Steel Corporation, 1947 Annual Report, March 15, 1948, p. 15.
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Works and the Graham Laboratory (a $1.5 million center for “general research”) in
Pittsburgh.3®

With these specialized facilities, Jones & Laughlin scientists improved steel-
making processes and diversified existing lines in hot- and cold-rolled steel products,
wire rope, steel containers, coal chemicals (such as benzol and tars), and tin plate.3® The
firm also entered new markets with the acquisition of the Electricweld Tubing Company
of Oil City, Pennsylvania, in 1944 (thereby allowing J&L to manufacture electric-welded
tubing and other consumer steel goods) and with the introduction of a “telescoping
television antenna mast for home use™ in 1952.4° Mostly, though, J&L “failed to break
out of its single-industry straightjacket,” which former Vice President and Comptroller
Harold Geneen would blame for the company’s decline in the 1960s.4!

A manufacturer of steel products and tin plate, National Steel Corporation did
not aggressively diversify its businesses after WWII, but focused instead on increasing its
mill capacity. During the late 1950s, though, National introduced a variety of steels and
alloys, such as zinc-coated steel and the “GLX-W" line of steels treated with the element
columbium.*? The 1957 acquisition of the Enamelstrip Corporation even allowed

National to manufacture vinyl-laminated steel and plastic-coated coils.** By the end of

3 Jones & Laughlin Steel Corporation, 1949 Annual Report, March 2, 1950, p. 10; “Steel Laboratory
Opened,” The New York Times, October 29, 1955, p. 23; “Research Expansion: Multi-Million Dollar
Program Planned by Jones & Laughlin,” The New York Times, December 29, 1961, p. 49. The Graham
Laboratory, completed in 1955, would be expanded in the early 1960s.

39 See Jones & Laughlin Steel Corporation annual reports for 1945 (p. 20), 1948 (pp. 18-19), 1949 (p.
11), and 1955 (p. 24).

40 David H. Wollman & Donald R. Inman, Portraits in Steel: An Illustrated History of Jones &
Laughlin Steel Corporation (Kent, Ohio: The Kent State University Press, 1999), 120-21; Jones &
Laughlin Steel Corporation, 1952 Annual Report, February 27, 1953, p. 23.

41 Wollman and Inman, Portraits in Steel, 153, 160.

42 National Steel Corporation, 1958 Annual Report, March 2, 1959, p. 9.

43 National Steel Corporation, 1957 Annual Report, March 5, 1958, p. 9.

334



Table 5-55a: Research Facility Personnel, 1940-1960, for Manufacturers in
Primary Metal Industries

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase | Increase
Company Perslgnnel Perslgnnel
1940 | 1946 | 1950 | 1956 | 1960 from 1940 | from 1940
to 1960 to 1960
U”'tEdC%tr""gis Steel | 442 | 575 | 861 | 986 | 1505 | 1063 240%
Bethlehem Steel 59 9 | 123 | 262 | 450 391 663%
Corp.
Anaconda Copper | 415 | 155 | 135 | 124 | 200 | 94 82%
Mining Co.B
Kennecott Copper 80 136 107 107 170 90 113%
Corp.©
Aluminum Co.0f | 57 | 456 | 556 | 685 | 827 590 249%
America
Republic Steel | 506 | 123 | 150 | 150 | 144 | -362 72%
Corp.
Jones & Laughlin 77 53 84 142 | 185 108 140%
Steel Corp.
National Steel | 7| 191 | 145 | 121 | NA= | NA NA
Corp.
Armco Steel Corp.F | 79 110 | 187 | 209 | 350 271 343%
Youngstown Sheet
2 Tube Co. NA NA NA 52 103 NA NA
Inland Steel Co.® | 233 | 444 | 156 | 34 | 71 -162 -10%

A Totals for U.S. Steel include its subsidiaries American Bridge Co., American Steel and Wire Co.,
Carnegie-Illinois Steel Corp., Columbia Steel Co., National Tube Company, Oil Well Supply Co.,
Oliver Iron Mining Co., Tennessee Coal, Iron and Railroad Co., and Universal Atlas Cement Co.
The entries for Carnegie-Illinois in the 1940 and 1946 NRC directories state that “several hundred
men” worked full- or part-time on research projects. In order to provide an accurate (and
conservative) accounting of the number of research personnel employed by U.S. Steel, these
imprecise figures for Carnegie-lllinois have been disregarded, and only exact totals of research
managers and staff have been tabulated.

B Totals for Anaconda Copper include its subsidiaries American Brass Co. and International Smelting
and Refining Co.

€ The NRC directories for 1940, 1946, and 1950 do not contain entries for Kennecott Copper, but they
do list its subsidiary Chase Brass and Copper Co.

D Totals for National Steel include its subsidiary Great Lakes Steel Corp.

E The NRC directory for 1960 only lists National Steel’s research managers and does not provide figures
for research personnel.

F Totals for Armco Steel include its subsidiary Armco Drainage & Metal Products, Inc.

G Totals for Inland Steel include its subsidiary Inland Steel Container Co.
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Table 5-55b: Research Facility Personnel, 1940-1960, for Manufacturers in

Primary Metal Industries (Continued)

Research Personnel Employed Total Percent
by Company and Subsidiaries Increase Increase
Company Perslgnnel Perslcr)]nnel
1940 | 1946 | 1950 | 1956 | 1960 from 1940 | from 1940
to 1960 to 1960
American Smelting & | 4o | 59 | 105 | 111 | o7 52 116%
Refining Co.
Phelps Dodge Corp.A 91 16 26 36 | 111 20 22%
Wheeling Steel Corp. 10 10 13 20 27 17 170%
Reynolds Metals Co.2 | 57 | 159 | 40 98 | NAc° NA NA
Ame“caft('jv'fta' Co. 1o | 17 | 21 | 28 | 110 84 323%
Crucible Steel Co. of | oo | o5 | g4 | 25 | 236 .26 -10%
America
Colorado Fuel & Iron NA | NA | NA | 22¢ 99 NA NA
Corp.

U.S. Smelting, i 010
Refining & Mining Co. al 51 ! 8 3 38 93%
Ame”canc'?)rake Shoe | 44 | 149 | 188 | 101 | 218 174 395%

Pittsburgh Steel Co. NA | NA | NA | 22 21 NA NA

Allegheny Ludlum 1 oo | o) | 79 | 147 | 282 | 229 432%
Steel Corp.

Sharon Steel Corp. NA | NA | NA | NA | NA NA NA

A The steep decline in research personnel from 1940 to 1946 might be explained by the fact that
subsidiary Phelps Dodge Copper Products Corp. is listed in the 1940 NRC directory, but not the

1946 or 1950 editions.

B Totals for Reynolds Metals include its subsidiaries Fulton Sylphon Co., Reynolds Research Corp., and
Robertshaw Thermostat Co. Reynolds merged Fulton Sylphon and Robertshaw Thermostat in 1947
to form Robertshaw-Fulton Controls Co. This new company was no longer a wholly owned
subsidiary of Reynolds (and is therefore not included in the totals above), as Reynolds decided to
sell shares of Robertshaw-Fulton to the public.

€ The NRC directory for 1960 only lists Reynolds’ research managers and does not provide figures for

research personnel.

D Totals for American Metal include its subsidiary United States Metals Refining Co. In 1957,
American Metal merged with Climax Molybdenum Co. to form American Metal Climax, Inc.

E The 1956 NRC directory contains no entry for Colorado Fuel & Iron, but it does provide research
personnel figures for CF&I’s subsidiary, John A. Roebling’s Sons Corp. This subsidiary was
acquired in 1952 and maintained research facilities in Trenton, New Jersey.
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the decade, the company would discover new applications for its “Stran-Steel” metal
framing, which was used in residential and commercial construction: among the products
marketed under this brand were fabricated steel liners, door frames, and integrated load-
bearing wall systems.** These product lines would be further refined in a Weirton, West
Virginia, research center that was completed in 1961 and centralized the steel firm’s
R&D activities that had previously been performed in divisional laboratories.*®

Armco Steel Corporation (formerly, the American Rolling Mill Company) also
expanded its research facilities after the Korean War, increasing the workspace at its
Baltimore Research Laboratory with a $300,000 investment in 1957.4¢ Two years later,
Armco announced plans to double the size of its research center in Middletown, Ohio, at
the cost of $3.5 million.#” The company had a long history of R&D investment, as it was
one of the first steel firms to establish a corporate laboratory and, in 1937, had built a
modern Research Building at Middletown when a gas explosion destroyed its previous
lab.*8

In these facilities, scientists and engineers developed structural steels (marketed
under the “Steelox” brand) and a stainless steel product line that was obtained through the
1946 purchase of Rustless Iron and Steel Corporation.*® Armco later moved into the

production of wire rope with the 1957 acquisition of Union Wire Rope Corporation.>®

44 See National Steel Corporation annual reports for 1958 (p. 9) and 1959 (p. 8).

45 See National Steel Corporation annual reports for 1958 (pp. 8-9) and 1961 (p. 8). Plans for the
Weirton facility were announced in 1958.

46 Carroll E. Williams, “Armco Plans New Research Laboratory,” The Baltimore Sun, September 14,
1956, p. 32; Carroll E. Williams, “Industries Expanding Research,” The Baltimore Sun, January 20, 1957,
p. 10D.

47 «“Armco Expanding Research,” The New York Times, October 12, 1959, p. 27; Armco Steel
Corporation, 1959 Annual Report, March 22, 1960, p. 15.

48 American Rolling Mill Company, 1937 Annual Report, March 28, 1938, p. 3.

49 See American Rolling Mill Company annual reports for 1946 (p. 8) and 1947 (pp. 10-11).

0 Armco Steel Corporation, 1957 Annual Report, March 7, 1958, pp. 10-11.
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Diversifying its operations beyond the steel industry, Armco bought National Supply
Company, a manufacturer of oil field machinery and equipment, in 1958.5!

Youngstown Sheet and Tube Company initiated a program of R&D facility
expansion in late 1950s, adding several specialized units to its Central Research
Laboratory.>? In 1958, a “tubular products research laboratory” was completed at
Youngstown, and within two years, the company had opened a “flat-rolled products
laboratory.”®® Sheet and Tube’s Research Division even built an “experimental coke
oven” and pilot plant whose staff sought to “determine optimum operating practices using
present plant coal mixes.”®* Although the construction of these facilities necessitated a
substantial increase in the number of research personnel employed by Sheet and Tube,
most of the R&D conducted at the Central Research Laboratory was “directed toward
lower product costs through process research.”®® As a result, Sheet and Tube did not
pursue a serious diversification strategy after 1941, focusing instead on improving the
quality and manufacturing efficiencies of its steel and pig iron products.>®

Another primary metals firm that did not extensively diversify its operations
following WWII, Inland Steel Company instead sought to enlarge its ingot, plate, and
container production capacities.” The one field in which Inland broadened its line of

available goods was fabricated steel for structural purposes, introducing preformed

1 Armco Steel Corporation, 1958 Annual Report, March 16, 1959, p. 9.

52 John H. Gribbin and Sue Singer Krogfus, eds., Industrial Research Laboratories of the United States
(Washington, D.C.: National Academy of Sciences—National Research Council, 1960), 523.

%3 See Youngstown Sheet and Tube Company annual reports for 1958 (p, 9) and 1959 (p. 7).

54 Youngstown Sheet and Tube Company, 1959 Annual Report, March 2, 1960, p. 7.

%5 Youngstown Sheet and Tube Company, 1960 Annual Report, March 6, 1961, p. 9.

% Youngstown Sheet and Tube also owned a subsidiary (Continental-Emsco Company) that marketed
oil equipment and drills, but available annual reports make no mention of sustained product diversification
in this industry.

5" Inland Steel Company, 1948 Annual Report, March 30, 1949, pp. 8-10.
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subfloors and frameless, easy-to-assemble shelters.>® To “search for new methods of
making better quality steels at lower costs,” Inland constructed a research building at
Purdue University’s Calumet Center in Hammond, Indiana.® Completed by 1954, the
Hammond facility provided adequate workspace for Inland’s technical personnel until the
mid-1960s, when the company opened a massive research center in East Chicago.®°
American Smelting & Refining Company (Asarco) broke ground on a South
Plainfield, New Jersey, research center in October 1951.6' Dedicated two years later, the
$1 million Central Research Laboratory provided scientists with 82,000 square feet of
workspace, as well as 65 individual laboratories dedicated to “physical and chemical
metallurgy.”®? The facility underwent an expansion in 1957 that added a 20,000-square-
foot wing “devoted to asbestos application and process research.”®® An Asarco
subsidiary, Lake Asbestos of Quebec, Ltd., mined and processed asbestos ore, but no
serious attempt was made before 1960 to refine the mineral and manufacture fibers or
insulation from it.6* Similarly, because Asarco did not fabricate the metals (copper, lead,
zinc, etc.) that it smelted or refined, the company had few opportunities to apply its
technical and functional capabilities and diversify its low-technology product lines. The
R&D conducted in Asarco’s South Plainfield laboratories, then, was directed toward

process improvement instead of product development.5®

%8 Inland Steel Company, 1954 Annual Report, February 28, 1955, p. 17.

% See Inland Steel Company annual reports for 1953 (p. 9) and 1954 (pp. 10-11).

80 “New Research Center to Benefit East Chicago,” Chicago Tribune, July 4, 1965, p. IND1.

61 «“N.J. Plants Authorized: Metal Research Center Is Due to Cost $1,000,000,” The New York Times,
July 5, 1951, p. 38; “American Smelting Starts Laboratory,” New York Herald Tribune, October 5, 1951, p.
27.

62 “American Smelting Opens Laboratories,” The New York Times, March 6, 1953, p. 34.

83 “Laboratory to Be Expanded,” The New York Times, March 7, 1957, p. 54.

& American Smelting & Refining Company, 1959 Annual Report, March 14, 1960, p. 15.

8 Isaac F. Marcosson, Metal Magic: The Story of the American Smelting & Refining Company (New
York: Farrar, Straus and Company, 1949), 246-49.
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Phelps Dodge Corporation broke ground in 1952 on a “high-voltage test
laboratory” at Yonkers, New York, for its Habirshaw Cable and Wire Division.%®
Completed one year later, the Yonkers facility “provided the means of testing and
perfecting the ever higher rated power cables of the future,” including plastic-insulated,
“Styroflex” coaxial, and asbestos cables.®” Besides such improvements in the fabrication
of copper and insulated wire, Phelps Dodge “in comparison to the other big [copper]
producers, Anaconda and Kennecott, probably changed the least during the quarter
century after World War I1.”%8 The firm tentatively entered the oil and gas industry
through a joint venture with the Cyprus Oil Company Division of Cyprus Mines
Corporation, yet these drilling operations were not extensive.®® Instead, Phelps Dodge
improved manufacturing efficiencies through R&D conducted at its decentralized
laboratories located throughout the country. By 1957, the laboratory at the company’s
Inca Division in Fort Wayne, Indiana, had been expanded, and construction began on a
South Brunswick, New Jersey, copper alloy tube plant that would house standalone
research facilities for the development of “pipe, tube, and other extrusion products.”’®

A manufacturer of fabricated steel products, Wheeling Steel Corporation built
an “industrial lubrication control laboratory” at Benwood, West Virginia, in 1953.”* In
addition, the firm maintained quality control units at its Steubenville, Yorkville, and

Portsmouth, Ohio, plants.”> Wheeling did not diversify beyond steel products, but its

% Phelps Dodge Corporation, 1952 Annual Report, March 10, 1953, pp. 15, 29.

57 Phelps Dodge Corporation, 1953 Annual Report, March 10, 1954, p. 15.

8 Carlos A. Schwantes, Vision & Enterprise: Exploring the History of Phelps Dodge Corporation
(Tucson: University of Arizona Press, 2000), 228.

% Phelps Dodge Corporation, 1959 Annual Report, March 10, 1960, pp. 12-13.

70 See Phelps Dodge Corporation annual reports for 1957 (p. 13) and 1961 (p. 12).

"L “Wheeling Steel Lab,” Pittsburgh Post-Gazette, November 5, 1953, p. 24.

72 Callie Hull, ed., “Industrial Research Laboratories of the United States, Including Consulting
Laboratories,” Bulletin of the National Research Council, no. 104 (December 1940): 305-06.

340



Table 5-56a: Product Diversification, 1941-1960, for Manufacturers in Primary

Metal Industries

Company

Diversification of Product
Lines in Existing Industry
Groups after 1941 (SIC

Diversification into
New Industry Groups
after 1941 (SIC Codes)

Codes)
United States Steel Corp. 332,344 286, 307
Bethlehem Steel Corp. None None
Anaconda Copper Mining 333, 335 None
Co.

Kennecott Copper Corp. 333, 335 None
Aluminum Co. of America 333, 335, 336, 344, 349 281, 289, 347
Republic Steel Corp. 331 307, 335, 347

Jones & Laughlin Steel 286. 331, 344 367

Corp.
National Steel Corp. 331, 344 None
Armco Steel Corp. 331, 344 351, 353
Youngstown Sheet & Tube None None
Co.
Inland Steel Co. 344 None
America_n _Smelting & None None
Refining Co.

Phelps Dodge Corp. 335 None

Wheeling Steel Corp. 331, 344 None

Reynolds Metals Co. 333, 335, 344 348

American Metal Co., Ltd. 333 335
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Table 5-56b: Product Diversification, 1941-1960, for Manufacturers in Primary
Metal Industries (Continued)

Diversification of Product . e
. i L Diversification into
Company Lines in E);lstlng Industry New Industry Groups
Groups after 1941 (SIC | ¢ 1941 (SIC Codes)
Codes)
Crucible Ste_el Co. of 331 335
America
Colorado Fuel & Iron 331, 349 281, 335
Corp.
U.S. Smel_tlng, Refining & None None
Mining Co.
American Brake Shoe Co. 332, 346, 356, 374 372
Pittsburgh Steel Co. 331 344
Allegheny Ludlum Steel 331 335
Corp.
Sharon Steel Corp. 331 335

scientists and engineers developed new goods in its existing lines of tin plate and
structural steels. For example, the company introduced “TensilLite” tin plate to be used
in container manufacturing, “Ductillite” tin plate for can production, fabricated “Super-
Rib” roof deck panels, and galvanized steel flooring.”

Although Reynolds Metals Company refined aluminum instead of steel, it also
diversified its range of alloys and fabricated metal products from 1941 through 1960.
Alloys “R301” and “R303” were developed during WWII for use in aircraft
manufacturing, while “R350” was intended to aid the postwar housing shortage, as it

could be used in corrugated sheeting and aluminum walls despite being produced from

3 See Wheeling Steel Corporation annual reports for 1958 (p. 12) and 1960 (pp. 10-11).
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battle scrap.” Among the many goods that Reynolds fabricated were aluminum cable,
structural materials, window frames, and flexible packaging (including “Reynolds
Wrap”).”® Beginning in 1952, the company even worked as a subcontractor to Chrysler,
producing aluminum ballistic shells and missile components.’®

The expansion of Reynolds’ research facilities allowed metallurgists and chemists
to broaden its product lines. During WWII, the aluminum manufacturer announced that
it would convert Winfield Hall—the former estate of Frank W. Woolworth at Glen Cove
on Long Island, New York—into laboratories for the subsidiary Reynolds Research
Institute.”” Because the Glen Cove complex brought company and university scientists
together, work performed there was focused on problems of basic research.”® For applied
R&D, Reynolds operated a central laboratory (which housed units for product
development, metallurgical research, and foil and printing research) in Richmond,
Virginia.”® The firm added to its facilities by 1954 with a Listerhill, Alabama, laboratory
for “work on reduction processes,” as well as a research unit at Hurricane Creek,
Arkansas, for “bauxite, clays, and aluminas.”#

American Metal Company, Ltd., also increased its available R&D workspace in
1954 when it built a “metallurgical control and development laboratory” at Carteret, New

Jersey.8! Scientists and engineers at Carteret, however, mainly focused on process

4 Reynolds Metals Company, 1945 Annual Report, March 12, 1946, p. 16.

5 See Reynolds Metals Company annual reports for 1949 (p. 6), 1954 (pp. 11-12), and 1959 (p. 19).

6 Reynolds Metals Company, 1957 Annual Report, March 1, 1958, pp. 15-16.

7 “Estate to Become Research Center,” The New York Times, January 28, 1944, p. 33; See Reynolds
Metals Company annual reports for 1943 (pp. 4-5) and 1945 (p. 16).

8 «“Reid Gray to Head Reynolds Research,” Spokane Daily Chronicle, October 16, 1945, p. 3.

9 Reynolds Metals Company, 1958 Annual Report, March 1, 1959, pp. 28-29.

80 Reynolds Metals Company, 1954 Annual Report, December 31, 1954, pp. 8-9.

81 American Metal Company, Ltd., 1954 Annual Report, March 14, 1955, p. 11. The Carteret facility
was enlarged in 1955 to provide space for “research in the production of powdered non-ferrous metals.”

343



improvements rather than product diversification, as American Metal failed to extend its
operations far beyond the refining of nonferrous metals (copper, lead, zinc, etc.). The
company developed some new copper, zinc, and tungsten alloys in the 1950s, but it did
not refine the oil that it drilled or process the uranium that it mined.8? Following the 1957
merger of American Metal and Climax Molybdenum Company to form American Metal
Climax, Inc., a new subsidiary (Amco Research, Inc.) was organized at the Carteret
laboratory for “research and development work in nonferrous metals.”83

By 1955, Crucible Steel Company of America had moved “key staff members
and equipment” from its Eastern Research Laboratory at the Atha Works in Harrison,
New Jersey, to a recently leased building in Pittsburgh that would become the Central
Research Laboratory.8* The Pittsburgh facility not only made it easier to “attract
technical talent,” but it allowed personnel to be organized into both a Metallurgical
Department—which was responsible for refining production processes and rendering
customer service—and a separate Research and Development Department.®® In the R&D
Department, scientists continued to work on products that Crucible had introduced since
WWII, such as its steel tube, “Hy-Tuf” alloy for use in aircraft, and high-boron steels

with applications in the nuclear energy industry.8 Crucible began to study the use of

titanium in bars, wire, and sheets by 1949, and within a year, it would enter into a joint

82 See American Metal Climax, Inc., annual reports for 1958 (pp. 13, 17-18) and 1959 (pp. 12, 14-16).

8 American Metal Climax, Inc., 1957 Annual Report, March 20, 1953, pp. 3, 22-23.

84 «“Major New Leases Here,” Pittshurgh Post-Gazette, June 22, 1955, p. 15; Crucible Steel Company
of America, 1955 Annual Report, March 1, 1956, p. 15.

8 Dwight W. Kaufmann, Crucible: The Story of a Steel Company (Pittsburgh: 1986), 232; Crucible
Steel Company of America, 1956 Annual Report, March 4, 1957, p. 23.

8 See Crucible Steel Company of America annual reports for 1947 (p. 6), 1948 (pp. 7-8), and 1951 (p.
16). The 1948 acquisition of Trent Tube Company allowed Crucible “for the first time [to] enter the field
of tubular products.”
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venture with Remington Arms Company, Inc., to manufacture these goods.8” To further
diversify its steel and titanium lines, Crucible opened a Syracuse, New York, laboratory
in 1958 and broke ground on the $6 million Pittsburgh Technology Center in 1959.88

Colorado Fuel and Iron Corporation (CF&I) embarked on its own long-range
expansion and diversification program after WWII, broadening its existing lines of steel
wires and springs with the acquisition of Wickwire Spencer Steel Company in October
1945.8% Wickwire, an operator of furnaces and rolling mills in the Northeast, counted
among its subsidiaries the American Wire Fabrics Corporation, which “manufactured
insect wire screening and industrial wire cloth.”®® Two years after the purchase of
Wickwire, CF&I began to market inorganic chemicals like chlorine and caustic soda,
although it would later sell this business to the Julius Hyman Company.®!

In the 1950s, CF&I continued to acquire the facilities and product lines of smaller
firms, including the Worth Steel Company (maker of stainless steel plates and
“transmission pipes for the oil and gas industries”) and John A. Roebling’s Sons
Company.®? Roebling’s Sons once constructed suspension bridges, and it had become a
producer of copper wire, wire rope, and cold-rolled steel specialties by the postwar

period.®* More importantly, Roebling’s Sons maintained a standalone research laboratory

87 See Crucible Steel Company of America annual reports for 1949 (p. 7), 1950 (p. 6), and 1957 (p.
17). When Crucible acquired Remington’s titanium facilities in 1957, it reconstituted the Rem-Cru
scientific team as the Midland Research Laboratory.

8 “Steel Laboratory Planned,” The New York Times, October 24, 1957, p. 55; See Crucible Steel
Company of America annual reports for 1958 (p. 16) and 1959 (p. 9).

8 Colorado Fuel and Iron Corporation, 1946 Annual Report, September 10, 1946.

% H. Lee Scamehorn, Mill & Mine: The CF&I in the Twentieth Century (Lincoln: University of
Nebraska Press, 1992), 163.

1 Scamehorn, Mill & Mine, 166-67.

92 «“Worth Steel Is Sold to Colorado Fuel,” New York Herald Tribune, February 3, 1951, p. 16; Robert
W. Price, “Colorado Fuel Expansion Dates from ’45,” New York Herald Tribune, October 11, 1953, p. A7.

9 “Colorado Fuel Set to Buy Roebling’s; Will Operate Jersey Firm as Subsidiary,” New York Herald
Tribune, December 9, 1952, p. 49; “Colorado Fuel Buys Roebling Company,” The New York Times,
January 8, 1953, p. 43.
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at its plant in Trenton, New Jersey, that would be operated by CF&I as the larger steel
firm continued its postwar expansion.®

The annual reports of the United States Smelting, Refining & Mining
Company make no mention of research facility expansion from 1941 through 1960.
While the firm operated a laboratory in Midvale, Utah, the number of research personnel
who worked at the facility declined after 1946, according to the NRC directories of
American industrial laboratories.®® This reduced emphasis on R&D was manifested in
U.S. Smelting, Refining & Mining’s lack of postwar diversification, as it continued to
extract primary metals like gold, silver, lead, zinc, and copper.®® The company moved
into oil and natural gas drilling by 1947, but did not operate the refineries needed to
manufacture products from these natural resources.®’

Although U.S. Smelting, Refining & Mining refrained from building new
laboratories during and after WWII, the American Brake Shoe Company initiated an
aggressive research facility expansion program at its Mahwah Research Center. The
complex had been in operation since 1933 when a Metallurgical Laboratory was
constructed on-site, and in 1943, an Experimental Foundry was opened so scientific
“theory [could] be tested and practical foundry techniques worked out for transfer to
production plants.”% Other research units added to Brake Shoe’s Mahwah center

included a Chemical Laboratory (completed in 1946), Bearings Laboratory (1953), and

% Clifford W. Zink and Dorothy White Hartman, Spanning the Industrial Age: The John A. Roebling’s
Sons Company, Trenton, New Jersey, 1848-1974 (Trenton: Trenton Roebling Community Development
Corp., 1992), 151; Gribbin and Krogfus, eds., Industrial Research Laboratories of the United States, 116.

% See Table 5-55b and the available NRC directories from 1940 through 1960.

% United States Smelting, Refining & Mining Company, 1960 Annual Report, March 8, 1961, p. 19.

9 United States Smelting, Refining & Mining Company, 1951 Annual Report, March 12, 1952, p. 8.

% See American Brake Shoe Company annual reports for 1943 (p. 7) and 1953 (pp. 29-30).
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“aircraft hydraulics research facility” (1958).%° In 1959, the company would dedicate its
Columbus, Ohio, Hydrodynamic Research Center for the “development of hydraulic
products and systems geared to the increasing automation of industry.”1%

American Brake Shoe first produced hydraulic pumps for aircraft and industrial
machinery following its purchase of the Denison Engineering Company in 1955.10%
During WWII, the acquisitions of the Electro-Alloys Company (manufacturer of “heat
and corrosion resistant alloy castings”) and the Crown Spray Gun Manufacturing
Company (a “complete line of paint spraying equipment’) allowed Brake Shoe to
diversify its selection of industrial equipment and steel and iron products.1%? These
subsidiaries complemented R&D conducted at the Mahwah Research Center and other
facilities from 1941 through 1960. Scientists and engineers at company laboratories
introduced a number of fabricated products that broadened Brake Shoe’s existing
operations, such as: bronze gear blanks and bearings; railroad equipment and freight car
wheels; brake shoes, linings, and lubricating pads; and steel forgings for automobile
manufacturers. 103

In the 1940s and 50s, Pittsburgh Steel Company gradually began to manufacture
some fabricated metal goods, thereby becoming a more integrated industrial corporation.
Immediately after WWII, the firm “re-activated” two subsidiaries (Pittsburgh Steel

Products Company and National Steel Fabric Company) that made steel tube and wire

9 See American Brake Shoe Company annual reports for 1948 (p. 13), 1953 (pp. 26-27), and 1958 (p.
8). From 1948 to 1952, the Metallurgical Laboratory, Experimental Foundry, and Chemical Laboratory at
the Mahwah Research Center would all be increased in size and furnished with new equipment.

100 American Brake Shoe Company, 1958 Annual Report, March 17, 1959, p. 15.

101 American Brake Shoe Company, 1955 Annual Report, March 8, 1956, p. 6.

102 American Brake Shoe Company, 1943 Annual Report, December 31, 1943, pp. 8-9.

103 See American Brake Shoe Company annual reports for 1948 (p. 12) and 1957 (pp. 6-11); “News
and Views of Investments: Diversified Product Line Aids American Brake Shoe,” Barron’s National
Business and Financial Weekly, October 24, 1955, p. 25.
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specialties.’?* Pittsburgh Steel would soon market chain link fence, barbed wire,
“Steeltex” lath for stucco and floors, and cold-rolled corrugated sheet to be “used as a
reinforcement form in poured concrete construction.”% Additionally, the 1950 purchase
of the Thomas Steel Company gave Pittsburgh Steel entry into the flat-rolled products
business.1% Thomas operated a laboratory in Warren, Ohio, that would, after being
acquired by Pittsburgh Steel, complement R&D performed by scientists in the parent
company’s long-running research facility at Monessen, Pennsylvania.'%’

Allegheny Ludlum Steel Corporation constructed a research center at
Brackenridge, Pennsylvania, in 1952 that was meant to coordinate R&D activities at the
company’s other four laboratories.'® The Brackenridge complex was increased in size
two years later to provide room for the study of “magnetic materials and stainless
steels.”2% Indeed, from 1941 through 1960, Allegheny Ludlum scientists developed such
products as “18-8” stainless steel, “silicon electrical” steel, “superalloys” for use in
aircraft and jet engines, and titanium sponge.*'° To take advantage of opportunities in the
emerging field of nuclear energy, Allegheny Ludlum not only began to refine and

fabricate uranium and zirconium for industrial use, but it also acquired an interest in

104 pittshurgh Steel Company, 1946 Annual Report, March 15, 1947, p. 5.

105 See Pittsburgh Steel Company annual reports for 1949 (p. 13), 1956 (p. 17), and 1959 (pp. 6, 17).

106 «pittsburgh Buys Thomas Steel,” The New York Times, September 4, 1951, p. 37; Pittsburgh Steel
Company, 1951 Annual Report, March 12, 1952, p. 8. Thomas Steel Company would, following its
acquisition by Pittsburgh Steel, become the Thomas Strip Division of the parent company.

107 Myron J. Rand, ed., “Industrial Research Laboratories of the United States, Including Consulting
Laboratories,” Bulletin of the National Research Council, no. 120 (November 1950): 349-50; James F.
Mauk, ed., Industrial Research Laboratories of the United States (Washington, D.C.: National Academy of
Sciences—National Research Council, 1956), 377-78.

108 «¢23,600,000 Allegheny Steel Plan,” The New York Times, May 8, 1950, p. 30; Allegheny Ludlum
Steel Corporation, 1952 Annual Report, March 2, 1953, pp. 8-9.

109 See Allegheny Ludlum Steel Corporation annual reports for 1953 (pp. 10-11) and 1959 (p. 1). By
1960, the Brackenridge research center would span 121,000 square feet and sit on a 13-acre campus.

110 See Allegheny Ludlum Steel Corporation annual reports for 1952 (p. 8), 1955 (pp. 10-13), and 1960

(p. 6).
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Nuclear Metals, Inc.*'! This affiliate company would, in 1958, establish a $2 million
laboratory at Concord, Massachusetts, where R&D conducted on nuclear fuels allowed
Allegheny Ludlum to move further beyond its core competencies in the manufacture of
stainless steel.!2

Sharon Steel Corporation, manufacturer of steel products and pig iron,
engineered its stainless steel after WWII so that it had more applications in cutlery,
window frames, structural moldings, valves, and pipes.'** By 1960, the company would
move its Research and Quality Control Departments—where scientists and technicians
investigated “new methods of making, cleaning and analyzing steels and improving
corrosion resistance of...specialty steels”—into a renovated three-story building at the
Roemer Works in Farrell, Pennsylvania.'* Even before this expansion of its own R&D
facilities, however, Sharon’s joint venture with P.R. Mallory & Company constructed a
“titanium research and development laboratory” in 1953 at Niles, Ohio.*'®> The venture,
named the Mallory-Sharon Titanium Corporation, developed a “new titanium-melting
process” to produce ingot forms and would later organize a company (Reactive Metals,
Inc.) with National Distillers Products Corporation to begin “the manufacture of certain
zirconium mill products.”*16

Diversification into nonferrous metals (aluminum, titanium, zirconium, zinc, etc.)

was a postwar strategy adopted by Sharon and several other steel manufacturers

11 «Zirconium Output to Rise: Allegheny Ludlum to Expand Its Production for Atomic Uses,” The
New York Times, September 3, 1953, p. 34; Allegheny Ludlum Steel Corporation, 1955 Annual Report,
December 31, 1955, p. 13.

112 «$2.000,000 Private Research Laboratory Opened,” The New York Times, October 25, 1958, p. 29.

113 See Sharon Steel Corporation annual reports for 1949 (p. 9) and 1957 (pp. 8-9).

114 Sharon Steel Corporation, 1959 Annual Report, December 31, 1959, p. 7.

115 <) Companies Form Titanium Concern,” New York Herald Tribune, April 6, 1951, p. 35; Alfred F.
Tumin, “Titanium,” Minerals Yearbook: Metals and Minerals (Except Fuels), vol. 1 (1953): 1179.

116 Sharon Steel Corporation, 1957 Annual Report, December 31, 1957, p. 11.
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(Republic, Crucible, CF&I, and Allegheny Ludlum) among the 200 largest U.S. industrial
corporations as of 1948. Smaller steel firms were, for the most part, more likely to
diversify into operations beyond their core competencies than some of the giants in the
industry (Bethlehem, National, Inland, etc.). These larger enterprises already possessed
full lines of steel products and thus had little room to broaden their refining and smelting
operations.

The largest firms in each of the primary metal industries (steel, copper, and
aluminum) were also less likely to feel the pressures of the post-WWII political economy
than some of their smaller competitors that still enjoyed the advantages of their
economies of scale, but did not dominate the marketplace like U.S. Steel, Anaconda,
Kennecott, or Alcoa. Even so, all of these corporations—regardless of size—were
subject to the technological boundaries of primary metals. R&D resources in low-
technology industries with high barriers to entry (such as the mining, refining, and
smelting of metals) were often devoted to the improvement of those manufacturing
processes that, because they gave rise to economies of scale, discouraged new
competitors from entering the market. The discovery of innovative products in low-
technology industries, on the other hand, was not as straightforward, and some firms were
hesitant to risk their limited resources on long-term, basic research if a return on that
investment was not guaranteed.

This trend can be seen in the postwar experiences of the twenty-three
manufacturers of primary metal products among the 200 largest U.S. industrial
corporations in 1948. All but one (U.S. Smelting, Refining & Mining) of the twenty-

three firms constructed or acquired research facilities from 1941 through 1960,
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suggesting that the development of technical and functional capabilities was necessary to
meet the competitive challenges of the postwar economic environment. Only thirteen of
the twenty-three firms, though, diversified into new industry groups, according to the SIC
codes. Much of this diversification occurred in industries related to primary metals:
namely, chemicals and metal fabrication.

Fabrication, in particular, offered a high-technology outlet for primary metals,
some of which could be mixed with alloys and formed into complex shapes or machine
components. Alcoa and Reynolds Metals, the two major aluminum producers among the
200 largest industrial manufacturers in 1948, extensively broadened their lines of
fabricated goods, as this particular metal found more applications—in aircraft, consumer
goods, and structural products—during and after WWII. Not surprisingly, Alcoa and
Reynolds were among the first companies in the “Primary Metal Industries” SIC major
group to expand their research facilities after 1941, and both firms established new
laboratories before the surrender of Japan.

Other manufacturers in the primary metal industries were slow to enhance their
technical and functional capabilities with research facility expansion: of the twenty-two
primary metal firms among the 200 largest U.S. industrial corporations that constructed
new or acquired existing research facilities from 1941 through 1960, eighteen waited
until after 1950 to increase their available R&D workspace.*'’ The hiring of technical
personnel was also not a priority for many of these primary metal enterprises. Only
eleven of the twenty-three manufacturers that have been assessed in this subsection

doubled their research staffs (i.e., an increase of at least 100%) between 1940 and 1960.

117 Of these eighteen companies, seven did not establish new research facilities until after 1955.
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Four primary metal firms (Republic Steel, Inland Steel, Crucible Steel, and U.S.
Smelting, Refining & Mining) actually saw a decrease in their total research personnel
during the same twenty-year period.

This lack of urgency to expand research facilities, hire technical personnel, and
diversify into new industries was notable among the large copper interests (Anaconda,
Kennecott, and Phelps Dodge). These firms possessed significant land holdings in the
West, so they moved into oil and natural gas drilling or uranium mining as the demand
for these materials grew following WWII. None of the large copper firms, though,
applied their research capabilities in such a way as to begin refining oil into petroleum
products or processing uranium into nuclear fuels. Anaconda, Kennecott, and Phelps
Dodge were content to simply broaden their existing product lines from 1941 through
1960, and all three companies waited until after 1950 to construct new research
laboratories. Because of this willingness to compete on the strength of their economies
of scale in core businesses (which was a strategy that had been successful for half a
century), manufacturers in the primary metal industries diversified less extensively than

firms in any of the other SIC major groups.
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5.2.15 Printing and Publishing
Table 5-57: 1948 Industry Overview for Printing and Publishing?

Rank among Major
Company 200 Largest Qﬁﬁ?ﬂg Product Lines Llcn)ézeéglp éogggés)
Corporations (SIC Codes)
Hearst
Consolidated 86 161.7 271 272
Publications, Inc.
Time, Inc. 185 715 272 None

The annual reports for Hearst Consolidated Publications, Inc., contain only the
financial information required by law, offering no details about the company’s strategic
initiatives, long-term goals, or business operations. None of the major histories written
about the company or the Hearst family mention any kind of investment in a research
laboratory from 1941 through 1960. During this time, Hearst Publications purchased
only one newspaper (Knickerbocker News in Albany, New York), but it continued to
diversify its portfolio of magazine holdings, acquiring Sports Afield, Bride and Home,
and Popular Mechanics.? The company even entered the television industry by 1948
when it bought WBAL-TV in Baltimore.?

Time, Inc., the other publishing company among the 200 largest U.S.
manufacturers in 1948, announced the purchase of an 18-acre tract of land in Springdale,
Connecticut, on November 29, 1945.4 At this site, Time would build a machine shop and

laboratory, the latter of which opened in 1946 for the purpose of “research in the graphic

L Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,
Massachusetts: The Belknap Press of Harvard University Press, 1990), 652.

2 Lindsay Chaney and Michael Cieply, The Hearsts: Family and Empire—The Later Years (New York:
Simon and Schuster, 1981), 224-26.

% Louis Pizzitola, Hearst Over Hollywood: Power, Passion, and Propaganda in the Movies (New
York: Columbia University Press, 2002), 373.

# “Time, Inc., Buys ‘Lab’ Site,” The New York Times, November 29, 1945, p. 37.
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Table 5-58: Research Facility Expansion, 1941-1960, for Printing and Publishing

Name or
Company Description of New
Research Facility

Facility Facility Official
Location | Groundbreaking | Opening

Hearst
Consolidated Not . Not
Publications, None Available Not Available Available
Inc.
Time, Inc. graphic arts Springdale, || 0 ber 10454 | 1946

research laboratory” | Connecticut

A Date refers to a formal announcement made by Time that it had purchased a tract of land on which it
would construct a new research facility.

arts field.” That same year, the company constructed a research facility at Kalamazoo,
Michigan, as part of a $1.6 million investment in R&D.5

Like Hearst, Time expanded the range of its magazine publications and eventually
diversified into radio and television broadcasting. By 1954, Time had published the first
issue of the national weekly Sports Illustrated, and it acquired two radio stations (KLZ
and KLZ-FM) and a television station (KLZ-TV) in Denver.6 Two years later, the
company bought additional radio-television stations in Grand Rapids, Minneapolis, and
Indianapolis.” Time would also vertically integrate into pulp and paper manufacturing
after WWII, first purchasing a mill at Little Falls, Minnesota, to be operated by St. Regis

Paper before acquiring the East Texas Pulp and Paper Company in 1957.8

5 Time, Inc., 1946 Annual Report, March 27, 1947, p. 8.

& Time, Inc., 1954 Annual Report, March 18, 1955, p. 8. The company also began publication of
House & Home magazine in 1952.

" “Time to Purchase Radio-TV Outlets,” The New York Times, December 22, 1956, p. 34.

8 “Time, Inc., Purchases Minnesota Paper Firm,” The Washington Post, January 6, 1946, p. M4; Time,
Inc., 1957 Annual Report, March 21, 1958, p. 4.
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Table 5-59: Research Facility Personnel, 1940-1960, for Printing and Publishing

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
Company in in
Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 from 1940 | from 1940
to 1960 to 1960
Hearst
Consolidated | NA | NA | NA | NA | NA Not Not
L Available | Available
Publications, Inc.
. Not Not
Time, Inc. NA NA 89 I 101 Available | Available

Table 5-60: Product Diversification, 1941-1960, for Printing and Publishing

Diversification of Product
Lines in Existing Industry

Diversification into

Company New Industry Groups
Groups after 1941 (SIC after 1941 (SIC Codes)
Codes)
Hearst_ Co_nsolldated 271 272 483
Publications, Inc.
Time, Inc. 272 262, 483
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5.2.16 Stone, Clay, and Glass Products
Table 5-61: 1948 Industry Overview for Manufacturers of Stone, Clay, and Glass
Products?

Rank among Assets ( Major Other Product
Company 200 Largest Millions) Product Lines Lines (SIC
Corporations (SIC Codes) Codes)
Pittsburgh Plate 281, 285, 289,
Glass Co. 65 2213 321 322
O""e”s'”(':'go's Glass 77 180.2 322 329, 382
United States 93 150.7 327 285, 295, 329
Gypsum Co.
Johns-Manville 108 127.9 329 None
Corp.
Minnesota Mining
and Manufacturing 148 88.9 329 289, 307, 384
Co.
Libbey-Owens-Ford 161 822 391 329
Glass Co.

On April 26, 1952, Pittsburgh Plate Glass Company (PPG) announced that it

would move its Paint and Brush Division laboratories from Milwaukee, Wisconsin, to a
new complex in Springdale, Pennsylvania.? Dedicated in 1954, the Springdale Research
Center contained “modern facilities for both fundamental and applied research,” as well
as “equipment for the experimental production of special surface coatings and plastics.”3
By the end of the decade, PPG would further increase its technical and functional
capabilities, opening a “combined product development laboratory and office building”
for its Cleveland-based Forbes Finishes Division and establishing a “research center” for

its Glass Division in Harmarville, Pennsylvania.*

L Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,
Massachusetts: The Belknap Press of Harvard University Press, 1990), 654.

2 “Pittsburgh Plate Glass to Move Research Lab,” Chicago Daily Tribune, April 26, 1952, p. B5.

3 Pittsburgh Plate Glass Company, 1954 Annual Report, February 7, 1955, pp. 9-10.

4 Carroll E. Williams, “Pittsburgh Glass Opens Plant in Md.,” The Baltimore Sun, June 25, 1958, p. 27.

356



Table 5-62: Research Facility Expansion, 1941-1960, for Manufacturers of Stone,
Clay, and Glass Products

Name or
Compan Description of Facility Facility Official
pany New Research Location Groundbreaking | Opening
Facility
Pittsburgh Plate Springdale Springdale, April 1952 December
Glass Co. Research Center | Pennsylvania P 1954
. Owens-Illinois
Owens-Illinois Technical Toledo, Ohio 1953 September
Glass Co. 1955
Center
United States “researc;h } Des If’lal_nes, 1959 1960
Gypsum Co. laboratories Illinois
. . Bound
Johns-Manville | Johns-Manille Brook, New | September 1945 | May 1949
Corp. Research Center
Jersey
Minnesota Mining Central st Paul
and Manufacturing Research M'. ’ 1953 May 1955
innesota
Co. Laboratory
. Libbey-Owens-
Libbey-Owens- | e i Technical Toledo, Ohio 1938 1946
Ford Glass Co. L
Building

A Date refers to a formal announcement made by PPG that it planned to construct a new research facility.
B Date refers to the original construction of the L-O-F Technical Building. The expansion of the facility,
which doubled its size, was completed in 1946.

Pittsburgh Plate Glass made use of its laboratories to extend product lines in a
wide range of industries from 1941 through 1960. The company introduced trademarked
glass products and plate glass (including safety glass for automobiles and aircraft), and it
moved into fiberglass fabrics and yarn production by 1952.% In the paint industry, PPG
developed lacquers and enamels to add to its already expansive selections of these

chemicals.® Columbia-Southern Chemical Corporation, PPG’s wholly owned subsidiary,

5> Wilbur E. Higbee, “Pittsburgh Plate Glass: It Is a Highly Diversified Enterprise,” Barron’s National
Business and Financial Weekly, June 6, 1955, p. 19.
6 Pittsburgh Plate Glass Company, 1956 Annual Report, February 8, 1957, p. 12.
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Table 5-63: Research Facility Personnel, 1940-1960, for Manufacturers of Stone,
Clay, and Glass Products

Glass Co.

Research Personnel Employed by Inzﬁzzlse IF;lirrCezr;te
Company and Subsidiaries in in
Company Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 | from 1940 | from 1940
to 1960 to 1960
Pittsburgh Plate | 199 | 505 | 704 | 311 | 1178 | 989 523%
Glass Co.A
OWG”S"'(':'QO'SG""‘SS 73 | 119 | 321 | 381 | 605 532 729%
United States 64 | 67 | 83 | 93 | 120 65 102%
Gypsum Co.
Johns-Manville Corp. | 188 | 272 | 484 | 538 | 613 425 226%
Minnesota Mining
and Manufacturing 132 | 380 | 536 | NA® | 1998 1866 1414%
Co.
Libbey-Owens-Ford | 9 | 141 | 124 | 100 | 91 42 86%

ATotals for PPG include its subsidiaries Pittsburgh Corning Corp. and Thresher Varnish Co.
B The NRC directory for 1956 only lists 3M’s research managers and does not provide figures for

research personnel.

marketed a variety of industrial inorganic chemicals and compounds, such as caustic

soda, chlorine, sodium chlorate, and titanium tetrachloride.”

The Owens-lllinois Glass Company owned several subsidiaries that allowed it to

enter new fields after WWII. Among the enterprises in which Owens-Illinois purchased

controlling interests were the Kimble Glass Company (manufacturer of scientific

7 See Pittsburgh Plate Glass Company annual reports for 1956 (p. 11) and 1959 (p. 3). Titanium
tetrachloride is a compound needed to produce titanium metal.
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Table 5-64: Product Diversification, 1941-1960, for Manufacturers of Stone, Clay,
and Glass Products

Diversification of Product . e .
S L Diversification into
Company Lines in Existing Industry New Industry Groups
Groups after 1941 (SIC after 1941 (SIC Codes)
Codes)
Pittsburgh Plate Glass Co. 281, 285, 321, 322 222,286
Owens-lllinois Glass Co. 322, 329 265
United States Gypsum Co. 285, 295, 327, 329 289
Johns-Manville Corp. 329 222, 289, 322
Minnesota Mining and 289, 307, 329 281, 285, 357, 365, 367
Manufacturing Co.
L|bbey-OwE:r:)s-Ford Glass 321 322 282, 289

glassware) and American Coating Mills (folding cartons and corrugated boxes).® The
product lines of these targeted acquisitions were complemented by R&D performed at
divisional laboratories and the Owens-1llinois Technical Center, which was located in the
“Glass City” of Toledo, Ohio. Formally opened on September 27, 1955, the $10 million
Toledo complex contained 200,000 square feet of space for a staff of over 400 scientists
and technicians.® With these enhanced research capabilities, Owens-Illinois would
diversify into the plastics and containers industries, while continuing to produce asbestos-

related goods under its “Kaylo” brand until 1958.9

8 C.A. Clark, Jr., “Owens-lllinois Glass: Entry into New Fields Bolsters Its Growth Rate,” Barron’s
National Business and Financial Weekly, February 23, 1953, p. 15.

® Barbara L. Floyd, The Glass City: Toledo and the Industry That Built It (Ann Arbor: University of
Michigan Press, 2015), 157; Owens-lllinois Glass Company, 1953 Annual Report, March 9, 1954, p. 10;
“Glass as Strong as Steel Forecast,” The New York Times, September 28, 1955, p. 49.

10 Owens-Illinois Glass Company, 1959 Annual Report, February 29, 1960, pp. 3-9.
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Due to pressure from a federal antitrust lawsuit, United States Gypsum
Company (USG) did not diversify its business operations as broadly as other large-scale
firms in the “Stone, Clay, and Glass Products” SIC major group.** From 1941 through
1960, USG remained focused on manufacturing construction materials and industrial
products, introducing trademarked goods like “Cover Coat” (a drywall compound for
concrete surfaces), “Thermafiber” (a thermal and acoustical insulation), and “Grand
Prize” paints.*? In addition, company scientists developed a joint cement for use on
latex.®®* To provide greater resources to personnel engaged in product development, USG
broke ground in 1959 on a two-story R&D facility.** This building, which was located in
Des Plaines, Illinois, housed research laboratories with 110,000 square feet of
workspace.!®

While USG waited over a decade after WWII to expand its laboratory facilities,
Johns-Manville Corporation began the construction of a Bound Brook, New Jersey,
research center in 1945. The center was dedicated on May 24, 1949, and its lab walls
were formed by a “modular movable system” that the company itself had designed.®
With increased R&D capabilities, Johns-Manville widened its range of construction

materials, insulation, and ashestos-related items.t” The firm, after acquiring Van Cleef

11 «U.S. Gypsum and Six Others Held Guilty of Violating Anti-Trust Law,” The New York Times, May
30, 1950, p. 27.

12 Thomas W. Foley, United States Gypsum: A Company History, 1902-1994 (Chicago: USG
Corporation, 1995), 184; United States Gypsum Company, 1959 Annual Report, February 19, 1960, p. 20.

13 Foley, United States Gypsum, 182-83.

14 «“Sketch of New U.S. Gypsum Lab,” Chicago Daily Tribune, May 20, 1959, p. C7.

15 Foley, United States Gypsum, 21, 85. For several months in 1955, USG maintained a Chicago
“Research Village,” which was a “field laboratory of ideas” where members of the public could view six
homes of the future built with materials produced by the company.

16 ouise A. Mozingo, Pastoral Capitalism: A History of Suburban Corporate Landscapes
(Cambridge, Massachusetts: The MIT Press, 2011), 68-70. While the Johns-Manville Research Center was
dedicated in 1949, the first building in the complex had been operating since late 1947.

1 David W. McKnight, “Johns-Manville: It Is a Good Deal More than a Producer of Building
Materials,” Barron’s National Business and Financial Weekly, June 2, 1952, p. 15.
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Brothers, Inc., in 1947, also diversified into rubber goods, adhesives, and tapes marketed
under the “Dutch Brand.”*® Johns-Manville made another major acquisition in 1958,
purchasing the Libbey-Owens-Ford Glass Fibers Company in order to manufacture
fiberglass textiles.?

Like Johns-Manville, Minnesota Mining and Manufacturing Company (3M)
moved into a number of new markets in the decade after WWII, including construction
and marine adhesives, filament tape, magnetic recording tape, abrasives, fluorochemicals,
reinforced plastics, insulating varnishes, and duplicating machines.?® To facilitate these
many product lines, 3M scientists conducted R&D at divisional facilities and a $3.5
million Central Research Laboratory, which opened in 1955 and was set on a 125-acre
tract of land near St. Paul, Minnesota.?! By 1960, the company had built a “small nuclear
research center” at the St. Paul complex and operated a “thermoelectric materials pilot
plant” for the study of “converting heat energy into electric power.”??

Libbey-Owens-Ford Glass Company (L-O-F) maintained a research complex in
Toledo, opening its Technical Building in 1938. Due to “increased [glass research]
activities” during WWII, L-O-F broke ground in 1945 on an addition to the Technical

Building that would double its workspace when the project was completed one year

later.?® By 1959, the Toledo facility had again been increased in size, as the company

18 Johns-Manville Corporation, 1947 Annual Report, January 31, 1948, p. 9.

19 Johns-Manville Corporation, 1958 Annual Report, February 10, 1959, p. 7.

20 Virginia Huck, Brand of the Tartan: The 3M Story (New York: Appleton-Century-Crofts, Inc.,
1955), 249.

2L Huck, Brand of the Tartan, 244; “Research Stimulates Research,” Chemical & Engineering News
33, no. 21 (May 23, 1955): 2203-04; Harry F. Lewis, ed., Laboratory Planning for Chemistry and
Chemical Engineering (New York: Reinhold Publishing Corporation, 1962), 426.

22« Units to Step up Atomic Activity,” The New York Times, September 7, 1957, p. 37; Minnesota
Mining and Manufacturing Company, 1959 Annual Report, February 18, 1960, p. 23.

23 See Libbey-Owens-Ford Glass Company annual reports for 1945 (p. 7) and 1946 (p. 20).
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erected an Engineering Building on the campus of what was by then known as the
Libbey-Owens-Ford Technical Center.?* Research conducted at L-O-F facilities
“expanded its retail glassware line to meet the consumer needs created by the postwar
housing boom.”?® The glass manufacturer even began to market plastics, developing a
number of goods (synthetic resin adhesives, industrial resins, formaldehyde molding
compounds, etc.) after its acquisition of Plaskon Company, Inc.?® L-O-F’s Plaskon
Division, however, was eventually sold to Allied Chemical & Dye Corporation in 1953.2
In broadening the range of its existing glassware and diversifying into plastics, L-
O-F was similar to the other five firms in the “Stone, Clay, and Glass Products” major
group that were among the 200 largest industrial corporations in 1948. All of these
companies had considerable technical and functional capabilities prior to WWII, as they
had long dealt with chemicals to manufacture glass and construction materials. Each firm
also constructed massive research complexes—most of which cost over $1 million and
had to be staffed by hundreds of newly hired personnel—where scientists would further
develop the capabilities needed to move their respective companies into the emerging
fields of plastics, adhesives, and synthetic resins. By 1960, corporations like PPG,
Owens-Illinois, and 3M had truly become research companies, as opposed to focused

manufacturers with operations in just one or two industrial sectors.

2 Libbey-Owens-Ford Glass Company, 1959 Annual Report, March 11, 1960, p. 2.
% Floyd, The Glass City, 130.

2 |_ibbey-Owens-Ford Glass Company, 1946 Annual Report, March 10, 1947, p. 16.
27 “Libbey-Owens-Ford Sells Unit,” The New York Times, September 30, 1953, p. 49.
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5.2.17 Textile Mill Products
Table 5-65: 1948 Industry Overview for Manufacturers of Textile Mill Products!

Rank amon Major
Compan 200 Lar es'? Assets ($ | Product Other Product
pany 9 Millions) | Lines (SIC | Lines (SIC Codes)
Corporations
Codes)
Celanese Corp. of 59 256.6 228 307
America
American Viscose 66 226.8 298 None
Corp.
Burlington Mills 79 176.8 991 222,223, 224, 225,
Corp. 228
JP. Ste‘l’ﬁgs & Co,, 84 164.4 221 222 223
United Merchants & 106 128.2 221 222 223,225 226
Manufacturers, Inc.
American Woolen 117 1224 993 998
Co.
Cannon Mills Co. 119 120.1 221 228
Pacific Mills Corp. 181 72.8 221 222,223, 226

Celanese Corporation of America, the largest U.S. textile manufacturer in 1948,
heavily invested in its research facilities after WWII. On August 24, 1945, the company
purchased the former Edison Junior High School in Summit, New Jersey, transforming
the property into a research center with 59,000 square feet of usable space.? Celanese
opened its Charlotte Development Laboratories—designed for fiber research and staffed
by 200 scientists and technicians—in 1957, and four years later, the firm’s Polymer
Division completed a two-acre laboratory at Clark, New Jersey, to study plastics and their

uses in construction, automobiles, and appliances.®

L Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,
Massachusetts: The Belknap Press of Harvard University Press, 1990), 652.

2 “Celanese Buys School in N.J. for Research,” The New York Times, August 25, 1945, p. 21; “School
Is Altered to Industrial Use,” The New York Times, September 28, 1947, p. R5.

3 “Celanese Pushes Fiber Research,” The New York Times, January 31, 1957, p. 35; William M.
Freeman, “New Celanese Unit to Spur Research in Uses of Plastics,” The New York Times, October 25,
1961, p. 48.
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Table 5-66: Research Facility Expansion, 1941-1960, for Manufacturers of Textile

Mill Products
Name or
Compan Description of Facility Facility Official
pany New Research Location | Groundbreaking | Opening
Facility
Celanese Corp. of “research Summit, A September
America center” New Jersey August 1945 1947
American Viscose “laboratories™ Decatur
for Chemstrand ’ September 19508 1952
Corp. i Alabama
(Joint venture)
. . “testing and Greenshoro,
Burlington Mills research North Not Available October
Corp. » . 1949
laboratory Carolina
“ . Greenville,
J.P. Stevens & Co., cotton '[eStl,I’lg South Not Available 1949
Inc. laboratory .
Carolina
United Merchants Technical New York
& Manufacturers, Research City, New Not Available 1941
Inc. Laboratory York
American Woolen Not . Not
Co. None Available Not Available Available
. Not . Not
Cannon Mills Co. None Available Not Available Available
e Not . Not
Pacific Mills Corp. None Available Not Available Available

A Date refers to a formal announcement made by Celanese Corp. that it had purchased the building into
which it would move research staff and equipment.
B Date refers to a formal announcement made by American Viscose that it planned to construct a new

research facility.

With its expansive technical and functional capabilities, Celanese Corporation

diversified into several new industries from 1941 through 1960. The company’s

Chemical Division, for example, marketed industrial organic chemicals (such as

formaldehyde and methanol), plasticizers, and synthetic resins.# In 1946, Celanese

4 Celanese Corporation of America, 1957 Annual Report, March 3, 1958, pp. 10-11.
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purchased the Tubize Rayon Corporation, thereby moving into the production of man-
made fibers to complement its manufacture of acetate yarn.> Laboratory research also
allowed Celanese to broaden its line of plastics (an industry in which it had done business
since 1927), as scientists introduced polyethylene film, molding compounds, and a high-
strength engineering plastic known as “Celcon.”®

Whereas Celanese achieved product innovations mainly through internal R&D
conducted at its laboratories, American Viscose Corporation entered into a joint venture
with Monsanto Chemical Company in 1949 to increase its research capabilities and
develop synthetic fibers.” The enterprise formed by the two firms was named the
Chemstrand Corporation, and by the end of the 1950s, it was the “world’s second largest
producer of chemical textile fibers.”® Initially, American Viscose and Monsanto
conducted R&D for the joint venture in their own separate facilities, but the companies
announced plans in 1950 to build a Decatur, Alabama, plant for Chemstrand that included
standalone research units.® The plant and its laboratories were located on a 656-acre tract
of land and were completed in 1952.1° At this site, Chemstrand scientists would discover
an acrylic fiber—marketed by American Viscose and Monsanto as “Acrilan”—used in

suiting, hosiery, blankets, and other items.!!

5 Harold Blancke, Celanese Corporation of America: The Founders and the Early Years (New York:
The Newcomen Society in North America, 1952), 19.

® Robert E. Bedingfeld, “Celanese Corporation Becomes an Integrated Chemical Company,” The New
York Times, March 15, 1953, p. F1; Celanese Corporation of America, 1960 Annual Report, March 6, 1961,
pp. 10-12.

" “Joint Fiber Research Set: Monsanto, American Viscose Form Company for Project,” The New York
Times, May 11, 1949, p. 50.

8 Monsanto Chemical Company, 1959 Annual Report, February 12, 1960, p. 10.

% “Heads New Corporation to Make Synthetic Fiber,” The New York Times, September 28, 1950, p. 61.

10 Monsanto Chemical Company, 1952 Annual Report, February 25, 1953, p. 9; “Heads Chemstrand
Research,” The New York Times, August 13, 1951, p. 35. In 1960, Chemstrand constructed a new
laboratory in the “Research Triangle” (formed by Raleigh, Durham, and Chapel Hill) of North Carolina.

11 «“Arvon L. Davies Joins Chemstrand,” New York Herald Tribune, August 28, 1951, p. 27.
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Table 5-67: Research Facility Personnel, 1940-1960, for Manufacturers of Textile

Mill Products
Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
Company " .
Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 from 1940 | from 1940
to 1960 to 1960
Celanese Corp. of | g1 | 574 | 425 | 601 | 738 | 657 811%
America
American Viscose 39 110 | 138 | 234 | 416 377 967%
Corp.
BurllngtonBMllls NA | NA 88 88 41 NA NA
Corp.
J.P. SteYre]ES & Co,, 5 8 22 | NA | NA NA NA
United Merchants & NA | 43 17 27 | NA NA NA
Manufacturers, Inc.
Amerlc?:r(l)Woolen NA | NA | NA | NA | NA NA NA
Cannon Mills Co. NA | NA | NA 23 26 NA NA
Pacific Mills Corp. 16 98 74 84 NA NA NA

A Totals for Celanese Corp. of America include its subsidiary Celluloid Corp.
B Burlington Mills changed its name to Burlington Industries in 1955.

Besides the Chemstrand facilities, American Viscose performed research at its

Marcus Hook, Pennsylvania, chemical laboratory, which had been in operation prior to

WWII. Scientists at Marcus Hook developed a number of new materials and products

from 1941 through 1960, including rayon fibers (and rayon-wool blends), vinyon, and

acetate yarns.*? Additionally, in 1946, American Viscose acquired Sylvania Industrial

Corporation to diversify into the manufacture of cellophane.!?

12 “Bxpands Rayon Research: American Viscose to Experiment with Worsted-Type Yarns,” The New
York Times, November 12, 1941, p. 41; C.A. Clark, Jr., “American Viscose: Despite Today’s Recession Its
Prospects Are Bright,” Barron’s National Business and Financial Weekly, March 17, 1952, p. 15.

13 “Sylvania Merger Set with American Viscose,” New York Herald Tribune, August 28, 1946, p. 33.
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Burlington Mills Corporation also pursued a postwar diversification strategy,
but instead of simply broadening its selection of man-made fibers (where it had
established a dominant market position in rayon production before WWII), the firm
entered the woolen and worsted industries when it bought Peerless Woolen Mills in
1952.% This acquisition was followed two years later by Burlington’s purchase of a
controlling stake in the worsted operations of Pacific Mills.> At the same time,
Burlington continued to expand its existing lines of nylon fabrics, hosiery, finished
garments, household furnishings, and upholstery.'® To develop these products, the
company constructed a “testing and research laboratory” in Greensboro, North Carolina,
that was four times larger than Burlington’s previous R&D facilities and, upon its
dedication in 1949, had space for technicians to administer quality control tests on
manufactured goods.'’

Another textile manufacturer, J.P. Stevens & Company, Inc., built an R&D
facility in 1949, opening a Greenville, South Carolina, “cotton testing laboratory” where
basic research could be conducted “to discover and procure the types and qualities of raw
cotton best adapted to the various Stevens fabrics.”*® The company would further
enhance its technical and functional capabilities with construction projects over the next
decade: in 1951, J.P. Stevens opened a Greenshoro office building that housed

“laboratory facilities” for research into dyestuffs and chemicals, and one year later, a

14 Burlington Mills Corporation, 1952 Annual Report, December 15, 1952, pp. 4-5.

15 Burlington Mills Corporation, 1954 Annual Report, December 18, 1954, p. 4.

16 «“New Upholstery for Transport Out,” The New York Times, April 22, 1948, p. 41; Herbert Koshetz,
“Burlington Shows New Laboratory,” The New York Times, October 19, 1949, p. 45; “Textile Giant: The
Fortunes of Burlington Mills Are Mending Fast,” Barron’s National Business and Financial Weekly,
December 21, 1959, p. 9.

7 John M. Morahan, “New Test Unit of Burlington Mills Opened,” New York Herald Tribune, October
19, 1949, p. 36.

18 J.P. Stevens & Company., Inc., 1949 Annual Report, February 6, 1950, p. 5.
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Table 5-68: Product Diversification, 1941-1960, for Manufacturers of Textile Mill
Products

Diversification of Product . e
. ! L. Diversification into
Company Lines in E);ltstmg Industry New Industry Groups
Groups after 1941 (SIC | 2¢r 1941 (SIC Codes)
Codes)
Celanese Corp. of America 228, 307 222, 282, 286
American Viscose Corp. 228 222, 282, 307
Burlington Mills Corp. 221, 222, 224, 225 223, 229
J.P. Stevens & Co., Inc. 221, 222, 223 228, 229, 239
United Merchants & 221222, 225 228, 2891
Manufacturers, Inc.
American Woolen Co. 228 222
Cannon Mills Co. None None
Pacific Mills Corp. 221, 223, 228 222,239

wool-testing unit was established in North Andover, Massachusetts.'® J.P. Stevens also
acquired Forstmann Woolen Company in 1957 and liquidated its manufacturing plants,
only to continue operating Forstmann’s research facilities in Garfield, New Jersey, so that
a Central Research Laboratory could be built there.?° With development work performed
in its expanded laboratories, Stevens was able to market new fabrics (woolens, worsteds,
cottons, and synthetics), yarns, automotive upholstery, and household furnishings.?
While J.P. Stevens and other textile manufacturers did not build R&D facilities

until WWII had concluded, United Merchants & Manufacturers, Inc. (UMM), opened

19 See J.P. Stevens & Company, Inc., annual reports for 1950 (p. 4) and 1952 (p. 5).

20 «J P. Stevens Buying Stock of Forstmann,” The Washington Post and Times Herald, June 7, 1957, p.
B4; “Forstmann Wool to Discontinue Spinning and Weaving in Jersey,” The New York Times, October 19,
1957, p. 25; J.P. Stevens & Company, Inc., 1962 Annual Report, December 1, 1962, p. 20.

21 See J.P. Stevens & Company, Inc., annual reports for 1957 (p. 4) and 1962 (pp. 23-24).
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its Technical Research Laboratory in 1941.2 Located in New York City, the unit was
occupied by the company’s research and engineering division, United Merchants
Laboratories. Scientists working for this division introduced such products as an
adhesive film (developed jointly with Monsanto and marketed as “Con-Tact”), fiberglass
fabrics, and synthetic yarns.?® In addition, UMM increased its range of cotton fabrics
(some of which required no ironing or dried very quickly) and began to manufacture
men’s clothing for its chain of Robert Hall retail stores.?*

American Woolen Company, on the other hand, did not make any serious
attempts to expand its research facilities or conduct business operations in new industries
after 1941.25 The firm did, though, embark on a post-WW!II “mill modernization
program” to increase its manufacturing output of woolen and worsted fabrics.?® When
wool prices increased due to the outbreak of the Korean War, American Woolen made a
tentative move into the production of synthetic fabrics and yarns that “blended” rayon
and nylon fibers with natural wool, but the company lacked the technical “know-how” to
successfully manufacture synthetics on a large enough scale to remain competitive in the
marketplace.?” As a result, Textron, Inc., acquired a struggling American Woolen on

February 24, 1955.%8

22 United Merchants & Manufacturers, Inc., 1941 Annual Report, September 23, 1941, p. 3.

23 See United Merchants & Manufacturers, Inc., annual reports for 1952 (p. 4), 1954 (pp. 4-5), and
1959 (p. 4).

24 “News and Views of Investments: Stronger Textile Demand Helps United Merchants,” Barron’s
National Business and Financial Weekly, November 21, 1955, p. 23.

2 American Woolen Company, 1951 Annual Report, February 13, 1952, p. 9. American Woolen
operated a long-running laboratory in Lawrence, Massachusetts, but the company’s annual reports do not
mention if this facility was expanded from 1941 until it was acquired by Textron in 1955. Furthermore,
American Woolen did not respond to any of the National Research Council directories from 1940 through
1956, so there is little available information regarding its research facilities and personnel.

% American Woolen Company, 1950 Annual Report, February 8, 1951, p. 3.

27 “Foes Swing Behind Textile Merger,” The New York Times, February 5, 1955, p. 21; American
Woolen Company, 1952 Annual Report, February 11, 1953, p. 3.

28 Textron, Inc., 1956 Annual Report, February 26, 1957, p. 3.
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Cannon Mills Company struggled after WWII because, much like American
Woolen, it did not adapt to a competitive economic environment with strategic
diversification. From 1941 through 1960, “innovation fell to a low ebb” at Cannon Mills,
which “introduced few new products” that might allow it to diversify its operations.?® In
fact, the textile manufacturer’s annual reports do not describe its core businesses or
strategic initiatives, providing only the basic financial data required by law. Charles
Cannon, company president and son of founder James Cannon, was notorious for his
tight control over the firm and his commitment to secrecy: the New York Stock Exchange
delisted Cannon Mills in 1962 because Charles believed “the NYSE had no right to
request [shareholder proxy] information and refused to provide it.”3% Accordingly,
Cannon Mills did not publish any notice of post-WWII research facility expansion,
although the firm operated a laboratory at Kannapolis, North Carolina, that had been
constructed before the war.3!

The annual reports of the Pacific Mills Corporation also make no mention of
R&D facility construction undertaken by the company during or after WWII. Pacific
Mills did operate two laboratories that had been built prior to 1941: research for its
worsted division was conducted at a Lawrence, Massachusetts, facility, while cotton and
rayon R&D took place in Lyman, South Carolina.®? At its laboratories, Pacific developed

a range of products to complement its existing selections in the worsted, cotton, and

2 Timothy W. Vanderburg, Cannon Mills and Kannapolis: Persistent Paternalism in a Textile Town
(Knoxville: The University of Tennessee Press, 2013), 121.

30 Vanderburg, Cannon Mills and Kannapolis, 160.

31 U.S. Congress, Senate, Committee on Agriculture and Forestry, Regional Research Laboratories,
Department of Agriculture: Letter from the Secretary of Agriculture Transmitting a Report of a Survey, 76
Congress, 1%t Session, April 6, 1939 (Washington, D.C.: U.S. Government Printing Office, 1939), 407.

32 Myron J. Rand, ed., “Industrial Research Laboratories of the United States, Including Consulting
Laboratories,” Bulletin of the National Research Council, no. 120 (November 1950): 272.
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synthetic fabrics industries. Some of the new products included a wrinkle-resistant wool
marketed as “Pacifixed,” “Silver Cloth” to keep silverware from tarnishing, and
fabricated consumer textiles (e.g., sheets, pillowcases, towels, tablecloths).3® Despite
these efforts to diversify, Pacific Mills was forced to sell a controlling interest in its
worsted and synthetic businesses to the larger Burlington Mills in 1954, and Lowenstein
& Sons, Inc., acquired Pacific’s “complete cotton operations” the following year.34

The postwar experiences of American Woolen, Cannon Mills, and Pacific Mills
suggest that in an industry with low barriers to entry, large manufacturers experienced
difficulties protecting their market share if, when faced with an evolving political
economy, they competed with other firms by relying only on the advantages associated
with their economies of scale. American Woolen, Cannon Mills, and Pacific Mills were
driven from the market (or effectively marginalized) in part because they either did not
diversify into the emerging field of synthetic fibers or their efforts at diversification were
not complemented with technical and functional capabilities enhanced in modern
research laboratories. On the other hand, the five largest textile manufacturers as of 1948
had modernized or announced intentions to expand their research facilities by 1950.%°
Although technological innovations in the cotton and woolen industries were often
limited to improvements in manufacturing processes and efficiencies, the largest textile

companies applied their research capabilities to stake out positions in the promising fields

33 “Simplifies Fiber Process: Machine Developed by Pacific Mills Eliminates Operations,” The New
York Times, September 7, 1950, p. 53; Warren Wells, “A Company Study: Pacific Mills,” Barron’s
National Business and Financial Weekly, December 11, 1950, p. 21.

34 «pacific Mills Acquired by Lowenstein Sons,” The Washington Post and Times Herald, December
16, 1955, p. 46.

% To staff these new facilities, Celanese Corp. and American Viscose both increased their research
personnel staffs by over 800% from 1940 through 1960. While the other textile manufacturers (Burlington
Mills, J.P. Stevens, and UMM) did not maintain large R&D staffs or report such figures to the National
Research Council directories, they successfully developed and marketed new products after WWII.
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of synthetics, plastics, and chemicals. These firms, then, were able to maintain a broader

line of products and limit their exposure to the competitive textile markets.
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5.2.18 Tobacco Manufacturing
Table 5-69: 1948 Industry Overview for Manufacturers of Tobacco Products!

Rank amon Major
Compan 200 Lar es'? Assets ($ | Product Other Product
pany 9 Millions) | Lines (SIC | Lines (SIC Codes)
Corporations Codes)
Ame“caé‘OTObacco 18 686.6 211 212, 213
R.J. Reynolds
Tobaceo Co. 25 530.6 211 213
Liggett & Myers 30 425.0 211 212, 213
Tobacco Co.
Philip Morris & Co., 124 113.7 211 None
Ltd., Inc.
P. Lorillard Co. 141 96.4 211 212, 213

American Tobacco Company, the largest U.S. manufacturer of tobacco
products, added a wing to their Richmond, Virginia, research laboratory in 1955. This
expansion doubled the size of the lab, which had been originally constructed in 1939.2
The company, however, did not implement a wide-ranging diversification strategy, but
rather sought to improve the manufacturing processes and product characteristics (better
filters, enhanced taste, etc.) of its existing brands of cigarettes, cigars, and smokeless
tobacco. In fact, American Tobacco’s only significant attempt to diversify its operations
from 1941 through 1960 was its purchase of Golden Belt Manufacturing Company, a
printing and textile enterprise in Durham, North Carolina.®

Like American Tobacco, other large-scale tobacco firms refined their existing

product lines in new research facilities, while seeking to diversify through targeted

L Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,
Massachusetts: The Belknap Press of Harvard University Press, 1990), 652.

2 American Tobacco Company, “Sold American!”: The First Fifty Years (New York: 1954), 114;
American Tobacco Company, 1955 Annual Report, February 7, 1956, p. 11.

3 “American Tobacco Enjoys Brighter Earnings Outlook,” Barron’s National Business and Financial
Weekly, January 30, 1961, p. 22; American Tobacco Company, 1959 Annual Report, February 4, 1960, pp.
9-10.
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Table 5-70: Research Facility Expansion, 1941-1960, for Manufacturers of Tobacco

Products
Name or
Compan Description of Facility Facility Official
pany New Research Location Groundbreaking | Opening
Facility
American Research Richmond, A
Tobacco Co. Laboratory Virginia 1938 1955
R.J. “research Winston- Eebruar
Reynolds laboratories and | Salem, North 19508 1953 y
Tobacco Co. pilot plant” Carolina
Liggett & Liggett & Myers
Myers Research Durg:giilr\]lg)rth 1948¢ 1950
Tobacco Co. Laboratories
Philip Morris . . .
& Co.. Lid Philip Morris Richmond, March 1958¢ September
Inc " | Research Center Virginia 1959
P. Lorillard Lorillard Greensboro,
Co. Research Center | North Carolina June 1954 1956

A Date refers to the original groundbreaking of the facility, which was built in 1939. The expansion,
which doubled the size of the Research Laboratory, was completed in 1955.

B Date refers to when R.J. Reynolds finalized internal plans to construct a new research facility.

C Date refers to a formal announcement made by the company in question that it planned to construct a

new research facility.

acquisitions. R.J. Reynolds Tobacco Company, for example, finalized plans in 1950 to
“construct larger, more modern quarters” that would “contain the most extensive and
complete facilities for tobacco research available in the industry.”* On February 5, 1953,
dedication ceremonies were held in Winston-Salem, North Carolina, for laboratories and
a pilot plant built at a total cost of $2 million.> Although research conducted in the
laboratories mainly focused on existing cigarette (“Camel,” “Winston,” and “Salem”) and

smokeless tobacco (“Prince Albert” and “Days Work™) brands, Reynolds diversified into

4 R.J. Reynolds Tobacco Company, 1953 Annual Report, January 22, 1954, pp. 16-17.

5 “Safety Provisions Mark R.J. Reynolds Research Lab,” Chemical & Engineering News 31, no. 8
(February 23, 1953): 768. The company’s 1958 annual report (p. 7) notes that the Winston-Salem facilities
underwent a $2 million expansion before the end of the decade.
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Table 5-71: Research Facility Personnel, 1940-1960, for Manufacturers of Tobacco

Products
Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
Company in in
Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 from 1940 | from 1940
to 1960 to 1960
American 54 | 63 | 83 | 98 | 144 90 167%
Tobacco Co.
R.J.Reynolds |\ A | NA | NA | 151 | 247 NA NA
Tobacco Co.
Liggett & Myers |\ A | NnA | 27 | 52 | 69 NA NA
Tobacco Co.
Philip Morris &
Co., Ltd., Inc. NA NA 14 59 178 NA NA
P. Lorillard Co. NA NA 8 18 63 NA NA

aluminum foil and related products by 1955, purchasing the “machinery, equipment, and

supplies” of the Frank H. Driscoll Company.® Two years later, the Reynolds foil

operations adopted the name “Archer Aluminum,” and a Winston-Salem plant was

expanded so that this subsidiary could “produce its own aluminum sheet from ingot

aluminum.””’

Liggett & Myers Tobacco Company, on the other hand, made no effort to

diversify into new industrial sectors from 1941 through 1960, but its scientists did

develop more efficient manufacturing processes and “make significant improvements in
p gp g p

tobacco growing, harvesting and curing.”® This work was performed at the Liggett &

Myers Research Laboratories in Durham, which were completed by 1950 as part of a

& Nannie M. Tilley, The R.J. Reynolds Tobacco Company (Chapel Hill: The University of North
Carolina Press, 1985), 352. Reynolds also attempted to diversify into pharmaceuticals in 1958, but
negotiations for a proposed acquisition of the Warner-Lambert Pharmaceutical Company eventually broke

down.

" R.J. Reynolds Tobacco Company, 1960 Annual Report, January 28, 1961, p. 13.
8 Liggett & Myers Tobacco Company, 1958 Annual Report, February 2, 1959, p. 11.




Table 5-72: Product Diversification, 1941-1960, for Manufacturers of Tobacco
Products

Diversification of Product . e .
S L Diversification into
Company Lines in Existing Industry New Industry Groups
Groups after 1941 (SIC after 1941 (SIC Codes)
Codes)
American Tobacco Co. None 239, 275
R.J. Reynolds Tobacco Co. None 335
Liggett & Myers Tobacco None None
Co.
Philip Morrllsc& Co., Ltd., None 264. 2891, 342
P. Lorillard Co. 3411 265

$7.5 million postwar expansion project.® The facility was deemed to be “inadequate” for
the company’s growing R&D requirements by the end of the decade, and Liggett &
Myers doubled the size of the research complex in 1960 at the cost of $2.25 million.*°
Rather than limit R&D activities to its existing tobacco products, Philip Morris
& Company expanded its research laboratories to develop the capabilities needed to
move the firm into new industrial sectors.* On March 3, 1958, Philip Morris announced
plans to build a $3 million research center in Richmond, and the facility was dedicated in
September of the following year.*? Scientists at the Richmond center soon conducted
investigations into product lines related to two recent acquisitions: in 1957, Philip Morris

purchased Milprint, Inc., a Milwaukee packaging concern, and in early 1958, it bought

% Liggett & Myers Tobacco Company, 1948 Annual Report, January 25, 1949, p. 3.

10 Liggett & Myers Tobacco Company, 1960 Annual Report, February 3, 1961, pp. 9-10. The Durham
laboratories were renamed the “Liggett & Myers Research Center” in 1960 and contained nearly 50,000
square feet of workspace for company scientists.

11 “New Center for Philip Morris Open,” New York Herald Tribune, October 1, 1959, p. B5.

12 “philip Morris Plans $3 Million Richmond Plant,” The Washington Post and Times Herald, March
4,1958, p. B14.
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Polymer Industries, Inc., a producer of “industrial adhesives and textile chemicals.”*3

Finally, in 1960, Philip Morris acquired A.S.R. Products Corporation (a manufacturer of
razors and blades), thereby giving the tobacco company a full range of consumer goods
in which to market.4

P. Lorillard Company, the smallest tobacco firm among the 200 largest U.S.
industrial corporations, did not diversify its operations to the same extent as Philip Morris
and other competitors. However, the Federal Tin Company—a wholly owned subsidiary
of Lorillard that produced a “dry line” of tin cans—did branch out into the paperboard
and paper label printing industries.’® In its tobacco business, Lorillard continued to focus
on improving existing cigarette, cigar, and chewing tobacco product lines. The company
sought to assist this work by breaking ground in 1954 on a Greensboro, North Carolina,
plant that contained a standalone research wing.'® When it was completed in 1956, the
Lorillard Research Center housed seven laboratories with equipment that allowed
scientists to “pursue basic research, as well as test everything that comes into the plant or
goes out of it.”*” The Greensboro complex was later doubled in size by 1960, and a
“branch control laboratory” was established at the company’s Louisville factory.*®

With regards to its strategic posture toward postwar research facility expansion
and product diversification, Lorillard was similar to the other major tobacco companies.

All five of the largest firms in the industry as of 1948 opened laboratories during the

13 Alexander R. Hammer, “Cigarette Makers Seeking Diversity,” The New York Times, October 5,
1958, p. F1.

14 Philip Morris, Inc., 1960 Annual Report, March 3, 1961, p. 3.

15 See P. Lorillard Company annual reports for 1957 (pp. 14-15) and 1960 (p. 5). Federal Tin had been
owned by Lorillard since 1911.

16 P, Lorillard Company, 1954 Annual Report, December 31, 1954, p. 13.

7P, Lorillard Company, Lorillard and Tobacco: 200" Anniversary, P. Lorillard Company, 1760-1960
(New York: 1960), 56; P. Lorillard Company, 1956 Annual Report, December 31, 1956, p. 9.

18 See P. Lorillard Company annual reports for 1958 (p. 13) and 1960 (p. 4).
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1950s, yet scientists in these complexes introduced only superficial improvements to
cigarettes (e.g., “new” filters, “better” taste) and other tobacco items. Instead, most
research work was meant to increase plant efficiencies and enhance the quality of tobacco
leaf and product packaging, as cigarette companies relied heavily on advertising to
differentiate their selections from those of their competitors. When the tobacco giants
diversified into new product lines, they often expanded into other consumer goods
(especially textiles) and packaging operations where their existing technical and
manufacturing capabilities—namely, those associated with the large-scale production and
distribution of consumer staples marketed on the strength of their brands—could be most
readily applied. Diversification in the tobacco industry occurred, then, through the
acquisition of subsidiaries whose products and manufacturing processes were often

complemented by R&D conducted in the laboratories of the parent companies.
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5.2.19 Transportation Equipment
Table 5-73a: 1948 Industry Overview for Manufacturers of Transportation

Equipment!
Rank among Major
Compan 200 Laraest Assets ($ | Product Other Product
pany G g Millions) | Lines (SIC | Lines (SIC Codes)
orporations
Codes)
General Motors 2 2957.7 371 336, 374
Corp.
Ford Motor Co. 10 1149.2 371 352
Chrysler Corp. 24 541.4 371 351, 356
Pullman, Inc. 75 194.7 374 3559
American Car and 80 1748 374 | 332,343, 344, 3714
Foundry Co.
Curtiss-Wright 89 155.6 372 None
Corp.
Nash-Kelvinator 01 1535 371 356, 363
Corp.
Borg-Warner Corp. 92 151.3 371 33L, 342’5%52’ 355,

General American 94 148.1 374 307, 344, 355, 358
Transportation Corp.

United Aircraft 9% 1470 372 None
Corp.

Studebaker Corp. 105 129.2 371 None
Boeing Airplane Co. 110 125.5 372 None
Kaiser-Frazer Corp. 112 124.9 371 None

Bendix Aviation 114 1236 372 366, 3714

Corp.
E'eCt”CCAO“to'L'te 115 122.8 3714 364, 3692
North American 118 121.0 372 None
Aviation, Inc.
Budd Co. 121 116.5 371 352, 374
Hudson Motor Car 129 108.3 371 None

Co.

1 Alfred D. Chandler, Jr., Scale and Scope: The Dynamics of Industrial Capitalism (Cambridge,

Massachusetts: The Belknap Press of Harvard University Press, 1990), 656-57.
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Table 5-73b: 1948 Industry Overview for Manufacturers of Transportation
Equipment (Continued)?

Rank amon Major
Compan 200 Lar es'? Assets ($ | Product Other Product
pany 9 Millions) | Lines (SIC | Lines (SIC Codes)
Corporations
Codes)
PackardCl\gotor Car 132 107.2 371 351
Douglas Alrcraft 136 102.4 372 None
Co., Inc.
Baldwin
Locomotive Works 143 94.7 374 332, 336, 344, 351
American 145 93.1 374 351, 358
Locomotive Co.
Westinghouse Air 149 88.3 374 None
Brake Co.
Willys-Overland 163 80.7 371 None
Motors, Inc.
Fruehauf Trailer Co. 173 76.3 3715 379
Briggs
Manufacturing Co. 176 74.7 3714 343, 344
Lockheed Aircraft 179 733 372 None
Corp.
Mack Trucks, Inc. 182 72.7 371 None
Dana Corp. 197 67.9 371 None

The second largest industrial manufacturer as of 1948, General Motors
Corporation (GM) purchased a 320-acre tract of land in Warren, Michigan, near the end
of WWII with the intention of constructing a research complex. Work on this facility,
which was named the “General Motors Technical Center,” was delayed by an October
1946 United Auto Workers strike and materials restrictions at the onset of the Korean

War, and the first buildings at Warren were not occupied until 1951.2 When it was

2 Chandler, Scale and Scope, 657.
3 Louise A. Mozingo, Pastoral Capitalism: A History of Suburban Corporate Landscapes (Cambridge,
Massachusetts: The MIT Press, 2011), 74-77.
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finally dedicated in May 1956, the Technical Center consisted of twenty-five buildings
staffed by 4,600 “engineers, researchers, stylists, designers, and others.”*

GM applied the technical and functional capabilities that were enhanced at its
massive research complex in order to diversify its lines of automobiles, trucks, and
related parts (transmissions, engines, etc.).> The company also manufactured new diesel-
electric passenger and freight locomotives after WWII, while its Frigidaire Division
marketed refrigerators, freezers, modular kitchens, washing machines, and other
household appliances.® By 1959, GM had organized a Defense Systems Division to
oversee the development of missile guidance systems, intercontinental ballistic missile
components, jet propulsion engines, and tactical military vehicles.” In addition, the
technological demands of the emerging nuclear industry provided opportunities for
engineers in GM’s Nuclear Power Engineering Department (established in 1956) to
conduct studies on isotopes and reactors.®

Ford Motor Company, the second of the Big Three automakers, gave the
University of Michigan $1 million in 1953 to build a nuclear reactor “for research in the
peacetime uses of atomic energy.”® At the same time, Ford was increasing its presence in

the defense and aerospace fields with the production of “Shillelagh” guided missiles,

4 General Motors Corporation, 1956 Annual Report, February 20, 1957, pp. 19-20.

> See General Motors Corporation annual reports for 1949 (pp. 10-13), 1953 (pp. 21-24), and 1958 (pp.
10-11).

® General Motors Corporation, 1947 Annual Report, March 3, 1948, pp. 16-17; “GM Expands Lines,”
The Washington Post and Times Herald, December 12, 1954, p. C7; “Frigidaire Plans Modular Kitchens,”
The Washington Post and Times Herald, October 9, 1955, p. G9; “Frigidaire to Offer Frostless Freezer,”
The New York Times, May 8, 1958, p. 48.

7 See General Motors Corporation annual reports for 1957 (pp. 18-20), 1958 (pp. 11-12), and 1960 (p.
12); “GM Regains First Place in Defense Contracts,” The Washington Post and Times Herald, February 23,
1958, p. C7.

8 See General Motors Corporation annual reports for 1954 (p. 13) and 1956 (p. 20).

® Marvin Miles, “Ford Gives $1,000,000 for Atomic Research,” Los Angeles Times, May 9, 1953, p. 5;
Ford Motor Company, 1955 Annual Report, March 5, 1956, p. 23.
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aircraft engines, military tactical trucks, electronic data processing systems, and space
vehicle components.1® Ford’s core businesses were enhanced throughout the post-WWI1I
period with new automobiles (“Fairlane,” “Thunderbird,” “Edsel,” etc.), “Super Duty”
trucks, tractors (including those with diesel engines and power steering), and farm
implements.!!

These product lines were developed at the Ford Engineering and Research Center,
plans for which were announced in June 1946.1> The center cost over $50 million, was
located on a 500-acre tract in Dearborn, Michigan, and was constructed in several stages
until its official dedication on June 16, 1953.%2 Two years later, Ford began work on a
$50 million addition to the Dearborn complex that included a 300,000-square-foot
Scientific Laboratory and Research Building.'* Among the other research facilities
established by Ford were: a $2.5 million laboratory for Dearborn Motors (an
“independent tractor distributing company” organized in 1946); a 3,880-acre proving
ground near Romeo, Michigan; and a 200-acre research center for its Aeronutronics
Division (formed in 1956) at Newport Beach, California.®

Chrysler Corporation, the other major competitor of GM and Ford, initiated a

$10 million expansion of its engineering workspace in 1955.16 Within a year, a Styling-

10 See Ford Motor Company annual reports for 1950 (p. 30), 1958 (p. 9), 1959 (p. 8), and 1960 (p. 8).

11 See Ford Motor Company annual reports for 1956 (p. 9) and 1957 (pp. 15-18).

12 “Ford Will Build $50,000,000 Research-Engineering Center,” New York Herald Tribune, June 5,
1946, p. 35.

13 “Ford to Celebrate 50" Anniversary,” The New York Times, January 2, 1953, p. 24; Ford Motor
Company, 1950 Annual Report, March 15, 1951, p. 17.

14 Philip Hampson, “Ford Provides 50 Million for Engineering,” Chicago Daily Tribune, October 6,
1955, p. D7; Ford Motor Company, 1957 Annual Report, February 12, 1958, p. 18.

15 “Ford to Expand Farm Machine Offices, Plant,” Chicago Daily Tribune, June 21, 1949, p. A6; Ford
Motor Company, 1956 Annual Report, February 6, 1957, p. 13; “Research Center Dedication Held,” Los
Angeles Times, May 1, 1960, p. M7.

16 «“Chrysler Sets Outlay,” The New York Times, March 10, 1955, p. 39; Chrysler Corporation, 1955
Annual Report, February 9, 1956, p. 6.
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Design Building and Body Building were erected at Chrysler’s Highland Park, Michigan,
complex, adding nearly 250,000 square feet of workspace for scientists and engineers.’
The Highland Park facilities were further enlarged in 1958 with a “hot room laboratory”
for automotive air conditioning projects and a research unit for “automotive trim
activities.”'® These laboratories—along with a 3,800-acre proving ground in Chelsea,
Michigan, that was in operation by 1953—served to broaden the company’s selection of
automobiles and trucks, both of which were enhanced with innovative features like power
steering, power brakes, and “hemispherical combustion chamber V-8 engines.”*® In its
non-automotive product lines, Chrysler manufactured new industrial and marine engines,
“Oilite” self-lubricating machine parts and bearings, “Airtemp” air conditioning systems,
and “Cycleweld” structural adhesives.?’ Like the other Big Three automakers, Chrysler
even diversified into the production of guided missiles, rocket boosters, and battle tanks
for the armed forces.?*

Long a manufacturer of railcars, Pullman, Inc., began to implement an extensive
diversification strategy with its 1944 acquisition of the M.W. Kellogg Company. This
subsidiary, which maintained a Petroleum and Chemical Laboratory at its Jersey City
plant, not only designed and built oil refineries and utility piping systems, but it had

discovered the “Solexol Process” for fractionating (“separating into their component

17 Chrysler Corporation, 1956 Annual Report, February 7, 1957, p. 20. The Highland Park facilities
had been previously expanded in 1940 with the construction of two engineering and research buildings that
added 162,000 square feet of floor space to the complex. See “New Chrysler Laboratories Opened for
Research Work,” Los Angeles Times, June 16, 1940, p. F6.

18 Chrysler Corporation, 1958 Annual Report, February 11, 1959, p. 22.

19 Chrysler Corporation, 1953 Annual Report, February 11, 1954, pp. 6-8. Chrysler also acquired the
automotive properties of Briggs Manufacturing in 1953, operating these facilities as part of its Automotive
Body Division.

20 See Chrysler Corporation annual reports for 1953 (pp. 12-13), 1956 (p. 13), 1958 (p. 12), and 1960
(p. 23).

21 See Chrysler Corporation annual reports for 1957 (pp. 24-25), 1959 (pp. 22-23), and 1960 (p. 22).
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parts”) animal, marine, and vegetable oils.??> More importantly, Kellogg conducted
business with the federal government through its Kellex Corporation subsidiary and
Special Projects Department, developing jet propulsion engines, missiles, and special
alloy steels for use in aircraft.?®> Kellogg also introduced radiographic gamma ray
projectors and “Kel-F” plastics during the 1950s.24

As for Pullman’s railroad division (Pullman-Standard), it continued to
manufacture new passenger cars and track maintenance machines after WWII, improving
these capital goods in the freight car laboratory at Hammond, Indiana.?®> On June 30,
1951, Pullman entered a related field when it purchased Trailmobile, Inc., a maker of
high-tensile steel and aluminum truck trailers.?® This acquisition allowed Pullman to
branch out even further beyond its original railcar business into containerization: namely,
demountable (and insulated) trailer vans and containers that made the transport of goods
more efficient between truck, rail, and ship.?’

Another manufacturer of railcars, American Car and Foundry Company (ACF)
also diversified within its core product lines after WWII before moving into high-
technology sectors of the economy, as its engineers worked on “Duradome” and “King-
Size” tank cars, “Ship-O-Matic” hopper cars, “Zip-Fit” carburetors, and the “Retractable

Trailer Hitch.”?® Like Pullman, the demands for efficiency in cargo transportation led

22 5.G. Ebert, “M.W. Kellogg a Large Part of Pullman Picture: Atomic Energy Subsidiary Seeks to
Dominate Field,” Barron’s National Business and Financial Weekly, July 28, 1947, p. 7.

2 pullman, Inc., 1954 Annual Report, March 4, 1955, pp. 6-8.

24 Philip Hampson, “New Plastic for Variety of Uses Shown,” Chicago Daily Tribune, July 2, 1953, p.
D7; “Portable Unit Tests Metals,” New York Herald Tribune, February 22, 1956, p. A3.

5 See Pullman, Inc., annual reports for 1950 (pp. 14-15), 1951 (p. 4), and 1955 (p. 7); Armand C. Erpf,
“Pullman: Its Rail Equipment Business Has Lost in Emphasis,” Barron’s National Business and Financial
Weekly, June 7, 1954, p. 19.

26 pyllman, Inc., 1951 Annual Report, March 28, 1952, p. 6.

27 pullman, Inc., 1960 Annual Report, March 10, 1961, pp. 16-19.

28 See ACF Industries, Inc., annual reports for 1955 (p. 7), 1957 (pp. 9-10), and 1959 (pp. 10, 13).
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ACF to produce aluminum and steel containers that were refrigerated and intended “for
use interchangeably by rail, truck, and ship lines.”?® By 1949, though, the firm began to
apply its metal fabrication capabilities to the emerging field of nuclear energy, organizing
a Nuclear Energy Products Division to build reactors and related components.=°

ACF entered the electronics field with the 1953 purchase of Avion Instrument
Corporation—a developer of radar beacons, computer parts, infrared equipment, and
navigational instruments—and its research facilities in Paramus, New Jersey.3! The
following year, ACF increased its presence in the defense industry when it established an
electronics R&D subsidiary (ACF Electronics) at Alexandria, Virginia, and acquired the
Engineering and Research Corporation (Erco) of Riverdale, Maryland.3? Operating a
250,000-square-foot plant with nearly 2,000 employees, Erco designed flight simulators
and missile components, which complemented ACF’s manufacture of mobile launchers
and bomb trailers.3® Because of its aggressive expansion into electronics and defense
production, American Car and Foundry was renamed “ACF Industries, Inc.,” in 1954 to
better reflect “the company’s present business and future objectives.”*

As part of its own massive expansion program to prepare the company for the

demands of wartime production, the Curtiss-Wright Corporation broke ground on a $3

29 ACF Industries, Inc., 1958 Annual Report, July 3, 1958, pp. 5, 9.

30 ACF Industries, Inc., 1955 Annual Report, July 7, 1955, p. 11.

31 “Bulletin Board: Purchase,” Chicago Daily Tribune, April 24, 1953, p. C7; Royal F. Herdeg, “ACF
Industries: Its Fortunes No Longer Depend Upon Rail Equipment,” Barron’s National Business and
Financial Weekly, October 3, 1955, p. 17; American Car and Foundry Company, 1953 Annual Report, July
2, 1953, pp. 7-8; James F. Mauk, ed., Industrial Research Laboratories of the United States (Washington,
D.C.: National Academy of Sciences—National Research Council, 1956), 1.

32«2 Firms Plan Laboratories in Alexandria,” The Washington Post, January 15, 1954, p. 28; S. Oliver
Goodman, “Erco Bought by A.C.F. Industries,” The Washington Post and Times Herald, November 11,
1954, p. 21.

33 ACF Industries, Inc., 1958 Annual Report, July 3, 1958, pp. 14-17; S. Oliver Goodman, “Sales,
Income Soar for ACF Industries,” The Washington Post and Times Herald, September 15, 1955, p. 33.

34 «“American Car, Foundry Changes Its Name,” The Baltimore Sun, June 1, 1954, p. 23.

385



million research laboratory and wind tunnel in 1942.% Located in Buffalo, New York,
the laboratory itself was completed within a year, but the wind tunnel would not be
finished until 1945.3 However, Curtiss-Wright closed its Buffalo manufacturing and
research facilities after the war, selling the lab to Cornell University.®” R&D was instead
conducted by the company’s Development Division (established in 1943) at Bloomfield,
New Jersey, and by engineers at a new, “self-contained research center” (construction of
which began in 1955) in the Quehanna Wild Area near Clearfield, Pennsylvania.3®

While it continued to make propeller and jet aircraft throughout the 1950s,
Curtiss-Wright became a diversified holding company for a variety of business
operations. The firm acquired the LGS Spring Clutch Corporation in 1944, Marquette
Metal Products (manufacturers of textile spindles, air compressors, and automotive parts)
in 1945, and Victor Animatograph Corporation (sound projectors and motion picture
cameras) in 1946.%° In 1951, Curtiss-Wright would organize a subsidiary (Columbia
Protektosite Company) to stake out a position in the plastics industry, and it formed an
Electronics Division that developed flight simulators, remote pilots, and components for
guided missiles.*® The 1956 acquisitions of the Utica-Bend Corporation and Aerophysics
Development Corporation provided Curtiss-Wright with additional plants and research

facilities for the production of jet engines and guided missiles.*

35 Curtiss-Wright Corporation, 1942 Annual Report, September 10, 1943, p. 4. The Buffalo laboratory
also housed a chamber that simulated high-altitude environments.

% See Curtiss-Wright Corporation annual reports for 1943 (p. 17) and 1944. In 1943, Curtiss-Wright
established an operating division at Bloomfield, New Jersey, to conduct R&D.

37 Louis R. Eltscher and Edward M. Young, Curtiss-Wright: Greatness and Decline (New York:
Twayne Publishers, 1998), 127.

38 Eltscher and Young, Curtiss-Wright, 154.

39 Curtiss-Wright Corporation, 1946 Annual Report, July 2, 1947, pp. 5-6.

40 Curtiss-Wright Corporation, 1950 Annual Report, March 1, 1951, p. 3.

41 Curtiss-Wright Corporation, 1956 Annual Report, March 9, 1957, p. 5.
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Table 5-74a: Research Facility Expansion, 1941-1960, for Manufacturers of
Transportation Equipment

Name or - - ..
Company Description of New FaC|I[ty Facility . Offlc!al
- Location | Groundbreaking | Opening
Research Facility
General Motors General Motors Warren, A
Corp. Technical Center Michigan 1944 1951
Ford Engineering Dearborn, 5 June
Ford Motor Co. and Research Center | Michigan June 1946 1953
Styling-Design .
7 Highland
Chrysler Corp. | Duilding and Body Park, 1955 1956
Building for Central L
. i L Michigan
Engineering Division
Petroleum and
Chemical Laboratory | Jersey City, . c
Pullman, Inc. for M.W. Kellogg New Jersey Not Available 1944
Co. (subsidiary)
American Car “rescarch facilities” Paramus April
for Avion Instrument X Not Available P
and Foundry Co. Corp New Jersey 1953°
Curtiss-Wright | “research laboratory Buffalo, .
Corp. and wind tunnel” New York 1942 1943
Nash-Kelvinator “laborat.o.r}./ te’t,stlng D_etr_OIt, 1945 1946
Corp. facilities Michigan
Borg-Warner “research laboratory” Bellyv 00 d Not Available 1946
Corp. Illinois

A Date refers to when GM purchased a tract of land on which it would construct a research facility. The
first buildings at the GM Technical Center were occupied by 1951, although the complex was
officially dedicated in 1956.

B Date refers to a formal announcement made by Ford that it planned to construct a new research facility.

€ Date refers to Pullman’s acquisition of M.W. Kellogg, which operated research facilities in Jersey
City.

P Date refers to ACF’s acquisition of Avion Instrument, which operated research facilities in Paramus,
New Jersey.

E Date refers to the opening of the Buffalo research laboratory. The on-site wind tunnel would not be
completed until 1945.
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Table 5-74b: Research Facility Expansion, 1941-1960, for Manufacturers of

Transportation Equipment (Continued)

Name or - . ..
Company Description of New FaC|I!ty Facility . Off'c.'al
. Location Groundbreaking | Opening
Research Facility
General
American “industrial East
. ,, Chicago, Not Available 1946
Transportation laboratory S
Illinois
Corp.
United “laboratory and East
. engineering Hartford, Not Available 1945
Aircraft Corp. s .
facilities Connecticut
“research
laboratory” for Santa
Stuggt)aker Aerophysics Monica, Not Available Nc)l\gesrzltzer
- Development Corp. California
(subsidiary)
Edmund T. Allen
. Wind Tunnel and .
. Boeing Aeronautical Sea_ttle, Not Available April
Airplane Co. Washington 1944
Research
Laboratories
Kaiser-Frazer “research and Willow Run
engineering . ' Not Available 19458
Corp. e Michigan
facilities
Bendix Bendix Aviation Detroit
Aviation Research Michi a’n 1941 1942
Corp. Laboratories g
Electric Auto- Not . Not
Lite Co. None Available Not Available Available
North “aerophysics field Santa Susana
American elggory;;rs , © Mountains, 1947 1949
Aviation, Inc. y California
A Date refers to when Aerophysics Development Corp. and its research facilities were acquired by

Studebaker-Packard, the company formed by the 1954 merger of Studebaker and Packard Motor
Car.

B Date refers to a formal announcement made by Kaiser-Frazer that it had leased the Willow Run
bomber plant from the RFC.
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Table 5-74c: Research Facility Expansion, 1941-1960, for Manufacturers of
Transportation Equipment (Continued)

Name or

Company Description of New Facili_ty Facility . Officjal
Research Facility Location Groundbreaking | Opening
“research
laboratory” for Phoenixville
Budd Co. Tatnall Measuring ;! Not Available 1956~
Pennsylvania
Systems Co.
(subsidiary)
“research and .
Hu?;)rncl\gotor engineering I\/El)iithrimzta,n Not Available 19468
' facilities” g
“research
laboratory” for Santa
MoItD:rClC(:ZI;dCo Aerophysics Monica, Not Available N"l‘g%jf e
" | Development Corp. California
(subsidiary)
Douglas “structural test El Segundo
Aircraft Co., e >gundo, Not Available 1951
Inc laboratory California
: “ h
Baldwin researc,,
Locomotive lgbor;‘toéys folr P Burnr;am,_ Not Available 19490
Works tandard Stee ennsylvania
Works Division
American “research Schenectad
Locomotive , Y Not Available 1944¢
Co laboratory New York
Westinghouse | Central Research Alexandria, .
Air Brake Co. Laboratory Virginia Not Available 1952

A Date refers to a formal announcement made by Budd Co. that it had purchased the building into which
it would move research staff and equipment for its newly acquired subsidiary, Tatnall Measuring

Systems Co.

B Date refers to when the expansion of Hudson’s Detroit facilities was completed.
C Date refers to when Aerophysics Development Corp. and its research facilities were acquired by
Studebaker-Packard, the company formed by the 1954 merger of Studebaker and Packard Motor

Car.

P Date refers to when the expansion of the Standard Steel Works Division’s Burnham laboratory was

completed.

E Date refers to when the expansion of the Schenectady laboratory (which had been in operation prior to
WWII) was completed.
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Table 5-74d: Research Facility Expansion, 1941-1960, for Manufacturers of
Transportation Equipment (Continued)

Name or - - ..
Company Description of New FaC|I|_ty Facility . Offlc!al
S Location Groundbreaking | Opening
Research Facility
Willys- “research December
Overland laboratory” for Toledo, Ohio May 1951~
. o 1951
Motors, Inc. | Electronics Division
Fruehauf Not . Not
Trailer Co. None Available Not Available Available
Briggs Not
Manufacturing None - Not Available None
Available
Co.
Lockheed “engineering Burbank,
Aircraft Corp. building” California 1950 1951
Mack Trucks, Mack Research Plainfield, Not Available 1947
Inc. Center New Jersey
“chemical
laboratory” for Reading, .
Dana Corp. Parish Pressed Steel | Pennsylvania Not Available 1959
Division

A Date refers to a formal announcement made by Willys-Overland that it had purchased the building into
which it would move research staff and equipment. The move was completed by the end of 1951.

After manufacturing aircraft engines and components for the armed forces during

WWII, Nash-Kelvinator Corporation began to increase its technical and functional
capabilities for its automotive and appliance lines, establishing a “modern machine shop
and laboratory testing facilities” in Detroit by 1946.4? This complex was home to a “new

research and advanced development department” whose “purpose [was] to provide basic

42 Charles K. Hyde, Storied Independent Automakers: Nash, Hudson, and American Motors (Detroit:
Wayne State University Press, 2009), 68, 76.
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research in the fields covered by all of the Corporation’s products.”*® The automobile
division, Nash Motors, opened a 200-acre proving ground at Kenosha, Wisconsin, in
1944, and three years later, announced plans to construct a nearby research center.*
Nash soon diversified its selection of motor vehicles, marketing commercial trucks (the
“Haul Thrift” line) and the first postwar American compact car (the “Rambler”).*

The Kelvinator Division, which had merged with Nash in 1937 and manufactured
electric household appliances, introduced a “full line” of refrigerators, freezer chests,
ranges, washing machines, and dryers after WWI1.%6 Following the 1954 merger of
Nash-Kelvinator and Hudson Motor Car Company to form American Motors
Corporation, the appliance division was integrated into the new company. In 1960,
American Motors would build for Kelvinator an “appliance testing laboratory” (named
the “Quality Assurance Center”) at Grand Rapids, Michigan.*’

Borg-Warner Corporation opened its own research laboratory at Bellwood,
Illinois, in August 1946, providing its engineers with workspace to design automatic
transmissions for the major automakers.*® Ten years later, the company established the
200,000-square-foot Roy C. Ingersoll Research Center in nearby Des Plaines and broke
ground on the Byron Jackson Electronics Laboratory in Santa Ana, California.*® A

manufacturer of centrifugal pumps, oil field tools, and electronic instruments, Byron

43 See Nash-Kelvinator Corporation annual reports for 1945 (pp. 9-10) and 1946 (pp. 8-9).

4 Nash-Kelvinator Corporation, 1947 Annual Report, December 31, 1947, p. 2.

4 Hyde, Storied Independent Automakers, 78-79. Nash had not produced trucks since 1929.

46 See Nash-Kelvinator Corporation annual reports for 1951 (p. 14) and 1952 (p. 5).

47 American Motors Corporation, 1962 Annual Report, December 20, 1962, p. 7.

48 “Borg-Warner Builds New Research Lab,” The Herald (Maywood, Illinois), vol. LXII, no. 12
(March 21, 1946): 3; “Borg-Warner Laboratory in Suburb Opens,” Chicago Daily Tribune, August 3, 1946,
p. 17.

49 «“Research Center Being Built,” Chicago Daily Tribune, September 15, 1955, p. E9; “Work Started
on New Electronics Plant,” Los Angeles Times, January 22, 1956, p. E8; Borg-Warner Corporation, 1957
Annual Report, December 31, 1957, p. 8.
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Jackson Company was acquired by Borg-Warner in 1955, and the subsidiary’s product
lines were further developed at the Santa Ana facility.°

This strategic approach to diversification—purchasing a smaller firm with a
promising range of products that would be enhanced in the laboratory—was adopted by
Borg-Warner as it acquired over a dozen enterprises from 1941 through 1960.5* To
manufacture rolled steel and shapes, Borg-Warner bought Superior Sheet Steel Company
in 1946 and Franklin Steel Company one year later.%> The 1956 purchase of Humphryes
Manufacturing Company gave Borg-Warner a line of cast iron and vitreous china
bathroom and kitchen fixtures.>® Other major acquisitions during the 1950s included
E.C. Atkins & Company (home and industrial power saws), Primor Products, Inc. (air
conditioning systems), and Industrial Crane and Hoist Company.>* New products were
developed internally by Borg-Warner’s Ingersoll Products Division (power steering, farm
equipment, washing machines), Marbon Chemical Division (thermoplastic resins
marketed as “Cycolac”), Warner Gear Division (landing gear, automotive parts), and
Wooster Division (hydraulic fuel, pumps, aircraft components).>® With such an
aggressive diversification strategy, Borg-Warner was able to transform itself from a
focused manufacturer of automobile parts and farm implements to a high-tech

corporation with operations in growth sectors like energy, aviation, and chemicals.

%0 “Merger Proposed for Borg-Warner,” The New York Times, April 30, 1955, p. 21.

L Will Oursler, From Ox Carts to Jets: Roy Ingersoll and the Borg-Warner Story (Englewood Cliffs,
New Jersey: Prentice-Hall, Inc., 1959), 279-83.

52 See Borg-Warner Corporation annual reports for 1946 (p. 7) and 1947 (p. 6).

%3 “Vote on Borg Merger Is Set by Ohio Firm,” Chicago Daily Tribune, July 16, 1956, p. C6.

54 “Borg-Warner Buys 97-Year-Old Firm,” New York Herald Tribune, August 20, 1952, p. 26; “Borg
Reaches Pact for Purchase of Primor Products,” Chicago Daily Tribune, November 28, 1955, p. E5; Borg-
Warner Corporation, 1956 Annual Report, December 31, 1956, p. 7.

%5 Qursler, From Ox Carts to Jets, 205; See Borg-Warner Corporation annual reports for 1952 (pp. 10-
11), 1954 (pp. 9-10), and 1955 (pp. 7-8).
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General American Transportation Corporation expanded into chemicals in
1945 when it organized a division to oversee the production of molded plastics.>® This
business was fostered by the construction of an “industrial laboratory” at East Chicago
the following year.>” In its core operations, General American broadened its line of train
cars with models like the “D-F” (designed to “eliminate damage to lading” and “to
increase loading capacity”) and the “Trans-Flo” (used for “bulk transportation of flour,
plastics and other granular materials™).%® Tank cars were reinforced with “Kanigen,” a
special type of nickel plating introduced by General American in 1953.5°

Seeking to build upon the “techniques and materials developed during [WWII],”
General American began to design and manufacture industrial process machinery with
the 1944 purchases of the Louisville Drying Machinery Company, Turbo-Mixer
Corporation, and American Machine Company.%° By 1958, General American had
acquired the Parker-Kalon Corporation (maker of self-tapping screws and fasteners),
Greer Marine Corporation (hydraulically operated hatch covers for cargo ships), and
Thompson Trailer Corporation (light-weight trailers and truck bodies).®* Scientists and
engineers working for the parent company continued to enhance the product lines of
these many subsidiaries in another new laboratory at East Chicago, which was completed

in 1957 at a cost of $750,000.%2

%6 General American Transportation Corporation, 1945 Annual Report, March 9, 1946.

5" Ralph C. Epstein, GATX: A History of the General American Transportation Corporation, 1898-
1948 (New York: North River Press, 1948), 117, 159.

58 General American Transportation Corporation, 1951 Annual Report, March 18, 1952.

% “Firm Devises New Nickel Plate Method,” Chicago Daily Tribune, March 17, 1953, p. B7; General
American Transportation Corporation, 1953 Annual Report, March 23, 1954.

80 “Gen. American Will Produce Process Tools,” Chicago Daily Tribune, March 11, 1944, p. 19.

61 See General American Transportation Corporation annual reports for 1953, 1957 (p. 3), and 1958 (p.
4).

62 “Research Lab,” The Times (Hammond, Indiana), July 21, 1957, p. 16.
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Because of the demands of mobilization, United Aircraft Corporation opened
“new laboratory and engineering facilities” at Rentschler Airport in East Hartford,
Connecticut, by 1945.53 The firm increased its available R&D workspace over the next
two decades as it moved from the production of aircraft parts and engines into jet
propulsion, guided missiles, and electronics (navigation equipment, electron beam
welding, etc.).%* United Aircraft’s Pratt & Whitney Division established an “extensive
turbine laboratory” in 1947, the 720,000-square-foot Florida Research and Development
Center in 1958, and an “advanced materials research and development laboratory” at
North Haven, Connecticut, in 1961.%> The 7,000-acre Florida complex, located 17 miles
northwest of West Palm Beach, had a staff of over 2,500 technical personnel and was
surrounded by a wildlife preserve, offering enough acoustical isolation to test high-
powered rockets.®® In addition, Pratt & Whitney operated an Aircraft Nuclear Engine
Laboratory at Middletown, Connecticut, where it would, beginning in 1956, design and
manufacture nuclear reactor components.®’

The Studebaker Corporation entered the aircraft industry during the Korean
War, as its engineers delivered the company’s first turbojet engines—which had been
manufactured under a licensing agreement with General Electric—to the Air Force.%8
After WWII, the firm would broaden its existing product lines of automobiles and

equipment, increasing its available models of commercial trucks and installing power

83 United Aircraft Corporation, 1944 Annual Report, March 14, 1945.

8 United Aircraft Corporation, 1960 Annual Report, March 1, 1961, pp. 6-9.

% See United Aircraft Corporation annual reports for 1946 (p. 3) and 1958 (p. 5); “Research Unit
Formed: United Aircraft’s Laboratory to Develop Materials,” The New York Times, September 21, 1961, p.
49.

% See United Aircraft Corporation annual reports for 1956 (p. 8) and 1957 (p. 5).

67 See United Aircraft Corporation annual reports for 1954 (p. 7), 1956 (p. 8), and 1960 (pp. 4-5).

88 Studebaker Corporation, 1952 Annual Report, February 28, 1953, pp. 16-17; “Buick, Studebaker
Begin Deliveries of Jet Engines,” New York Herald Tribune, September 23, 1952, p. 37.
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steering in passenger cars by 1952.%° Studebaker, however, still produced aircraft parts
following its August 1954 merger with Packard, the last of the independent automakers in
the U.S.70

This new company, Studebaker-Packard (S-P), soon acquired the Aerophysics
Development Corporation (ADC) and its research facilities in Santa Barbara and Pacific
Palisades, California.”> Of ADC’s 200 employees, 75 were engineers, conducting R&D
into jet propulsion and missiles in order to secure government defense contracts.”> Due
to an unforeseen shortfall in automobile sales, S-P was forced to sell ADC to Curtiss-
Wright in 1956, although the sale was finalized after ADC had begun construction on a
$1 million research center in Santa Barbara.”

Boeing Airplane Company moved quickly to expand its research, dedicating the
Edmund T. Allen Wind Tunnel and Aeronautical Research Laboratories on April 22,
1944.™ This facility allowed Boeing to enter the jet propulsion field and achieve
innovations in pilotless aircraft and in-flight refueling soon after the war.”® Throughout
the 1950s, the company manufactured commercial and military aircraft, electronic
systems (radio navigation, flight simulators, autopilots, etc.), infrared sensors, and radar

components.’® Basic research in aerospace technology was fostered by an R&D

% Thomas E. Bonsall, More Than They Promised: The Studebaker Story (Stanford, California:
Stanford University Press, 2000), 254-55.

70 “Studebaker Merger with Packard Voted,” The New York Times, August 18, 1954, p. 1.

"1 Mauk, ed., Industrial Research Laboratories of the United States, 5.

2 James A. Ward, The Fall of the Packard Motor Car Company (Stanford, California: Stanford
University Press, 1995), 190. ADC increased the number of its employees to 330 in 1955 and secured a $3
million subcontract from General Electric to work on the Atlas missile program.

73 ¢$1,000,000 Research Plant near Santa Barbara Slated,” Los Angeles Times, December 11, 1955, p.
F4.

4 Eugene E. Bauer, Boeing: The First Century (Enumclaw, Washington: TABA Publishing, Inc.,
2000), 102. Edmund T. Allen was an accomplished test pilot who was Killed in a February 1943 crash of a
B-29 Superfortress prototype.

S Boeing Airplane Company, 1949 Annual Report, March 17, 1950, pp. 6-7.

6 Boeing Airplane Company, 1960 Annual Report, March 17, 1961, pp. 16-18.
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subsidiary—Boeing Scientific Research Laboratories—that developed guided and
intercontinental ballistic missiles.”” Given the technological demands of these product
lines, Boeing further increased its available laboratory workspace with the establishment
of both the Seattle Research and Development Center and Wichita “engineering research
and laboratory building” in 1957.78

Upon its formation in August 1945, Kaiser-Frazer Corporation (K-F) agreed to
rent (and later purchase) the former bomber plant at Willow Run, Michigan, from the
Reconstruction Finance Corporation, converting the building into an automobile factory
with its own research and engineering facilities.”® Henry J. Kaiser and Joseph W. Frazer
had organized K-F at the end of the war to establish a foothold in the motor vehicle
industry, but despite the enormous amount of resources poured into the enterprise, it was
unable to turn a profit and challenge the Big Three automakers.® K-F suffered from a
“lack of new models and a sufficiently diversified line of automobiles,” and it was not
until 1950 that the company offered a full range of cars at different price points.8!

Facing a capital shortage in 1953, K-F sold the Willow Run plant, abandoned its
own line of automobiles, purchased Willys-Overland Motors, Inc., and changed its name
to “Kaiser Motors Corporation.”® The acquisition of Willys gave Kaiser a line of Jeeps

and trucks, as well as facilities in Toledo and Nashua, New Hampshire, for "research,

" “Boeing Is Accelerating Basic Research to Further Air and Space Development,” The New York
Times, January 31, 1958, p. 31; See Boeing Airplane Company annual reports for 1959 (pp. 5-7) and 1960
(pp. 8-9).

8 Boeing Airplane Company, 1957 Annual Report, March 3, 1958, p. 5.

7 See Kaiser-Frazer Corporation annual reports for 1945 (pp. 2-3) and 1948 (p. 1); Myron J. Rand, ed.,
“Industrial Research Laboratories of the United States, Including Consulting Laboratories,” Bulletin of the
National Research Council, no. 120 (November 1950): 205.

80 Robert Sobel, When Giants Stumble (Paramus, New Jersey: Prentice Hall Press, 1999), 53-56;
Kaiser-Frazer Corporation, 1950 Annual Report, April 3, 1951, p. 5.

81 See Kaiser-Frazer Corporation annual reports for 1949 (p. 5) and 1950 (p. 1).

82 Sobel, When Giants Stumble, 63-64.
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development and fabrication of electronics and electro-mechanical products, principally
under government defense contracts."8 Kaiser Motors, which had been manufacturing
aircraft parts for the Korean War, would establish an electronics laboratory in Palo Alto
(under its Willys Motors subsidiary), but by 1955, the firm had become a mere holding
company for the many operations of the Henry J. Kaiser Company.8

Bendix Aviation Corporation marketed automotive parts, aircraft components,
and electronics throughout the 1940s and 50s, expanding its R&D facilities at the onset of
WWII to “supplement and coordinate the work of engineering departments...dealing with
fundamental chemical, metallurgical, and electrical problems.”® In 1942, Bendix
constructed “centralized Research Laboratories” at Detroit where engineers would design
aircraft for the armed forces. The firm later produced jet propulsion engines, guided
missiles, radar and satellite communication systems, the “G-15" computer, and a nuclear
research reactor for the Atomic Energy Commission.8 Other business operations were
improved with the introduction of power steering and brakes, marine instruments, and
autopilots.®” These diverse product lines were developed in a number of specialized
research units built after WWII, including: the Victor Johnson, a sixty-foot boat that,
when launched in 1945, served as a “floating research laboratory” for Bendix-Marine; a

Digital Computation Laboratory at Los Angeles that was opened by the Computer

8 Kaiser Motors Corporation, 1953 Annual Report, April 9, 1954, pp. 3-4; “Willys Motors to Build
Equipment and Transmitters for TV Stations,” The New York Times, July 24, 1953, p. 23.

84 Lawrence E. Davies, “Stanford Builds a City on Its Land,” The New York Times, November 28,
1954, p. 43; Kaiser Motors Corporation, 1954 Annual Report, April 6, 1955, pp. 4-5; Kaiser Industries
Corporation, 1955 Annual Report, March 16, 1956, p. 4.

8 See Bendix Aviation Corporation annual reports for 1941 (p. 16) and 1942 (p. 11).

8 See Bendix Aviation Corporation annual reports for 1956 (pp. 12-14), 1957 (pp. 10-14), and 1958
(pp. 19-20).

87 «“Bendix Introduces 2 Depth Recorders,” The New York Times, January 17, 1954, p. S14; Bendix
Aviation Corporation, 1953 Annual Report, January 21, 1954, p. 21.
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Division in 1957; and a 55,000-square-foot engineering center for Bendix Radio that was
completed near Towson, Maryland, in 1958.88

Electric Auto-Lite Company—an independent manufacturer of automobile
batteries, spark plugs, and lighting units—operated “engineering laboratories” in Toledo,
Ohio, yet it did not embark on a sustained program of research facility expansion from
1941 through 1960, choosing instead to conduct much of its R&D at divisional plants.8°
In 1959, however, Auto-L.ite purchased the production facilities of C&D Batteries, Inc.,
in Conshohocken, Pennsylvania.®® This acquisition complemented Auto-Lite’s efforts to
broaden its line of storage batteries, which led to the development of 12-volt batteries in
the 1950s and “water-proof electrical equipment for Army tactical vehicles.”®* Auto-Lite
later acquired an interest in Hiller Aircraft Corporation, a helicopter manufacturer, but
was forced to sell two of its automotive parts plants to Ford Motor Company in 1961 and
its remaining operations to Mergenthaler Linotype Company one year later. %2

North American Aviation, Inc. (NAA), would itself merge with another firm
(Rockwell-Standard Corporation) in the 1960s, having already embarked on an

aggressive post-WW1I expansion strategy and the “greatest military research and

8 «Laboratory Is Launched,” The New York Times, January 31, 1945, p. 37; “Bendix Opens Lab,” Los
Angeles Times, February 24, 1957, p. A16; Carroll E. Williams, “Bendix Radio Builds Center for
Research,” The Baltimore Sun, February 8, 1958, p. 17.

8 Electric Auto-Lite Company, “Scientists Create ‘Tailored Lightning’ for Better Morning,”
advertisement, Popular Science (February 1951): 263; John H. Gribbin and Sue Singer Krogfus, eds.,
Industrial Research Laboratories of the United States (Washington, D.C.: National Academy of Sciences—
National Research Council, 1960), 166-67.

% «“Scanning Business,” The Cincinnati Enquirer, September 18, 1959, p. 74.

%1 C.A. Clark, Jr., “Electric Auto-Lite: Increased Replacement Business Cutting Dependence on New
Car Volume,” Barron’s National Business and Financial Weekly, September 7, 1953, p. 11; Mirek J.
Stevenson and David A. Loehwing, “Negative to Positive: Research Is Sparking a Major Revival in
Batteries,” Barron’s National Business and Financial Weekly, July 20, 1959, p. 3.

92 «Autolite, Hiller Agree on Merger,” The New York Times, July 29, 1960, p. 30; “Ford Acquires Two
Plants, Other Assets of Autolite,” New York Herald Tribune, April 14, 1961, p. 26; “Mergenthaler Acquires
Autolite in Stock Deal,” New York Herald Tribune, March 30, 1962, p. 34.
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development program in its history.”®® The company broke ground by 1947 on an
“aerophysics field laboratory” and 600-acre rocket engine test site in the Santa Susana
Mountains, about 35 miles from its main plant in Los Angeles.®* Completed within two
years, the Santa Susana complex was jointly financed by NAA and the Air Force, and in
1955, the firm’s Rocketdyne Division was organized to take responsibility for it.>> After
NAA established its Atomic Energy Research Department in 1949, the company would
build the first “non-military” nuclear reactor in California at the Santa Susana site.%

To enhance the capabilities needed to produce jet aircraft, missiles, and electronic
control systems, NAA continued to increase its available R&D workspace, leasing a
940,000-square-foot plant at Downey, California, in 1949 that contained facilities for its
Research Division and guided missile development.®” Five years later, work began on a
“thermodynamics laboratory” at the Los Angeles plant, and in 1956, NAA completed
new Rocketdyne engineering facilities at Canoga Park.®® By the end of the decade, NAA
opened a $5 million “trisonic” wind tunnel in Los Angeles, placed into operation an
“environmental laboratory” for its Autonetics Division (manufacturers of automatic pilot
controls and navigation equipment), and finalized plans for an Anaheim research center.%

As part of its own diversification efforts in the 1950s, the Budd Company

constructed research facilities for three of its newly acquired subsidiaries. The 1955

% North American Aviation, Inc., 1945 Annual Report, August 1, 1946, p. 7.

% North American Aviation, Inc., 1947 Annual Report, December 26, 1947, p. 8.

% See North American Aviation, Inc., annual reports for 1949 (pp. 8-9), 1954 (p. 20), and 1955 (p. 20).

% «A-Plant Dedicated at Santa Susana,” Los Angeles Times, November 15, 1957, p. 1. At its Downey
plant in 1952, NAA placed into operation the first ever nuclear reactor (military or commercial) in the state
of California. See North American Aviation, Inc., 1952 Annual Report, December 31, 1952, p. 8.

% North American Aviation, Inc., 1948 Annual Report, January 12, 1949, p. 5; Rand, ed., “Industrial
Research Laboratories of the United States,” 262-63.

% See North American Aviation, Inc., annual reports for 1953 (p. 23) and 1956 (p. 6).

9 See North American Aviation, Inc., annual reports for 1957 (p. 15) and 1960 (p. 6).
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purchase of Continental Diamond Fibre Company (C-D-F) gave Budd a foothold in
“laminated plastics, vulcanized fiber, and bonded mica in the form of sheets, rods, tubes,
tapes, and special shapes.”® Four years later, Budd built a research center for C-D-F at
Newark, Delaware, as the subsidiary’s scientists sought to use laminated materials as
insulation in electric motors and guided missiles.*0?

Budd also established laboratories for Tatnall Measuring Systems Company and
Lewyt Manufacturing Corporation. Tatnall, a producer of high-sensitivity temperature
instruments and strain gauges, was acquired in 1956, and soon thereafter, its engineers
were moved to a “modern air-conditioned building” near Phoenixville, Pennsylvania, that
provided “office, laboratory, and manufacturing space.”*% Lewyt, which made radar
components and electronic data processing equipment, was purchased by Budd in
September 1959, and its laboratory space was increased by 15,000 square feet.103

While Budd—through its subsidiaries—diversified into fields beyond its core
operations in the railroad and automotive industries, the company still broadened these
product lines with innovations like a diesel railcar (introduced in 1949), railway disc
brakes, and “compact” auto bodies.'% The firm’s accumulated capabilities from the
manufacture of vehicle parts and heavy equipment allowed it to develop jet engines,
missile components, nuclear energy instrumentation, and even radioactive isotopes

during the 1950s.1% Scientists employed directly by the parent company were better able

100 Budd Company, 1956 Annual Report, February 22, 1957, p. 6.

101 Budd Company, 1959 Annual Report, December 31, 1959, p. 13.

102 Budd Company, 1956 Annual Report, February 22, 1957, p. 9.

103 See Budd Company annual reports for 1959 (p. 12) and 1960 (p. 12).

104 Anthony Wirry, “New Diesel Rail Car Has Torque Unit,” Chicago Daily Tribune, September 20,
1949, p. A7; See Budd Company annual reports for 1949 (pp. 3-4) and 1959 (pp. 9-10).

105 See Budd Company annual reports for 1952 (p. 3), 1956 (p. 2), and 1958 (p. 8); Niles N. Peebles,
“Budd Unveils Plant to Package Isotopes,” New York Herald Tribune, October 4, 1956, p. 25.
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to oversee Budd’s many businesses after 1960 when a centralized Research Service
Group was formed in order to coordinate the work of the Materials Research Laboratory,
Testing Laboratories, and Product Development Department. 10

Hudson Motor Car Company expanded its Detroit “research and engineering
facilities” in 1946, adding “precision testing equipment” and workspace for its Car
Experimental and Body Modelling Departments.'%” The company, however, did not
diversify its line of automobiles after WWII. Rather than add innovative features or
manufacture vehicles for new consumer markets, Hudson was content to simply make
design alterations in its yearly models, the most notable of which were the 1948 “Step-
Downs” and the 1953 “Jet.”1% Prior to its 1954 merger with Nash-Kelvinator, Hudson
established an Airframe Division for Korean War production, but these wartime contracts
did not lead to sustained product lines following the end of hostilities.0

Packard Motor Car Company, an independent automaker like Hudson, also
worked on aircraft for the federal government during wartime, conducting jet engine
research at a publicly financed facility in Toledo until this R&D contract was terminated
in 1948.1%% The company would later manufacture aircraft parts and guided missiles
through its subsidiary Aerophysics Development Corporation, which was acquired in
1954 after Packard’s merger with Studebaker.'! In its primary automotive business,
Packard did not introduce significant exterior design changes to yearly models until the

early 1950s, but it still incorporated innovative features and equipment into its motor

106 Budd Company, 1960 Annual Report, December 31, 1960, p. 11.

197 Hudson Motor Car Company, 1946 Annual Report, March 19, 1947.

108 Hyde, Storied Independent Automakers, 156-62.

109 Hudson Motor Car Company, 1952 Annual Report, March 18, 1953, pp. 4-7.

110 packard Motor Car Company, 1948 Annual Report, March 18, 1949, p. 4.

111 See above for the summary of Studebaker’s postwar experiences, as well as for information about
the Studebaker-Packard merger and ADC’s research facilities in California.
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Table 5-75a: Research Facility Personnel, 1940-1960, for Manufacturers of

Transportation Equipment

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
Company in in
Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 | £ toso | from 1040
01960 | to 1960
Ge”eé"z‘)'rg"ftors 1868 | 4443 | 7767 | 12991 | 13681 | 11813 | 632%
Ford Motor Co. | 664 | 157 | 407 | 258 | 5339 | 4675 704%
Chrysler Corp. | 1689 | 1923 | 2443 | 4216 | 6055 | 4366 258%
Pullman, Ince | 18 | 314 | 639 | 276 | 168 150 833%
American Carand | 5o | 21| 495 | 300 | 663 613 1226%
Foundry Co.c
C“”'éi‘)’ r\:)v”ght 19 | 444 | 278 | 398 | 226 207 1089%
Nash-Kelvinator | o | NA | NA | 119 | @2 NA NA
Corp.
Borg;)\féa!”er oL | 23 | 441 | 649 | 1218 | 1127 | 1238%
General American
Transportation NA | NA 30 64 NA NA NA
Corp.
U”'tecdofp”craﬁ 84 | 2257 | 4767 | 4590 | 1263 1179 1404%
Studebaker Corp.F | 64 | 98 | 96 | 664 | 364 300 469%
Boeing Aplane | 75 | 13 | 588 | 1583 | 3350 | 3275 | 4367%

A Totals for General Motors include its subsidiaries Ethyl Gasoline Corp. and Yellow Truck and Coach

Manufacturing Co.

B Totals for Pullman include its subsidiaries M.W. Kellogg Co. (acquired in 1944) and Pullman-Standard

Car Manufacturing Co.

€ Totals for American Car and Foundry (ACF) include its subsidiary Carter Carburetor Corp. The 1946
and 1950 NRC directories do not contain entries for ACF, but they do list Carter Carburetor.

P Nash-Kelvinator merged with Hudson Motor Car Co. in 1954 to form American Motors Corp. The
1956 and 1960 research personnel totals listed above for Nash-Kelvinator are those for American

Motors.

E Totals for Borg-Warner include its subsidiary Marbon Corp.

F Studebaker was acquired by Packard Motor Car Co. in 1954. The 1956 and 1960 research personnel
totals listed above for Studebaker are those for Studebaker-Packard. Also included in the 1956 total
is Studebaker-Packard’s subsidiary Aerophysics Development Corp., which was acquired in 1954

and sold to Curtiss-Wright in mid-1956.

G Totals for Boeing include its operating division Stearman Aircraft.
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Table 5-75b: Research Facility Personnel, 1940-1960, for Manufacturers of
Transportation Equipment (Continued)

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
Company Perslgnnel Perslcr)]nnel
1940 | 1946 | 1950 | 1956 | 1960 | ¢ " 040 | from 1040
t01960 | to 1960
Kaiser-Frazer Corp.A | NA | NA 39 333 | 327 NA NA
Bendgof\pvga“m 726 | 3670 | 1663 | 4266 | 7075 | 6349 875%
E'eC”'CCAO“tO"-'te 346 | 304 | 345 | 678 | 376 30 9%
North American |45 | 50 | 1069 | 5108 | 2277 | 2261 | 14131%
Aviation, Inc.

Budd Co.c 46 | 58 | 69 | 111 | NA NA NA
Fludson MOWrCar | 28> | 285 | 285 | 119 | NA | NA NA
Packard MOOrCar | Na | NA | 243 | 664 | 364 | NA NA

Doug'g‘s ﬁ'crcraﬁ 28 | 350 | 430 | 740 | 3856 | 3828 | 13671%
Baldwin o
Locomative Works | 90 | 135 | 104 | 111 | 238 148 164%

American 18 | 115 | NA | NA | 143 125 694%

Locomotive Co.¢

A'In 1953, Kaiser-Frazer acquired Willys-Overland Motors, renaming it Willys Motors, Inc. Two years
later, the Henry J. Kaiser Company became a wholly owned subsidiary of Kaiser Motors, which
then changed its name to Kaiser Industries. The 1960 NRC directory contains an entry for Kaiser
Industries, which is reflected above in the research personnel total for Kaiser-Frazer. The 1956
personnel total for Kaiser-Frazer includes the available information for the Kaiser Industries
subsidiaries listed in that year’s NRC directory: Willys Motors, Kaiser Aluminum & Chemical
Corp., Kaiser Gypsum Co., and Kaiser Metal Products, Inc.

B Totals for Bendix Aviation include its joint venture with Westinghouse Air Brake, Bendix-
Westinghouse Automotive Air Brake Co.

€ Totals for Budd Manufacturing include its subsidiary Budd Wheel Co.

P Hudson Motor Car merged with Nash-Kelvinator in 1954 to form American Motors Corp. Because
the Hudson brand was discontinued in 1957, only the 1956 research personnel total (and not the
1960 total) for American Motors is listed above for Hudson.

E Packard Motor Car acquired Studebaker in 1954. The 1956 and 1960 research personnel totals listed
above for Packard are those for Studebaker-Packard. Also included in the 1956 total is Studebaker-
Packard’s subsidiary Aerophysics Development Corp., which was acquired in 1954 and sold to
Curtiss-Wright in mid-1956.

F Totals for Baldwin Locomoative include its subsidiaries Midvale Co. and Pelton Water Wheel Co.
Baldwin’s acquisition of Lima-Hamilton in 1950 created the Baldwin-Lima-Hamilton Corp.

G American Locomotive changed its name to ALCO Products in 1955.
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Table 5-75c¢: Research Facility Personnel, 1940-1960, for Manufacturers of
Transportation Equipment (Continued)

Research Personnel Employed by Total Percent
Company and Subsidiaries Increase Increase
Company in in
Personnel | Personnel
1940 | 1946 | 1950 | 1956 | 1960 from 1940 | from 1940
to 1960 to 1960
Westinghouse Air | 165 | 193 | 180 | 479 | 2900 | 2885 2748%
Brake Co.A
Willys-Overland 1\ A | \A | NA | NA | NA NA NA
Motors, Inc.B
Fruehauf Trailer Co. 14 49 NA NA NA NA NA
Briggs
Manufacturing Co. NA 22 33 NA | NA NA NA
LOCkhge(;jr F’?'rcraﬂ 30 | 660 | 349 | 475 | 3278 | 3248 10827%
Mack Trucks, Inc. 30 86 153 108 163 133 443%
Dana Corp.© 9 NA | NA | NA | NA NA NA

A Totals for Westinghouse Air Brake include its subsidiary Union Switch and Signal Co. and its joint
venture with Bendix Aviation, Bendix-Westinghouse Automotive Air Brake Co.

B There are no entries in the NRC directories for Willys-Overland. The 1956 directory does contain an
entry for Willys Motors, Inc., which by then was a subsidiary of Kaiser Industries (and is thus listed
under the research personnel totals for Kaiser-Frazer in Table 5-75b).

€ Dana Corp. was named Spicer Manufacturing Corp. until 1946.

vehicles, such as the only automatic transmission (marketed as the “Ultramatic”) built by
any of the independents.1*2

Unlike Packard, the Douglas Aircraft Company, Inc., pushed the boundaries of
innovation, building a series of research facilities after WWII and fostering relationships
with other organizations to improve its product lines. Douglas had made significant
progress on jet propulsion, guided missiles, and several models of research aircraft (the

“Skystreak” and “Skyrocket”) by 1947.112 The company aided this R&D with a 12,000-

112 Ward, The Fall of the Packard Motor Car Company, 55, 60, 75.
113 Douglas Aircraft Company, Inc., 1947 Annual Report, March 8, 1948, p. 3.

404



square-foot “structural test laboratory” constructed at its El Segundo, California, plant in
1951. That same year, Douglas completed a 10,000-square-foot unit at Santa Monica to
house “computing facilities” and two IBM Defense Calculators (supercomputers), and it
also announced plans for a three-story electronics testing laboratory at its Tulsa plant.14
In fact, with the onset of the Korean War, Douglas initiated a massive expansion
of its available R&D workspace, and nearly every year, the firm improved facilities at its
four divisions: Santa Monica, El Segundo, Long Beach, and Tulsa.*'> For example, in
1952, plans to build a $2 million engineering unit at EI Segundo were finalized, and a
“static test laboratory” was dedicated at Long Beach.'® The following year, additional
structures were erected at Long Beach, including a 45,000-square-foot engineering test
center, electronics test building, and antenna radiation laboratory.*'’ By 1956, Douglas
had organized a Missiles Engineering Department, began work on wind tunnels at El
Segundo, and opened a $3 million engineering building at the Tulsa plant.1!® One year
later, a Santa Monica Sound Laboratory was set up for “engineering acoustical tests.”*°
These construction projects coincided with a dramatic diversification of Douglas’
business operations. After WWII, the company entered into an association with Bell
Laboratories to conduct research on guided and ballistic missiles for the U.S. Army’s

Project Nike.'?® Douglas designed “aircraft electronic systems and electronic support

equipment items” in the 1950s, and it established a propulsion research subsidiary

114 Douglas Aircraft Company, Inc., 1951 Annual Report, December 31, 1951, pp. 9, 15, 23.

115 Mauk, ed., Industrial Research Laboratories of the United States, 150.

116 Douglas Aircraft Company, Inc., 1952 Annual Report, February 10, 1953, pp. 9-10.

117 Douglas Aircraft Company, Inc., 1953 Annual Report, February 1, 1954, p. 23.

118 See Douglas Aircraft Company, Inc., annual reports for 1955 (p. 27) and 1956 (pp. 15, 23).

119 Douglas Aircraft Company, Inc., 1957 Annual Report, February 1, 1958, p. 18.

120 Mark S. Watson, “Countdown to Survival: Nike’s Complex ‘Brain’ Is Product of Years,” The
Baltimore Sun, April 28, 1959, p. 1.

405



(Astropower) by the end of the decade to fulfill contracts for NASA.'?! The aircraft
manufacturer even agreed to a joint venture with Monsanto wherein the chemical giant
marketed “Skydrol” fire-resistant hydraulic fluids developed in Douglas laboratories.'??
Baldwin Locomotive Works expanded the Burnham, Pennsylvania, research
laboratory in 1949 for its Standard Steel Works Division, maker of forgings, castings, and
rolled products.?® By the mid-1950s, Standard Steel had taken part in an “over-all
diversification program,” introducing new items fabricated from high-alloy steel, such as
turbine blades, wheel centers, and “steel rings for hot work purposes.”?4 In another of
Baldwin’s non-locomotive businesses, the Pelton Water Wheel Division broadened its
selection of hydraulic turbines and centrifugal pumps after 1941.125 The company later
acquired the Lima-Hamilton Corporation—a manufacturer of locomotives, earth-moving
machinery, diesel and Corliss steam engines, mechanical presses, and machine tools—in
November 1950, thereby adopting the name “Baldwin-Lima-Hamilton Corporation.”?
Such extensive diversification was slow to take hold in Baldwin’s line of railroad
locomotives. Unlike its competitors, Baldwin “had not placed much emphasis on diesel

locomotive research and development during the war years,” and thus did not ramp up

production of these models until 1948.127 The firm, though, “attempted to rectify its

121 Douglas Aircraft Company, Inc., 1960 Annual Report, December 31, 1960, pp. 12, 17. Among the
electronic packages for aircraft that were manufactured by Douglas were “guidance and control systems,
radar and sonar, as well as devices for testing and checking aircraft and missile electronic systems.”

122 «Fire-Resistant Hydraulic Fluid Made for Plane,” New York Herald Tribune, October 21, 1948, p.
2; Douglas Aircraft Company, Inc., 1949 Annual Report, December 31, 1949, p. 5.

123 Baldwin Locomotive Works, 1949 Annual Report, March 8, 1950, p. 8; Herbert Corey, “Baldwin
Locomotive Steams Up,” Nation’s Business 33, no. 4 (April 1945): 31.

124 Baldwin-Lima-Hamilton Corporation, 1955 Annual Report, March 9, 1956, p. 8.

125 Baldwin Locomotive Works, 1943 Annual Report, December 20, 1944, p. 5; “Contract for McNary
Turbines,” The New York Times, August 5, 1949, p. 24.

126 Baldwin-Lima-Hamilton Corporation, 1950 Annual Report, March 7, 1951, p. 5.

127 Albert J. Churella, From Steam to Diesel: Managerial Customs and Organizational Capabilities in
the Twentieth-Century American Locomotive Industry (Princeton, New Jersey: Princeton University Press,
1998), 112-13.
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continued difficulties in the capital equipment sector” by moving into other fields.?
Baldwin-Lima-Hamilton, for example, began construction in 1955 on a 102,000-square-
foot complex at Waltham, Massachusetts, that consolidated the “engineering,
administration, and manufacturing” operations of its recently created Electronics and
Instrumentation Division, a supplier of industrial testing machines and strain gauges.?®
Due to “many problems arising from the war and the accelerated interest of the
railroads in the development of locomotives,” the American Locomotive Company
(Alco) “substantially enlarged and thoroughly modernized” its Schenectady, New York,
research laboratory in 1944. This facility allowed for the “centralization of...research
and experimentation,” and the “result [was] reflected in the increased diversification of
[the company’s] various products.”**® New heat transfer equipment (pipes, valves, etc.)
was marketed by the Alco Products Division, and a line of diesel-electric locomotives
was designed in conjunction with General Electric.'3! Alco also acquired the Beaumont
Iron Works Company in 1945 to begin manufacturing oil field and drilling machinery.13?
American Locomotive—renamed “Alco Products, Inc.,” in 1955 to reflect its
diversified business operations—even entered the nuclear industry after WW11.133
Company scientists stayed “informed of developments in the atomic power field,” and by

1949, the enterprise was producing equipment with applications in nuclear energy.'34

128 Churella, From Steam to Diesel, 116.

129 Baldwin-Lima-Hamilton Corporation, 1955 Annual Report, March 9, 1956, p. 11.

130 American Locomotive Company, 1944 Annual Report, December 31, 1944, p. 9.

131 See American Locomotive Company annual reports for 1945 (p. 1), 1946 (p. 11), and 1949 (p. 6);
Churella, From Steam to Diesel, 105-07.

132 American Locomotive Company, 1945 Annual Report, March 4, 1946, p. 5.

133 “American Locomotive: Stockholders Vote to Change Name to Alco Products,” The New York
Times, April 20, 1955, p. 53.

134 American Locomotive Company, 1947 Annual Report, March 8, 1948, p. 4; “Atomic Projects Unit
Established by Alco,” The Washington Post and Times Herald, June 4, 1954, p. 42.
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This work culminated in 1956 when Alco Products opened a “criticality” laboratory at
Schenectady where experiments were performed on the materials and components needed
to build large-scale reactors.'

Westinghouse Air Brake Company (WABCO) did not undergo a corporate
name change to reflect its evolving operations, yet it followed a similar strategic path as
the one Alco took after 1941, moving from focused production of railroad brakes and
signals to diversified businesses in high-technology industries. WABCO scientists at the
Wilmerding, Pennsylvania, laboratory developed electro-pneumatic brakes, “Decelostat”
railroad wheel slip protectors, and train communication systems.**® In addition, three
major acquisitions gave WABCO a range of industrial machinery: the Le Roi Company
(maker of air compressors, engines, and pneumatic tools) was bought in 1952, and the
George E. Failing Company (portable drills and drill bits) and R.G. LeTourneau, Inc.
(earthmovers, bulldozers, and rubber-tired tractors), were purchased in 1953.1%7

Even so, Westinghouse Air Brake’s most significant acquisition was that of
Melpar, Inc., in September 1951. Melpar was “engaged chiefly in electronics research
and development for various branches of the Armed Services,” providing WABCO with
the capabilities to manufacture radar and sonar devices, missile components, and guided
missile systems.'3 To enhance these product lines, a “Central Research Laboratory” was
established at Alexandria, Virginia, in 1952.13° Two years later, WABCO constructed a

$4 million, 270,000-square-foot laboratory for Melpar in nearby Falls Church, and this

135 «“Alco Opens Nuclear Laboratory,” The New York Times, September 19, 1956, p. 49.

136 See Westinghouse Air Brake Company annual reports for 1944, 1946, 1947, and 1950 (p. 8).

137 Edward Norworth, “Off the Track: Equipment Makers Shunt Operations into Other Fields,”
Barron’s National Business and Financial Weekly, December 20, 1954, p. 15; See Westinghouse Air Brake
Company annual reports for 1952 (p. 28) and 1953 (p. 4).

138 Westinghouse Air Brake Company, 1951 Annual Report, December 31, 1951, pp. 6-7, 17.

139 Westinghouse Air Brake Company, 1952 Annual Report, March 4, 1953, pp. 7, 18-20.
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subsidiary would design flight simulators, computers, and “data handling equipment” by
the end of the decade.!4°

During WWII, Willys-Overland Motors, Inc., manufactured military vehicles,
shells, and aluminum aircraft parts for the federal government, but most of these
operations were discontinued following the end of hostilities.'*' The one exception was
the highly successful “Universal Jeep”: the firm introduced a Jeep Station Wagon for the
consumer market and expanded its Jeep Truck line in 1946.142 Engineers also developed
innovative components for trucks and passengers cars, including two high-compression
engines (the “Hurricane 4” and “Lightning 6”) that were first sold in 1950.143

With the onset of the Korean War, Willys-Overland formed an Electronics
Division to secure defense contracts, and it moved 100 electronics and mechanical
engineers into a Toledo, Ohio, facility that contained “one of the country’s newest and
best equipped research laboratories.”*** In this lab, R&D was conducted on guided
missiles, flight recorders, and ground radar equipment.'4> Willys, however, was acquired
by Kaiser-Frazer in 1953, and its electronics research facility was eventually placed
under the managerial control of the Kaiser Aircraft and Electronics Corporation.46

The annual reports for Fruehauf Trailer Company make no mention of research

laboratory expansion from 1941 through 1960, but the firm had long maintained

140 «“Melpar Signs for $4 Million Research Lab,” The Washington Post, June 19, 1953, p. 36; Edward
F. Ryan, “Washington Is Wooing the Nation’s Business,” The Washington Post, December 27, 1953, p. B1;
See Westinghouse Air Brake Company annual reports for 1955 (p. 20) and 1956 (p. 18).

141 See Willys-Overland Motors, Inc., annual reports for 1943 and 1945.

142 Willys-Overland Motors, Inc., 1946 Annual Report, September 30, 1946.

143 Willys-Overland Motors, Inc., 1950 Annual Report, December 21, 1950, p. 5.

144 «“New Electronics Unit: Willys-Overland Opens Division, Gets Two Defense Contracts,” The New
York Times, June 1, 1951, p. 34; See Willys-Overland Motors, Inc., annual reports for 1951 (p. 22) and
1952 (p. 22).

145 Willys-Overland Motors, Inc., 1952 Annual Report, December 15, 1952, p. 19.

146 “Willys Subsidiary Set Up,” The New York Times, August 10, 1955, p. 37.
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Table 5-76a: Product Diversification, 1941-1960, for Manufacturers of

Transportation Equipment

Company

Diversification of Product
Lines in Existing Industry
Groups after 1941 (SIC

Diversification into
New Industry Groups
after 1941 (SIC Codes)

Codes)

General Motors Corp. 363, 371, 374 366, 372, 376
Ford Motor Co. 352,371 366, 372, 376
Chrysler Corp. 351, 356, 358 289, 376, 379

Pullman, Inc. 374 282, 369, 371, 372, 376
American Cgroand Foundry 371, 374 366. 367, 382
: . 282, 349, 355, 356, 366,
Curtiss-Wright Corp. 372 371, 376. 386
Nash-Kelvinator Corp. 363, 371 None

Borg-Warner Corp.

331, 352, 356, 371

282, 286, 326, 343, 353,
354, 358, 363, 372, 382

General American

. 344, 374 307, 335, 345, 355, 371
Transportation Corp.
United Aircraft Corp. 372 344, 366, 376
Studebaker Corp. 371 372, 376
Boeing Airplane Co. 372 366, 367, 376
Kaiser-Frazer Corp. 371 366, 367, 372
Bendix Aviation Corp. 366, 3714, 372, 382 367, 376
Electric Auto-Lite Co. 369, 371 372
North Amelr:](z:an Aviation, 372 344. 366, 367, 376
Budd Co. 371, 374 281, 307, 329, 366, 372,
382
Hudson Motor Car Co. None None
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Table 5-76b: Product Diversification, 1941-1960, for Manufacturers of
Transportation Equipment (Continued)

Company

Diversification of Product
Lines in Existing Industry
Groups after 1941 (SIC

Diversification into
New Industry Groups
after 1941 (SIC Codes)

Codes)

Packard Motor Car Co. 371 372, 376
Douglas Aircraft Co., Inc. 372 286, 366, 367, 376
Baldwin Locomotive 332, 351, 374 353, 354, 382

Works
American Locomotive Co. 351, 374 344, 349, 353
Westinghouse Air Brake 353, 356, 357, 366, 367,
374
Co. 376
Wlllys-Ov?;lémd Motors, 371 366. 367, 376
Fruehauf Trailer Co. 3715, 379 None
Briggs Manufacturing Co. 343 285, 326, 344
Lockheed Aircraft Corp. 372 344, 366, 367, 376
Mack Trucks, Inc. 371 366, 367, 382
Dana Corp. 371 372

engineering facilities in Detroit.24” While it did not enhance its technical and functional

capabilities with additional laboratory space, Fruehauf diversified its existing lines of

trailers, chassis, and suspensions. The company’s engineers introduced the “Gravity

Tandem” suspension in 1947, employing a springing system that had only been used in

European racing cars.'*® After WWII, Fruehauf incorporated new materials into its

147 Fruehauf Trailer Company, 1949 Annual Report, March 30, 1950, p. 16. It appears that most of
Fruehauf’s engineering work was performed at its manufacturing plants and on the production line, rather
than in specifically designated laboratory space.

148 Fruehauf Trailer Company, 1953 Annual Report, March 5, 1954, p. 11.
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trailers (such as aluminum and plastic), and by the late 1950s, it even established a
Missile Products Division that handled all defense contracts and developed missile
trailers, mobile jet launchers, and military vehicles for the armed forces.'4°

Briggs Manufacturing Company was also involved in defense production
during WWI1 and the Korean War, converting plant space at the onset of both conflicts
for the manufacture of airplane parts and gun turrets.*>® In 1954, though, the firm sold its
aircraft and automotive parts operations to Chrysler, focusing instead on diversifying its
selections of plumbing ware and bathroom fixtures.'>! Additionally, Briggs expanded
into household paints, enamels, brass fittings, and vitreous china.’®> Some of these new
product lines originated with the acquisitions of three enterprises between 1944 and 1947:
the John Douglas Company (maker of vitreous china sanitary ware), Republic Brass
Company (brass fixtures and plumbing fittings), and Abingdon Potteries, Inc. (vitreous
chinaware).'> Despite its diversification efforts, Briggs’ annual reports make no specific
mention of laboratory construction from 1941 through 1960, only acknowledging that its
Outer Drive and Conner Avenue plants maintained on-site engineering facilities.t>*

Lockheed Aircraft Corporation, on the other hand, broke ground in 1950 on a

five-story, 165,000-square-foot “engineering building” at Burbank, California.>®

149 See Fruehauf Trailer Company annual reports for 1955 (p. 5), 1957 (p. 4), and 1961 (p. 10).
Fruehauf acquired Strick Plastic Corporation in 1956, which gave the parent company access to the
manufacturing facilities and technical knowhow needed to incorporate plastics into its trailer production.

130 Briggs Manufacturing Company, 1941 Annual Report, April 10, 1942.

151 Briggs Manufacturing Company, 1953 Annual Report, September 27, 1954, p. 1.

152 See Briggs Manufacturing Company annual reports for 1945 (p. 9) and 1956 (pp. 5-8); “Briggs
Enters Paint Field,” The New York Times, February 1, 1948, p. F7.

153 Briggs Manufacturing Company, 1953 Annual Report, September 27, 1954, p. 2.

154 Briggs Manufacturing Company, 1946 Annual Report, April 10, 1947, pp. 17-18. This report notes
that the Outer Drive plant (built during the war by the federal government) contained “new design and
research laboratories.” However, no details are given as to how large the laboratories were, whether they
were segregated from the plant’s manufacturing operations, and when they were constructed.

155 |ockheed Aircraft Corporation, 1950 Annual Report, March 12, 1951, p. 7. By 1951, Lockheed
had also completed a $400,000 electronics laboratory and testing building in Burbank.
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Completed a year later at a cost of $2.4 million, the Burbank facility “[brought] together
many engineering activities” that were scattered among the company’s manufacturing
plants.t>® To facilitate research into jet propulsion, Lockheed announced plans in 1952 to
build a wind tunnel and “turbo engine testing laboratory” for its California Division, and
within a year, it enlarged the “engineering test laboratory” at Marietta, Georgia.*’

Lockheed’s research facility expansion during the 1950s complemented its
diversification into guided missile, nuclear energy, electronics, and aerospace production.
For example, ground was broken in 1955 on a $4 million laboratory at Van Nuys,
California, for the Missile Systems Division, which also built a research unit near
Stanford University the following year.'%® By 1958, Lockheed had formed an operating
branch (Georgia Nuclear Laboratories) to design and manufacture reactors in $7.5 million
facilities at Marietta.*>® Newly acquired Stavid Engineering (a developer of radar, flight
simulators, and aviation equipment) was reorganized in 1959 as the Lockheed Electronics
Company, and that same year, Lockheed initiated a five-year program to build a multi-
unit, aerospace research center in Saugus, California.®°

Although its R&D facilities were not as extensive as Lockheed’s, Mack Trucks,
Inc., still operated laboratories at each of its three principal manufacturing plants after

WWII: Allentown, Pennsylvania, and Plainfield and New Brunswick, New Jersey. In

156 |_ockheed Aircraft Corporation, 1951 Annual Report, March 24, 1952, p. 11.

157 See Lockheed Aircraft Corporation annual reports for 1944 (p. 2) and 1953 (pp. 11-12).

158 “Ground Broken for New Lockheed Missile Lab,” Los Angeles Times, January 11, 1955, p. 12;
Lockheed Aircraft Corporation, 1956 Annual Report, March 27, 1957, p. 6.

159 «“Lockheed to Build: Georgia Laboratory Building, Offices to Cost $7,500,000,” The New York
Times, March 31, 1956; “Lockheed Forms Unit to Make Nuclear Reactors,” The New York Times, April 23,
1958, p. 49.

160 | ockheed Aircraft Corporation, 1959 Annual Report, March 28, 1960, pp. 12-13; “Plan Set for Big
Research Center,” Los Angeles Times, June 7, 1959, p. F1; “New Research Unit to Open at Saugus,” L0S
Angeles Times, August 5, 1962, p. M12.
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1947, the company established a laboratory at the Plainfield site that was “equipped with
the most modern research and testing instruments available.”'®! The engineers who
worked at this facility developed the components and exterior designs for its annual
models of commercial trucks, off-highway vehicles, buses, and fire engines.%?

Mack made several targeted acquisitions to further extend its operations into other
markets. First, the company bought White Industries, Inc., and Radio Sonic Corporation
(makers of “electronics for acronautical, industrial, and military application”) in 1955.163
With the added capabilities from these two firms and a new ““unit for basic electronics
research” in Boston, Mack was able to manufacture components for guided missiles,
radar, automatic pilots, and precision measuring equipment.'%4 One year after it
purchased White Industries and Radio Sonic, Mack diversified into intercity bus
production by acquiring C.D. Beck & Company.*®®> The increasing technological
demands on Mack led the firm to move its Plainfield plant to Hagerstown, Maryland,
where engineering facilities were established in 1962.166

Three years earlier, Dana Corporation opened “entirely new engineering
facilities...and a completely reequipped chemical laboratory” for its Parish Pressed Steel
Division at Reading, Pennsylvania. The company made several other major R&D

investments in 1959, constructing “new testing and chemical laboratory facilities” for its

161 Mack Trucks, Inc., 1947 Annual Report, March 11, 1948, pp. 13, 20. By the time that the
company’s 1955 annual report (p. 31) was published, the Plainfield laboratory was referred to as the “Mack
Research Center.”

162 See Mack Trucks, Inc., annual reports for 1950 (p. 5) and 1952 (p. 6); “Mack to Unveil New Truck
Models,” The Chicago Defender, January 3, 1959, p. 4.

163 Mack Trucks, Inc., 1954 Annual Report, March 15, 1955, p. 7.

164 Mack Trucks, Inc., 1956 Annual Report, February 27, 1957, p. 30; “Mack Trucks Buys 2 Other
Concerns,” The New York Times, February 11, 1955, p. 36.

165 “Mack Enters Big Bus Field, Buys Beck,” New York Herald Tribune, September 12, 1956, p. 26.

186 Carroll E. Williams, “Mack Trucks to Build in Hagerstown,” The Baltimore Sun, June 24, 1960, p.
29; “Changes Made in Hagerstown Truck Facility,” The Baltimore Sun, November 26, 1961, p. 34.
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nearby Pottstown Plant and a laboratory “for testing axles and Powr-Lok differentials™ in
Fort Wayne, Indiana.'®” These differentials had been introduced by 1956 in an ongoing
effort to diversify Dana’s line of automotive and truck parts: the firm began to
manufacture passenger car frames in 1946, “Synchro-Verter” automatic transmissions for
heavy trucks in the 1950s, and power take-offs following the 1958 acquisition of Chelsea
Products, Inc.68 In addition, Dana continued to produce aircraft components, such as
“precision gears and shafts,” at a Fort Wayne plant even after demobilization.®°

By taking advantage of opportunities in the rapidly growing aircraft industry,
Dana’s approach to the postwar economic environment was similar to the other twenty-
eight manufacturers of transportation equipment among the 200 largest U.S. industrial
corporations in 1948. Of these twenty-nine firms, twenty-three either expanded their
existing production of aircraft and related components (including missiles, radar and
navigation systems, and ground support vehicles) or moved into this field from 1941
through 1960. Aircraft, railroad, and automotive companies developed capabilities
through internal R&D or the acquisition of subsidiaries, allowing for participation in
high-technology sectors of the economy and “Big Science” government projects. AS a
result, fifteen of the enterprises assessed in this subsection designed electronics and
related systems, while eight companies either built or operated nuclear reactors.

This diversification into high-tech industries was also enabled by the construction

of research facilities. Of the twenty-nine manufacturers of transportation equipment

167 Dana Corporation, 1959 Annual Report, November 12, 1959, p. 11.

168 «“News and Views of Investments: Dana’s 1950 Earnings May Equal Last Year’s,” Barron’s
National Business and Financial Weekly, June 12, 1950, p. 17; Dana Corporation, The Story of the Dana
Corporation (Toledo, Ohio: 2004), 65-76.

169 Dana Corporation, 1954 Annual Report, November 29, 1954,
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among the 200 largest U.S. industrial corporations in 1948, all but three (Electric Auto-
Lite, Fruehauf Trailer, and Briggs Manufacturing) built new or expanded existing
laboratories during the 1940s and 50s. In the aircraft industry, R&D investments were
considerable: six of the seven firms assessed in this subsection increased their total
research personnel by over 1,000% from 1940 to 1960, with the only exception being
Bendix Aviation (which still enlarged its R&D staff by 875%). Five of these seven
aircraft companies employed more than 2,000 technical and non-technical personnel by
1960.

The hiring of technical employees among railcar and locomotive manufacturers
was more modest: four of these six enterprises increased their staffs by over 500% from
1940 to 1960, but only two enlisted more than 300 researchers at the end of this period.
For automakers, there were stark differences between the Big Three and the independents
with regards to investment in R&D. GM, Ford, and Chrysler all maintained massive,
multi-unit research complexes, as well as research staffs in excess of 5,000 individuals.
Conversely, only one other manufacturer of automobiles and related parts (Borg-Warner)
among the 200 largest industrial corporations in 1948 employed more than 400 research
personnel by 1960.17° The Big Three’s economies of scale and scope were manifested in
large-scale R&D expenditures that gave these corporations a foothold in the high-
technology industries (aerospace, electronics and nuclear energy) heavily populated by

manufacturers of transportation equipment.

170 1t should be noted that there were sixteen automakers and producers of automobile parts among the
twenty-nine firms in the “Transportation Equipment” SIC major group assessed in this subsection. Six of
these automotive companies were either out of business by 1960 or did not submit information about their
research personnel to that year’s NRC directory.
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Chapter 6: The Very Structure of Our Society
“This conjunction of an immense military establishment and a large arms industry is new
in the American experience. The total influence—economic, political, even spiritual—is
felt in every city, every State house, every office of the Federal government. We
recognize the imperative need for this development. Yet we must not fail to comprehend
its grave implications. Our toil, resources and livelihood are all involved; so is the very
structure of our society.”
-Dwight D. Eisenhower, “Farewell Address,” January 17, 1961
“The decision to reject one paradigm is always simultaneously the decision to accept
another, and the judgment leading to that decision involves the comparison of both
paradigms with nature and with each other.”
-Thomas S. Kuhn, The Structure of Scientific Revolutions, p. 77

6.1 The Scale and Scope of Post-WWII Industrial Research

In their recent overview of trends in business history, Philip Scranton and Patrick
Fridenson suggest that as the field continues to emerge from the dominant Chandlerian
synthesis, scholars should “embrace the diversity of perspectives and prospects now
surfacing” instead of “seeking a new anchor point for the discipline.”* This dissertation
does not profess to establish a new “interpretive framework,” but instead complements
Alfred Chandler’s study of large-scale U.S. manufacturers by identifying patterns in how
and why these firms conducted R&D from 1941 through 1960. As the comparative study
of 200 industrial corporations in Chapters 5 and 6 moves towards a synthesis of postwar
industrial research, it does so with the acknowledgement that firms operated within the
contours of a business environment where managerial capitalism had been well-

established since WWI.2 Countless managers, scientists, and engineers at corporate

laboratories across the country made strategic decisions that produced technological

! Philip Scranton and Patrick Fridenson, Reimagining Business History (Baltimore: The Johns Hopkins
University Press, 2013), 34.

2 Alfred D. Chandler, Jr., “The Emergence of Managerial Capitalism,” Business History Review 58, no.
4 (Winter 1984): 495.
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innovations and fundamentally altered how American R&D was conducted. This
paradigm shift in industrial research was not a singular event, but was the result of a
bottom-up, evolutionary process that took place over a generation, as some companies
responded more quickly than others to the competitive pressures that arose from
mobilization and the post-WWII political economy.

Therefore, attempting to identify a singular approach to postwar industrial
research—one that was adopted by most, if not all, large corporations—is futile. Even
among competitors in the same industry, there was some variance as to when firms
constructed new laboratories, what purpose these facilities served (i.e., were they
specialized or general units?), and what types of products were studied by company
scientists. Such diversity in the implementation of research strategies, however, gave rise
to a dynamic economy, one in which R&D resources were devoted to growth sectors like
aviation, electronics, and chemicals. A comparative study of these diverse strategies
allows conclusions to be drawn about the scale and scope of postwar R&D, while
avoiding the pitfall of technological determinism that critics of Chandler have levied
against some of his work.2 Innovation was not inevitable, but resulted from the strategic
organization and administration of resources for research facilities, laboratory equipment,
and the technical personnel whose discoveries led to the introduction of new products and

processes.

3 Thomas P. Hughes, American Genesis: A Century of Invention and Technological Enthusiasm, 1870-
1970 (New York: Penguin Books, 1989), 5.
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6.1.1 Research Facility Expansion, 1941-1960

Surveying the frequency of research facility construction is not a perfect method
by which to determine if corporate managers after 1941 adopted a new R&D strategy or
oversaw the restructuring of research departments, just as B.F Goodrich did after the
initiation of the synthetic rubber program. However, laboratories—including those at
Goodrich’s Brecksville research center—were where organizational learning took place
and technical and functional capabilities were enhanced. Such learning was a gradual
process, requiring significant capital expenditures on plant (laboratories) and personnel
(the scientists and engineers to staff them). In a sense, research facilities, much like the
government-funded defense plants during WWII, were actual “military-industrial
complexes,” physical buildings where products and processes were developed to fulfill
defense contracts or serve as a hedge against an evolving competitive environment.

Of the 200 largest U.S. industrial manufacturers in 1948, 186 (93%) constructed
or acquired new research facilities for their scientists and engineers from 1941 through
1960 (see Table 6-1).# The scale and scope of post-WWII R&D investment suggests that
a paradigm shift occurred in not only how companies valued research, but also the extent
to which they made investments in laboratory workspace to improve their capabilities.
Nearly every large manufacturer determined that, although it may have enjoyed
economies of scale and scope in its respective industry, its existing research facilities

were inadequate to meet the competitive demands of the postwar economy.®

4 Among these 186 firms, a total of 14 first expanded their research facilities after 1941 by acquiring
laboratories through the purchase of a subsidiary company, while two manufacturers (American Viscose
and Sharon Steel) increased their R&D workspace through a joint venture. Many more of the 200 largest
industrial corporations in 1948 diversified their product lines through targeted acquisitions.

5 Even in industries not known for technological innovation (primary metals, tobacco, and food
products), over 90% of the largest firms built new laboratories.
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Table 6-1: Research Facility Expansion, 1941-1960, by SIC Major Group

SIC Major Group | Members that | Members that | Members that Total
an ota Irst Irst Irst empers
(and Total Fi Fi Fi Memb
Members among Expanded Expanded Expanded that
200 Largest Firms | Facilities from | Facilities from | Facilities from | Expanded
in 1948) 1941 to 1948~ | 1949 to 1954~ | 1955 to 1960~ | Facilities
Chemicals and
Allied Products 13 (57%) 5 (22%) 3 (13%) 21 (91%)
(23)
Electrical and
Electronic 6 (86%) 0 (0%) 1 (14%) 7 (100%)
Machinery (7)
Fag;:f daljifs'\(’ée)ta' 1(17%) 3 (50%) 2 (33%) 6 (100%)
Fogfogﬂgtgzggged 10 (37%) 12 (44%) 4 (15%) 26 (96%)
Ma;?éﬂfr% éé‘):ept 10 (43%) 3 (13%) 9 (39%) 22 (96%)
Palf,’f(; dalj‘&sA(g;ed 4 (67%) 1 (17%) 1(17%) 6 (100%)
Petg’rﬁﬁtzggoa' 14 (64%) 2 (9%) 5 (23%) 21 (95%)
P”mags';"eta's 4 (17%) 11 (48%) 7 (30%) 22 (96%)
Rubber and
Miscellaneous 5 (100%) 0 (0%) 0 (0%) 5 (100%)
Plastics (5)
Gﬁ;‘;@%ggﬁﬁg?‘é) 2 (33%) 3 (50%) 1(17%) | 6(100%)
gf?éﬂitﬂgi 2 (25%) 3 (38%) 0 (0%) 5 (63%)
Mam}‘;gﬁffiﬁg 6 | 1@ 2 (40%) 2(40%) | 5(100%)
g(;j:‘srﬁ’]‘;"rf‘t’“(';’g) 15 (52%) 8 (28%) 3 (10%) 26 (90%)
g;ggm;gg 3 (30%) 2 (20%) 3 (30%) 8 (80%)
Totals (200) 90 (45%) 55 (28%) 41 (21%) | 186 (93%)

A The totals in these three columns refer to when ground was broken on new laboratories or when the
expansion of existing research facilities began. For facilities in which a groundbreaking date is
unavailable, the “official opening” date is used.

B The remaining SIC Major Groups included in this category are Furniture and Fixtures, Instruments and
Related Products, Leather and Leather Products, Lumber and Wood Products, Miscellaneous
Manufacturing Industries, and Printing and Publishing.
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By 1948, 90 of the 200 companies (45%) surveyed in Chapter 5 had either broken
ground on or constructed a new research facility since U.S. entry into WWII, suggesting
that the structure of postwar industrial research was informed by the decisions of
corporate managers made in immediate response to the opportunities and uncertainties of
mobilization and reconversion.® Laboratory construction initiated soon after the war was
notable for two reasons (See Figure 6-1). First, such projects were expensive due to both
high inflation rates that lasted through 1948 and the shortage of labor and building
materials as the country returned to peacetime production. Second, federal expenditures
on R&D declined from a peak of $1.59 billion in 1945 to $855 million in 1948 (see Table
6-2). Despite this decrease in federal investment, industrial manufacturers pressed on
with their research facility expansion plans, building laboratories to secure competitive
advantages in emerging industrial sectors like aviation, chemicals, and nuclear energy.

After the initial wave of large industrial manufacturers built labs from 1941
through 1948, a second group of firms increased their available R&D workspace over the
next seven years while the nation dealt with the challenges of Korean War mobilization.
Of the 200 corporations assessed in Chapter 5, 55 (28%) broke ground on or constructed
their first new research facilities after 1941 during the period from 1949 to 1954. The
final wave of laboratory construction began in 1955, as both the federal government and
industry significantly increased their R&D spending (see Table 6-3).” From 1955 to

Eisenhower’s January 1961 farewell address, another 41 (21%) of the 200 largest

6 A 1952 survey of industrial research expenditures undertaken by Barron’s found that between 1940
and 1950, the “number of companies maintaining research laboratories increased from 2,264 to 2,845.” In
addition, the “number of workers employed in these laboratories rose from 70,000 to 165,000.” See Joseph
V. Sherman, “Multiplying Dollars: Increasing Research Expenditures Insure Future Industrial Growth,”
Barron’s National Business and Financial Weekly, June 30, 1952, p. 13.

" The total funds from the federal government used for R&D increased 38.5% ($3.5 to $4.8 billion)
from 1955 to 1956, while funds from industry increased 32.7% ($2.5 to $3.3 billion) that same year.
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Figure 6-1: Post-WW!1I Research Facility Expansion by Year for the 200
Largest Manufacturers in 1948
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Note: The totals for each year refer to when ground was broken on new laboratories by the 200
largest manufacturers in 1948 or when the expansion of their existing facilities began. For facilities
in which a groundbreaking date is unavailable, the "official opening" date is used.

manufacturers from 1948 broke ground on or built their first new research facilities since
1941.

Industrial laboratories were not the only facilities where research was conducted.
B.F. Goodrich opened a small laboratory for biochemical studies at the Boyce Institute
for Plant Research at Yonkers, New York, in 1944, although this unit mostly focused on

issues of basic science.® In its 1950 annual report, Koppers Company noted that “literally

8 W.L. Semon, “Pioneering Research Department Progress Digest for March, 1944,” April 10, 1944, p.
5, in B.F. Goodrich Progress Digests, 1944, Bounded VVolumes, Series VII: Research and Development,
B.F. Goodrich Company Records 1868-1990, Archival Services, University Libraries, The University of
Akron, Akron, Ohio (hereafter cited as BFGCR).
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Table 6-2: Federal Expenditures for Research, Development, and R&D Plant,
1940-1952 (Dollar Amounts in Millions)?

Federal Expenditures Federal R&D
Year Total Federgl Budget for Research, Expenditures as
Expenditures Development, and Percent of Total
R&D Plant Budget
1940 $9055 $74 0.8%
1941 13255 196 1.5
1942 34037 280 0.8
1943 79368 602 0.8
1944 94986 1377 1.4
1945 98303 1591 1.6
1946 60326 018 1.5
1947 38923 900 2.3
1948 32955 855 2.6
1949 39474 1082 2.7
1950 39544 1083 2.7
1951 43970 1301 3.0
1952 65303 1816 2.8

hundreds of...research projects are carried on at various locations” besides its own
corporate labs, including the Mellon Institute of Industrial Research in Pittsburgh.*®
Farm machinery manufacturers like Deere & Company and J.l. Case made use of the
Nebraska Tractor Test Laboratory at the University of Nebraska in Lincoln, while other
companies (e.g., Kennecott Copper) established pilot plants at the Battelle Memorial

Institute in Columbus, Ohio.1!

% National Science Foundation, NSF Publication 66-25, Federal Funds for Research, Development,
and Other Scientific Activities: Fiscal Years 1965, 1966, and 1967 (Washington, D.C.: U.S. Government
Printing Office, 1966), 4, 149-50.

10 Koppers Company, 1950 Annual Report, January 29, 1951, p. 22.

11 C.H. Wendel, 150 Years of J.1. Case (Sarasota, Florida: Crestline Publishing, 1991), 320; Kennecott
Copper Corporation, 1953 Annual Report, March 17, 1954, p. 12.
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These public, nonprofit, and university laboratories expanded their facilities and
operations after WWII, but their growth paled in comparison to that of industrial research
complexes. By 1956, 79% of all R&D funds (from both federal and corporate sources) in
the U.S. were spent on research projects completed in industrial laboratories (see Table 6-
4).12 However, some firms still did not modernize their research facilities from 1941
through 1960, even though many of their competitors were making significant R&D
investments in an evolving economy that rewarded such a strategy. Among the largest
textile manufacturers, American Woolen, Cannon Mills, and Pacific Mills failed to build
laboratories in the 1940s or 50s, and all three companies fell on hard times or were
bought out by larger enterprises.’®* Shoemaker Endicott Johnson did not increase its
available R&D workspace after WWII, and by 1960, the firm “announced a loss of one
and a-half million dollars, the first loss in its history.”** Similarly, Electric Auto-Lite
neglected to complement its diversification efforts with the construction of new
laboratories where technical and functional capabilities might be enhanced, and the auto
parts manufacturer was forced to sell a part of its business to Ford in 1961 and the
remainder to Mergenthaler Linotype one year later.

A handful of outliers, though, were still able to remain competitive in the

marketplace without expanding their research facilities from 1941 through 1960. Coca-

12 The overall percentage of research funds used by industry (compared to the federal government and
other institutions) slowly declined from a peak of 79.1% in 1957, but industrial research was still by far the
most prevalent type of R&D being conducted in the U.S. throughout the decade.

13 American Woolen, for example, was acquired by Textron in February 1955. While American
Woolen had not pursued extensive product diversification after WWII, Textron (which was on its way to
becoming a major conglomerate) sought “stability through diversification” and moved into non-textile
fields like electronics and aviation as a “hedge on depression.” See “Textron Expands into Non-Textiles,”
The New York Times, March 26, 1954, p. 35; Textron, Inc., 1956 Annual Report, February 26, 1957.

14 Endicott Johnson, 1962 Annual Report, January 30, 1963; Eli G. White, The Awakening of a
Company: The Story of Endicott Johnson Corporation (New York: The Newcomen Society in North
America, 1967), 12.
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Table 6-3: Sources of Funds Used for R&D by Sector, 1953-1962 (Dollar Amounts

in Millions)*®

Institutions Funds
1953 | $2753 (53.7%) | $2245 (43.8%) | $72(1.4%) | $54 (1.1%) $5124
1954 | 3132 (55.5%) | 2373 (42.0%) | 80(1.4%) | 59 (1.0%) 5644
1955 | 3502 (56.7%) | 2520 (40.8%) | 88(1.1%) | 62 (1.0%) 6172
1956 | 4852 (58.0%) | 3343 (40.0%) 96 (1.1%) 72 (0.9%) 8363
1957 | 6110 (62.5%) | 3467 (35.5%) | 109 (1.1%) | 89 (0.9%) 9775
1958 | 6779 (63.3%) | 3707 (34.6%) | 121 (1.1%) | 104 (1.0%) | 10711
1959 | 8046 (65.1%) | 4064 (32.9%) | 134 (1.1%) | 114 (0.9%) | 12358
1960 | 8738 (64.6%) | 4516 (33.4%) | 149 (1.1%) | 120(0.9%) | 13523
1961 | 9250 (64.6%) | 4757 (33.2%) | 165 (1.2%) | 144 (1.0%) | 14316
1962 | 9911 (64.4%) | 5123 (33.3%) | 185(1.2%) | 175(1.1%) | 15394

Cola navigated the postwar paradigm shift in industrial research with brand recognition:
even though it faced higher material costs and “restrictions on manpower, ingredients,
and equipment” during WWII, the firm did not hedge against economic uncertainty with
new laboratories and product diversification, choosing instead to focus on quality control
and increased manufacturing capacity following reconversion.'® Ingersoll-Rand also
concentrated on core product lines where it already possessed sufficient capabilities, and

as a result, it waited until 1962 to build a research complex. U.S. Smelting, Refining &

15 National Science Foundation, NSF Publication 77-310, National Patterns of R&D Resources: Funds
and Manpower in the United States, 1953-1976 (Washington, D.C.: U.S. Government Printing Office,
1977), iii, 68-69. The data in the table above is “based primarily on a series of National Science
Foundation surveys on R&D resources in the United States” that were “conducted on an annual or biennial
basis.” In addition, the percentages in the table above have been rounded to the nearest tenth.

16 See Coca-Cola Company annual reports for 1944, 1945, and 1948.
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Table 6-4: Total Funds Used for R&D by Sector, 1953-1962 (Dollar Amounts in

Millions)'’

Federal Industr Other
Government y Institutions® | Total
Year Total Funds If’e%lél;(zﬁs of Funds Total Funds | Total Funds FRu%c[i)s

Used Industry Used Used

Gov.

1953 | $1010 (19.7%) | $1430 $2200 | $3630 (70.8%) | $484 (9.4%) | $5124
1954 | 1020 (18.1%) 1750 2320 4070 (72.1%) 554 (9.8%) 5644
1955 | 905 (14.7%) 2180 2460 4640 (75.2%) | 627 (10.2%) 6172
1956 | 1040 (12.4%) 3328 3277 6605 (79.0%) 718 (8.6%) 8363
1957 | 1220 (12.5%) 4335 3396 7731 (79.1%) 824 (8.4%) 9775
1958 | 1374 (12.8%) 4759 3630 8389 (78.3%) 948 (8.9%) 10711
1959 | 1640 (13.3%) 5635 3983 9618 (77.8%) | 1100 (8.9%) | 12358
1960 | 1726 (12.8%) 6081 4428 10509 (77.7%) | 1288 (9.5%) | 13523
1961 | 1874 (13.1%) 6240 4668 10908 (76.2%) | 1534 (10.7%) | 14316
1962 | 2098 (13.6%) 6435 5029 11464 (74.5%) | 1832 (11.9%) | 15394

A The institutions included in this category are universities, nonprofits, and Federally Funded Research
and Development Centers (FFRDC). These institutions also received R&D funds from the federal

government and industry.

Mining failed to construct a lab or diversify its operations in the two decades after WWII,

but it benefitted from “active participation” in two manufacturers’ associations

(American Zinc Institute and Lead Industries Association) that performed “research and

promotional work” for their members.*8

Despite these outlying firms that still remained competitive without expanding

their research facilities, long-term success in the evolving postwar political economy

17 National Science Foundation, NSF 77-310, National Patterns of R&D Resources, 52-53.
Percentages in the table above have been rounded to the nearest tenth.
18 United States Smelting, Refining & Mining Company, 1959 Annual Report, March 9, 1960, p. 7.
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required modernized laboratory workspace where organizational learning could occur
and capabilities could be enhanced. Accordingly, one potential problem with this
dissertation’s focus on research facilities in its comparative study of B.F. Goodrich and
other large industrial manufacturers is that it risks providing the reader with an
incomplete idea of how innovation occurs in a modern enterprise. Ashish Arora and
Nathan Rosenberg note that “innovation [is] not simply a matter of research” conducted
in a sterile laboratory, as the development of products and processes demands “active
cooperation and feedback from [downstream] users” and “the managerial ability to
organize and manage” results in the lab with evidence in the field.*® On the other hand,
the initial step in the process of innovation (i.e., laboratory research) requires physical
facilities where scientists and engineers can work. Identifying companies that devoted
resources to the construction of new (or the expansion of existing) R&D facilities, as well
as those that pursued a product diversification strategy, is a way to recognize which firms
believed that innovation was the best response to the competitive and regulatory
pressures of mobilization and the postwar economy. More importantly, facility
expansion is, much like the hiring of technical personnel and the diversification of
product lines, a strategic initiative identifiable in annual reports, newspaper articles,

National Research Council directories, and company histories.

19 Ashish Arora and Nathan Rosenberg, “Chemicals: A U.S. Success Story,” in Chemicals and Long-
Term Economic Growth: Insights from the Chemical Industry, eds. Ashish Arora, Ralph Landau, and
Nathan Rosenberg (New York: John Wiley & Sons, Inc., 1998), 86-87.
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6.1.2 The Hiring of Research Facility Personnel, 1940-1960

To operate their new research facilities, corporations hired thousands of scientists
and engineers in the two decades after WWII, creating huge armies tasked with
improving processes and developing product lines. According to the National Research
Council directories of industrial laboratories, the 200 largest U.S. manufacturers in 1948
expanded their total research personnel from at least 41,447 in 1940 to 221,013 in 1960,
an increase of 437% (see Table 6-5). The SIC major groups that hired the most
researchers were “Transportation Equipment,” “Electrical and Electronic Machinery,”
“Chemicals and Allied Products,” and “Machinery (Except Electric).”

These SIC groups contained firms that operated in economic growth sectors like
aviation, aerospace, computers, electronics, and plastics. IBM (which enlarged its
research personnel by 48,505% from 1940 to 1960), North American Aviation
(14,131%), Douglas Aircraft (13,671%), Sperry Rand (12,908%), and Lockheed
(10,827%) met the technological and chemical demands of their respective product lines
with at least a hundredfold increase of their technical staffs.?® While these five
companies oversaw the largest hike in their R&D personnel by percentage, General
Motors (13,681), Western Electric (12,454), and RCA (12,066) employed the most
researchers in their laboratories.?* Even industries not known for their technological
complexity (tobacco, textiles, glass products, etc.) hired an enormous number of science

and engineering professionals to work in newly modernized laboratories.

20 According to Table 6-6, these five firms were among twenty-five manufacturers assessed in Chapter
5 that increased their total research personnel by over 1,000% from 1940 to 1960. Not surprisingly, nine of
the twenty-five companies were in the “Transportation Equipment” SIC major group, as aviation and
aerospace R&D required huge technical staffs.

2L Figures for individual companies can be found in the “Research Facility Personnel, 1940-1960”
tables in Chapter 5.
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Table 6-5: Research Facility Personnel, 1940-1960, by SIC Major Group

. Total Total . Percent
SIC Major Group Increase in .
Research Research Increase in
(and Total Total
Personnel Personnel Total
Members among Personnel
Employed by | Employed by Personnel
200 Largest . . from 1940 to
; . Members in Members in from 1940 to
Firms in 1948) 19404 19604 1960 1960
Chemicals and
Allied Products 7614 31693 24079 316%
(23)
Electrical and
Electronic 9269 50318 41049 443%
Machinery (7)
Fabricated Metal 0
Products (6) 589 2810 2221 377%
Food and Kindred 0
Products (27) 1556 5765 4209 271%
Machinery, Except 0
Electric (23) 3300 32792 29492 894%
Paper and Allied 0
Products (6) 212 1214 1002 473%
Petroleum and 0
Coal Products (22) 6550 19044 12494 191%
P”mags';"eta's 2464 5141 2677 109%
Rubber and
Miscellaneous 1683 9847 8164 485%
Plastics (5)
Stone, Clay, and 0
Glass Products (6) 695 4614 3919 564%
Textile Mill 0
Products (8) 141 1221 1080 766%
Tobacco 0
Manufacturing (5) 54 701 647 1198%
Transportation 0
Equipment (29) 6362 53506 47144 741%
Other Major 0
Groups (10)° 658 2347 1689 257%
Totals (200) 41147 221013 179866 437%

A Totals are tabulated from data in the “Research Facility Personnel, 1940-1960” tables in Chapter 5,
which themselves rely on information in the National Research Council directories of industrial
laboratories from 1940, 1946, 1950, 1956, and 1960.

B The remaining SIC Major Groups included in this category are Furniture and Fixtures, Instruments and
Related Products, Leather and Leather Products, Lumber and Wood Products, Miscellaneous
Manufacturing Industries, and Printing and Publishing.
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Table 6-6: Research Facility Personnel, 1940-1960, by SIC Major Group Members

Members | Members that | Members that | Members that
SIC Major Group | for which Increased Increased Increased
(and Total NRC Data Research Research Research
Members among from 1940 | Personnel by | Personnel by | Personnel by
200 Largest Firms | and 1960 More than More than More than
in 1948) IS 100% from 500% from 1000% from
Availabler | 1940t0 1960 | 1940 to 1960 | 1940 to 1960
Chemicals and
Allied Products (23) 18 15 6 2
Electrical and
Electronic 7 6 4 4
Machinery (7)
Fabricated Metal
Products (6) 6 4 3 1
Food and Kindred
Products (27) 22 14 3 1
Machinery, Except
Electric (23) 15 1 J 6
Paper and Allied
Products (6) 4 3 2 0
Petroleum and Coal
Products (22) 17 12 1 0
Primary Metals (23) 17 11 1 0
Rubber and
Miscellaneous 4 4 2 0
Plastics (5)
Stone, Clay, and
Glass Products (6) 6 > 3 !
Textile Mill
Products (8) 2 2 2 0
Tobacco
Manufacturing (5) 1 1 0 0
Transportation
Equipment (29) 19 18 14 9
Other Major Groups
(10)° 6 5 2 1
Totals (200) 144 111 52 25

A “NRC” refers to the National Research Council directories from which the research personnel data in

Chapter 5 was obtained.

B The remaining SIC Major Groups included in this category are Furniture and Fixtures, Instruments and
Related Products, Leather and Leather Products, Lumber and Wood Products, Miscellaneous
Manufacturing Industries, and Printing and Publishing.
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In the rubber industry, B.F. Goodrich experienced modest growth in its total
research personnel from 784 employees in 1940 to 1,764 in 1960, an increase of 125%
(see Table 5-3). Goodrich might have faced an unusual competitive environment due to
synthetic rubber mobilization, but its approach to postwar laboratory expansion and the
hiring of scientists to conduct R&D at its facilities mirrored the strategies adopted by
other industrial corporations. Like Goodrich, another 110 manufacturers among the 200
largest in 1948 at least doubled their technical staffs (i.e., an increase of 100% of more)
from 1940 to 1960 (see Table 6-6). Many of these firms—just as Goodrich did with its
Brecksville research complex—constructed laboratories in suburban or rural areas to
attract the best scientific talent, and most companies avidly recruited students at local
universities that were pursuing degrees in chemical or engineering fields.?2

It was these professionals, along with corporate managers, that performed the
technical work needed to achieve innovation in new and existing product lines. When
analyzing research facility expansion and product diversification after WWII, though, the
summaries in Chapter 5 focus on entire corporations rather than individual scientists and
managers. This approach is imperfect: without access to an organization’s internal
documents and correspondence, it is difficult to pinpoint the motivations behind strategic
initiatives and give voice to the white collar employees who “did not so much react to the
corporation as they did design it.”>> Annual reports and published histories might offer
insight into the decision-making process at a particular company, but care must be taken

to assess the dynamic relationships linking R&D conducted by scientists in the lab, the

22 Nathan Rosenberg, “Technological Change in Chemicals: The Role of University-Industry
Relations,” in Chemicals and Long-Term Economic Growth, 200, 204-06.

2 Qlivier Zunz, Making America Corporate, 1870-1920 (Chicago: University of Chicago Press, 1990),
8.
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Figure 6-2: Total Research Personnel Employed by the 200 Largest Industrial
Manufacturers in 1948
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strategy implemented by executives and managers, and the political and economic
environment in which these operations took place.

If length were not an issue, an ideal history of the post-WWII MIC would
combine the industry-wide surveys found in Chapter 5 of this dissertation with case
studies of each individual firm. What can be asserted from the comparative study of the
200 largest manufacturers in 1948 is that these enterprises oversaw a steady growth in
their research personnel from 1940 through 1960 to complement the expansion of
available R&D workspace (see Figure 6-2). Scientists and engineers not only improved
manufacturing and operational processes, but more importantly, they helped to reshape
the structure of the economy by allowing companies to diversify into new product lines

and industrial sectors.
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6.1.3 Product Diversification, 1941-1960

Diversification, accordingly, went hand-in-hand with investment in R&D and
research facility expansion. Some enterprises, including B.F. Goodrich, increased R&D
expenditures and began to diversify in fits and starts prior to federal oversight of the war
economy, but the real and perceived lowering of barriers to entry in capital-intensive
industries meant that the implementation of these strategic initiatives became a necessary
condition to remain competitive in the marketplace after mobilization began. Goodrich
and other corporations that had diversified their operations before 1941 (either in
response to WW!1 or the Great Depression) now returned to their original core
competencies and accelerated efforts to establish new product lines, especially as
technological knowhow was diffused among participants in government-run research and
manufacturing programs for critical materials like synthetic rubber.

Postwar diversification initiatives were characterized by their depth (adding
products to an existing line) and breadth (entering another industry to increase the range
of goods sold). Of the 200 largest manufacturers in 1948, 189 (94.5%) pursued some
type of diversification strategy from 1941 through 1960: 184 (92%) firms extended their
product lines in markets where they had previously conducted business, while 153
(76.5%) moved their operations into new industrial sectors (see Table 6-7). The
capabilities with which companies executed these strategies were enhanced by technical
personnel that performed research in modernized laboratories across the country.

Of course, firms could obtain such capabilities through other means besides
internal R&D, such as licensing agreements or the acquisition of competitors with desired

patents and technologies. Large manufacturers seeking to extend operations beyond their
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Table 6-7: Product Diversification, 1941-1960, by SIC Major Group

SIC Major Group (and
Total Members among
200 Largest Firms in

Members that

Diversified Product

Lines in Existing
Industry Groups

Members that
Diversified into
New Industry
Groups after

Total Members
that Pursued
Diversification
from 1941

1948) after 1941+ 1941~ through 1960
Chemicals and Allied 0
Products (23) 23 17 23 (100%)
Electrical and Electronic 0
Machinery (7) ! 6 7 (100%)
Fabricated Metal 0
Products (6) 6 6 6 (100%)
Food and Kindred 0
Products (27) 21 19 23 (85%)
Machinery, Except 0
Electric (23) 23 15 23 (100%)
Paper and Allied 0
Products (6) 6 6 6 (100%)
Petroleum and Coal 0
Products (22) 22 17 22 (100%)
Primary Metals (23) 19 13 19 (83%)
Rubber and
Miscellaneous Plastics 5 5 5 (100%)
Q)
Stone, Clay, and Glass 0
Products (6) 6 6 6 (100%)
Textile Mill Products (8) 7 7 7 (88%)
Tobacco Manufacturing 0
(5) 1 4 4 (80%)
Transportation 0
Equipment (29) 28 26 28 (97%)
Other Major Groups 0
(10)° 10 6 10 (100%)
Totals (200) 184 (92%) 153 (77%) 189 (95%)

A Industry groups are distinguished by unique SIC codes in the “Product Diversification” tables

throughout Chapter 5.

B The remaining SIC Major Groups included in this category are Furniture and Fixtures, Instruments and
Related Products, Leather and Leather Products, Lumber and Wood Products, Miscellaneous

Manufacturing Industries, and Printing and Publishing.
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Table 6-8: Extent of Product Diversification, 1941-1960, by SIC Major Group

SIC Major Group (and
Total Members among
200 Largest Firms in

Members that
Diversified into
2+ New Industry

Members that
Diversified into
3+ New Industry

Members that
Diversified into
4+ New Industry

1948) Groups* Groups* Groups*
Chemicals and Allied
Products (23) 1 ° 3
Electrical and Electronic 6 5 4
Machinery (7)
Fabricated Metal
Products (6) > 3 2
Food and Kindred
Products (27) 12 6 4
Machinery, Except
Electric (23) 10 ! 6
Paper and Allied
Products (6) > 3 !
Petroleum and Coal
Products (22) 9 > 2
Primary Metals (23) 5 2 0
Rubber and
Miscellaneous Plastics 5 4 3
(5)
Stone, Clay, and Glass 4 5 1
Products (6)
Textile Mill Products (8) 6 3 0
Tobacco Manufacturing 2 1 0
(5)
Transportation
Equipment (29) 24 21 d
Other Major Groups
(10)¢ 3 0 0
Totals (200) 107 (54%0) 68 (34%) 35 (18%)

A Industry groups are distinguished by unique SIC codes in the “Product Diversification” tables

throughout Chapter 5.

B The remaining SIC Major Groups included in this category are Furniture and Fixtures, Instruments and
Related Products, Leather and Leather Products, Lumber and Wood Products, Miscellaneous
Manufacturing Industries, and Printing and Publishing.
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core competencies had the resources to buy out smaller enterprises that already possessed
the research facilities, personnel, expertise, and market presence needed to conduct
business in a particular industry. Most of the corporations surveyed in Chapter 5
purchased at least one subsidiary to broaden existing or establish new product lines that
would be further developed through the coordination of R&D at both the subsidiary and
parent company’s laboratories.

After WWII, though, federal authorities discouraged firms from obtaining
patented technology through the negotiation of licenses or the acquisition of subsidiaries
if such behavior was thought to curb competition. For example, the Department of
Justice brought a successful antitrust lawsuit against Du Pont for its exclusive licensing
agreement—which was essentially an international cartel arrangement—with the British
company Imperial Chemical Industries, forcing the two industrial giants to dissolve their
patent relationship and jointly owned foreign subsidiaries by 1951.24 During the postwar
period, the government also “compelled the compulsory licensing of some major product
innovations,” including nylon, mainframe computers, and aluminum alloys.?> This
diffusion of technological knowhow among companies and industries, along with the
more aggressive regulatory stance of government agencies, thus made internal R&D and
research facility construction more attractive to private enterprise.

Through R&D and targeted acquisitions, the largest U.S. manufacturers branched
out into markets where they had not previously conducted business prior to WWII. From

1941 through 1960, 107 (54%) of the 200 firms surveyed in Chapter 5 began operations

24 Wyatt Wells, Antitrust and the Formation of the Postwar World (New York: Columbia University
Press, 2002), 129-130.

%5 Arora and Rosenberg, “Chemicals: A U.S. Success Story,” 92-93. In one instance, Du Pont was
required to license nylon to competitor Monsanto.
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Table 6-9: Product Diversification in Chemicals, 1941-1960, by SIC Major Group

SIC Major Group
(and Total Members

Members that
Diversified Existing
Product Lines in

Members that
Diversified into
New Chemical-

Total Members
that Pursued
Diversification

among 200 Largest Chemical-Related | Related Industry from 1941
Firms in 1948) Industry Groups Groups after through 1960 in
after 1941~ 1941~ Chemicals
Chemicals and Allied 0
Products (23) 22 14 23 (100%)
Electrical and
Electronic Machinery 2 1 3 (43%)
()
Fabricated Metal 0
Products (6) 1 0 1 (17%)
Food and Kindred 0
Products (27) S 13 15 (56%)
Machinery, Except 0
Electric (23) 0 S 5 (22%)
Paper and Allied 0
Products (6) 0 4 4 (66%)
Petroleum and Coal 0
Products (22) 6 17 17.(17%)
Primary Metals (23) 1 3 4 (17%)
Rubber and
Miscellaneous Plastics 3 4 5 (100%)
()
Stone, Clay, and Glass 0
Products (6) 3 S 5 (83%)
Textile I\/I(g; Products 0 3 3 (38%)
Tobacco 0
Manufacturing (5) 0 1 1 (20%)
Transportation 0
Equipment (29) 0 ! 7 (24%)
Other Major Groups 0
(10)° 1 0 1 (10%)
Totals (200) 44 (22%) 77 (39%0) 94 (47%)

A The SIC codes for chemicals are those that begin with the digits “28.” Some firms broadened existing
product lines in chemicals and diversified into new ones (plastics, resins, etc.), and as a result, these

firms are listed twice in the appropriate columns above.

B The remaining SIC Major Groups included in this category are Furniture and Fixtures, Instruments and
Related Products, Leather and Leather Products, Lumber and Wood Products, Miscellaneous

Manufacturing Industries, and Printing and Publishing.
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in at least two new industry groups based on SIC codes, while over a dozen corporations
(Avco Manufacturing, Borg-Warner, Curtiss-Wright, Food Machinery & Chemical, etc.)
became highly diversified holding companies with product lines in several unrelated
sectors of the economy (see Table 6-8). The scope of diversification was not driven by
technological determinism, but was instead contingent upon the research managers who
decided where to allocate limited resources and the scientists whose discoveries in the lab
created “commercial chemical [and technological] routes” for private enterprise to
follow.2¢

These routes led many firms into the rapidly growing field of chemicals that
included SIC groups beginning with the digits “28,” such as plastics, synthetic resins,
detergents, and pesticides. Of the 200 largest manufacturers in 1948, 94 (47%) pursued
some form of diversification in chemicals (either by broadening existing lines or
establishing new ones), which was more than any other industrial sector (see Table 6-9).
The other emerging industries where companies tended to expand their operations were
electronics, aviation, and nuclear energy. By 1960, 36 (18%) of the 200 corporations
surveyed in Chapter 5 had pursued diversification in electronics, while 32 (16%) did the
same in aviation and aerospace (see Tables 6-10 and 6-11). A total of 29 (14.5%) firms
also built nuclear reactor components, operated a reactor for the Atomic Energy

Commission, or refined nuclear fuels (e.g., uranium-235) from 1941 through 1960.%7

%6 Chemical Information Services, Stanford Research Institute, Chemical Origins and Markets:
Product Flow Charts, Tables of Major Organics and Inorganics (Menlo Park, California: 1967), 2. Paths
of innovation were not predetermined, although companies tended to diversify into closely related product
lines and industrial sectors where they could more readily apply their existing organizational capabilities
and secure competitive advantages.

27 These 29 enterprises that built reactors or refined fuels do not include the many companies
(especially in the petroleum, pharmaceuticals, and food industries) that used radioactive isotopes in the
laboratory to study products and processes.
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Table 6-10: Product Diversification in Electronics, 1941-1960, by SIC Major Group

SIC Major Group
(and Total Members

Members that
Diversified Existing
Product Lines in

Members that
Diversified into
New Electronics-

Total Members
that Pursued
Diversification

among 200 Largest | Electronics-Related | Related Industry from 1941
Firms in 1948) Industry Groups Groups after through 1960 in
after 1941+ 1941~ Electronics
Chemicals and Allied 0
Products (23) 0 0 0 (0%)
Electrical and
Electronic Machinery 4 5 7 (100%)
()
Fabricated Metal 0
Products (6) 0 2 2 (33%)
Food and Kindred 0
Products (27) 0 0 0 (0%)
Machinery, Except 0
Electric (23) 4 6 9 (39%)
Paper and Allied 0
Products (6) 0 0 0 (0%)
Petroleum and Coal 0
Products (22) 0 0 0 (0%)
Primary Metals (23) 0 1 1 (4%)
Rubber and
Miscellaneous 0 0 0 (0%)
Plastics (5)
Stone, Clay, and 0
Glass Products (6) 0 1 1 (17%)
Textile Mill Products 0 0 0 (0%)
(8)
Tobacco 0
Manufacturing (5) 0 0 0 (0%)
Transportation 0
Equipment (29) 1 14 15 (52%)
Other Major Groups 0
(10)° 0 1 1 (10%)
Totals (200) 9 (5%0) 30 (15%) 36 (18%)

A The SIC codes for electronics, which do not include electrical machinery or heavy equipment, are 357
(computers), 366, and 367. Some firms broadened existing product lines in electronics and
diversified into new ones (transistors, radar components, etc.), and as a result, these firms are listed
twice in the appropriate columns above.

B The remaining SIC Major Groups included in this category are Furniture and Fixtures, Instruments and
Related Products, Leather and Leather Products, Lumber and Wood Products, Miscellaneous
Manufacturing Industries, and Printing and Publishing.
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Table 6-11: Product Diversification in Aviation, 1941-1960, by SIC Major Group

SIC Major Group (and
Total Members among

Members that
Diversified
Existing Product

Members that
Diversified into
New Aviation-

Total Members
that Pursued
Diversification

i : Lines in Aviation- Related
200 Largest Firms in Related Industry Industry from 1941 _
1948) through 1960 in
Groups after Groups after Aviation
19414 19414
Chemicals and Allied o
Products (23) 0 0 0 (0%)
Electrical and Electronic 0
Machinery (7) . 3 4 (57%)
Fabricated I\(/tls(;tal Products 0 1 2 (33%)
Food and Kindred 0
Products (27) 0 0 0 (0%)
Machinery, Except o
Electric (23) 0 ! 1 (4%)
Paper and Azl6l;ed Products 0 0 0 (0%)
Petroleum and Coal 0
Products (22) 0 0 0 (0%)
Primary Metals (23) 0 1 1 (4%)
Rubber and Miscellaneous 0
Plastics (5) 1 3 4 (80%)
Stone, Clay, and Glass 0
Products (6) 0 0 0 (0%)
Textile Mill Products (8) 0 0 0 (0%)
Tobacco I\/Eg;lufacturmg 0 0 0 (0%)
Transportat(lgg)Equment 7 20 20 (69%)
Other Major Groups (10)® 0 0 0 (0%)
Totals (200) 9 (5%) 29 (15%) 32 (16%0)

A The SIC codes for aviation and aerospace industry groups are 372 and 376. Some firms broadened
existing product lines in aviation and diversified into new aviation-related fields (guided missiles, jet
propulsion, etc.), and as a result, these firms are listed twice in the appropriate columns above.

B The remaining SIC Major Groups included in this category are Furniture and Fixtures, Instruments and
Related Products, Leather and Leather Products, Lumber and Wood Products, Miscellaneous

Manufacturing Industries, and Printing and Publishing.
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As they diversified, manufacturers often altered their names to emphasize new
operations or marginalize old ones.?® In 1948, Food Machinery Corporation became
“Food Machinery & Chemical,” a “title more expressive of its greatly extended
activities” following its acquisition of Westvaco Chemical.?® Rexall Drug adopted
“Rexall Drug and Chemical” by the late 1950s, as it “anticipated that a major portion of
[its] future growth [would] be in petrochemicals and allied chemical fields.”® Likewise,
management determined that “Diamond Match” was “inadequate for what had become a
highly diversified business,” changing the name to “Diamond Gardner” in 1957 and
“Diamond National” two years later.3! Other companies that were renamed in the two
decades after WWII included American Car and Foundry (which became “ACF
Industries,” since it was “more descriptive of the company’s present and future
objectives”), American Locomotive (“Alco Products”), Burlington Mills (“Burlington
Industries™), Dresser Manufacturing (“Dresser Industries”), Schenley Distillers
(“Schenley Industries”), and Worthington Pump and Machinery (“Worthington
Corporation”).%?

Although these firms and others among the 200 largest manufacturers in 1948

expanded into a variety of new industries after WWII, not every attempt at diversification

28 Ken McKenna, “The Name’s the Thing, Firms Find: Diversification, Other Factors Speed Changes
in Titles,” New York Herald Tribune, March 17, 1957, p. A5.

2 Food Machinery Corporation, 1948 Annual Report, March 21, 1949, p. 3.

30 Rexall Drug Company, 1958 Annual Report, December 31, 1958, p. 3.

31 Diamond Gardner Corporation, 1957 Annual Report, March 11, 1958, p. 1; Diamond National
Corporation, 1959 Annual Report, February 26, 1960. Diamond Match changed its name to “Diamond
Gardner” after acquiring Gardner Board and Carton, and it became “Diamond National” to “reflect the
national character of the company” following its merger with the U.S. Printing and Lithograph Company.

32 “«American Car, Foundry Changes Its Name,” The Baltimore Sun, June 1, 1954, p. 23; “American
Locomotive: Stockholders Vote to Change Name to Alco Products,” The New York Times, April 20, 1955,
p. 53; “Burlington Mills Changes Name to Reflect Diversification Policy,” The New York Times, February
4, 1955, p. 29; Dresser Industries, Inc., 1944 Annual Report, January 5, 1945, p. 7; Schenley Industries,
Inc., 1949 Annual Report, November 15, 1949, p. 5; Worthington Corporation, 1952 Annual Report,
February 18, 1953, p. 4.
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was successful. Worthington Pump, for instance, began to produce welding positioners
by 1943, yet divested itself of the business in 1959 because it “did not combine well
with...other lines” and fit with the company’s policy of “kindred products for kindred
markets.”®3 Libbey-Owens-Ford sold its Plaskon Division to Allied Chemical & Dye in
1953, having concluded that the “full potential” of this product line “would require broad
expansion into the chemical industry” which could not be accomplished while the firm
made major investments in plate glass plants.®* Additionally, Glidden abandoned its
pharmaceutical business after lead chemist Percy L. Julian left to form his own lab, and
Colorado Fuel and Iron made only a brief foray into inorganic chemical production
before selling its Denver Chemical Plant.3®

Such unsuccessful diversification efforts reveal that establishing a new product
line or moving into a new industry was an arduous process, one which had to be
sustained over time with laboratory research that was coordinated with a company’s
manufacturing, distribution, and marketing operations. When B.F. Goodrich reorganized
its research departments and diversified its R&D activities after Pearl Harbor, Operating
Manager Donald Stewart remarked that “many revisions will be necessary...to make our
work more serviceable and efficient” and “to obtain eventual success.”3¢ On the other
hand, a few manufacturers surveyed in Chapter 5 built modern laboratories after 1941

that were not devoted to diversification, but rather to improving existing products and

33 Worthington Corporation, 1959 Annual Report, February 17, 1960, p. 12.

3 See Libbey-Owens-Ford Glass Company annual reports for 1943 (p. 4) and 1953 (p. 2). Plaskon had
been acquired by L-O-F in 1943.

35 “Julian to Form Own Laboratory,” The Chicago Defender, December 12, 1953, p. 3; H. Lee
Scamehorn, Mill & Mine: The CF&I in the Twentieth Century (Lincoln: University of Nebraska Press,
1992), 166-67.

% D.B. Stewart, “Operating and Planning Department Progress Report for February 1942,” February
28,1942, p. 1, in B.F. Goodrich Progress Digests, 1942-1943.
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processes.3” These firms—which were outliers among the 200 largest industrial
corporations in 1948—raise an important question regarding two strategic initiatives
undertaken by private enterprise: if increased R&D expenditures and extensive product
diversification both served to restructure the postwar American political economy from
the ground up, what is their causal relationship? In other words, did firms devote more
resources to industrial research once they had decided to expand their operations, or did
diversification become a logical strategy only after discoveries had been made in the
laboratory that would allow for the establishment of a new product line?

A definitive answer to this question is impossible, as the experiences of
companies across a wide range of industries varied. For Goodrich, researchers like
Waldo Semon made important discoveries in chemicals and synthetic polymers prior to
WWII, but it took the unusual circumstances of mobilization and the subsequent threat of
increased competition in the rubber industry for the company to initiate diversification
into these industrial sectors where it had prior research experience. If one of the central
claims of this dissertation is to be believed—namely, that diversification was pursued by
large enterprises as a hedge against the uncertainties of mobilization—then firms did not
develop new product lines simply because discoveries in the laboratory made such a
strategic repositioning a logical choice. Instead, a dynamic relationship between the
economic environment and managerial decision-making compelled manufacturers to
invest in R&D on a greater scale than ever before and move into sectors where they had

previous historical experiences or had begun developing core competencies.

37 Several of these outlying firms that built laboratories yet did not diversify their operations
maintained well-known brands in the food and tobacco industries (Calpak, Heinz, Wrigley, and Liggett &
Myers) where product quality was more important than offering a wide range of goods.
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These two strategic initiatives (R&D investment and product diversification) were
therefore inextricably linked. Successful diversification required the enrichment of
technical and functional capabilities that, for the most part, was achieved in the
laboratory, while applied research led to new products and processes that could only be
commercialized if a company was willing to coordinate the manufacturing, distribution,
and marketing resources needed to bring goods to the consumer. Because diversification
was contingent upon this kind of managerial coordination, existing economies of scale
and scope alone were not enough for large corporations to successfully respond to the
evolving competitive and regulatory environment of the war economy.

Anticipating the conglomeration movement of the 1960s and 70s, firms that
mastered the coordination of research activities and day-to-day operations in the two
decades after WWII tended to diversify into a wide range of industries, especially those
that were defense-related like aviation and nuclear energy. More importantly, these
manufacturers were among the largest American corporations and were leaders in their
respective fields, thereby shaping the markets in which they conducted business. It was
their construction of research laboratories, hiring of technical personnel, and
diversification of product lines that drove postwar innovation in the U.S. and ensured that

new technologies would be dispersed throughout a broad section of the economy.
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6.2 The Strategy and Structure of Post-WWII Industrial Research

David Hackett Fischer warns that “when it comes to unsound sampling, historians
qualify as experts,” as “rarely have so many generalized so much from so little.”® Thus,
a quantitative analysis of 200 enterprises—unlike the focused case study of B.F.
Goodrich in Chapters 1 through 4—cannot definitively ascertain the motivations of these
firms and conclude whether they pursued diversification directly because of the
competitive threats posed by mobilization. This sample of U.S. industrial manufacturers
is also not large enough to draw conclusions about every business (especially small
companies) that participated in mobilization. However, while the methodological
approach in Chapters 5 and 6 is not perfect, it is achievable. It offers an organizational
perspective of the MIC, giving the reader a sense of how private enterprise (and,
specifically, corporate managers and research scientists) shaped the structure of the
postwar political economy.

Even though large manufacturers operated in a wide variety of competitive and
regulatory environments from 1941 through 1960, there are identifiable patterns in the
R&D investments and product diversification strategies of these firms. In particular,
conclusions can be drawn about why, how, and where industrial research facilities were
built after WWII. New laboratories allowed for the implementation of product
diversification strategies that not only took advantage of economic opportunities arising
from increased defense spending, but also served as a hedge against the uncertainties of

the postwar period.

38 David Hackett Fischer, Historians’ Fallacies: Toward a Logic of Historical Thought (New York:
Harper & Row Publishers, Inc., 1970), 104-5.
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6.2.1 Capturing Postwar Economic Opportunities with R&D

Although corporate annual reports had to, when referencing top-secret defense
projects, “withhold certain information which might provide...more satisfying details of
[company] operations,” industrial manufacturers acknowledged that federal spending
influenced their R&D strategy from 1941 through 1960.%° U.S. Rubber was wary of the
“many disruptions” in commerce due to mobilization, but noted that “new wartime
activities are enormous and should furnish a large volume of business.”*® Sylvania
Electric was one of many firms to secure a share of this business through lobbying, as it
set up an “office of government relations” in Washington to “maintain close contact with
certain departments of our national government.”*! Likewise, companies such as 3M
organized scientists into work groups to develop space and missile technology, areas of
study where Cold War fears had created opportunities for private enterprise to secure
huge government contracts.*?

By 1960, Department of Defense expenditures on research exceeded $5.6 billion,
while total federal funding of R&D was approximately $8.7 billion (see Table 6-3).%3
These public outlays, though, were not the only avenue through which manufacturers
took advantage of the technological and chemical discoveries being made in laboratories

across the country. Trade associations promoted industrial research (especially among

3 Willys-Overland Motors, Inc., 1942 Annual Report, December 15, 1942, p. 1.

40 United States Rubber Company, 1941 Annual Report, February 4, 1942, p. 2.

41 Sylvania Electric Products, Inc., 1948 Annual Report, March 9, 1949, p. 12. Sylvania also
established a “department to prepare an industrial mobilization plan in cooperation with the Munitions
Board of the National Defense Establishment.”

42 Minnesota Mining and Manufacturing Company, 1959 Annual Report, February 18, 1960, pp. 22-23.
In the late 1950s, 3M’s Central Research group worked under contract for the Advanced Research Projects
Agency, studying “higher energy solid fuels for rockets.”

43 National Science Foundation, NSF 66-25, Federal Funds for Research, Development, and Other
Scientific Activities, 150-51. In 1940, Department of Defense expenditures on research had been just $26
million.
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small businesses) and managed consulting laboratories for their members.* Firms in
different industries also cooperated with one another through joint ventures, pooling
R&D resources to establish new product lines. B.F. Goodrich and Gulf Qil, for example,
organized Goodrich-Gulf Chemicals in 1952 to accelerate research into synthetic “natural
rubber” and polyethylene.*® Two years later, Westinghouse Air Brake formed the
Railroad Friction Products Corporation with Johns-Manville for the production of a
“completely new type of composition brake shoe known as the Cobra shoe.”*® Other
post-WWII joint ventures among the manufacturers surveyed in Chapter 5 included
American Viscose and Monsanto’s Chemstrand (which developed plasticizers and
synthetic resins), American Cyanamid and Texaco’s Jefferson Chemical Company
(petrochemicals), and Allied Chemical & Dye and Kennecott Copper’s Allied-Kennecott
Titanium Corporation.

Joint ventures, along with increased federal spending and the wave of subsidiary
acquisitions in the 1950s, were some of the many economic opportunities that allowed
corporations to recover from the Great Depression and extend their operations into new
product lines and industries.*” Even so, when historians assess how the MIC originated,
they risk overemphasizing the role of federal spending at the expense of decisions made
by executives and managers at large industrial firms. It was these strategic initiatives—
implemented in response to opportunities in the marketplace and regulatory uncertainties

after U.S. entry into WWII—that shaped the structure of the postwar political economy.

44 Robert M. Bleiberg, “Applied Research Budgets Soar: Corporation, Government Expenditures Top
Billion Dollars,” Barron’s National Business and Financial Weekly, February 17, 1947, p. 3.

4 Mansel G. Blackford and K. Austin Kerr, BFGoodrich: Tradition and Transformation, 1870-1995
(Columbus: The Ohio State University Press, 1996), 249-53.

46 Westinghouse Air Brake Company, 1954 Annual Report, February 14, 1955, p. 4.

47 Louis Galambos and Joseph Pratt, The Rise of the Corporate Commonwealth: U.S. Business and
Public Policy in the Twentieth Century (New York: Basic Books, 1988), 158-61.
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As a result, scholars must consider the nuances of government-business relations after
1941, including how and when enterprises began to expand their operations as a hedge

against an evolving competitive environment.
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6.2.2 R&D as a Hedge against Political Economic Uncertainty

WWII was not, of course, the first time government intervened in the economy,
yet mobilization brought with it unprecedented production and price controls, materials
shortages, and threats of antitrust action against large manufacturers. Amidst these
upheavals in the economy, product diversification served as an aggressive corporate
strategy (beginning operations in a new product line or industry) to achieve a defensive
position in the marketplace (hedging against uncertainties in a core business). The sheer
percentage of firms that constructed modern research facilities, hired armies of personnel,
and diversified their operations from 1941 through 1960 suggest that these initiatives
were not simply a result of the postwar economic boom and greater federal spending, but
were also a reaction to competitive threats brought about as government became a more
active participant in private markets.

This “period of increasing governmental regulations” was in full effect by early
1942, as the demands of mobilization eliminated “reasonably free economic forces and
rising prices” and introduced “many difficult operating and administrative problems” for
large manufacturers.*® One administrative obstacle was the extensive paperwork that
firms had to process to obtain government contracts or procure raw materials subject to
controls. Likewise, federal agencies and branches of the armed forces made use of a
confusing priority system that was not remedied until the 1943 implementation of

Ferdinand Eberstadt’s Controlled Materials Plan.*® In the oil industry, companies were

48 Wilson & Company, Inc., 1942 Annual Report, January 18, 1943, p. 2.

49 Robert Cuff, “Organizational Capabilities and U.S. War Production: The Controlled Materials Plan
of World War I1,” Business and Economic History 19 (1990): 107-09; Maury Klein, A Call to Arms:
Mobilizing America for World War Il (New York: Bloomsbury Press, 2013), 159, 197-200. Klein argues
that by late 1940, the “military had issued so many preference orders that the priorities system became a
joke.” Because priorities “ranged from A-1 to B-10 and soon required subsets such as A-1-a to A-1-j,”
service branches and federal agencies waged battles over what products would receive an “A-1-a” rating.
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“plagued by the extraordinary amount of paper work...required of them” that seemed to
be “of needless volume...when every faculty should be concentrated on [wartime]
production.”® Atlantic Refining echoed these calls for streamlined “regulations and
directives,” as too much “time and effort” was “consumed by contracts and conferences
with Governmental agencies and committees.”® Large enterprises like Atlantic had to
hire scores of full-time employees just to “keep up to the flow of rules, regulations,
questionnaires, and reports” associated with mobilization.

Despite such efforts to meet the administrative challenges of the war economy,
manufacturers still dealt with precarious government contracts that could be canceled at a
moment’s notice. Early in the war, Lockheed believed the “foreseeable future [was]
certainly fraught with danger and risk,” demanding that firms not be “penalized” for
investments in plant and aviation research by “receiving large military orders after the
need for them no longer exists.”? A rival of Lockheed, Douglas Aircraft acknowledged
how difficult it was “to anticipate or predict” contract termination, but remained hopeful
that “progressive methods, sound practices, vision, and a spirit of cooperation [uniting]
employees with management” might “minimize the gravity of postwar prospects.”?

Aircraft companies were among many firms with little leverage in an economy
where Uncle Sam was the sole consumer of certain products. Phelps Dodge and its
competitors were required to sell every pound of copper to the federal government during

the war, while Burroughs and other business machine manufacturers were prevented from

%0 Skelly Oil Company, 1942 Annual Report, March 24, 1943.

51 Atlantic Refining Company, 1942 Annual Report, March 18, 1943, p. 9.

52 Lockheed Aircraft Corporation, 1943 Annual Report, April 5, 1944, p. 3. As a hedge against
wartime contract termination, Lockheed acquired a majority interest in Pacific Finance Corporation by
1943. See “Lockheed Buys Pacific Finance Stock Control,” Los Angeles Times, June 2, 1943, p. 16.

%3 Douglas Aircraft Company, Inc., 1943 Annual Report, March 21, 1944, p. 8.
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making such goods for the consumer market by War Production Board Limitation Order
L-54-c.>* Therefore, large corporations moved to protect the predictable outcomes and
advantages of scale and scope that they had enjoyed in peacetime, oligopolistic markets,
lobbying against the Office of Price Administration (OPA) and price ceilings that had not
been raised “in proportion to increases...made in labor and material costs.”>®

Production and price controls also created shortages of materials and consumer
goods that forced companies to reorient their operations after WWII. Fruehauf Trailer
revealed that these shortages, which became “increasingly serious” in late 1941, “placed
additional responsibilities and requirements upon [its] research division.”*® For Endicott
Johnson, the “scarcity of hides and other raw materials” curtailed civilian shoe sales, and
in the clothing industry, the OPA placed ceilings on the prices of wool, yarn, and other
fabrics needed for military uniforms and blankets.>” Pittsburgh Plate Glass, on the other
hand, saw a decline in “the consumption of plate glass to a level considerably below the
prewar demand” because of government restrictions in other markets: namely,
automobile production, private construction, and storefront remodeling.58

These controls, however, were not lifted immediately after the surrender of Japan,
but continued into the postwar period or were reactivated during the Korean War. Swift
& Company complained that while “law-abiding meat packers” had their “production

throttled” due to postwar OPA compliance prices on livestock, the “black market was

5 Carlos A. Schwantes, Vision & Enterprise: Exploring the History of Phelps Dodge Corporation
(Tucson: University of Arizona Press, 2000), 212; Burroughs Adding Machine Company, 1945 Annual
Report, March 5, 1946, p. 1.

%5 Colorado Fuel and Iron Corporation, 1946 Annual Report, September 10, 1946.

% Fruehauf Trailer Company, 1941 Annual Report, December 31, 1941, p. 8.

57 Endicott Johnson Corporation, 1943 Annual Report, January 27, 1944, p. 3; American Woolen
Company, 1941 Annual Report, February 20, 1942, p. 6.

%8 Pittsburgh Plate Glass Company, 1943 Annual Report, March 15, 1944, p. 3.
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riding high.”®® In the automotive industry, reconversion was hindered by “shortages of
basic materials” and labor strikes that “reduced...manufacturing schedules and increased
costs.”® Vehicle production would decline again as the nation mobilized for Korea, and
“rigid” controls led independent automakers like Studebaker to invest in aviation (i.e., jet
propulsion and guided missiles) research.5! Firms that refined and fabricated metals
worried that “patterns followed by the government in World War II [were] reappearing”
in the early 1950s: prices for nonferrous metals and finished products were set “too low
to allow a margin sufficiently wide to attract the venture capital necessary to...develop
new properties” or build new plants.®? The Office of Price Stabilization—organized in
1950 to perform the same functions as the OPA—even instituted controversial price
ceilings on consumer goods like cigarettes and shoes, leading some enterprises to remark
that the situation “took on the color and atmosphere of comic opera.”%

To influence these controls and lessen their market impact, corporate executives
sat on government-organized, WWII industry advisory committees (IAC) and offered
consultation on production schedules and federal procurement strategies.®* The IACs,
though, were imperfect vehicles through which manufacturers might “capture” federal

regulation: committee members were, at times, brought to Washington to “discuss a

59 Swift & Company, 1946 Annual Report, December 16, 1946, p. 5.

80 Briggs Manufacturing Company, 1946 Annual Report, April 10, 1947, p. 10.

61 Studebaker Corporation, 1952 Annual Report, February 28, 1953, p. 4. U.S. automobile production
declined 18% from 6.7 million units in 1951 to 5.5 million in 1952.

%2 Libby, McNeil & Libby, 1951 Annual Report, April 12, 1951, pp. 6-7; United States Smelting,
Refining & Mining Company, 1950 Annual Report, March 20, 1951, p. 6.

8 International Shoe Company, 1951 Annual Report, February 1, 1952; American Tobacco Company,
1952 Annual Report, February 5, 1953, p. 5. The OPA had been abolished in 1947.

8 E.A. Meyer to WFA Industry Advisory Committee Members, “Draft,” January 10, 1944, pp. 1-2,
Folder 1.17, Box 1, Series: Director’s Files 1942-1947, Record Group 179: Records of the War Production
Board 1918-1947, National Archives at College Park, College Park, Maryland (hereafter RWPB). The
IACs continued operations through 1947, and legal protection for members who shared technical and
production information with one another was “provided through an exchange of letters between the War
Food Administration and the Attorney General.”
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proposed order or amendment or be advised of a major change in policy” only to be told
that their input had been received “too late in the process.”® Public officials often could
not “give answers to problems of the committees” or explain “why answers [were] not
forthcoming,” and more problematically, the IACs were unable to enforce the collective
decisions made by firms in a particular industry.®®

Besides formal cooperation with competitors, large manufacturers shaped their
marketplaces with economies of scale and scope, but aggressive antitrust enforcement by
the Department of Justice and Federal Trade Commission in the 1940s limited the power
of big business.®” At the beginning of WWII, Thurman Arnold’s Antitrust Division at the
DOJ targeted international cartels (e.g., 1.G. Farben), calling for the seizure of assets and
patents from American firms (General Aniline & Film, Sterling Drug, Standard Oil of
New Jersey, etc.) that were determined to be “alien property.”®® Despite ongoing
mobilization efforts, companies with no connections to German industry were also
accused of anticompetitive practices: a grand jury indicted Armour & Company for
antitrust violations in 1941, while a 1944 court decision ordered a “complete and
perpetual separation” of Pullman’s sleeping car operations and railcar manufacturing.5®

Antitrust prosecution continued after WWII under Truman’s attorney general,
Tom C. Clark. B.F. Goodrich and nine other tire companies were accused in 1947 of

price fixing and warranty collusion, and a year later, they agreed (without admitting guilt)

8 John C. Whitridge, Jr., to Hiland G. Batcheller, “Use of Industry Advisory Committees,” August 13,
1943, Folder 1, Box 1, Series: Director’s Files 1942-1947, RWPB.

8 T. Spencer Shore to Ernest C. Kangler, “Report for Two Weeks Ending December 12, 1942,” Folder
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87 Wells, Antitrust and the Formation of the Postwar World, 37.
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Industry (New York: Harper & Brothers Publishers, 1959), 205.

8 See Armour & Company annual reports for 1941 and 1942; Pullman, Inc., 1944 Annual Report,
March 20, 1945, pp. 11-12.
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to pay a total of $50,000 in fines.”® In fact, during the 1940s and 50s, nearly every one of
the 200 manufacturers surveyed in Chapter 5 was subject to, at the very least, the threat
of antitrust lawsuits, as these firms were among the largest in their respective industries
and often behaved in ways that might be perceived as anticompetitive.”

These suits, if they ended in a consent decree or a judgment for the prosecution,
sometimes forced the offending company to share patents and technical knowhow with
competitors, which many large enterprises had done while participating in the synthetic
rubber program, Manhattan Project, and development of radar and penicillin. When
Alcoa reached an antitrust settlement with the Justice Department in November 1948, it
had to make its alloy patents and Direct Chill process available to all aluminum producers
“either free of charge or at a nominal royalty.””?> Much like Alcoa, IBM’s 1956 consent
decree forced it to sell or license its current and future business machines to competing
firms.” Manufacturers were thus concerned “that government intervention would wipe
out their valuable proprietary rights in technologies,” especially as policymakers in the
1940s began to take counsel from scientists who lobbied against corporations

monopolizing “entire areas of developing technology.”’*

70 Blackford and Kerr, BFGoodrich, 215-16.
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Many firms, then, sought to hedge against antitrust and regulatory pressures in
their core businesses by branching out into new product lines and industries. The
breakup of Pullman’s operating and manufacturing businesses in 1944 coincided with its
acquisition of M.W. Kellogg, a designer and builder of oil refineries and utility piping
systems. Westinghouse Air Brake’s 1948 consent decree to end “alleged restraints of
trade in the braking system industry” preceded its extensive diversification into
electronics during the 1950s, and United Shoe Machinery responded to a 1947 antitrust
suit by entering the chemical and nuclear energy fields.”> Similarly, Corn Products
Refining “extended its ‘outside’ (but related) interests” in feeds, oils, and chemical by-
products after losing its 1945 appeal of a price discrimination suit.’®

Other companies explicitly linked their diversification strategies to the
uncertainties of mobilization and the postwar political economy. Sherwin-Williams
began to produce DDT during WWII, citing the “shortages of raw materials” and a
“world famine in drying oils” as the reasons why the company broadened its operations.””
American Locomotive noted that the “many problems arising from the war...have placed
additional emphasis on the importance of research” for “increased diversification,” while
competitor Baldwin Locomotive Works initiated a study in 1943 of “possible post-war
activities and diversification of products.”’® Curtiss-Wright reevaluated a “managerial
and engineering base that was too limited for the demands that [mobilization] placed on

it,” eventually becoming a holding company for a range of manufacturing concerns in the

5 “Westinghouse Agrees to End Brake ‘Trust,”” The Washington Post, December 23, 1948, p. 17;
United Shoe Machinery Corporation, 1948 Annual Report, July 15, 1948, p. 3.
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aerospace, metal products, cameras, and plastics industries.”® For Alcoa, the “new era of
competition” in the 1940s and 50s required a “changing focus of the research program” to
“take off in new directions without abruptly abandoning its traditional commitments.”#
Although Anderson, Clayton did not operate in an industry as technologically
advanced as aluminum fabrication or aircraft production, it also “hedged against the
action of Government...when it decided to expand the ‘industrial’ end of its business,”
moving into the manufacture of cottonseed cake and high-protein feed supplements after
WWI1.8L In the meatpacking field, Armour & Company anticipated that the government
would reduce the supply of livestock available for civilian consumption at the end of the
war, and as a result, the firm broadened its “research activities...to open up other new
and profitable operations” in pharmaceuticals and chemicals.®? Likewise, since it was
“impossible to predetermine the date when there may be a resumption of beverage
distilling even on a temporary basis,” the research staff at Schenley Industries was
“engaged in numerous studies and experiments...to diversify the productive capacity of
[company] plants” that had been converted to make industrial alcohol for the war effort.8®
These political and economic uncertainties during WWI1I were so pervasive that

most firms began to plan diversification strategies well before the surrender of Japan.

B.F. Goodrich had reorganized its research departments and expanded the scope of its
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R&D operations by 1942, and John Collyer publicly announced the rubber
manufacturer’s postwar plans two years later.8* As early as 1941, Borden Company
acknowledged that it was not only “concentrating [its] efforts on the problems of today,”
but “intensifying its research and extending its diversification” to better “transition from
war production to peace-time activity.”® Enterprises like Tidewater Oil and American
Can formed “postwar planning committees” that “fortified [these firms] against the
unknown impacts” of reconversion by “expanding opportunities” in new product lines
and industries with R&D investments.®® Among electronics companies, RCA was
already making plans by 1942 for the postwar “struggle for television” and a “smooth
transition from military procurement to consumer electronics,” and General Electric
established a Special Planning Committee so it could “resume regular commercial
activities promptly at the conclusion of the war.”®’

Manufacturers of transportation equipment were particularly inclined to begin
postwar planning as early as possible, given the challenges—materials shortages,
difficulties “obtaining critical items of machinery,” complicated technologies, etc.—
facing firms in this capital-intensive sector of the economy.88 Caterpillar Tractor
believed that engineering performed in the service of the war effort “may have no direct

applicability,” yet the company’s “vast advancement in the accumulation of knowledge”
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allowed for the “development of new products and the opening of new markets.”® Like
Caterpillar, Douglas Aircraft sought to “broaden the base of its experiences for technical
leadership for the postwar period,” recognizing that the war had increased competition in
the aviation industry by breaking down barriers to entry.®® One of these fledgling
competitors, Packard Motor Car, desired to “continue in the field of aircraft-engine
development and production” after having performed such activities during mobilization,
as the automaker was concerned that the federal government would limit the manufacture
of commercial vehicles into the postwar period.®® In addition, American Brake Shoe
believed the “possibilities for new products [to be] unlimited” after WWII, and it hedged
against decreased demand in the railroad industry with an expansion of its Mahwah
Research Center and investments in R&D.%

Despite the advanced postwar planning undertaken by many industrial
corporations, some firms still struggled to return to peacetime operations and adapt to the
political economy that emerged from the war. Nash-Kelvinator had “planned
reconversion to civilian production well before the end of hostilities,” but it could not
anticipate the “unusual conditions it faced” after 1945.% One of Nash-Kelvinator’s
competitors, Chrysler also encountered “obstacles...not peculiar to the automobile
industry” during demobilization, including materials shortages and labor disputes.® In

the metal fabrication industry, Crane Company’s plant reconversion efforts revealed that

8 Caterpillar Tractor Company, 1942 Annual Report, February 19, 1943, p. 11.
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five years’ worth of “modernization projects” had accumulated since Pearl Harbor and
now had to be addressed.%

Not all firms, though, encountered difficulties during demobilization, especially
those corporations that refined raw materials or conducted business in low-technology
industries. Sunray Oil waited until after its 1955 merger with Mid-Continent Petroleum
to open the Harry T. Bennett Research Center in Tulsa, in part because the company had
“no serious war-time reconversion problems” and was able to “establish itself on a peace-
time basis immediately.”®® One of Sunray’s competitors, Standard Oil of California,
returned to peacetime production with “relatively few adjustments,” as most oil goods for
military purposes were “manufactured basically by the same processes as those
[for]...civilian consumers in normal times.”®" In textiles, companies had the “advantage
of a comparatively inexpensive conversion from wartime production,” making
“substantially the same type of product with the same machinery and processes” that they
did for the armed forces.®® These manufacturers, however, were still subject to the same
regulatory uncertainties (antitrust, controls, etc.) as other large enterprises, and most
petroleum and textile concerns built new laboratories and pursued diversification after
WWILI.

Product diversification initiatives were sometimes opposed by antitrust
prosecution, as the government sought to check the growth of large corporations that
expanded their operations through targeted acquisitions. Following its purchases of

Hazel-Atlas Glass and the Robert Gair Company in 1956, for example, Continental Can
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was subject to an antitrust lawsuit seeking to cancel these deals.®® That same year, the
FTC began an investigation into anticompetitive practices in the corrugated container
industry, eventually forcing St. Regis Paper to sell seven container firms that it had
bought prior to 1963.19° A competitor of St. Regis, International Paper “proceeded
cautiously with further efforts to expand beyond pulp and paper” after a drawn-out fight
with the FTC over its 1956 acquisition of Long-Bell Lumber, while in the primary metals
field, Kennecott Copper’s 1959 purchase of the Okonite Company attracted an antitrust
suit from the federal government.?* Therefore, the uncertainties of the postwar political
economy were such that even the corporate strategies (i.e., product diversification) meant
to stake out more tenable positions in the marketplace were subject to government
interference.

A few enterprises noted the effect of the Depression on their postwar research and
diversification initiatives. A.O. Hunt, President of Crown Zellerbach, stated that the
firm’s “greater diversification of product lines” from 1945 to 1950 was “a reaction from
the experience of the Depression years,” and Howard Heinz (head of his family’s
company until his death in 1941) remarked that the 1930s “woke us up to the
opportunities which we had hitherto neglected.”%? Although the Depression weighed
heavily on the organizational memories of many American corporations, the sheer

number of firms that finalized plans during mobilization to build research laboratories

9 Continental Can Company, 1956 Annual Report, March 11, 1957, p. 4.
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and diversify their operations suggests that these companies were not simply motivated
by economic circumstances (i.e., a severe downturn in the business cycle), but also by
government regulation.

Almost every one of the 200 largest manufacturers in 1948 had to navigate some
form of extraordinary federal intervention into the marketplace from 1941 through 1960,
including: the government serving as a major (if not the sole) consumer in many
industries during mobilization; production and price controls that upset markets and
created shortages; “Big Science” projects that demanded firms share patents and
technical knowhow with one another; the seizure of alien property from companies
thought to have done business with German cartels; and more aggressive antitrust
enforcement targeting firms with advantages of scale and scope. This government
interference in the economy was distinct from, say, the New Deal because it—at least in
the eyes of industrial corporations—threatened to break down barriers to entry and
increase competition. Government and business, in this retelling, were not willing
partners in an “orderly” postwar restructuring of the American political economy. 103
Instead, federal attempts to organize industry for mobilization and the Cold War inspired
an equal, but opposite reaction from large manufacturers that, after 1941, began to invest
more heavily in R&D than they ever had before, constructed massive research
laboratories throughout the country, and pursued product diversification as a hedge

against market uncertainty.

103 Galambos and Pratt, The Rise of the Corporate Commonwealth, 155.
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6.2.3 Research Centers vs. Specialized Laboratories

While scholars emphasize the distinction between basic and applied research
when assessing R&D at an organization, the survey of 200 industrial manufacturers in
Chapter 5 suggests that the decision to build a general or a specialized research laboratory
was just as, if not more, important. Lab workspace was not “one size fits all.” Instead,
the laboratory architect played a major role in technological innovation, practicing
“imaginative coordination” to balance the “stated requirements...of three-dimensional
space, construction materials, equipment, cost, and appearance.”'% To borrow a phrase
from Alfred Chandler, structures (i.e., research facilities) followed strategy with respect
to industrial research, as firms designed their laboratories to best implement postwar
diversification initiatives.

From 1941 through 1960, many large manufacturers constructed massive research
complexes (usually referred to as a “central laboratory” or “research center”) that
contained multiple units and employed hundreds of technical personnel.X%®> Such units
were often devoted to a range of scientific disciplines, allowing the company to centralize
diverse R&D activities at a single building or campus. B.F. Goodrich’s Brecksville
Research Center was designed for this type of centralization, as the facility housed the
equipment and materials needed to perform work that was once conducted at the former

Akron laboratory and the Cleveland-based Chemical Company.

104 H.S. Coleman, ed., Laboratory Design: National Research Council Report on Design, Construction
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The most common trend in research facility expansion among the 200 largest
industrial manufacturers in 1948, then, was to—much like Goodrich—operate several
specialized laboratories in the 1940s before establishing a research center to coordinate
these laboratories by the early 60s. Among the many corporations that followed this
pattern of behavior were Allis-Chalmers (which opened its $3.25 million research center
at Harvey, Illinois, in 1958), Koppers Company (Monroeville Research Center near
Pittsburgh in 1961), St. Regis Paper (Technical Center at West Nyack, New York, in
1962), Sinclair Oil (Tulsa Research Center in 1963), and General Mills (James Ford Bell
Research Center at Golden Valley, Minnesota, in 1963).1% Even so, there was not a
single roadmap that large firms followed as they increased their available R&D
workspace. Other companies (Celanese Corporation of America, General Electric, Union
Carbide, etc.) built a central laboratory during or soon after WWII, later complementing
their diversification efforts with new, specialized research units in the 1950s.

This specialization of industrial research facilities led to the construction of a
wide variety of laboratories after 1941, including those devoted to plastics, chemicals,
high-voltage wires, engines, jet propulsion, pharmaceuticals, nutrition, and quality
control. Automakers, farm machinery manufacturers, and some tire companies (e.g.,
Goodyear) opened large proving grounds—many of which spanned several thousand
acres—to test vehicles and equipment.1%” In the lumber and paper industries, the major

concerns set aside forests where they would conduct research on land and resource

106 «Allis-Chalmers Laboratory Begun at Harvey Works,” Chicago Daily Tribune, August 7, 1957, p.
C7; “Koppers Company Opening Research Center Today,” The New York Times, August 28, 1961, p. 33;
St. Regis Paper Company, 1962 Annual Report, February 4, 1963, p. 26; “Tulsa Contract Awarded,” The
New York Times, March 15, 1962, p. 58; General Mills, Inc., 1963 Annual Report, July 26, 1963, p. 6.

107 Maurice O’Reilly, The Goodyear Story (Elmsford, New York: The Benjamin Company, Inc., 1983),
109. Goodyear began operation of its 7,200-acre proving ground (which was a tire test site with its own
highways) near San Angelo, Texas, in 1957.
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management, such as Weyerhaeuser Timber’s Clemons Tree Farm (dedicated in 1941),
West Virginia Pulp and Paper’s Westvaco Experimental Forest (1944), and International
Paper’s Southlands Experimental Forest (1957).1% Likewise, a few of the larger food
products operations—namely, California Packing and General Mills—established
experimental farms for the study of seeds, livestock, poultry, and other goods.%°
Specialized research facilities, because they were designed for work on particular
product lines, focused on applied research. Therefore, many industrial manufacturers
formed arrangements to have universities conduct basic research that would complement
R&D being conducted in the corporate laboratory. B.F. Goodrich, for example,
developed a relationship with Cornell and was able to assign problems of basic chemistry
to university researchers as more advanced work was performed at the company’s Akron
and Brecksville facilities.'*® American Locomotive enjoyed “ready access” to the
laboratories of Union College in Schenectady, while Standard Oil of California worked
“in close co-operation” with the Radiation Laboratory of the University of California on
classified research for the AEC.1 Other companies sponsored basic research at
universities through grants and scholarships: Lockheed’s Missile Systems Division
offered scholarships for physics and engineering graduates who performed “part-time

work” for the firm; Cudahy Packing established a grant that “afforded the company the

108 Weyerhaeuser Timber Company, 1941 Annual Report, May 1, 1942, p. 19; West Virginia Pulp and
Paper Company, 1944 Annual Report, December 23, 1944, p. 5; International Paper Company, 1957
Annual Report, March 11, 1958, pp. 13-14.

109 “Calpak’s Seedsmen: The Sunnyvale Plant and Del Monte Seed Farm,” Del Monte Shield 3, no. 7
(May 1951): 4-7; General Mills, Inc., 1959 Annual Report, July 24, 1959, p. 11. Calpak maintained its Del
Monte Experimental Seed Farm in Sunnyvale, California, and General Mills conducted R&D at the Larro
Research Farm near Indianola, lowa.

110 Cornell University Progress Reports, Sept. 1943-Aug. 1945, Bounded Volumes, Series VII:
Research and Development, BFGCR.

111 American Locomotive Company, 1945 Annual Report, March 4, 1946, p. 4; Standard Oil Company
of California, 1950 Annual Report, March 16, 1951, p. 11.
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benefits of joint research activities” with the University of Nebraska; and Cities Service
Company sponsored chemical engineering and physics research at MIT, Columbia,
Harvard, Georgia Tech, and Oklahoma A&M.*? A handful of firms (Inland Steel,
Kennecott Copper, and Colgate) even built their own laboratories on or near university
campuses to take advantage of the talent pool of scientists and engineers who were
pursuing degrees at these institutions.3

Large industrial corporations from 1941 through 1960 not only wanted top
scientific talent, but they also sought to provide their technical personnel with a range of
general and specialized laboratories where they could best enhance new and existing
product lines. This goal required coordination among projects at different research
facilities, as well as the careful oversight of laboratory expansion from the design phase
through actual construction. Regardless of how they went about increasing their
available R&D workspace, though, almost all of the 200 largest industrial manufacturers
in 1948 decided that they needed to expand their research facilities in the generation after

WWII in order to remain competitive in the marketplace.

12| ockheed Aircraft Corporation, 1955 Annual Report, March 7, 1956, p. 15; Cudahy Packing
Company, 1953 Annual Report, December 8, 1953, p. 4; Cities Service Company, 1949 Annual Report,
March 17, 1950, p. 13.

113 Inland Steel Company, 1954 Annual Report, February 28, 1955, pp. 10-11; “Kennecott Opens
Research Center,” The New York Times, August 14, 1954, p. 18; Colgate Palmolive Company, 1959 Annual
Report, March 16, 1960, p. 15.
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6.2.4 Geographical Distribution of New Research Facilities

Whether an enterprise built a specialized research unit or a central laboratory to
coordinate a variety of R&D activities, such complexes were geographically dispersed
throughout the country. Because much of the nation’s manufacturing capacity was still
concentrated in the North, many firms opened laboratories in or near major industrial
centers. Of the 200 largest U.S. manufacturers in 1948, 148 constructed or acquired their
first new research facilities after 1941 in the Mid-Atlantic, Midwest, or Northeast (see
Figure 6-3).11* 36 of the companies surveyed in Chapter 5 established their first new
research facilities after 1941 in the South or West, although most of these firms
conducted business in industries (e.g., tobacco, oil, textiles, food products) that had
historical ties to these regions.'%®

However, many manufacturers that had built laboratories in the North during or
soon after WWII would, by 1960, also construct research units in the South and West, as
these two regions experienced rapid postwar population and economic growth. Rexall
Drug, for example, announced in September 1945 that it would move its headquarters
and corporate laboratories from Boston to Los Angeles.'® United Aircraft branched out
from its extensive research activities in Connecticut to establish the Florida Research and
Development Center on a 7,000-acre plot near West Palm Beach by the mid-1950s.17

Similarly, although it operated the Watson Scientific Company Laboratory at Columbia

114 For the purposes of this chapter, the “Mid-Atlantic” is bounded by Virginia in the south, West
Virginia and Pennsylvania in the west, and New York in the north.

115 The “South” is bounded by North Carolina and Tennessee in the north and Oklahoma and Texas in
the west.

116 T W. Dart, “Why Rexall Picked Los Angeles Site,” Los Angeles Times, January 2, 1948, p. E7.

117 Ronald Fernandez, Excess Profits: The Rise of United Technologies (Reading, Massachusetts:
Addison-Wesley Publishing Company, 1983), 193. The Florida research complex was operated by United
Aircraft’s Pratt & Whitney Division.
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Figure 6-3: Location of Research Facility Expansion by Region, 1941-1960, for
the 200 Largest Industrial Manufacturers in 1948
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University, IBM sought to take advantage of the engineering talent on the West Coast by
constructing a San Jose, California, lab in 1952 and building a nearby factory six years
later at “the southern end of what became the Silicon Valley.”!!8

Silicon Valley and the Route 128 technology corridor in Massachusetts are the
most commonly cited examples of an American research “nexus” where otherwise
competing firms shared a variety of services (suppliers, distributors, advertisers, etc.), but
the survey of research facility expansion among the 200 largest U.S. industrial
manufacturers in 1948 reveals the importance of northern New Jersey to postwar

R&D.'® Of the 200 companies surveyed in Chapter 5, 22 established their first new

research units after 1941 in New Jersey, as the proximity to New York City gave these

118 | ouise A. Mozingo, Pastoral Capitalism: A History of Suburban Corporate Landscapes
(Cambridge, Massachusetts: The MIT Press, 2011), 92-93.

119 Alfred D. Chandler, Jr., Inventing the Electronic Century: The Epic Story of the Consumer
Electronics and Computer Industries (New York: The Free Press, 2001), 5, 80.
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Figure 6-4: Location of Research Facility Expansion by State, 1941-1960, for
the 200 Largest Industrial Manufacturers in 1948
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firms a wide talent pool from which to hire technical personnel (see Figure 6-4).12° The
massive suburban campuses built by many corporations (e.g., Bell Laboratories, Nabisco,
RCA, U.S. Rubber) attracted scientists and engineers who wanted to work and raise a
family outside a metropolitan area, much like how B.F. Goodrich’s decision to build its
Brecksville Research Center beyond the “Rubber City” of Akron was based on the hope
that it might “obtain the best this country offers in research personnel—talented scientists
who wish to make a career out of research.”*?! Likewise, a suburban site allowed for

facilities to be constructed in several phases as R&D activities changed over time, and

120 George Cable Wright, “New Jersey Becomes Mecca for Research Facilities: Six New Plants Begin
Operating,” The New York Times, July 12, 1958, p. 20. This article cites an unnamed survey that claimed
New Jersey was home to 10% of all U.S. “research plants” in 1958. As Figure 6-4 explains, 23 of the
largest industrial manufacturers in 1948 also established their first new research facilities after 1941 in
Pennsylvania, although labs in this state were split between the Philadelphia and Pittsburgh metro areas.

121 F K. Schoenfeld to Waldo L. Semon, November 12, 1942, Folder 8, Box 7, Series I11: Subject Files
1929-1965, Waldo L. Semon Papers 1926-1990, Archival Services, University Libraries, The University of
Akron, Akron, Ohio.
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enterprises carefully planned the size of their campuses and the “placement of the
buildings” to “assure the possibility of growth for many years.”1?2

This growth of research complexes, though, sometimes came at a cost to the
surrounding environment. A number of laboratories built by large industrial
manufacturers from 1941 through 1960 were contaminated with hazardous waste and
later designated as Superfund sites by the Environmental Protection Agency (EPA).
Abandoned in 1986, Publicker Industries’ 37-acre South Philadelphia distillery and
research facilities were taken over by the EPA one year later when it was discovered that
more than 2 million gallons of alcohols, chemicals, and fuels had been left behind.1?3
Monsanto’s Mound Laboratory at Miamisburg, Ohio, which it operated for the AEC, was
deemed to be a Superfund site because low-levels of radioactive plutonium and tritium
had leaked into nearby soil and groundwater.*?* Nuclear accidents and the improper
disposal of radioactive materials at other research facilities—including the Jersey City
laboratory of Pullman subsidiary M.W. Kellogg, Sylvania Electric’s Bayside complex,
and Curtis-Wright’s research center in the Quehanna Wild Area near Clearfield,

Pennsylvania—cost federal and state governments hundreds of millions of dollars in

clean-up costs.*?®

122 Standard Oil Company (Ohio), 1956 Annual Report, March 1, 1957, p. 25. Standard’s 87-acre
Chemical and Physical Research Center was established at Warrensville Heights (a suburb of Cleveland)
because “the limited land space near the universities made it undesirable to put any more capital into the
laboratory facilities at that location.” The Warrensville Heights complex was situated an equal distance
between local universities and the firm’s Home Office and Development Laboratory.

1231, Stuart Ditzen, “How a Blue-Chip Empire Became a Superfund Scourge,” Philadelphia Inquirer,
January 7, 1990, p. Al.

124 Jonathan Brinckman, “Study to Probe Mound Effect Research Asks if Plant Has Harmed
Neighbors,” Dayton Daily News, November 7, 1993.

125 «Sylvania Plant Chemist Dies of Injuries from Explosion,” New York Herald Tribune, August 9,
1956, p. 11; “Suspended Atom Firm Getting Out: A.E.C. May Let It Sell Material,” New York Herald
Tribune, November 7, 1957, p. 16; “Pa. to Spend $4.3 Million on Nuclear Waste Dump; Site 45 Miles
Northwest of State College in Black Moshannon State Forest,” The Baltimore Sun, May 4, 1997, p. 16B.
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The environmental fallout threatens to overshadow the work of scientists at
industrial laboratories, but even some of the innovative products and materials developed
by these professionals had a negative impact on the health and safety of workers and the
public. B.F. Goodrich’s development and manufacture of polyvinyl chloride, for
instance, exposed dozens of workers at its Louisville plant to toxic chemicals that were
found to cause liver cancer.'?® Externalities, then, must be considered when assessing
postwar industrial research and its effect on technological innovation. Corporate
investment in R&D shaped the “very structure of our society,” as Eisenhower said in his
farewell address, in ways that were both anticipated and unintended, implicating

communities across the country in the emerging military-industrial complex.

126 Blackford and Kerr, BFGoodrich, 332; “Goodrich to Build New Polyvinyl Plant,” The New York
Times, July 9, 1974, p. 59.
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Conclusion

I. Post-WWII Industrial Research and the Military-Industrial Complex

Despite its importance to technological innovation in the U.S., the growth of
industrial research was not the only characteristic of the MIC. The dramatic increase in
the size of the federal government, a “vast industrial planning effort concentrated in the
defense sector,” and sustained economic prosperity were just some of the many postwar
developments that accompanied the formation of new relationships between the public
and private sectors after 1941.1 Even in the scientific community, industrial research was
only part of a broader effort—overseen by the Pentagon and implicating government and
university laboratories—to perfect the instruments of war. However, industrial R&D
offers a lens through which scholars might resolve the three most pressing issues that
impede a thorough understanding of the MIC: the problem of language, the problem of
periodization, and the problem of perspective. Without considering these dilemmas,
historians are unable to appreciate how strategic decisions made by corporate managers

informed the structure of the American political economy during and after WWII.

The Problem of Language

Serious historical analysis of the postwar political economy has been, at times,
hindered by the misapplication of language describing government-business interactions
following mobilization. Because of “inherent ambiguities in the concept of the military-
industrial complex,” scholars have assigned to this part of society such broad labels as

29 ¢¢

“Pentagon capitalism,” “military socialism,” the “garrison society,” and the “warfare

! Gregory Hooks, Forging the Military-Industrial Complex: World War II's Battle of the Potomac
(Urbana: University of Illinois Press, 1991), 1-2.
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state.”? Likewise, the term “military-industrial complex,” popularized in Eisenhower’s
1961 farewell address, spawned the use of the suffix “-industrial complex” to describe
any number of multifaceted systems. For example, the increase in prisons operated by
private companies is often referred to as the “prison-industrial complex.” The healthcare
industry is sometimes called the “medical-industrial complex,” for-profit universities and
the rising costs of higher education are said to be part of an “academic-industrial
complex,” and lobbyists and paid consultants are members of a “political-industrial
complex.”®

Observers of the various “industrial complexes” have leveled three criticisms
against them. First, industries or structures to which the “-industrial complex” suffix has
been applied are usually assumed to have been corrupted by the influx of money.
Second, most of these systems are thought to be somehow protected by the state, often
through favorable legislation or by having the government actively participate in the
system itself. Finally, while participants in the many “industrial complexes” may not
have nefarious intentions, the net effect of the system on society is a negative one. The
systems, it is thought, threaten individual agency and the “proper” functioning of
American democracy, yet are resistant to any kind of reform given the power that they
wield and the corrupting influence they have on public institutions.

The three specific criticisms embodied in the “-industrial complex™ suffix are the

product of a decades-long debate over the evolving relationship among government,

2 Charles C. Moskos, Jr., “The Military-Industrial Complex: Theoretical Antecedents and Conceptual
Contradictions,” in The Military-Industrial Complex: A Reassessment, ed. Sam C. Sarkesian (Beverly Hills,
California: Sage Publications, Inc., 1972), 4.

3 James Ledbetter, Unwarranted Influence: Dwight D. Eisenhower and the Military-Industrial
Complex (New Haven, Connecticut: Yale University Press, 2011), 190.
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business, and academia following WWII mobilization. This debate is rooted in the
contemporary anxieties about the bureaucratization of American society that permeated
Eisenhower’s farewell address. Both C. Wright Mills’ White Collar: The American
Middle Classes (1951) and William Whyte’s The Organization Man (1956) maintained
that bureaucratization threatened “the central ideal that the individual, rather than society,
must be the paramount end.”* Similarly, Ike’s warning about the effects of the MIC
reflected his belief that the “growing ties between public and private business
bureaucracies imperiled the American way of life.”®

Fear of the postwar political economy and its impact on individuals, institutions,
and values has continued to inform scholarly treatments of the MIC, producing a range of
ideological critiques. Richard J. Barnet’s Roots of War (1972) condemns the MIC,
arguing that “the complexity and vastness of modern bureaucratic government
complicates the issue of personal responsibility” and gave rise to a “generation of war”
that culminated in Vietnam.® Echoing C. Wright Mills, Paul Koistinen denounces the
“amorphous, loosely structured” collection of “power elites” that had a stranglehold on
the economy of warfare during the twentieth century.” These ideological histories serve
as an outlet for criticisms of the concentration of federal power in the Pentagon, but they

tend to forgo a careful analysis of the structure of the MIC in favor of explaining its

effects on American society.

4 C. Wright Mills, White Collar: The American Middle Classes (1951; repr., New York: Oxford
University Press, 2002), 78-81; William Whyte, The Organization Man (1956; repr., Philadelphia:
University of Pennsylvania Press, 2002), 400.

5 William M. McClenahan, Jr. and William H. Becker, Eisenhower and the Cold War Economy
(Baltimore: The Johns Hopkins University Press, 2011), x.

6 Richard J. Barnet, Roots of War: The Men and Institutions behind U.S. Foreign Policy (New York:
Atheneum, 1972), 5, 14.

" Paul A.C. Koistinen, The Military-Industrial Complex: A Historical Perspective (New York: Praeger
Publishers, 1980), 14.
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The Problem of Periodization

Such narratives, many of which are from the perspective of the New Left, raise
questions about the precise periodization of the MIC, as scholars have read back through
the 1960s to diagnose the origins of the Vietnam War. These MIC theorists contend that
a Cold War ideology based on a “false or exaggerated” premise generated “high levels of
military expenditures which...created powerful domestic interest groups” with a stake in
preserving tensions between the U.S. and Soviet Union.2 In the more Whiggish accounts,
references to the MIC tend to be foreboding, and Eisenhower’s farewell address is
interpreted in such a way as to anticipate American involvement in Vietnam. The same
global strategic concerns that contributed to the Vietham War were those that produced
escalating post-WW]I defense budgets and altered relationships between big business and
government officials (both civilian and military) tasked with procurement for the nation’s
armed forces. From this perspective, the MIC did not emerge until after WWII, as large
corporations and policymakers sought to continue the massive defense appropriations that
accompanied mobilization.

Other historians, though, have reached further into the past to pinpoint the origins
of the MIC. Carroll W. Pursell, Jr., claims that the MIC “is merely a special (although
increasingly important) facet of the liberal corporate state, the roots of which go back to
the reforms of the Progressive Era and the New Deal.”® Ben Baack and Edward Ray
suggest that the “military-industrial complex took its roots in an unprecedented peacetime
build-up of the military during the late nineteenth and early twentieth centuries,”

specifically pointing to the growth of the U.S. Navy between 1880 and 1910 as the

8 Koistinen, The Military-Industrial Complex, 5.
9 Carroll W. Pursell, Jr., The Military-Industrial Complex (New York: Harper & Row, 1972), 12.
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“seed” for the political economy later described by Eisenhower.'° Finally, Paul Koistinen
argues that the MIC is part of an “American economic mobilization process” that extends
back to the Revolutionary War. The third stage of this process originated in the War
Industries Board of WWI, an agency through which, for the first time, “centralized
control over a planned economy was established and carried out by representatives of the
government, the business community, and the military.”'* According to Koistinen,
WWII mobilization and the political economy of the Cold War simply followed the
model of government-business relations established during WWI.

This hazy periodization has complicated an understanding of precisely when and
how the political economic circumstances described by Ike began to emerge. Just as
ideological critiques of the MIC have ignored its structure and defining characteristics,
without knowing the origins of the specific political economy about which Eisenhower
warned the nation in his farewell address, it is difficult (if not impossible) for historians
to establish how the MIC was distinguishable from other forms of government-business

interaction prior to WWII.

The Problem of Perspective

Therefore, it is not enough for historians to simply diagnose the bureaucratization
associated with the emergence of the MIC and its effect on individuals and various
institutions. To “counter the heavy ideological content of so much of the current critical

work” on the postwar political economy, Robert D. Cuff calls for a “study in the politics

10 Ben Baack and Edward Ray, “The Political Economy of the Origins of the Military-Industrial
Complex in the United States,” The Journal of Economic History 45, no. 2 (June 1985): 369-70.
11 Koistinen, The Military-Industrial Complex, 6, 8-9.
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of administration” written from an “organizational perspective.”'? Such a perspective is
not concerned with the “tension between competing values and images” regarding
bureaucratization, but rather with “how to describe and account for the kinds of
administrative and managerial organizations that have emerged in the course of war
mobilization.”'?® Avenues of historical research that allow for these descriptions of the
nuanced and evolving organizations at the heart of the MIC include: the creation of a
“permanent career pattern in administrative management for business, government, and
defense” after WWII, the “collapsing distinctions between private and public, business
and government, civilian and military, and ultimately between the individual and the
state;” and the “technological processes that have so intimately bound business,
government, and defense mobilization.”*4

Historians in recent years have explored these topics from an organizational
perspective. Brian Balogh, for example, focuses on the maturation of the professions
after WWII, arguing that the war legitimized a “proministrative state” (i.e., a “marriage
between the professions and the Federal government” with historical roots in the
Progressive Era) because mobilization offered “a dramatic forum in which to demonstrate
the practical benefits of the union between experts and the central state.”*® Rebecca U.
Thorpe has examined the role of Congress in the emergence and geographical structuring

of the MIC: representatives of rural and semirural areas without diverse economies had

“powerful political incentives to press for ongoing military expenditures” for their own

12 Robert D. Cuff, “An Organizational Perspective on the Military-Industrial Complex,” Business
History Review 52, no. 2 (Summer 1978): 250-51, 258.

13 Cuff, “An Organizational Perspective,” 256.

4 1bid., 257, 264-67.

15 Brian Balogh, “Reorganizing the Organizational Synthesis: Federal-Professional Relations in
Modern America,” Studies in American Political Development 5, no. 1 (Spring 1991): 162-63, 167.
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districts, “regardless of actual or perceived national security threats.”'® Other scholars
have considered the relationship between “science” and the “military,” suggesting that,
although this categorization “presupposes an institutional identity that delineates their
boundaries,” analysis of “connections and interrelations” among researchers and
government officials reveals both a breakdown of those boundaries and stark differences
in the “purpose, values, and activities” of the two groups.*’

By adopting an organizational perspective of the MIC, this dissertation has also
explored the complex relationships linking discoveries in the laboratory, the management
of industrial corporations, and government-organized mobilization efforts. At the same
time, the comparative study of the 200 largest U.S. industrial manufacturers in 1948 must
be situated within a body of historical literature dealing with “Big Science,” or the
increasing reliance on massive, publicly funded research projects (e.g., synthetic rubber
program, Manhattan Project, space program) to achieve technological innovation.

Scholars have offered competing interpretations of Big Science, drawing attention
to the personnel who conducted large-scale R&D for the state in the second half of the
twentieth century. From a New Left perspective, David F. Noble argues that a
professional class of engineers “became...the agents of corporate capital” in the MIC.
Marching under the “banner of science,” these individuals did not restrict themselves to
technical affairs, but instead “consciously undertook to structure the labor force and

foster the social habits demanded by corporate capitalism” through their work as

16 Rebecca U. Thorpe, The American Warfare State: The Domestic Politics of Military Spending
(Chicago: The University of Chicago Press, 2014), 11.

17 Everett Mendelsohn, Merritt Roe Smith, and Peter Weingart, “Science and the Military: Setting the
Problem,” in Science, Technology and the Military (Boston: Kluwer Academic Publishers, 1988), xiv. This
collection was published, in part, as a response to the Reagan administration’s proposed missile defense
system (the Strategic Defense Initiative, or “Star Wars”), which renewed questions about the relationship
between scientific research and the military.
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educators, corporate managers, leading members of professional societies, and lobbyists
in the halls of government.'® Conversely, David M. Hart believes that postwar R&D was
informed by policymakers in a top-down manner. In this narrative, there was no
“postwar consensus” on government-sponsored research: federal science and technology
policy “masked numerous compromises, false starts, and out-and-out contradictions” that
were the product of a “fragmented American state.”*°

This dissertation, though, has offered a competing definition of Big Science that
draws attention to the role of corporate R&D in shaping the postwar political economy.
Rather than a narrow focus on huge government-sponsored programs, | have considered
the “enormous advances in industrial research that took place during the war.”?° In this
view, Big Science was the sum total of countless strategic decisions made by managers,
scientists, and engineers at large manufacturing corporations. Managers responded to
new competitive threats and increasing government intervention into the marketplace
(sometimes in the form of federal projects, such as synthetic rubber mobilization) by
transforming how their respective firms conducted R&D. More resources were devoted
to industrial research, companies better coordinated their basic and applied science
efforts, and routines were established to develop technologies in diverse product lines.

Although some of these changes had their origins in the interwar period (the

largest manufacturers like Du Pont had extensively diversified their operations and

constructed research facilities prior to WWII), together they constituted a paradigm shift

18 David F. Noble, America by Design: Science, Technology, and the Rise of Corporate Capitalism
(New York: Alfred A. Knopf, Inc., 1977), xxii-xxv.

19 David M. Hart, Forged Consensus: Science, Technology, and Economic Policy in the United States,
1921-1953 (Princeton, New Jersey: Princeton University Press, 1998), 3.

2 Peter Neushul, “Science, Technology, and the Arsenal of Democracy: Production Research and
Development during World War II” (PhD diss., University of California, Santa Barbara, 1993), 2.
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in how large firms conducted R&D. Just as an original synthesis in an academic field
forces “those unwilling or unable to accommodate their work to...proceed in isolation,”
industrial corporations that wished to remain competitive in the marketplace were
compelled to alter their stance toward research from 1941 through 1960.2* Nearly all of
the 200 largest U.S. manufacturers as of 1948 constructed new laboratories, hired armies
of technical personnel, and pursued product diversification in the two decades after
American entry into WWII. As technology was diffused among corporations due to their
own internal R&D efforts and the acquisition of subsidiaries, the industrial economy was
restructured and better able to meet the demands (via defense contracts or large-scale
cooperative research projects) of government and military officials, actors which have
traditionally been portrayed as the organizers of the MIC.??

Much of this economic planning instead took place at industrial laboratories
across the country, which themselves were small-scale, brick-and-mortar “military-
industrial complexes” that brought together several elements needed to achieve dramatic
innovation after 1941: the technical and functional capabilities of large corporations,
government funding in the form of military and research contracts, and basic research
conducted by university scientists. “Technology,” broadly speaking, was not the driver
of change in postwar America, since technological progress had to first be achieved by
scientists in the laboratory and then commercialized by corporate managers in order to
reach the markets—whether those consumers be the public, other industrial firms, or the

government—where it would have an effect on society.

2 Thomas S. Kuhn, The Structure of Scientific Revolutions, 3 ed. (Chicago: The University of
Chicago Press, 1996), 18-19.
22 Hooks, Forging the Military-Industrial Complex, 7.
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Accordingly, there is a place for individual company histories in an organizational
perspective of the MIC. Cases studies like that of B.F. Goodrich presented in Chapters 1
through 4 of this dissertation lend insight into how decisions were implemented at a large
corporation in response to the evolving competitive and regulatory environment in which
it operated, as well as how those decisions dynamically influenced the structure and
characteristics of the broader political economy. Assessing the cumulative behavior of
individual manufacturers as they strategically repositioned themselves in the marketplace
enables historians to not only pinpoint when the MIC described by Eisenhower began to
emerge, but also avoid the ideological critiques of government-business relationships that

tend to disregard the scale and scope of postwar industrial research.

I1. Avenues for Future Historical Scholarship

Given its important role in the structuring and growth of the economy, industrial
research might also serve as a starting point for historians interested in social, economic,
and environmental developments in the second half of the twentieth century. The
building of modern laboratories in small towns and suburbs, for example, employed
thousands of white collar professionals and contributed to the post-WWII “white flight”
from the nation’s urban centers. Discoveries made at newly constructed laboratories
allowed manufacturers to broaden their product lines, and as some firms deemphasized
their core competencies, they (much like members of the Akron rubber cluster did by the
late 1950s) began to move their operations out of the Northwest and Midwest to areas
(e.g., the South and West) where organized labor was not as prevalent and there were

more opportunities in growth sectors like aviation and aerospace. In addition, the
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research complexes constructed in the 1940s and 50s had, at times, a disastrous impact on
the local environment, as did the toxic chemicals developed at some of these facilities.

The case study of B.F. Goodrich and survey of 200 large-scale manufacturers in
this dissertation, then, only begins to define the scale and impact of industrial research,
raising questions to be addressed in future scholarship. For one, historians might
continue to trace the evolution of research initiatives at corporations like Goodrich.
Margaret B.W. Graham and Bettye H. Pruitt’s extensive study of R&D at Alcoa, in
particular, embraces the concept of dynamic capabilities and integrates an analysis of
internal company documents with sources detailing the firm’s political and economic
environment.?® This historical approach is necessary to move toward a comprehensive
synthesis of industrial research, one that identifies precisely who—at both large and
small enterprises—made the strategic decisions that shaped the post-WWII economy.

| have only assessed the largest U.S. manufacturers in Chapters 5 and 6, as they
enjoyed oligopolistic positions and were often trendsetters in their respective industries.
However, corporations like Cummins Engine Company and Minneapolis-Honeywell
Regulatory Company, neither of which were among the 200 largest firms in 1948, also
expanded their available laboratory workspace after WWII in order to keep pace with
their competitors and broaden their product lines.?* As a result, there must be further
investigation of research activities at companies of all sizes and how R&D investments

correlated with organizational growth.

23 Margaret B.W. Graham and Bettye H. Pruitt, R&D for Industry: A Century of Technical Innovation
at Alcoa (New York: Cambridge University Press, 1990), 505-510.

24 Cummins Engine Company, 1951 Annual Report, March 15, 1952, p. 5; Minneapolis-Honeywell
Regulatory Company, 1953 Annual Report, December 31, 1953, p. 11. In 1951, Cummins expanded its
Research Laboratory at Columbus, Indiana, where “winterizing studies for both commercial and military
operations” would be conducted. Two years later, Honeywell established a Research Center near
Minneapolis to consolidate its “basic research activities.”
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Because these investments allowed firms to develop new competitive advantages
by providing research personnel with the facilities where they could make innovative
discoveries, historians need to examine the movement of scientists and ideas among
competing enterprises, the federal government, and universities. The comparative study
in Chapters 5 and 6 treats the corporation itself as the unit of analysis, but as the
participation of B.F. Goodrich scientists in the Akron Section of the American Institute of
Chemical Engineers demonstrates (see Chapter 1.1), technical knowhow was sometimes
exchanged through professional and trade organizations. Similarly, wartime and postwar
agencies and advisory boards were staffed with professionals from the private sector who
shared information with one another. Goodrich Director of Pioneering Research Waldo
Semon, for instance, was an “active consultant for the Army Chemical Center,” had
permission “to discuss highly classified subjects,” and was appointed to the American
Chemical Society’s Committee Advisory to the (U.S. Army) Chemical Corps by the late
1950s.%> The networks that arose from professional organizations and government
agencies deserve added attention from scholars seeking to tell the story of industrial
research and technological innovation in the two decades following WWI1.26

Although this dissertation focuses on innovation that occurred incrementally in

the laboratory, the postwar experiences of Goodrich and other large-scale manufacturers

% Sandy McNabb to Phil C. Cramer, September 15, 1958, Folder 7, Box 6, Series I11: Subject Files
1929-1965, Waldo L. Semon Papers 1926-1990, Archival Services, University Libraries, The University of
Akron, Akron, Ohio (hereafter cited as WLSP); Alden H. Emery to Committee Advisory to the Chemical
Corps of the American Chemical Society, December 17, 1958, Folder 7, Box 6, Series I11: Subject Files
1929-1965, WLSP.

2 professional networks were also created when scientific talent at one firm was poached by a
competitor. In 1957, for example, J.I. Case Company hired Theodore A. Haller from Allis-Chalmers
Manufacturing Company to be its vice president in charge of engineering and lead its new Research and
Development Center in Racine, Wisconsin. See “J.I. Case Co. Chooses Engineering Officer,” The New
York Times, October 3, 1957, p. 57; Wynn Moseley, “Case Tractor Shows 150 Million,” New York Herald
Tribune, December 22, 1957, p. A5.
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reveal that some discoveries were accidental or came about due to unanticipated
government contracts. Numerous enterprises built massive, multi-unit research
complexes, while others established highly specialized laboratories for research into a
single product line or industry group. Many firms obtained patents and technical
knowhow through the acquisition of subsidiaries, and many more developed new
technologies internally. In other words, there was not a singular path to innovation from
1941 through 1960, nor was there an overarching, national R&D strategy that
encompassed the various ways in which private enterprise competed through investment
in research.

It was when industrial research became increasingly formalized—and after
business, government, and academia grew dependent on one another during the 1950s—
that Eisenhower warned the nation about the effect of the MIC on “intellectual curiosity.”
The “scientific-technological elite” at the heart of a “permanent armaments industry of
vast proportions,” according to Ike, threatened to undermine American institutions and
transform laboratory research into an assembly line process. What Eisenhower was
encouraging, then, was a pioneering spirit for scientific progress, the same competitive
impulse that informed the construction of the B.F. Goodrich Research Center at
Brecksville (along with hundreds of other industrial research facilities across the country)
and the corporate pursuit of innovation in technologically and chemically complex

product lines.
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Appendix A: B.F. Goodrich Research Department Progress Reports

The University of Akron Archival Services houses bounded volumes of “progress
reports” detailing the work performed by scientists and engineers at each research
department of B.F. Goodrich. As historical sources, the reports have strengths and
weaknesses, giving the reader a better sense of the breadth of R&D (the diversity of
projects undertaken by researchers) than its depth (the resources devoted to individual
projects). The department directors who produced these sources not only describe the
achievements—and failures—of Goodrich scientists during the years (1942 to 1953) for
which bounded volumes of reports are available at the University of Akron, but they also
explain the challenges faced by technical personnel as they participated in the synthetic
rubber program.t On the other hand, the progress reports do not disclose the monthly
expenditures of each department or how many researchers worked on particular projects.

Even so, the reports are useful to this dissertation, which focuses on the extent of
product diversification at B.F. Goodrich after 1941. To quantify how R&D activities at
the company were altered by the demands of mobilization, a determination must be made
as to what constitutes a “research project.” Although scientists handled hundreds of
chemicals and accomplished countless tasks every month, only a handful of products or
materials were deemed relevant enough by department directors to serve as headings in
the progress reports. Under each heading or subheading, the directors include a short
description of the work being completed on a given product, and in some cases, list the
scientists that supervised the research.? These individual descriptions, which usually
span one to five sentences, are counted as a unique “research project” for the tables in
Chapter 3, and the projects themselves are organized according to the product or material
discussed by the author of the report.®

This method of calculating research projects is not perfect, as some monthly
progress reports did not organize department activities with headings and subheadings.
In addition, the names of products and materials in the headings are not always consistent
month-to-month or even among departments. Therefore, | have tried to provide as
conservative and as accurate an accounting of Goodrich research projects by establishing
guidelines for my interpretation of the progress reports.

! The University of Akron Archival Services has bounded volumes (referred to as “Progress Digests”)
of reports that detail research activities at Goodrich prior to WWII. However, these earlier volumes are not
arranged by department (with the exception of Physical Research), making it difficult to determine how
comprehensive the collections of reports are. The reports written before 1942 also contain more technical
language than those composed after Pearl Harbor and the subsequent reorganization of Goodrich research
departments. From 1942 through 1953, directors tended to write for a broader audience (i.e., company
executives who might review R&D activities) by using more accessible language and providing overviews
of their respective departments.

2 Some departments did not list the supervisors that worked under the director, while others (Physical
Research, Pioneering Research, and the Technical Service Laboratories) were much more detailed.

3 Project numbers assigned by Goodrich are provided in the reports written prior to 1942. The
summaries from 1942 through 1953 do not always contain these official project numbers, and the B.F.
Goodrich Company Records at the University of Akron Archival Services does not have a comprehensive
list of the numbers and their corresponding R&D activities.
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First, unique projects are identified by descriptions in the progress reports that
explain the intention of the scientists conducting research, what action was performed in
the laboratory, and what the result of this work was. Second, when determining what
constitutes a “research project,” the entire process is more important than specific details
about the work or its results. A project might have generated several conclusions, but if
there was only a single job performed on a particular product or material, it is not counted
more than once in Chapter 3. Likewise, scientists sometimes analyzed multiple samples
in a single experiment, yet such a test is still considered to be one research project.

These guidelines allow for the identification of projects in progress reports where
directors distinguished between unique research activities with simple paragraph breaks
rather than with clearly defined subheadings or a numbering system. Figures A-1 and A-
2 in the Appendix are photos of typical Goodrich progress reports to which the guidelines
have been applied. The first report is that of the Rubber Research Department from
February 1953, and it contains four projects for “Acrylate Rubbers” and eight for “Butyl
Derivatives.” Each project is listed under a heading and is separated from one another by
paragraph breaks. The second report (written in April 1948 for the Engineering Services
Department) does not have clearly defined headings, but paragraph breaks alert the reader
that four plant construction and maintenance projects have been completed. From 1942
through 1953, Goodrich research directors produced over 5,000 pages of progress reports
that have been analyzed in Chapter 3.4

While a degree of subjectivity is required to calculate the precise number of
projects undertaken by each research department, I have sought to apply my
methodological standard consistently to the progress reports, month-by-month and year-
by-year. In doing so, this dissertation seeks to understand what projects were deemed
worthy of being included in a monthly summary that might be read by company
executives. The reports also reveal how the company employed its R&D resources and
how its technical personnel were organized during and after WWILI.

Because Goodrich scientists worked on such a wide variety (i.e., over several
hundred) of products and materials from 1942 through 1953, Chapter 3 makes sense of
the diverse research projects described in the progress reports by placing them into
categories. The classifications are based on how directors described the activities of their
respective departments, and as a result, there is some overlap among the categories: for
example, “Synthetic Rubber” could fall under the “Polymer” group, but the progress
reports make distinctions between these two areas of study and the work performed by
scientists on rubber blends and general polymer science. Listed in bold on the following
two pages are the research project categories used in Chapter 3, along with some of the
corresponding goods, materials, and activities from the progress reports.

4 Progress reports from July 1951 to December 1951 were unavailable at the University of Akron
Archives.
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Product Categories for Entries in Research Department Progress Reports

Category: Accelerators
Products: Accelerators, “Erie,” Mercaptans, Sulfur and Sulfur Compounds
(Sulfenamide), Thiazine

Category: Adhesives
Products: Adhesives (Rubber to Metal Adhesives, Tire to Tire Cord Adhesives,
etc.), Cements, “Plastilock,” Sealants, “Seal-O-Matic” Compounds

Category: Administrative
Activities: Equipment Purchasing, Laboratory Construction and Maintenance,
Patent Filing, Personnel Hiring, Safety Initiatives, Trips

Category: Aeronautical Products
Products: Aircraft Brakes, Aircraft Gas Tanks and Fuel Cells, De-Icers (Rubber
Boots and Chemical De-Icers)

Category: Agricultural Chemicals and Biochemicals
Products: Fungicides, Insecticides, Pesticides

Category: Basic Research
Products: Exploratory and Fundamental Research, Research Performed by
Universities (Cornell, Harvard, and Ohio State University)

Category: Cellulose Materials
Products: Industrial Cellulose Materials

Category: Fillers and Pigments
Products: Carbon Black, Fumed Silica, Phthalo Green, Pigments

Category: Lactone Chemicals
Products: beta-Propiolactone, Lactone

Category: Latex
Products: “Geon,” “Korak,” Latex (Synthetic and Natural), Latex Supplies

Category: Metal Products
Products: Brass Plating, Metal Coating of Glass Fibers, Stainless Steel Studies

Category: Miscellaneous Chemicals, Compounds, Materials, and Oils

Products: Acetylene, Acids (Acrylic Acids, Amino Acids, Mercaptopropionic
Acids), Alcohols, Aniline, Castor Oil, Detergents, Fluorocarbons, Lacquers, Medicinal
Chemicals, Miscellaneous Organic Chemicals, Omilite, Paints, Petroleum Additives,
Rosins, Soaps, Solid Propellants, Solvents
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Category: Plastics
Products: Acrylates, Acrylonitrile, “Estane,” “Kryston,” Plasticizers, Polyesters,
Synthetic Resins, Thermoplastics

Category: Polymers
Products: “Carbopol” Polymers, Polymer Science, Polymerization Processes

Category: PVC and Related Materials
Products: “Korolast,” “Koroseal,” Polyvinyl Acetate, Polyvinyl Chloride,
Polyvinylidene Chloride, Vinyl Materials and Products (Raincoats, Flooring, etc.)

Category: Radiation Testing
Activities: Isotope Analysis

Category: Rigid Industrial Materials
Products: Rigid Estane, Rigid Vinyls

Category: Rubber
Products: Isoprene, Natural Rubber, Reclaimed Rubber, Vulcanized Rubber

Category: Rubber Properties
Products: Age Resistors, Antioxidants, Rubber Properties (Abrasion Tests, Cold
Resistance, Frost Inhibitors, and Sun Cracking)

Category: Rubber Products

Products: Battery Containers, Conveyor Belts, Gas Masks, Gaskets, Golf Balls,
Hoses, Hospital and Medical Supplies, Shoes (Heels, Soles, etc.), Sonar Domes, Sponge
(Hard and Soft), Tank Lining, Torsion Springs, and Water and Air Bags

Category: Synthetic Rubber

Products: “Amak,” Butyl Rubber and Butyl Derivatives, Government Rubber-
Styrene (GR-S), “Hycar,” “KemPol,” “Neoprene,” Nitrile Rubbers (“Nipol”), “Norepol,”
Precursors (Butadiene and Styrene), “Thiokol”

Category: Textiles and Synthetic Fibers
Products: Elastic Yarns, Fabrics, Fiberglass, Synthetic Fibers (“Zetek™), Leather
Substitutes, Rayon

Category: Tires
Products: Tire Cord, Tires (Aircraft and Automobile)
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Figure A-1: Example of B.F. Goodrich Research Department Progress Report
(February 1953)




Figure A-2: Example of B.F. Goodrich Research Department Progress Report
(April 1948)




Appendix B: Standard Industrial Classification Codes

The comparative study of 200 industrial manufacturers in Chapters 5 and 6 relies
on Standard Industrial Classifications (SIC) to characterize the product lines maintained
by each of these companies. In 1997, the Office of Management and Budget introduced
the North American Industry Classification System (NAICS), which was meant to
replace the SIC codes. As opposed to the three- or four-digit codes in the SIC system,
NAICS uses five- or six-digit codes to better capture the complexity and specialization of
business operations in the modern economy.

This dissertation, which focuses on changes in industrial research from 1941
through 1960, uses SIC—instead of NAICS—codes for two reasons. First, SIC codes
from 1972 more accurately reflect the products found in the post-WWII industrial
economy than do the modern NAICS classifications that were developed to take into
account the technological achievements of the microcomputer and Internet revolutions.
Second, Alfred Chandler’s Scale and Scope relies on the SIC system in its comparative
analysis of large-scale U.S. industrial corporations from 1917, 1930, and 1948.
Information in Appendix A.3 of Scale and Scope has been reproduced in the “1948
Industry Overview” tables found at the beginning of each subsection of Chapter 5 (i.e.,
5.2.1t05.2.19). These tables have been provided to offer some historical context for the
original research dealing with R&D facility expansion, the hiring technical personnel,
and product diversification from 1941 through 1960.

It should be noted that, for a small number of the 200 industrial corporations
examined in this dissertation, the SIC codes drawn from Appendix A.3 of Scale and
Scope do not appear to be entirely accurate. In a few cases, SIC codes have either been
assigned to companies which did not maintain a product line in that specific industry, or
they have been omitted even though the company in question did manufacture a
particular product. To avoid confusion, the information from Appendix A.3 of Scale and
Scope has been reproduced in the “1948 Industry Overview” tables without any editing
unless there is a severe discrepancy, such as the use of an SIC code that was not listed in:
U.S. Office of Management and Budget, Standard Industrial Classification Manual, 1972
(Washington, D.C.: U.S. Government Printing Office, 1972).

On the other hand, efforts have been made to ensure that the “Product
Diversification, 1941-1960” tables found in each subsection of Chapter 5 are as accurate
as possible. In these tables, SIC codes have only been assigned if a particular product
line has been mentioned in an annual report, newspaper article, business journal, or
company history. For a further discussion of the methodology employed in Chapter 5,
see sections 5.1 and 5.2.

The three- and four-digit SIC codes (along with their corresponding industry
group) listed below are those relevant to the tables in Chapters 5 and 6.
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Major Group 20: Food and Kindred Products
201 — Meat Products
202 — Dairy Products
203 — Canned and Preserved Fruits and Vegetables
204 — Grain Mill Products
205 — Bakery Products
206 — Sugar and Confectionary Products
2062 — Cane Sugar Refining
2063 — Beet Sugar
2065 — Candy and Other Confectionary Products
207 — Fats and Qils
208 — Beverages
2082 — Malt Beverages
2085 — Distilled, Rectified, and Blended Liquors
2086 — Bottled and Canned Soft Drinks and Carbonated Waters
209 — Miscellaneous Food Preparations and Kindred Products
2091 — Canned and Cured Fish and Seafoods
2095 — Roasted Coffee
2099 — Food Preparations, Not Elsewhere Classified

Major Group 21: Tobacco Manufactures

211 — Cigarettes

212 — Cigars

213 — Tobacco (Chewing and Smoking) and Snuff

Major Group 22: Textile Mill Products
221 — Broad Woven Fabric Mills, Cotton
222 — Broad Woven Fabric Mills, Man-Made Fiber and Silk
223 — Broad Woven Fabric Mills, Wool (Including Dyeing and Finishing)
224 — Narrow Fabrics and Other Smallwares Mills: Cotton, Wool, Silk, and Man-Made
Fiber
225 — Knitting Mills
226 — Dyeing and Finishing Textiles, Except Wool Fabrics and Knit Goods
228 — Yarn and Thread Mills
229 — Miscellaneous Textile Goods
2296 — Tire Cord and Fabric

Major Group 23: Apparel and Other Finished Products Made from Fabrics and
Similar Materials
239 — Miscellaneous Fabricated Textile Products

Major Group 24: Lumber and Wood Products, Except Furniture
242 — Sawmills and Planing Mills

243 — Millwork, Veneer, Plywood, and Structural Wood Members
245 —Wood Buildings and Mobile Homes

249 — Miscellaneous Wood Products
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Major Group 25: Furniture and Fixtures
251 — Household Furniture
2515 — Mattresses and Bedsprings

Major Group 26: Paper and Allied Products

261 — Pulp Mills

262 — Paper Mills, Except Building Paper Mills

263 — Paperboard Mills

264 — Converted Paper and Paperboard Products, Except Containers and Boxes
265 — Paperboard Containers and Boxes

266 — Building Paper and Building Board Mills

Major Group 27: Printing, Publishing, and Allied Industries
271 — Newspapers: Publishing, Publishing and Printing

272 — Periodicals: Publishing, Publishing and Printing

275 — Commercial Printing

Major Group 28: Chemicals and Allied Products
281 — Industrial Inorganic Chemicals
2816 — Inorganic Pigments
2819 — Industrial Inorganic Chemicals, Not Elsewhere Classified
282 — Plastics Materials and Synthetic Resins, Synthetic Rubber, Synthetic and Other
Man-Made Fibers, Except Glass
2821 — Plastic Materials, Synthetic Resins, and Nonvulcanizable Elastomers
2822 — Synthetic Rubber (Vulcanizable Elastomers)
283 — Drugs
284 — Soap, Detergents, and Cleaning Preparations, Perfumes, Cosmetics, and Other
Toilet Preparations
2844 — Perfumes, Cosmetics, and Other Toilet Preparations
285 — Paints, Varnishes, Lacquers, Enamels, and Allied Products
286 — Industrial Organic Chemicals
287 — Agricultural Chemicals
2879 — Pesticides and Agricultural Chemicals, Not Elsewhere Classified
289 — Miscellaneous Chemical Products
2891 — Adhesives and Sealants
2892 — Explosives
2895 — Carbon Black
2899 — Chemicals and Chemical Preparations, Not Elsewhere Classified

Major Group 29: Petroleum Refining and Related Industries
291 — Petroleum Refining

295 — Paving and Roofing Materials

299 — Miscellaneous Products of Petroleum and Coal
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Major Group 30: Rubber and Miscellaneous Plastics Products
301 — Tires and Inner Tubes

302 — Rubber and Plastics Footwear

303 — Reclaimed Rubber

304 — Rubber and Plastics Hose and Belting

306 — Fabricated Rubber Products, Not Elsewhere Classified

307 — Miscellaneous Plastics Products

Major Group 31: Leather and Leather Products
311 — Leather Tanning and Finishing
314 — Footwear, Except Rubber

Major Group 32: Stone, Clay, Glass, and Concrete Products

321 - Flat Glass

322 — Glass and Glassware, Pressed or Blown

326 — Pottery and Related Products

327 — Concrete, Gypsum, and Plaster Products

329 — Abrasive, Asbestos, and Miscellaneous Nonmetallic Mineral Products
3292 — Asbestos Products
3296 — Mineral Wool

Major Group 33: Primary Metal Industries

331 — Blast Furnaces, Steel Works, and Rolling and Finishing Mills
3312 — Blast Furnaces (Including Coke Ovens), Steel Works, and Rolling Mills
3317 — Steel Pipe and Tubes

332 — Iron and Steel Foundries

333 — Primary Smelting and Refining of Nonferrous Metals

334 — Secondary Smelting and Refining of Nonferrous Metals

335 — Rolling, Drawing, and Extruding of Nonferrous Metals

336 — Nonferrous Foundries (Castings)

Major Group 34: Fabricated Metal Products, Except Machinery and
Transportation Equipment
341 — Metal Cans and Shipping Containers
3411 — Metal Cans
342 — Cutlery, Hand Tools, and General Hardware
343 — Heating Equipment, Except Electric and Warm Air; and Plumping Fixtures
344 — Fabricated Structural Metal Products
345 — Screw Machine Products, and Bolts, Nuts, Screws, Rivets, and Washers
346 — Metal Forgings and Stampings
347 — Coating, Engraving, and Allied Services
348 — Ordnance and Accessories, Except Vehicles and Guided Missiles
349 — Miscellaneous Fabricated Metal Products
3499 — Fabricated Metal Products, Not Elsewhere Classified
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Major Group 35: Machinery, Except Electrical
351 — Engines and Turbines
352 — Farm and Garden Machinery and Equipment
3523 — Farm Machinery and Equipment
353 — Construction, Mining, and Materials Handling Machinery and Equipment
3531 — Construction Machinery and Equipment
3533 — Qil Field Machinery and Equipment
3534 — Elevators and Moving Stairways
354 — Metalworking Machinery and Equipment
355 — Special Industry Machinery, Except Metalworking Machinery
3551 — Food Products Machinery
3559 — Special Industry Machinery, Not Elsewhere Classified
356 — General Industrial Machinery and Equipment
3561 — Pumps and Pumping Equipment
3562 — Ball and Roller Bearings
357 — Office, Computing, and Accounting Machines
3576 — Scales and Balances, Except Laboratory
358 — Refrigeration and Service Industry Machinery

Major Group 36: Electrical and Electronic Machinery, Equipment, and Supplies
361 — Electric Transmission and Distribution Equipment
362 — Electrical Industrial Apparatus
3623 — Welding Apparatus, Electric
363 — Household Appliances
3636 — Sewing Machines
364 — Electric Lighting and Wiring Equipment
365 — Radio and Television Receiving Equipment, Except Communication Types
3651 — Radio and Television Receiving Sets, Except Communication Types
366 — Communication Equipment
367 — Electronic Components and Accessories
369 — Miscellaneous Electrical Machinery, Equipment, and Supplies
3692 — Primary Batteries, Dry and Wet

Major Group 37: Transportation Equipment

371 — Motor Vehicles and Motor Vehicle Equipment
3711 — Motor Vehicles and Passenger Car Bodies
3714 — Motor Vehicle Parts and Accessories
3715 — Truck Trailers

372 — Aircraft and Parts
3724 — Aircraft Engines and Engine Parts

373 — Ship and Boat Building and Repairing

374 — Railroad Equipment

376 — Guided Missiles and Space Vehicles and Parts

379 — Miscellaneous Transportation Equipment
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Major Group 38: Measuring, Analyzing, and Controlling Instruments;

Photographic, Medical, and Optical Goods; Watches and Clocks

381 — Engineering, Laboratory, Scientific, and Research Instruments and Associated
Equipment

382 — Measuring and Controlling Instruments

384 — Surgical, Medical, and Dental Instruments and Supplies

386 — Photographic Equipment and Supplies

387 — Watches, Clocks, Clockwork Operated Devices, and Parts

Major Group 39: Miscellaneous Manufacturing Industries

394 — Toys and Amusement, Sporting, and Athletic Goods

395 — Pens, Pencils, and Other Office and Artists’ Materials

396 — Costume Jewelry, Costume Novelties, Buttons, and Miscellaneous Notions, Except
Precious Metal

399 — Miscellaneous Manufacturing Industries

Major Group 48: Communication
483 — Radio and Television Broadcasting
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