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Abstract of Praxis

Manufacturing Technology Selection using Historical Data: An Interactive Decision
Support System for Aircraft Tooling Manufacturing

This research introduces a decision support system dashboard (DSSD) to reduce
lead time schedules overruns and meet manufacturing budgets by selecting tool
manufacturing methodologies based on the tool type and tool material. The aerospace
industry typically encounters a backlog of customers’ aircrafts deliveries due to delays in
tooling and production. This Praxis focuses on the tooling which assist in manufacturing
aircraft components like the engine during the production process. In additional to tooling
and production delays, the industry also suffers rising production costs which push
projects beyond their original budgets. The DSSD provides operations management
insights to minimize the likelihood of cost and schedule overruns during the tool
manufacturing process. In the aerospace industry, companies commonly focus on costs
and schedule overruns during the product manufacturing process instead of the initial
tooling manufacturing process. This focus occurs due to the lack of decision makers’
tooling expertise or knowledge which was identified by the researched firm’s skills gap
matrix evaluation. This Praxis considers the cost and lead time historical data for four
regularly used aircraft product tooling types to select a tool fabrication method and tool
material type. The research will analyze data to determine tooling fabrication methods,
CNC machining manufacturing and Additive 3D manufacturing (using Ppk analysis,
ANOVA with Fishers, Pseudo DOE/Historical Data Equation). The study provides

decision makers a DSSD that considers costs and scheduling improvements in tool

Vi



manufacturing, while providing a component® that meets the requirements of safety,
quality, and functionality. This research can later be modified, tailored and utilized for

other companies pertaining to manufacturing of aircraft engine components.

! To clarify, the scope of this Praxis is related to producing the tooling that is later used to produce the
aircraft components.
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Glossary of Terms?

Additive 3D Manufacturing: Also known as 3D printing, a computer-controlled process
using Computer-aided design models to create 3D objects layer by layer, opposed to

traditional subtractive manufacturing methodologies.

Canned cycle: Type of computer programming method. Also referred to as a procedure or
set of operations using one code or single command instead of several separated

commands.

Computer Numerical Control (CNC) Machining Manufacturing: Also known as
subtractive manufacturing, a computer-controlled process programmed to remove layers
of material from raw material creating unusual scrap material. The traditional method is

used to physically subtract material.
Lead Time: The time from initial order to receiving a finished product or tool.

Squander chips, or chip welding: damage of any kind (burns, metal chips, dings, rounded
edges while program machining metal.

Production Cycle Time: Also known as Manufacturing Cycle Time, which is the time
spent or needed to make a production from raw material to end product.

Production Unit: A manufacturing product released for mass production.

Star programming: A type of CNC programming style that machines in the shape of a
star using a pattern rotation function allowing the process to achieve specific depths and

angles.

Tool or Tooling: Aids in the manufacturing of a product or component during the
production phase. Common types of tooling include templates, jigs, gauges, casts,
fixtures, dies, and patterns. Appropriate tooling directly impacts output ability as well as

product lifecycle, quality and cost.

Work Center: Operations or a specific process where manufacturing tasks are executed.

2 Sourced from https://www.manufacturing.gov/glossary

XiX



Workflow Time: A series of operations that process a product.



Chapter 1—Introduction

1.1 Background

Manufacturing efficiency in the aerospace industry is a consequence of both the
production engineering and the tooling manufacturing process. In the industrial context of
manufacturing competitiveness, aerospace companies are Stage IV companies. A stage
IV company according to Hayes and Wheelwright (1984) as cited by Pakhomova (2016),
relies on its manufacturing operation to shape the company’s outlook and establish its
competitive advantage. It then follows that inefficiency in the manufacturing, endangers

the company’s outlook and compromises its competitive advantage.

1.2 Research Motivation

This research focuses on a confidential firm, named AMCE Company, which has
been experiencing extended lead times in schedule and a rise in production costs. Tool
manufacturing was identified in the Praxis as an opportunity of focus for improvement
and further prevent delays in aircraft deliveries. The premise is that improved tooling
manufacturing can increase production efficiency by reducing lead times and arresting
rising tooling manufacturing costs. The research identifies tool manufacturing rather than
managerial focus on production manufacturing as the weakness in the pursuit of shorter

lead times and lower costs.

1.4 Problem Statement



A confidential firm has experienced a 20% increase in lead time and costs in the
past three years for four production tools used to manufacture commercial aircraft

engines, thus leading to cost and schedule overruns for the business.

Prevailing managerial attention has been on the production engineering factors.
The problem, however, lies in the tooling manufacturing problem. The aerospace engine
manufacturing industry consists of a relatively small number of firms. The complexity of
the business is deterrent to new entrants, thereby creating market dependency on the few
firms that exist. That stated, there is high competition between manufactures owing to the
high prices that aircraft engines command. The firms that have created tooling
manufacturing efficiency through the use of unique tools have a competitive advantage

because they can cut lead times and lower production costs.

The incumbent problem is that ACME Company has not identified a way to cut
its lead time and reduce its production costs. An analysis of the company’s production
process revealed the inefficiency to originate from tooling manufacturing challenges for
the four main production tools currently used. There is a need to establish a tooling

decision making mechanism to help management realize tool manufacturing efficiency.

1.4 Thesis Statement
Through the application of a decision support system dashboard for selecting tool
manufacturing methodologies using historical data, reductions in tool manufacturing

lead time and costs are obtained.



The lead times and rising costs of production can be reduced by making better
decisions on tooling for the engine tools. Management needs a reasonable, accurate,
reliable, and consistent procedure through which to establish the best tools for each of the
four production machines. The commercial market for production management for

aerospace production engine manufacturing does not have such a support mechanism.

This research proposes to create a decision management system to help the
ACME Co. manage its decision-making process regarding tools and materials. The
expectation is that selecting a tool fabrication technology that achieves lead time
schedules will reduce manufacturing days and keep manufacturing operations within
budgets. Such a decision-making resource will improve tooling costs without effecting
the quality of the manufactured aircraft components which the tooling assist in

producing, as measured by performing a failure mode and effects analysis (FMEA).

The DSSD’s design can also be the basis (i.e. strategy, framework, model) to
support the manufacture identifying significant manufacturing features to the production
process. ldentifying significant manufacturing features by using the DSSD can optimize

tool manufacturing by using analytics of historical manufacturing company data.

1.5 Research Objectives
The ultimate goal for this research was to reduce lead times and costs of four
production tools. To achieve that goal, this research proposes the use of DSSD. Data

analysis will be used to define the DSSD that ACME Co.’s management can use to



achieve shorter lead times and lower costs. To analyze the data, this research proposed

four research questions and four Hypotheses that are resolved throughout the Praxis.

1.6 Research Questions and Hypotheses
The development of research questions and subsequent formulation of hypotheses
was also guided by the intention that the resulting DSSD should lead to a reduction of the
lead times and costs for tool manufacturing.
RQL1: Are the current tooling technology selection methods capable of meeting
scheduled production and within the allocated budget?
RQ2: Can the cost for four tool types (APLT, ROTT, HYDB, and HYDD) be
predicted by the fabrication methodology and tool material type?
RQ3: Can the lead time for four tool types (APLT, ROTT, HYDB, and HYDD)
be predicted by the fabrication methodology and tool material type?
RQ4: Does the decision support system dashboard (DSSD) used in this research

reduce tool fabrication lead time and costs?

The development of the research hypotheses for this Praxis was guided by the
discernment that the research needed to lead to a DSSD.

H1: The current tooling technology selection method is not capable of meeting

lead time and cost objectives.

H2: The cost for four tool types (APLT, ROTT, HYDB, and HYDD) are

predicted by the fabrication methodology and tool material type.



H3: The lead time for four tool types (APLT, ROTT, HYDB, and HYDD) are
predicted by the fabrication methodology and tool material type.
H4: Application of the proposed decision support dashboard will reduce lead

times and costs.

The research questions informed the statement of four research hypotheses. The
intention was to determine a DSSD through resolving the research questions. The
Hypothesis H1 was resolved through Ppk Analysis for current process capabilities in
section 3.6.2. The Hypotheses H2 and H3 will be resolved through a One-Way ANOVA
with Fisher and DoE prediction equation to identify significant predictors of lead time
and cost in section 3.6.3. The research resolved Hypotheses H4 in section 3.6.4 and 3.6.5
through a DoE prediction equation based on historical data, and a paired T Test (which is
referred to herein as a Pseudo DoE, which means it relies on historical data. It is not
practicable in the timeframe of the Research phase or given the cost and complexities of
the process to run a traditional DoE). To conclude, a case study was utilized which would
demonstrate the implementation of the DSSD and the effectiveness of the DSSD in

countering the excessive manufacturing lead times and rising costs.

The hypotheses developed were guided by research questions limited by the two
main guiding factors stated. Further, the research hypotheses were stated in direct relation
to corresponding research questions. The correspondence was intended to create a
procedural progression of the research through its chapters, most importantly for the ease

of reading and comprehension of the contents of the research.



1.7 Scope of Research

The general purpose of this research is to help a confidential aircraft engine
manufacturing company achieve shorter lead time and lower production costs. The
purposes as defined assumed a micro-level stance acquiring and analyzing a small
population of the data in the tool manufacturing process. The main focus on a single
particular company is deliberate and aimed that the conclusions drawn from this research
can later be modified, tailored and utilized for other companies pertaining to
manufacturing of aircraft engine components. The narrow scope is also informed by a
need for the report to establish a competitive advantage for ACME Co. The research also
limits its scope to the decision-making process. In chapter 5, further research
recommendations are made to expand on DSSD by applying the DSSD to other

industries.

The research deliberately seeks to inform management on how it can make better
decisions on the tool types and materials that are used with the existing production tools.
The intention, therefore, is to establish a decision support system dashboard that helps
management make better decisions which can also in turn aid in reducing the lead times
and production costs. The research takes into account the design, collection of data,
determination of research methods, analysis of the collected data, interpretation of the
subsequent results, and definition of a decision support dashboard. However, the research

does not consist of an implementation phase of the decision support dashboard. Further,



the research does not assume control over the actual section of tools or materials that will

be used by the two production machines.

The research will analyze historical data for a period of three years. The scope is
limited to the past three years because the industry is unlikely to have changed
significantly within half a decade. The limitation of historical data collection to three
years is also informed by the need to maintain recency for any data used to create a

decision support dashboard for the future.

The research will only cover the topical issues relevant under the four research
questions. The intention is the establishment of a decision-making resource through
resolving the four research hypotheses. The primary scope will seek to only use
parameters determined by the four research questions. Also, the decision-making
resource can only be applied to management choices on tooling and material for the four
production machines being used at ACME Co. The implication of that narrow scope is
such that the resultant decision support dashboard will be inapplicable to any other
machine being used by ACME Co. The research results can then influence the tailoring

of approach or DSSD to other manufacturing applications.

1.8 Research Limitations
The study was limited by time available for the data analysis. The data taken into
account was not more than for three years because of uneven trends and lack of any

conclusive finding. Therefore, making the analysis more intricate and unduly complex.



Another potential barrier was the difficulty in fabricating a decision support dashboard,
which would eventually optimize the entire manufacturing operations. Furthermore,
simulation of the acquired data for forecasting any errors or anomalies was not attainable
which might have adverse impacts in proving the hypothesis statement and later
developing a decision support dashboard. This limitation resulted in running the data
analysis then determining if the model established would be useful to the managers of
ACME Co. to use when choosing tool types and materials for their production tools. The
limitation on simulation of the tool meant that direct numerical goals for the reduction of
the lead times or costs could only be approximated based on historical data. To illustrate
this, attention is drawn to the initial determination that costs rose by 20% and lead times
grew by 20% over a three-year period. However, the inability to simulate large data sets
limited the research from establishing discrete percentage impacts should management

apply the resultant dashboard.

The other significant limitation is the hindrance in defining a method that can be
utilized in addressing extraneous variables. The implementation of the decision support
dashboard could be affected by the variables which are not accounted for in the data used
to create the dashboard. Some of the factors that could have acted yet were not factored
into the dashboard development include the skills of the machine technicians, the
efficiency of the tools and materials’ supply chain, personal biases of the managers, and

the effect of the global economy on the demand and supply of aircraft engines.

1.9 Organization of Praxis



This Praxis categorized into five complete and holistic chapters. The structure of
the five chapters includes an Introduction, Literature Review, Methodology, Results, and
Discussion & Conclusion. Chapter 1 delivers the statement of the problem, which the
research is based upon and displays problem significance. The problem statement, thesis
statement, and research questions and hypotheses are all incorporated in this chapter.
Chapter 2 provides a literature review on publications related to the research topic.
Chapter 3 describes the process of methodology application step by step. The process is
laid out in detail breaking down each step of the research methodology. Chapter 4
presents an illustrated outlook of the results identified in data analytic methods and
research study. Chapter 5 summarizes the results and highlights key research facts while

delivering the conclusions of the research.



Chapter 2—L.iterature Review

2.1 Introduction—A Brief History of Aircraft Manufacturing

The journey of man to develop and assemble aircrafts started with the discoveries
by Orville and Wilbur Wright. The perfection in engineering design and structure proved
to be eye opening and the beginning of a new era, which in turn has gradually reformed
over time. However, with the dawn of industrialization, the manufacturing process
expanded on a large scale. Various industrial techniques and processes were designed to
optimize the aircraft manufacturing and designing. For this reason, various
methodologies have been developed with the passage of time in order to reduce the
effort. The business potential for planes gained significance during World War | when the
European acknowledge their military benefits. After the acknowledgement, the business
potential influence spread across the nation (Dawson, 2019). Moreover, lean
manufacturing has significantly contributed to the development of a cost-effective

mechanism of producing aircrafts along with minimizing the waste materials.

“Steel Products Co., currently known as Thompson Products, Inc., was one of the
first companies to effectively adapt valve innovation of the automobile motor to the
planes in Cleveland, Ohio. From that point, as other neighborhood organizations made
the shift, with Cleveland being one of the cities to become a significant maker of airplane
motor components. In 1917, concluding the World War 1, 10 unmistakable Clevelanders
obtain enough cash-flow to hire Glenn L. Martin, a gifted and unpredictable aircraft

designer ” (Dawson, 2019). The new organization assembled the city's first airplane

10



manufacturing plant on St. Clair Avenue on the east side of Cleveland. Martin brought
with him an impressive team of individuals from across the nation to create his own
company called the Glenn L. Martin Corporation. The Glenn L. Martin Corporation
created an economically reliable planes, including the Martin Bomber, “which student of
history John Rae mentioned, was most likely the best battle plane used in the U.S. during
the war; despite the fact that it was not prepared for wartime administration, it turned into

the Army's first-line aircraft” (Dawson, 2019).

Not only that, the technological race between capitalism and communism also
proved to be fruitful for the development of air travel playing an instrumental role in the
development of NASA, the Russian Space Research Institute, and space travel. The
launch of Sputnik 1 and Apollo 11 were manifestations of technological advancement in

this regard.

2.2 Aircraft Manufacturing Strategy

Some of the fundamentals ideas that are involved in the manufacturing of
airplanes will be elaborated and analyzed in this section. The most important part covers
the organization, management, and structure of the processes that are carried out during
the assembly of the airplane, the techniques that are used during the manufacturing plan,
and organization of timetables corresponding to the assembly operations. Considering the
complexity of the manufacturing plans at a large-scale company like Boeing, the
planning process requires hundreds of experienced individuals who have more than a

thousand years of personal experience in this field (Cochran, 1994). The procedures,
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fundamental concepts, and techniques that are used in the planning process will be

discussed in detail in this Praxis.

The airplane manufacturing process contains a consistent set of operations that are
involved in the assembly operations of the airplane. These processes are conducted
simultaneously and are carried out in an integrated manner. To carry out the
manufacturing plan more efficiently, the processes are divided between different
departments at Boeing, so the work can be done in a divide-and-conquer method.
Different tasks are allocated to different sets of employees of respective departments
during the manufacturing process. The tasks have different levels of complexities
depending upon the capabilities of the employees. Some of the employees perform the
finishing of the interior and exterior wings of the airplane, whereas the complex tasks
involve the integration and connection of the body parts of the whole airplane. The
employees from different departments may be responsible for the integration of both the
finished left and right wings to the phalange of the “wing-stub” joint of the plane

(Cochran, 1994).

The flow of the manufacturing process is carried out inside the work center within
a given span of time (in workdays), where the employees have to complete certain tasks
allocated to them. According to BusinessDictionary.com, work center is a “section of a
production facility where all tasks associated with a particular process (such as
assembling, painting, welding) are performed”. The manufacturing flow time refers to the

time in which the plane stays inside that work center before it can be shifted to further
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tasks in the other work center. Depending upon the complexity of the tasks that are to be
implemented, the work center flow times vary from days to hours according to the

sequence of the manufacturing process.

The production cycle time (in workdays) refers to the estimated time taken for the
completion of jobs by different employees at the work center, or the time that is taken
between the beginning and delivery of the airplanes after the whole manufacturing
system has been completed (Charles et al., 1999). The production cycle time is constant
for every single work center operating inside the manufacturing system, unlike the
variant manufacturing flow times which is the amount of time a unit spends in the
operation. After the 3-day production cycle is complete, the work centers complete the
manufacturing process cycle and deliver the airplane every 3 days. As a result, the work
center’s individual workflow time must not alter the manufacturing process of 3 days.
This implies that a new task has to be assigned to every department that is involved in the

manufacturing process of the plane (Cochran, 1994).

Depending upon the flow time, the number of job positions for workers are
decided within a work center. The job positions can be calculated simply by dividing the
flow time by time taken for the production cycle and, at the end, rounded to the very next
integer. Consider an example, where a work center might have flow time of 10 days, and
the production cycle of the work center is 5 days. So, 10/5, there will be two available job
positions in that certain work center. This implies that the work center has to finish the

allocated tasks within a time span of 10 days, and then it has only 5 days remaining for
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the completion and shipment of the plane to the next work center. Now let us take an
example where the flow time is 10 days, and the production cycle of that work center is 3
days. From here 10/3, we get 3.33, rounding off to the next integer, the production cycle
needs 4 job positions. Both the entering and exiting processes of the plane in a certain
work center is a 3-day interval irrespective of these two processes occurring on the same
day. As a result, the job positions at the work center might vary between 2 to 3 because of

this variation of days.

The flowtime of a certain work center is dependent upon the size of crew
members working at that work center as well as on the manufacturing work statement.
The work statement elaborates on the tasks that are to be done along with the order in
which these tasks are to be performed in respective work centers (Charles et al., 1999).
The Industrial Engineering Department has to estimate the required direct work input that
is required for the completion of tasks alongside the manufacturing work statement. The
independent relationship between work content and experience is shown by estimating

the learning curve for that work statement.

After the analysis of the plan of work contained within a work center, different
crew sizes are determined that might be optimal. Maximum or minimum number of crew
members required within the respective work center are determined. The optimal number
of crew size refers to the number of employees that will help to cut the costs of direct

labor required for each job.
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2.3 An lllustrative Example

Given that there are 700 labor hours required for the assembly operations of the
first plane within a single production unit or part, the usual methodology used for
optimally setting the number of crew members will try to minimize direct labor cost. Let
us consider that the calculated optimal crew members for this job are 9. With the help of
flow time formula using the 11 hours, the following results are concluded.

700hours

9 Workers * 9 hours
( Worker day )

flow time = = 9days (1)

Considering that the production line process will be operating on a cycle of 5
days, there will be 2 mandatory job positions at the work center = 9 flow days/5 = 1.8
rounding off to next integer 2 job positions. This indicates that a new task will be
provided to the employees working in every work center every 5 days and when the job is

complete will be shifted to the next work center.

For the purpose of less confusion, flow time is not being derived from the cycle
time. For example, that the cycle rate for every single plane is 4 days and the flow time
for that certain plane is 10 days. Using the same formula, we know that three positions
are required in this work center. Under these conditions, the time interval taken for the
entering and exiting of the airplane into and out of the work center is 4 days total. If the
arrival of the plane at the work center is done on days one, five, or nine, the exit process
will be done after that certain task is completed at that work center, which means on days
three, seven, and eleven. This implies if the plane arrives at the work center on the day vy,

the completion of the plane will take place on the day y+10days. As a result, we can say
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that half of the time is spent conducting the working process on two planes, whereas it
will take the rest of the time to implement the entry and exit processes on three planes

(Charles et al., 1999).

Due to the asynchronous behavior of the job arrival and exit days, let’s concur
that the working process of every 3 crews having 10 workers each will not be equal, and
known factor is the crew members will be idle 16% of the total 12 days allocated for the
work process. This will result in declining labor costs per job and cause inefficiency
because the actual hours that were to be spent on every plane were 816, whereas it is
taking (9 workers*3 positions*9h/day + 4 days/plane) = 972 hours. To make this process
more efficient, the industrial engineering department at Boeing examines, analyzes, and
reschedules the work per employee at the work center. This is referred to as the optimized
crew size. To accomplish the utilization of the labor to its full extent, the crew size and
the number of workers is varied from time to time and position to position. Considering
the above example, we require only 10 workers for the production of the plane every 4

days (10 workers @ 9h/day *4days) = 90 labor hours per 4 days.

On the other hand, the industrial engineering department analyzes and devises
flow times that consider multiple of the production cycle times to increase their
efficiency. They might reschedule the work that involves un-optimized crew members.
Considering the above example, the work center may require the flow time to be 12 days
having a total of three crews, each comprising of 9 workers. This implies that the staffed

members now will be working for 864 hours on every single airplane.
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2.4 Purpose of Manufacturing Methodologies

Similar to the research presented in Cochran and Charles.et al, this section aims at
the analysis of different aircraft manufacturing methodologies along with their pros and
cons using a series of literature reviews. CNC machine manufacturing and Additive 3D
manufacturing, two common tool manufacturing methodologies, are focused alongside
their process features to analyze which technique is more suitable for aircraft
manufacturing and reasons supporting each technique (Ulrich & Eppinger, 2003). This
article further aims to explore different dimensions of “high-tech manufacturing of
aircrafts” and problems associated with it (Suh, Nam P., 2001). For this purpose, the
production mechanisms of various aircraft manufacturers have been thoroughly studied
and analyzed, compared to Boeing and Sweden’s Black Wing, Sweden. The
manufacturing steps have various degrees of complexities relying on the capacities of the
representatives (Chao & Graves, 1992). A portion of the tasks convey the completion of
the inside and outside wings of the plane, while the undertakings done by workers
include the joining and fastening (securing) of the body portions of the entire plane (Chao
& Graves, 1992). The representatives from various offices may be responsible for
coordinating the completion of both left and right wings to the phalange of the wing-stub

joint of the plane.

2.5 CNC Machining Manufacturing
CNC machining or programmed manufacturing is a reduction-based

manufacturing method and focuses on reducing the amount of material required in the
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original machine programmed design (Sherman, 1992). CNC machining is a highly
precision based model of production as it focuses on the elimination of the material.
Numerous CNC machines can be physically modified, especially where parts are
“moderately straightforward” (Ulrich & Eppinger, 2003). Today, this is assisted by
passing information and altering the controller, and by star shaped programming, i.e.
canned cycles. In addition, there is the chance of significant mix-ups in CNC machining
programing. Mixing the main technique of removal for computer-aided design &
computer-aided manufacturing (CAD/CAM) for complex shapes, a program can be
composed with PC help from the maker and afterward imported to the main controller
(Chao & Graves, 1992). Similar to CAD/CAM, machining using complex shapes
programming helps with the scientific figuring’s to prevent digging into the shaper way
(machine tool) for different cuts on a section, lessens programming blunders. Since
aircraft manufacturing requires high precision, CNC manufacturing can turn out to be the

most lucrative product in this regard (Sherman, 1992).

2.5.1 Working principle

“Routinely, a controller selects and changes various machine parameters like feed,
profundity of the cut and more, depending on sort of employment and manually controls
the slide developments. In CNC Machining, slide developments are constrained by CNC
operating engine (computer) utilizing PC programs” (Sherman, 1992). A CNC machine
control unit (MCU) controls the cutting pace, feed, profundity of cut, device
determination, coolant switches and device rotation. The MCU issues orders in type of

numeric information to control unit that position slides and device as needed be using
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pneumatic or hydraulic controllers (Pavaux, 1995). A numerical control, or NC,
framework commands several machine capabilities and actions commonly operated by
experienced mechanics (Sherman, 1992). Numerical control created out of the need to
meet the necessities of high creation rates, consistency and steady part quality.
Programmed code is changes into yield signal switch that control machine activities, for

example, axle speeds, apparatus choice, device development, and cutting liquid flow.

“CNC, also known as PC processor or PC numerical control, allows machining
projects of parts to be altered and stored in the PC memory just as allowing diagnostics
and quality control capacities during the genuine machining” (Ulrich & Eppinger, 2003).
CNC machining begins with a portion of program, which are successive directions or
coded orders that mediate the particular machine capacities. “PC controlled machines can
precisely and repeatedly control movement in different ways” (Sherman, 1992).
Advances in assembly innovation using CNC machines, can offer an improvement in

general effectiveness by expanding the quantity of materials accessible to planners.

2.5.2 Machining Processes

Machining Processes refer to the way machining plane segments require a wide
range of processing machine ventures due the complexity of the parts' shape. Parts are
frequently made of materials that are difficult to machine, such as the case with titanium.
When processing titanium, additional time is required due to the fact that the processing
machine can't expel material from the workpiece as quickly as it can for other metals

(Pavaux, 1995). This is due to titanium's low warmth conductivity and low modulus of
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versatility. Warmth conductivity is basic in cutting parts (Chao & Graves, 1992). In the
event that the warmth isn't moved from the work surface to the earth, squander chips, or
chip welding can wind up welded back onto the work piece. A low modulus of flexibility
makes flimsy parts hard to machine that the piece will twist if an excessive amount of

power is applied, so less material must be cut off in one pass (Sherman, 1992).

To counteract this, new cutting apparatuses have been built that utilize unique
coatings and smaller scale grain carbide substrates. These new cutting devices coupled
with progressively customary methodologies, such as coolant application to the shaper
instrument and expulsion of chips from the machining way. A benefit of better cutting
devices is a more extended device life which brings less machine support. A machine can
cut parts quicker and finish more cycles before being adjusted. The final product is a
higher creation pace of segments, assisting with delivery of more planes. Machines also

have bearings of movement called pivot, as well as, two to five axis.

2.6 Additive 3D manufacturing

This technique is relatively opposite to CNC machining as it primarily focuses on
the additive principle rather than the reductive principle. In this process, a 3D model of
the proposed design is prepared using CAD or other assisting mechanisms (Ulrich &
Eppinger, 2003). The prepared model is materialized by gradually adding material along
the decided coordinates of the proposed geometry of the machine or aircraft tool.
Airplanes are made of many advanced parts and subcomponents, and a multi-layered

assembling structure is regularly utilized (Sherman, 1992). This setup requires
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concentrated exertion on the storage network, the board, and stock forecasting to
guarantee smooth activity, as any production network hiccup can disturb the last airplane
assembly. Considering the stored network designs, and the requirement for quicker
support administration frameworks, the airplane ventures regularly keep more significant
levels of stock. The general stock expenses are estimated to be around $50 billion (USD),
around the globe. Added Substance Manufacturing for the Aerospace Industry,
investigates the structure, preparing, metallurgy and uses of added substance producing
(AM) inside the airplane business. The book's editors in Pavaux, have gathered a
worldwide group of specialists who talk about ongoing advancements and future
possibilities of added substance fabricating (Pavaux, 1995). The work incorporates an
audit of the benefits of AM over traditionally subtractive manufacturing, including cost
contemplations (Chao & Graves, 1992). Microstructures and mechanical properties are
introduced, alongside instances of parts created by AM. Readers will discover data on an
expansive scope of materials and procedures utilized in added substance producing

(Womack & Jones, 2010).

2.6.1 Working principle

As mentioned, 3D Manufacturing works on the principle opposite to that of CNC
manufacturing. As per the proposed design and content, the material is added along
dimensions to prepare the required design (Sherman, 1992). The utilization of cutting-
edge mechanization, PC supported structure, and assembly are used to additionally
improve the items and administrations. Added substance technologies in advancements

(AM) are gaining focus right now (Ulrich & Eppinger, 2003). A complete survey of the
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potential functions AM can play in the airplane store network and stock frameworks, and
the present condition of utilization and related quality confirmation and
institutionalization issues as follows. One of the most up to date plastic discharges from
Oxford Performance Materials Incorporated is a PEKK based polymer. This variation is a
typical PEKK yet it has a carbon center (Sherman, 1992). The PEKK solidarity to weight
proportion is better than that of cast aluminum. In this way, the 3D printed PEKK parts
offer critical enhancements in eco-friendliness (Pavaux, 1995). This is an advantage that
will keep costs down in the future by sparing fuel. With the capacity to make parts in any

shape and at a lighter weight, this is an ideal counterpart for the flight business.

Furthermore, the expense of polymer printing is a lot less expensive than metal
printing, making it an increasingly reasonable alternative. The metal printer permits fix
harmed parts. In particular, if a section has had an excessive amount of material
evacuated the material can be supplanted by just printing additional material back on to it
(Sherman, 1992). This new progression is a major one, permitting a harmed part to be
rescued as opposed to rejected. Less rejected parts imply more parts created for use.
Recently, it has additionally been discovered that controlling the dissolving and
hardening process during the 3D printing of metal enhances the control of materials'
properties in various physical regions of the part. This empowers a part to have
remarkable properties in different physical areas without extra assembling forms (Chao &
Graves, 1992). Expanding the quality of the 3D manufacturing instructions at one

workstation lessens the down time in the middle of machines operation. Generally
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speaking, this progression encourages expanded creation, yet permits fashioners to

improve parts appropriate for their application.

In manufacturing product, basic elements of manufacturing methodologies extend
the stock levels far as possible; however, customary supplanting is required with 10% of
the extra parts. Parts requiring less customary substitutions, additionally alluded to as
moderate moving parts or long haul storage parts, make it difficult to foresee the trade
times and can become costly. The typical stock control systems may not be compelling in
such cases and contribute to a great extent to stock shortages or overages. By and large,
save parts are characterized into four kinds; 'Rotatable’, 'Repairable’, '‘Disposable’ and
‘Consumable’, with each one having an alternate recharging strategy (Womack & Jones,
2001). The stock experts are accountable for allocating explicit strategies on hundreds
and thousands of extra parts. These arrangements are related to the volume of the fix and
the stock lead times and should be refreshed routinely to adjust to market changes.
Airplane segments are frequently comprised of numerous parts, all of which need
examinations of elevated expectations, and the interest is typically inconstant (Ulrich &
Eppinger, 2003). In view of the particular systems utilized, the AM procedures can be
ordered into seven classifications: powder bed combination, folio streaming, direct
vitality testimony, expulsion, flying, sheet cover, and tank photograph polymerization.
The most broadly utilized strategies are specific laser sintering, particular laser softening,
electron shaft liquefying, stereo lithography ink-stream printing, melded affidavit
displaying and direct metal statement, while metals, polymers, earthenware production

and composites of various blends are created as conceivable material competitors (Ulrich
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& Eppinger, 2003). Lower vitality utilization, better mechanical productivity, reduced
material wastage, and shorter plan and assembling lead times are run of the mill attributes
contrasted with customary assembling strategies (Chao & Graves, 1992). The point—or
layer-wise union takes into account better plan adaptability, more elevated level of
customization, reduced lead times and conceivable improved store network
arrangements. The capacity to make complex 3D products direct from advanced
information, removing the requirement for complex tooling and concentrated work tool
movements and the powers engaged decreased assembling lead times and conceivable
restricted creation, contributing towards progressively productive store network

frameworks.

A future advantage will use 3D printing parts at support offices. Having this
capacity would be a huge advantage, as it would permit upkeep faculty to just print the
parts required for every particular fix (Pavaux, 1995). This would likewise kill the
requirement for requesting parts and the lag time connected with delivery. To have the
option to print parts at a satellite office there would need to be quality control checks to
guarantee the printed parts met specifications. Building up a strategy for satellite printing
takes a generous speculation, yet the advantages for high need fixes would exceed the
expense. 3D printing additionally considers even the most complicated parts made and in
certain circumstances printing the segment is quicker than machining it from a billet bit
of metal (Sherman, 1992). General Electric is currently creating fuel spouts made of
numerous materials. Regularly this fuel spout would require various materials be

machined independently and afterward intertwined. Supplanting manufacturing with a 3D
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printer permits the whole procedure to be finished with one machine (Sherman, 1992). To

complete procedures, machining occurs after the part is printed.

2.7 Decision Making Assistance Using DSSD

Decision makers in aircraft manufacturing must understand the immensity of our
information driven society and the impact it has to end products. The web, among other
sources, has given an excess of crude information that offers incredible opportunities
when broken down effectively. The challenge lies in controlling and breaking down
immediate or circuitous information from various sources to show patterns or varieties
(Ulrich & Eppinger, 2003). The question remains, in what manner can this information be
dissected precisely to infer significant knowledge. The appropriate response lies in
choices driven by the derivation and introduction of the information. Spreadsheets,
outlines, diagrams and recreation devices are useful, but this need has prompted the
ascent of business dashboards. The vast amount of information available to decision
makers must be culled down to just that information they need to make informed
decisions. That essential information then needs to be provided in a manner readily

understood and usable by the decision maker, similar to the DSSD.

2.7.1 Dashboards to Visualize Data

The term ‘dashboard' begins from the car instrument panel that permits drivers to
see various arrangements of data at once. Business dashboards are diagnostic apparatuses
designed to envision information across enterprises (Pavaux, 1995). They illustrate the

most significant measurements and key execution markers for clearer choices and
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situational understanding. Dashboards can give continuous outcomes by amassing and
removing an incentive from information gathered. This information is presently set in a
readable and engaging configuration. A wide range of parts sway business execution and
by introducing this constant information in a visual configuration, it is promptly simpler
to see the presentation of an association, group or venture and pinpoint if something isn't
right (Ulrich & Eppinger, 2003). Advantages of dashboards are unmatched in this regard.
They can save a great deal of time since manual errands require filtering through gigantic
measures of information (Chao & Graves, 1992). This should be possible by making a
visual stage that permits you to mechanize undertakings and assist you more
opportunities to break down the information. Organizing the information and procedures
is imperative to the achievement of a dashboard to ensure that it shows the specific
information and updates. The different ways in which a dashboard can be informative are
followed:

Dynamic: For an expert to pick up the best bits of knowledge into information
and investigate it appropriately, they have to distinguish the follow up items and
streamline work processes (Sherman, 1992). Dashboards accumulate information from
different sources and join them in a solitary interface for a detailed review of the business
while lessening announcement time.

Intuitive: Dashboards speed up work, as well as bear the cost of greater
flexibility. They can be dynamic and intuitive, permitting the user to utilize channels or
interface with outlines and make changes. The user can see the information that best suits

the requirements, screen, make and use narrative to comprehend and clarify information.
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Pattern spotting: Dashboards are advantageous to any association, large or
small, that desires to follow information and remain on target with objectives. In the case
of hoping to improve your business or beat contenders, dashboards show how you can
utilize information further your potential benefit. A fascinating advantage is an engaging

organization encourages you and others to track achievement and gamifies improvement.

2.8 Purpose of the Dashboard Support System Dashboard

DSSD proposes to create a decision management system to help in managing
decision -making regarding tools and materials. While commonly used, the term DSSD
refers to any kind of system that offers useful knowledge required to improve decision-
making (DM).These structures are commonly utilized in exceedingly complicated
contexts in which problems or assignments differ in form, most of them unstructured or
semi-structured. The Air Transport System, implemented as a safety critical human-in-
the-loop and dynamic network, is unquestionably a very rich area and atmosphere for the

implementation of various DSSDs based on being a high profitability industry.

The DSSD serves as a principal purpose for helping a confidential aircraft engine
manufacturing company to achieve shorter lead time and lower production costs. The
increased lead times and rising costs have led to cost and schedule overruns for the
business, thus making the business complicated and deterrent to many entrants.
Moreover, DSSD serves as a decision-making resource that will improve tooling costs
without reducing the quality of the manufactured aircraft components as measured by

performing a failure mode and effects analysis (FMEA).
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Aerospace programs are considered one of the most expensive and dangerous
ventures by companies, although they are very lucrative. A large capital investment is
required to create a single platform, due to exposure to major global threats including
energy costs, economies, and intense competition. This has made the business restrictive
and abhorrent to many entrants due to the huge investment associated and the tooling

costs involved in manufacturing.

2.9 Applying DSSD in the Analysis

2.9.1 Two Way ANOVA Analysis/ Tukey Test

In order to draw a comparison between ANOVA and Tukey Test techniques, a
detailed analysis should be carried out and the further sub-processes involved in each
technique should be analyzed by a two-way ANOVA test. In this method, two different
manufacturing machine methods are set to be CNC and 3D manufacturing, followed by a
brief comparison on the basis of empirical data (Pavaux, 1995). The raw material
weightage in CNC manufacturing is high, as it is primarily based on the reduction of the
material. Moreover, special tooling, including work offset, printing offset, tool path and
machine offset, is required in CNC (Womack & Jones, 2010). In 3D modeling of the
tools, no such thing is required except a detailed design. It should be noted that 3D
manufacturing is more suitable for the designing of complex parts (Sherman, 1992).
Airplane segments are frequently comprised of numerous parts. All of which need

examinations of elevated expectations, and the interest is typically flighty. In this regard,
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an ANOVA table is drawn, and variables are added similar to the graph shown in Figure

1.

Tukey Simultaneous 95% Cls
Differences of Means for Strength

[
|
|
|
|
C-A | I * 1
|
|
|
|
|

-0.5 0.0 0.5 1.0 1.5

If an interval does not contain zero, the corresponding means are significantly
different.

Figure 1. Differences of Means for Strength Graph. Tukey Simultaneous is a means to
compare differences when running ANOVA.

Source: [gsutra.com/anova-in-manufacturing-process]

2.9.2 Pseudo Design of Experiment (DOE)/Historical Data Equation

The structure belief systems involved in the creation of the Toyota Production
System (TBS), a continuous improvement journey, outperform the business of selling
vehicle, with the schoolings being utilitarian in numerous dissimilar ventures about the
world including the business of air-make. Albeit Lean Thinking (Womack, 1996),
recommended that lean creation be submitted in the front line of turbines. In the early

1900s, the airplane part was utilizing the TPS standards defectively. In 1993, the Lean
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Aircraft Initiative (LAI) was framed to meet the business manufacturing needs, which
related the TPS belief systems to aerospace chastisements (Pavaux, 1995). The objective
of the LAI was to provide a partnership with: the government, military branches,
Massachusetts Institute of Technology (MIT) research studies, and the private division
(resistance aviation businesses and worker's guilds) promoting change in the aerospace
industry. Work of LAI has devoured the recognizable proof of magnificent lean
assembling strategies that can be utilized in the avionics advertisement, just as potential
hindrances to execution (Womack & Jones, 2010). Crews-seller Relations, Marketing and
item, Policy, External Climate, Assess, Manufacturing Processes, and Energy Processes
are focal points inconsistent with inquiry about endeavors. The strategy that needed to
organize the entirety of LAI's examination endeavors is the Lean Enterprise Model
(LEM) (LAI, 1996) plotting the lean standards and characterizing the strategies.
Proceeding with look into every one of the ideas is persistently upheld by research of

LALI. Or then again, incorporate chosen perceptions from this investigation into the LEM.

2.9.3 Production System Design Work

Similar the Praxis, Pavaux highlights the methodologies and ways to explore
efficiency and cost-effective production of the aircraft tools along with their pros and
cons. The detailed comparison among the techniques and their verification via ANOVA
and Ppk analysis is a manifestation of an empirical approach behind the task (Pavaux,
1995). This work was likewise recorded as a joint effort between the research facilities
Production System Design (PSD) laboratory and LAI. By Professor Cochran, PSD lab-

controlled styles research in a frameworks-based assembling approach, which stands out
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from the look into planned for refining explicit procedures. The task that became a part of
the research included belittle impartial methodology for lean creation frameworks plan
and execution (Womack & Jones, 2010). Therefore, consideration for research objectives
is centered on issues identified with framework configuration including item planning
assessment, process structure, human touch, yield forms, stockroom design, and data
frameworks (Sherman, 1992). The PSD lab gathered the data of TPS from inquiry about
side-to-side contextual analyses in industry and different activities broadening creation of
lean from the item improvement stage to changing large scale manufacturing plants to
cell fabricating from the past research and information in the act of the Production
System Design Framework and breaking down (Cochran, 1999). This exploration utilizes
Axiomatic Design (Suh, 1990) to dissect how TPS approaches acclimatize connections
amongst convictions, and how they fulfill the enterprise's general business premiums and
plan to profit (Pavaux, 1995). In other words, the TPS implements changes to the
manufacturing process that influence business goals and objectives. It works with cases
in the division of vehicle and airplane to show the usage of thoughts coming about by the
plan deterioration (Womack & Jones, 2010). The upside of consuming Design of
Axiomatic to articulate TPS is that it gives a controlled casing work to examination other
numerous investigations or areas of opportunity for improvement (Cochran, 1994). A
fourth section gives a review on the structure of Axiomatic and use in manufacturing

frameworks.

2.10 Research Contribution
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In the light of the above review, the Praxis research illustrates various aircraft
production techniques being used in through-out the years. It also aims at a
comprehensive comparative analysis between the methodologies using different
comparison and analysis models including Ppk and ANOVA testing in production,
highlighted in section 2.8.1. The current procedures for making parts are major
procedures. 5-axis processing machines and 3D printers are the ultimate outcome of part
creation (Sherman, 1992). Every framework has wide application and the adaptability to
adjust to future requests. Having the parts important to make a plane presently implies
that they should be amassed (Pavaux, 1995). The sooner planes are made, the faster it
very well may be used for commercial or military use. Computerization offers a
proficient answer for gathering. With the goal of using computerization, it will require
new mechanization procedures to be made for singular applications. An investigation of
the get together procedure inspecting which stages take the most time would uncover
where the most time reserve funds would be seen (Ulrich & Eppinger, 2003). The stages
taking the most time would then have a computerization arrangement made for them. For
instance, the way toward riveting introduced right now is a straightforward procedure that
can take a huge measure of time because of the volume required during gathering. It was
recognized and a special arrangement was created to mechanize that procedure. Time
investment funds would now show the expanded creation of planes. At the center of new

innovation for creation is the expense related to it (Womack & Jones, 2010).

There is an anticipated interest for a lot of planes; however, will this interest make

enough income to take care of the expenses related to a streamlined creation line?
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Basically, planes can be delivered quickly with a simply question to answer, how far a
producer is eager to go to accomplish and meet the business goals. For certain maker’s
new innovation won't be the solution to their issues, rather an expansion in the quantity of
machines at present utilized for creation will explain their creation inadequacies (Ulrich
& Eppinger, 2003). Manufacturing rate improvement requires the entirety of the
previously mentioned procedures and innovations. Not every strategy will be executed at
a similar rate. A few, for example, the 3D printing, will require more opportunity to
become feasible from a speculation point of view. Refreshing hardware and improving
assembling strategies will be required for higher creation rates. This forthright venture
ought to be viewed as an interest later on. By utilizing and refining these procedures
today, it will situate organizations to be better prepared for the fate of air travel. The focal
point of this chapter of the Praxis was to give an overview of the aeronautics producing
industry, with particularity on machining forms, 3D printing procedures, and robotization

forms.

2.11 Summary and Conclusion

As outlined in this chapter, when compared to PSD building disintegration from
Pavaux’s work, the advancement of an evaluation tool or system to assist producers in
inspecting their own production systems, detecting essential strategic changes for aircraft
manufacturing creates continuous improvements to acquire specific objectives like
reducing cost and schedule overruns. Therefore, this would contribute to reductions in

tool manufacturing lead time and costs in the manufacturing process.
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Chapter 3—Methodology

3.1 Introduction

This chapter discusses the methodologies that will be used in assessing the
collected data and provide evidence to support or annul the four hypotheses with regards
to the proposed Dashboard Support System Dashboard (DSSD), including how to
develop and implement it in a stepwise approach. This chapter starts by clearly describing
the purpose of the DSSD, and then presents various techniques utilized in gathering

information that help in substantiating or annulling the four hypotheses detailed herein.

The section further outlines the quantitative research techniques that will be
utilized to investigate information and gauge aerospace manufacturing tooling costs and
tooling schedule, also known as lead time. It will depict the strategy that will be utilized
to introduce the cost and schedule shirking advantage of aircraft manufacturing in the
CNC manufacturing model, additive 3D model with analysis evaluation techniques like

ANOVA.

The rationale and significance of each step in the entire process and the associated
techniques are highlighted. The researcher will establish a procedure for collecting data
based on the already available information pertaining to aircraft manufacturing. After
collecting the data, the researcher will assess and analyze the correlation between the
Dashboard Support Systems Dashboard. During this analysis, the researcher will leverage

regression with the backward elimination method using historical data. In order to
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evaluate the DSSD process capabilities, Minitab Data Analysis Software is utilized to
determine the process capabilities of both tool cost and tool lead time. Moreover, the
One-way ANOVA with Fisher and DoE prediction equation approaches have been
deployed to evaluate the significance of the predictor variable on either the tool cost or

tool lead time.

The last section of the chapter discusses the process capabilities and
implementation of the DSSD using a Pseudo Design of Experiment (DOE) approach with
ANOVA identifying the correlation of significance related to each variable. The
implementation of the DSSD is feasible through utilization of a One-way ANOVA.
Furthermore, the regression analysis is performed and an explanation of the
documentation processes the results and graphic analysis. The prediction results will be
summarized in individual tables for each tool combination algorithm using Excel
spreadsheets. A graphical representation of the results is included in the research, with an

aim of presenting the results to visual readers.

3.2 Restatement of Problem and Hypothesis

Problem Statement: A confidential firm has experienced a 20% increase in lead
time and costs in the past three years for four production tools used to manufacture
commercial aircraft engines, leading to cost and schedule overruns for the business.

The increasing lead times and rising costs of production have significantly
contributed to increased costs associated with aircraft manufacturing. The tooling costs

have been determined as menial in the production process. However, they have been
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proven to contribute significantly to high production costs. This explains the low

numbers of firms involved in aircraft manufacturing.

Thesis Statement: Through the application of a Decision Support System
Dashboard for selecting tool manufacturing methodologies using historical data,
reductions in tool manufacturing lead time and costs are obtained.

This requires the need for a Decision Support System Dashboard that will be used
to present the cost avoidance benefit and sustainability of the dashboard support system
associated with aerospace engineering. This article focuses on creating a sustainable
decision management system necessary for the selection of tools and materials. Such a
system will help improve tooling costs that were formerly not considered by production
engineers as contributors to high costs

Hypotheses: Four hypotheses will be the primarily emphasized for this Praxis
and will direct the study and analysis performed. The four hypothesis are:

H1: The current tooling technology selection method is not capable of meeting

lead time and cost objectives.

H2: The cost for four tool types (APLT, ROTT, HYDB, and HYDD) predicted by

the fabrication methodology and tool material type.

H3: The lead time for four tool types (APLT, ROTT, HYDB, and HYDD) are

predicted by the fabrication methodology and tool material type.

H4: Application of the proposed decision support dashboard will reduce lead

times and costs.
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3.3 Research Methods Employed

The methodologies employed by this research are both quantitative and
qualitative methods utilizing manufacturing selection technology in the DSSD. In order
to select the manufacturing technology to produce a tool for aircraft engine
manufacturing, historical data is used creating an Interactive DSSD. The research
analyzes data for tooling fabrication methods, CNC machining manufacturing and
Additive 3D manufacturing (using Ppk analysis, ANOVA with Fishers, Pseudo

DOE/Historical Data Equation).

3.4 The Application of Research Methods

Ppk Analysis, a data analysis technique, is used to measure current process
capabilities. This is extensively deployed on H1. One-way ANOVA tests have been
employed in addition to Pseudo DOE technique. One-Way ANOVA with Fisher and
Pseudo DOE prediction equations are used to determine significant data variable factors
with regard to H2 and H3. On the DSSD in H4, tool combinations are evaluated for any
conflicting information in selecting a tool type with the lowest amount of lead-time and
cost shirking advantage, as well as the shortest schedule by using additional data,
presumed to be more than three years in this case. In order to draw a comparison
between both techniques, detailed analysis is laid out and the further sub-processes
involved in each technique are analyzed by a two-way ANOVA test. In this method, two
different variables are set to be CNC and 3D manufacturing, followed by a concise
contrast on the basis of empirical data (Pavaux, 1995). The research utilizes Minitab

software and it’s built in libraries to perform statistical analysis and model the predictive
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algorithm. Also, Excel, along with Microsoft Visio have been used for visual aids and
presentations. All of the deployed analytic methodologies and ways employed herein
expedite the exploration of efficacious and cost-shirking production of the aircraft tools

along with their pros and cons.

3.5 Collection of Data

The collection of data involves an effective approach and process for
communication and relationships to obtain high levels of insight into historical
obsolescence, reliability, and configuration management (CM) data with regards to
historical tool events and tooling data. In order to build an aircraft production project that
drives improvements, a company must gather the necessary data to analyze base off the
primary objectives the business would like to achieve. Therefore, the researcher will
request access to company XYZ’s repository data via VPN or Web-based services in
order to capture and analyze the data related to tool type and tooling costs. Using the
obtained repository data originating from the tool manufacturing order tracking, the
researcher prepares a single data file that will enable performing a series of data analyses

thereafter.

The Company’s data collection Team Center grants access to tooling lead time
and tooling costs and any scrubbed data thus making the research feasible. By tracking
tool information and data, tool logs can be created containing data on asset information

including tool type, cost, lead time, and manufacturing machine methodologies used.
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Table 1 shows a tooling tracking log from company XYZ. The data tracks the past 5
years of tool orders and requests. The data can also be referred to as the raw data used in
the chapter 3 analysis. The gathering of data is critical in analytics to discover new
information, recognize patterns, and identify factors that affect production. The data will
be statistically analyzed further into estimating the means and variance in tooling type
and engineering estimates for performing reactive technical refresh to resolve the effect
of increased lead-times and tooling costs in aircraft manufacturing in Company XYZ.
The researcher will attempt to obtain data from XYZ Company or any other aircraft

manufacturing company.
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Table 1

The Tooling Data Used in the Analytical Evaluations
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$2,165.90
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$1,876.28
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Locating the tool cost and lead time in the data allows the researcher to identify

the response variable () in the research. Aircraft manufacturing companies receive

constant pressure to reduce tool costs and improve schedule tool deliveries (Ashton &

Cook, 2014). As the schedule is critical for properly scheduling production, and the need
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to cut product costs is dramatically increasing, manufacturing decision makers/managers
often focus on lowering tooling costs. Tool prices tend to remain steady although material
prices might fluctuate. Therefore, tooling costs and materials are major factors to ponder
in aircraft manufacturing in order to introduce a cost shirking advantage on production

Ccosts.

However, tooling cost isn’t simply a purchase price. According to CNC
machining and tooling design company Dawson Shanahan, tooling is “the process of
designing and engineering the tools that are necessary to manufacture parts or
components.” Thus there’s a need for less costly design and engineering processes

through meeting the functional requirement of the tools.

3.5.1 Preparation of Data

The data preparation steps taken to conduct this research are as follows:

1) Preparation of a single data file - Using the obtained and reviewed historical
data from ACME, the researcher isolates dates, costs, tool type, tool machines, and tool
material from data and uses it to prepare the needed file to continue on in the preparation.
To achieve this, any obsolescence, reliability and configuration tooling data is merged
into a single worksheet leveraging common manufacturing combinations and their
relationships in all the four tool types (APLT, ROTT, HYDB, and HYBD). Data that is of
no significance to selecting tool manufacturing combinations is filtered thus obtaining the
required file. The consolidated file will be saved and used for statistical analysis, as well

as exported into Minitab software for building prediction models.
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2) Assessing the reliability of the data provided - A series of computations and
analyses using the methods selected will be conducted. This includes numerous
comparisons using the One-Way ANOVA approach. The Pseudo DOE is used to evaluate
if the data is reliable by evaluating the significance of different variables. The formulas in
Table 5, are used to evaluate if the data can be deployed in establishing the overall
capability indexes. The researcher utilizes Excel, a data visualization and analysis
spreadsheet program, to build the DSSD for automatically computing and assess the four

tool types manufacturing combinations that reduce cost and schedule overruns.

In addition to the deployed techniques, the statistics method is largely employed
in this study to help in analyzing the data collected and find the most significant predictor
of DSSD Systems. Multiple Linear Regression (MLR) with backward elimination
method is applied to reveal the correlations between various independent variables with

regard to the tool types selected.

3.6 Analyze Data

Chapter 3.6 highlights the steps, summarized in Figure 2, needed to analyze the
data mentioned in section 3.5.1. The steps are important in research from identifying the

means to the objective improvements in tool cost and lead time.
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Determine
If the
Predictor

Quality

Determine Verification

Define the Current Applying Perform a using

Scope and Process et DSSD in Paired T- Failure

Objectives Capabilities are RQ4 & H4 test Modes and

. Significant
in RQ1 & H1 in RQ2, H2, Effects

RQ3 & H3 Analysis

Figure 2. Steps to Analyze the Data. The figure gives an outline of the steps necessary

to analyze the tool data.

3.6.1 Step 1 - Define the Scope

The first step in a successful strategy for process implementation is to identify the
areas where it is essential to invest time and other resources with the principal goal of
maximizing the returns on the investment. In aircraft manufacturing engineering, this
implies identifying the tooling components and materials with the most impact to the
organization’s baseline by increasing profit margins through means of reducing
manufacturing lead-times and costs. The most practical and effective way to achieve this
is by analyzing data to instruct the future DSSDs and guide the current decisions. Thus
the initial stage of analyzing data is identification of the problem structuring framework

with known variables and overall objectives as shown in Figure 3. The figure starts with
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the objective followed by variables categorized in Machine Type, Material Tool Type,

and Tool Type, all needed to address the objective.

Material Tool Type Tool Type

Machine Type Cres 321 (V1) [ EE— HYDB (01)
CNC Machlnlng
Technologies
[Subtractlve] (T1)
AL 2024 (M2) — HYDD (02)
ABS M3 (M3) APLT (03)
3D Printing <

Goal: Tool Cost and
Lead Time Reduction
Alternative

Technologies

Addltlve) (T2)

RenShape 5179 (M4) ROTT (04)

Figure 3. The Scope Framework. The framework provides quick details of the

key tool factors under consideration throughout the Praxis.

For each hypothesis, an appropriate analysis method explain in section 3 .4will be

used to either accept or annul the hypotheses in question. The hypotheses use the

Response Variable (Y), Predictor Variable (X), and Analysis Method, shown in Table 2.
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Table 2

Analytical Methodology and Variable Table

ID | Response Predictor Variables (X) Analysis Method
Variable (Y)

H2

H3

H4

Current tool
manufacturing
technologies

tool cost and lead
time

Tool Cost

Tool Lead Time

* Tool Cost
(Results from
reduction)

* Tool Lead
Time (Results
from
reduction)

Tool Type
(APLT/ROTT/HYDB/HYD
D)

Tool Manufacturing
Technologies

Tool Material

Tool Type
(APLT/ROTT/HYDB/HYD
D)

Tool Manufacturing
Technologies

Tool Material

Tool Type
(APLT/ROTT/HYDB/HYD
D)

Tool Manufacturing
Technologies

Tool Material

Process Capability
Analysis
Ppk Analysis

One-Way ANOVA
with Fisher

DoE prediction
equation to
determine
significant factors

One-Way ANOVA
with Fisher

DoE prediction
equation to
determine
significant factors

DoE prediction
equation based on
historical data
Paired T Test

3.6.2 Step 2 — Determine Current Process Capabilities in RQ1 & H1

The Pareto Analysis is used to analyze the Process Capability Sixpack Report results for

each tool types’ cost and lead time. The hypothesis is either accepted or annulled based

on the limit identified in Table 3 and Table 4. Using a Data Analysis such as Minitab, a

Process Capability Analysis should be performed on both tool cost and tool lead time.
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The Process Performance Index (Ppk), a form of checking the Process Capability, is used

as an analysis method and indicator to define process capabilities. The process is

performed on for tool cost and lead time for each tool type. This analysis method can:

e Determine whether the process is stable and in control,

e Determine whether the data follow a normal distribution

e Estimate overall capability using Process Performance (Pp) and Process

Performance Index (Ppk) or potential capability using Process Capability

(Cp) and Process Capability Index (Cpk)

To execute the Ppk analysis, the lower or upper limit specification must be

identified for both the tool cost and tool lead time. The upper limit specification

represents the maximum allowable threshold the decision maker does not wish to exceed.

No lower limit is necessary due to the objective of achieving the lowest tool cost and tool

lead time possible. The process requirements consist of the following:

Table 3

Tool Cost Upper Limits ($) for Each Tool Type

Tool Type Upper Limit ($)
APLT $1650
ROTT $2000
HYDB $2800
HYDD $2700

Table 4
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Tool Lead Time Upper Limits (minutes) for Each Tool Type

Tool Type Upper Limit (minutes)
APLT 430
ROTT 480
HYDB 1200
HYDD 1300

Minitab is used to develop charts and provide the limits of Ppk for each tool type
identity. An analysis is conducted and reported for both tooling cost and total minutes in
chart format. If the Ppk is less than 1, then the overall capability of the process does not
meet requirements. Higher Ppk values represent a more capable process. A Ppk value of
> 1.33 is preferred to show a stable process with normal distribution of data. Lower Ppk
values show the process needs to be either changed or improved. This process step is
performed for each tool type twice: once for tool cost and another for tool lead time. This
will determine if the current manufacturing process without the implementation of the

dashboard from the research, is a capable process

Figure 4 shows the results produced by the Ppk Process Capability analysis. In
Figure 4, the | Chart, Moving Range Chart, Last 22 observation, Capability Histogram,
and Normal Prob Plot are displayed to show the distribution and behavior of the data. The
Capability Plot shows a table of results displaying within and overall standard deviation,
Cp, Cpk, Pp and Ppk indexes. The indexes measure the capability of the process related
to the specification limit that is near to the process mean (Minitab 18 Support, 2019). The
capability plots are used to visually evaluate the capability of the overall process and

overall process capability indexes. Pp, Process Performance Lower Limit (PPL), Process
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Performance Upper Limit (PPU), Ppk, and Process Capability Mean (Cpm) are all
indexes calculated by Minitab. “The formulas for calculating these indices are similar to
those of potential capabilities, except that the estimate of the standard deviation is an
overall standard deviation and not within group standard deviation” (Sahay, 2017). Table

5 shows the overall capability index formulas.

Process Capability Sixpack Report for Total Minutes

| Chart Capability Histogram
UCL=7803 Lot
Y 200 Overall
,—E * " fﬁ\ — —  Within
T:': 450 \.\v“\.‘{; (‘\‘r - £ I"\ » .A ,!.\ X=474.7 Sﬁ;inllca:;gs
- * SN Py
£ NN
-
c
= 200 LCL=169.1
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= . > / \._
0 =4 ® | LCL=0 8
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S . ° PPM 47935939 cpm  *
= . *%e . N bt | PPM 47915171
e o s ® @
300 Specs
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The actual process spread is represented by 6 sigma.
Figure 4. Process Capability Sixpack Report for Total Minutes. The results

from the Process Capability analysis for the ROTT tool type.

Table 5

Process Performance and Process Capability Index Equations

_ USL—LSL USL = upper specification limit

p 60, ithi
i LSL = lower specification limit
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o overall = estimate of overall subgroup

standard deviation

P X — LSL Ratio of the difference between the
i 3Goverall
process mean and LSL
X = Process mean
USL — x
i 3Goverall

Ppi = Min.{Pp,, Ppy}

This index is the ratio of (USL-LSL) to
the square root of mean squared deviation
from the target. This index is not
calculated if the target value is not
specified. A higher value of this index is
an indication of a better process. This
index is calculated for the known values

of USL, LSL, and the target (T).

Com =

USL — LSL

n 2
(tolerance * ’M
n—1

)

Used when USL, LSL and target value, T
are known T=target valued=
(USL+LSL)/2=p

Toler =6 (sigma tolerance)

Min.{(T — LSL), (USL — T)}

C =
P (tolerance i (e —T)2
E3

2 n—1

)

USL, LSL and target, T are known but

TAUSL+LSL)2
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3.6.3 Step 3 — Determine If the Predictor Variables are Significant in RQ2, H2, RQ3
& H3

When determining if variables are significant, it’s best to do a quick analysis of
the means to discover if the predictor variables (X) are significant individually. This can
be done two different ways using Minitab. The first way uses the One-way Normal
ANOM for tool cost and tool lead-time with the predictor variables. The ANOM plot in
Figure 5, tests the hypothesis factors interaction in a one-way design. The plotted points
show the strength of interaction. The upper and lower limits (red lines) are used in the
hypothesis test with zero, meaning the effect has no interaction. Based on the data, the
limits are calculated and the significance levels are able to be specified. The significance
level used in the analysis is 0.05. If the data shows points beyond the limits, the
hypothesis can be rejected with the conclusion that there is evidence of an interaction. On
the other hand, if the data is not beyond the limits, the hypothesis cannot be rejected with
no evidence of interaction. Figure 5 can also be interpreted as the rate of occurrence for
each data point or variable. In this case, we are looking at the tool material type and the
center line is the overall rate of occurrence. ANOM tests if the behavior of the means is
different from the overall mean (also known as the grand mean). ANOVA tests if the

behavior of means is different from each other.
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One-Way Normal ANOM for Total Minutes

a = 0.05
1500
]
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%
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=
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| S 633
-
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]
ABS M30 (plastic) AL 2024 Cres 321 RenShape 5179

Tool Material Type

Figure 5. One-Way Normal ANOM for Total Minutes. One-Way ANOM

results using tool material type for tool lead time (minutes).

The second way uses the One-way ANOVA, the researcher can first determine if
each predictor variable is significant to either tool cost or lead-time individually. A
separate One-way ANOVA should be performed for tool cost (H2) then tool lead time
(H3). The analysis of variance abbreviated to ANOVA, is used when there are more than
two groups to compare to one another. Even though there are numerous forms of
ANOVA, the One-way ANOVA is used. The One-way ANOVA can be seen as an
equivalent of the unpaired t-test. ANOVA assumes that the data analyzed has a normal
distribution. Normal distributions can be verified in the Process Capability Sixpack

Report if the Normal Probability plot shows a trend similar to Figure 4.
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The best way to determine any differences between the means that are statistically
significant, the p-value is compared to the significance level and assessed by the null
hypothesis. Using One-way ANOVA, the researcher can determine whether one predictor
variable mean is different than the others for tool cost and lead time. Statistically
significant variables are identified by comparing the p-value to the significance level to
measure the null. The data population means may be equal to one other determined by the
null hypothesis. As used in the One-way Normal ANOVA the significance level (o) of
0.05 is used and works for the data analysis test. In other words, a 0.05 significance level
means 5% risk of concluding that a difference exists when there is no actual difference.

e P-value <a: The differences between some of the means are significant

e P-value > a : The differences between the means are not significant

In H2, we are looking at the tool cost versus tool material type and tool cost
versus tool fab type. The group means in each can be examined by looking at the interval
plots. The sample mean is represented by each point and intervals are 95% confidence
intervals for the mean of the groups. There is 95% confidence that the group means are

within the group's confidence interval.
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Interval Plot of Tool Cost vs Tool Material Type
95% Cl for the Mean

$3.500.00
$3,000.00 A

$2,500.00 o~ \

Tool Cost

$2,000.00 v

$1,500.00 '

$1,000.00
ABS M30 (plastic) AL 2024 Cres 321 RenShape 5179

Tool Material Type
The pooled standard devigtion is used to caicuigte the intenvals

Figure 6. Interval Plot of Tool Cost vs Tool Material Type. The Interval Plot is
a product of the One-way ANOVA with Fisher Results using Tool Cost versus

Tool Material Type graphs

The group’s means are then compared by looking at the grouping information in
the table in Figure 6. Once compared, the mean difference between any pair of groups
can be determined if there is significance by the grouping information table. The range of
the difference and how they are significant practically are seen in the confidence
intervals. A note is made that the “interval plot for differences of means displays the
same information, and confidence intervals that do not contain zero indicate a mean
difference that is significant” (Minitab 18 Support, 2019).

Using the Fisher LSD Method, Fisher pairwise comparisons are carried out by

grouping the tool type into two categories: A and B based on the similarities of the tool
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type features and usage. Category A comprises HYDB and HYDD, whereas category B
consists of ROTT and APLT tool types. Similar to assessing the P-value, Fisher
recognizes which means are statistically significantly different in the tool cost and tool
type using a graph shown in figure 7. The interval plot in figure 7 demonstrates
confidence intervals for tool cost or tool lead time. When the intervals do not overlap,

often the factors are different.
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Factor Information

Factor Levels Values
Tool Material Type 4 ABS M30 (plastic), AL 2024, Cres 321, RenShape 5179

Analysis of Variance

Source DF  Adj 55 Adj M5 F-Value P-Value
Tool Material Type 3 22749134 7583045 2765 0.000
Error 62 17001697 274221

Tatal 65 39750831

Model Summary

5 R-sq R-sq(adj) R-sq(pred)
523,661 57.23%  55.16% 51.68%

Means

Tool Material Type N Mean StDev  95% Cl
ABS M30 {plastic) 18 1521.6 391.7 (12749, 1768.3)
AL 2024 20 2426 502 (2192, 2660)
Cres 321 16 3036 739 (2774, 3298)
RenShape 5179 1217659 2954 (1463.7, 2068.1)

Pooled StDev = 523,661

Fisher Pairwise Comparisons

Grouping Information Using the Fisher LSD Method and 95% Confidence
Tool Material Type N Mean Grouping

Cres 321 16 3036 A

AL 2024 20 2426 B
RenShape 5179 12 17659 C
ABS M30 (plastic) 18 1521.6 C

Means that do not share a letter are significantly different.
Figure 7. One-way ANOVA: Tool Cost Vs Tool Material Type. The means

are analyzed using the One-way ANOVA data output.

How well the model results fits into the data must be determined from the data
analysis generated from the One-way ANOVA using the data presented hereunder in

Figure 7. In the model summary, S defines the response and how well the model works.
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The units of measure for S are the same as the response variable units and signifies how
distant the data values lie from the tailored values. S values that are lower better describes
the response model but not by itself. “R-squared is the percentage of variation in the
response that is explained by the model” (Karthik & Manimaran, 2017). “Higher R-
squared values represent smaller differences between the overall data and fitted values.
R-squared values range between 0% and 100%” (Minitab 18 Support, 2019). In this step,
the R-squared is used to determine how well resulting models calculate the response for
new observations. R-squared values predicted may be more useful than R-squared that
are adjusted when equating models, due to the observations being designed to not

incorporate in the model calculation.

Once the ANOVA with Fisher is complete, the Design of Experiment (DOE) can
be used to show significance related to each variable and relationship. The difference
between DOE and One-way ANOVA when looking at significance is DOE looks at
significance in relation to others or grouped together. One-way ANOVA looks at the
significance for the individual variable compared to the data. The factors evaluated are
the predictor variables: tool material, tool type, and tool fab type. Looking at all in terms
of H2 (tool cost) and H3 (tool lead time). A Pseudo DOE shows the input factors (X) and
how their interactions are significant to the response, shown in Figure 8. It’s important

to note, this can be done with or without the use of a stepwise.
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Pareto Chart of the Standardized Effects
(response is Hours, a = 0.05)

Term 2 306
r Factor Mame
A OrderSystem
B Pack

6 1 2 3 4 5 & T 8 9
Standardized Effect
Figure 8. Pareto Chart of the Standardized Effect Example. The graph shows
the Pseudo DOE results to determine the relationship between factors.
Source: {https://support.minitab.com/en-us/minitab/18/getting-started/designing-

an-experiment/}

A regression analysis is then performed on each tool type to help in prediction and
establishment of the correlation between tool cost and total minutes versus the tool type,
tool fab machine and tool material type. H2 and H3 follow similar process steps but use

different response variables in the data.

3.6.4 Step 4 — Applying DSSD in RQ4 & H4
Applying the DSSD model, allows the researcher to predict tool manufacturing
variable combinations to reduce tool costs and schedules. Using the data plot equation

generated from the DOE in step 3, tool cost and lead time can be predicted and used for
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selecting the desired tool combinations. The DSSD uses the DOE equations in section
4.2.4., to calculate the predicted tool cost and tool lead time once a tool type is selected as
seen in Figure 9. The DSSD examines the possible combinations for tool type, tool fab
machine, and tool material type using the prediction equation from the pseudo DOE to
deliver the least cost fabrication or least schedule for a particular tool type. If you select
the tool type to be made, the DSSD will determine the best combination to reduced tool
cost and lead time. The DSSD best combination is obtained by setting the selected tool
type to 1 and the non-selected tool types to 0 in the equation, then solving. Assuming,
there are no conflicts between for best combination for least tool cost and lead time. In
this research no such conflicts between reduce tool cost and lead time exist. Furthermore,
the DSSD is an Excel dashboard that contains embedded equations and user friendly

macros evaluating the data.

/ DECISION SUPPORT SYSTEM DASHBOARD \
Least

Schedule  Least Schedule

Least Cost Fabrication Least Cost Tool Schedule  Fabrication  Tool Material Fabrication Tool Material

Type Material Type (min) Type Type Conflict? Conflict?
HYDD $ 305130 CNC AL 2024 1557.5 CNC AL 2024 No No
Brittany
Wheeler: Selection Cornpare To Historical Data
Select Tool
Ty:;: o !’er:ent Average _ !?ercent * negative percentages
Average Cost Difference Schedule {min) Difference  ESMFLRIIES
$ 297247 3% 1523 2%

Brittany Wheeler: Selection Comnpare To Company Goal

Enter The Desired Cost Percent Achieves Cost Percent Achieves
Annual Cost
B tion

*negative percentages
Difference Goal? Difference Goal? show adecrease
- 5% 3% Yes 2% Yes

Brittany Wheeler:

Enter The Desired
Annual Schedule
Reduction Percentage

Figure 9. The Decision Support System Dashboard. The figure prevents a snapshot of
the DSSD evaluating HY DD tool type.

3.6.5 Step 5 — Perform a Paired T-test
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Once combinations are produced from the DSSD for each tool type, a paired T-
test is used to compare the new data to the data that fails to implement the DSSD method.
Similar to the One-way ANOVA for significant testing, we look at the p-value to
evaluate the difference in means. When the p-value is less than the alpha (o = 0.05), the
null hypothesis is rejected, and we can determine a difference between the two means for

the set of data.

3.6.6 Step 6 — Quality Verification using Failure Modes and Effects Analysis
In order to successfully recommend the DSSD to the decision maker, the quality

of the new process cannot be less than the current process without DSSD. FMEA was
used to identify potential risks and mitigation abatement measures from implementing the
DSSD. The main goal of the FMEA is to identify risks and failures before tool
production. Specifically, a Process FMEA (PFMEA) helped identify the process inputs
and process key characteristics (KCs) that must be correct for the process to be able to
produce its output key characteristic correctly. The following steps were followed to
perform a PFMEA:

1. Identify process function

2. ldentify possible failures, errors or defects

3. Describe the effect of the failure, if it were to occur

4. Classify each effect

a. Effect class:
S = Safety

R = Regulatory (government)
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P = Product Performance
A = Assembly
5. Assign severity scores to the effects of the failure
a. Severity Scale

10 Hazardous - w/o warning
9 Hazardous - w/ warning

8 Very High

7 High

6 Moderate

5 Low

4 Very Low

3 Minor

2 Very Minor

1 None

6. Determine the causes of the failure
7. Identify prevention currently being used
8. Assign occurrence scores to the causes of the failures

a. Occurrence Scale
10 >1in2

1in3

1in8

1in 20

1in 80

1in 400

1in 2,000

1in 15,000

1in 150,000

1in 1,500,000

P NWMAOOIO N0 O

9. Identify detection methods currently being used
10. Assign detection scores

a. Detection Scale
10 Absolute Uncertainty
9 Very Remote
8 Remote
7 Very Low
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6 Low
5 Moderate
4 Moderately High
3 High
2 Very High
1 Almost Certain
11. Calculate risk priority numbers

a. Risk Priority Number = Severity x Occurrence x Detection

The PFMEA can be used as a guide to develop a complete set of actions that
decrease system risks, subsystem, and component of manufacturing/assembly process to
a satisfactory baseline (Carlson, 2012). PFMEA can also predict possible failures, the
likelihood of the failures, impacts, and countermeasures. FMEA offers a great way to
analyze potential reliability problems. Identifying potential issues earlier in the process
allows time for decision makers to react or be aware of the effect to the process. This
prevents a line stop to the manufacturing line or the customer being affected by the issue.
Issues not identified can become an escape to the process and affect quality of the
customer deliverables. “The ability to anticipate issues early allows practitioners to
correct design failures and design in reliable, safe and customer-pleasing features”
(Forrest, 2020). Appendix D, provides the PFMEA where the process steps are assessed
for possible failure modes. The PFMEA also offers recommendation actions to address

possible failure modes and reduce future risk priority numbers.

3.7 Summary
Chapter 3 of this Praxis begins with redefining the problem and research question

needing to be answered. First, the researcher looks at research questions that need to be
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answered. Then, lays out the path to address those questions. The researcher also laid out
the research methods that will be useful in the data analysis. Also included is the method
of how the data was obtained and how it will be used throughout the chapter. Then steps
were followed to evaluate the data processing. All the steps needed to implement the
DSSD were explained in this chapter. Charts and graphs were shown to assist the
researcher’s claims defending the methodology. Followed by, a brief explanation of the

expected findings and results for all methods under considerations.
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Chapter 4—Results

4.1 Introduction

This chapter outlines the output of the data analyzed in Chapter 3. The data
analyzed using various statistics methods and other data analyzing techniques will guide
the implantation of the model. The chapter starts by precisely restating the process
objectives guided by the formulated hypotheses, and then presents comprehensive

discussion of the results obtained in pursuit of substantiating the RH’s defined herein.

The section further evaluates the background findings of the process in regard to
the research hypotheses of the Praxis. The study presents how current tool fabrication
technology and the tool material type can be utilized to induce improved manufacturing
lead-times and cost avoidance advantage in the aircraft manufacturing industry. Based
on the Ppk analysis, the process does not meet the requirement of the process capability,
since the values of Ppk are less than 1, and thus unacceptable as displayed by the
capability results. The DSSD is implemented to create a new process capable of meeting
the desired outcome. However in this section, necessary modifications that help prompt
stability to the process are considered. The rationale and significance underlying the

results obtained for each step is highlighted.
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Virtually, a case of model implementation is considered by presenting a detailed
case study involving the application of DSSD both in the aerospace and automotive

industries.

Finally, a summary is concluded from the chapter. The study tested the following

hypotheses:

e HO: There is no significant difference between the historical data combinations
and the new predicted DSSD value for tool cost and tool lead-time.
e HA: There is a significant difference between the historical data combinations and

the new predicted DSSD value for tool cost and tool lead-time.

4.1.1 Restatement of Research Questions and Hypothesis
Research Questions: Four questions tied to the hypotheses are to be answered
during the data analysis and result output.
RQL1: Are the current tooling technology selection methods capable of meeting
scheduled production and within the allocated budget?
RQ2: Can the cost for four tool types (APLT, ROTT, HYDB, and HYDD) be
predicted by the fabrication methodology and tool material type?
RQ3: Can the lead time for four tool types (APLT, ROTT, HYDB, and HYDD)
be predicted by the fabrication methodology and tool material type?
RQ4: Does the decision support system dashboard (DSSD) used in this research

reduce tool fabrication lead time and costs?
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Hypotheses: Four hypotheses will be the primary emphasis for this Praxis and
will direct the study and analysis performed. The four hypothesis are:

H1: The current tooling technology selection method is not capable of meeting

lead time and cost objectives.

H2: The cost for four tool types (APLT, ROTT, HYDB, and HYDD) are

predicted by the fabrication methodology and tool material type.

H3: The lead time for four tool types (APLT, ROTT, HYDB, and HYDD) are

predicted by the fabrication methodology and tool material type.

H4: Application of the proposed decision support dashboard will reduce lead

times and costs.

4.2 Model Implementation

The DSSD is a model used to achieve the required customer goals when selecting
tool fabrication details such as, tool type, tool material, and the tool fabrication machine.
The DSSD evaluates tool detail combinations for conflicting information, least cost, and
shortest schedule by using adding customer input. Figure 9 shows an example once tool
type HYDD is selected and provides the displayed information. This was performed for
all four tool types to produce the preferred tooling combination. Producing a tool that
meets customer requirements and the desired outcome to solve the problem statement is

the main objective of the DSSD.

4.2.1 RQ1 & H1 Results
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RQL1: Are the current tooling technology selection methods capable of meeting
scheduled production and within the allocated budget?
H1: The current tooling technology selection method is not capable of meeting

lead time and cost objectives.

Based on the results concluded performing a process capability Sixpack analysis
for both tool cost and tool lead time, the current process is not capable of solving the
problem statement. Appendix A, explains the output results from each tool type’s tool
cost and tool lead time. Summaries in Table 6, the Ppk values displayed are all values
less than 1 (>1.33 preferred). Since the Ppk values for each tool type are less than 1, the
researcher concludes the current process is unable to address Research Question 1. H1
can be accepted knowing that the current tooling technology selection method is not
capable of meeting lead time and cost objectives. The process is unstable when looking at
the charts and not acceptable because of Capability Histogram / Plot results. The process

needs to be modified to meet customer requirements.

Table 6

Process Performance (Ppk) Results Generated from the Process Capabilities

Sixpack
Tool Type Y StDev Ppk value
APLT Lead Time 257.7 0.18
APLT Cost 155.1 0.03
ROTT Lead Time 100.9 0.02
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ROTT Cost 302.9 0.29
HYDB Lead Time 209.4 -0.53
HYDB Cost 336.4 -0.23
HYDD Lead Time 233.6 -0.3

HYDD Cost 648.8 -0.14

Appendix B further shows the normal probability plots of tool types APLT,
ROTT, HYDB, and HYDD. The points roughly follow a straight line off the middle of
the graph. Unfortunately, the graph does not provide adequate evidence that the data is
normally distributed. Therefore, this permits the use of a normal capability analysis to

evaluate data for normally distribution.

The histograms organized by tool types, suggests poor capability of the process
based on the process spread being larger than the specification spread. Despite the data
mostly falling within and above the upper specification limit (USL), there are
noncompliant data points below the lower specification limit (LSL). Moreover, from the
target, the top of the distribution curve is not fully centered. This is affirmed further by

the difference between Cp and Cpk values.

The charts demonstrate the process to be unsteady and thus unacceptable because
of capability histograms. This implies the process ought to be modified in order to meet

the customer needs. Historical data is used to evaluate the current process capabilities
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with a check for normality presented in the tooling cost graphical plot of residuals as

shown Appendix A.

In conclusion, if the Ppk value is below the benchmark values, some of the ways
considered to improve the stability of the process includes reducing its variation or

shifting its location. A new method is required to achieve the desired stability.

4.2.2 RQ2 & H2 Results
RQ2: Can the cost for four tool types (APLT, ROTT, HYDB, and HYDD) be
predicted by the fabrication methodology and tool material type?
H2: The cost for four tool types (APLT, ROTT, HYDB, and HYDD) are

predicted by the fabrication methodology and tool material type.

Fabrication Machine type and Tool material type are two predictor variables
analyzed using One-way ANOVA and DOE in RQ2 and H2. H2 is accepted given the p-
value outlined in the Analysis of Variance is less than the alpha of 0.05. The p-value is
equal to 0.00, so H2 can be accepted knowing the tooling costs for tool types can be

predicted by each tool type in regard to fabrication methodology and tool material type.

Table 7 and Table 8 shows the One-way ANOVA data analysis results for the tooling

cost.

Table 7
Analysis of Variance for Tool Fab Machine Cost
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Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Tool Fab Machine 119014133 19014133 58.68 0.000
Errar 64 20736698 324011

Total 65 39750831

Note: Results from the One-way ANOVA for Tool Cost vs. Tool Fab Machine

with a p-value of 0.00.

Table 8
Analysis of Variance for Tool Material Type Cost

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Tool Material Type 3 22749134 7583045 27.65 0.000
Error 62 17001697 274221

Total 65 35750831

Note: Results from the One-way ANOVA for Tool Cost vs. Tool Material Type

with a p-value of 0.00.

Performing One-way ANOVA with Fisher, the researcher can review the Fisher
graph along with the data analysis for factor significance. On the interval plots shown in
Figure 10, Cres 321 has the highest mean and ABS M30 (plastic) has the lowest mean.

Figure 11, CNC manufacturing has the highest mean and 3D manufacturing has the
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lowest mean. The plot displays the mean and the confidence interval for each tool

material type. The relationship of the mean for the tool cost is shown on the Interval Plot.

Interval Plot of Tool Cost vs Tool Material Type
95% CI for the Mean

$3,500.00
$3,000.00

$2,500.00 s

Tool Cost
|

$2,000.00

%1,500.00 L

$1,000.00
ABS M30 (plastic) AL 2024 Cres 321 RenShape 5179

Tool Material Type
The II'IICIIEQ srandarg deviation i5 usad o colculale Che infervals
Figure 10. Interval Plot of Tool Cost vs. Tool Material Type. The interval plot
produced from the One-way ANOVA shows the difference of means relationship

for the Tool Material Type in terms of Tool Cost.

The difference between tool material type and the tool cost is addressed using an
interval plot of tool cost versus the tool material type setting the variables to 95% CI of
the mean as shown in Figure 11. The tool material types are blended and shown as
ranges for confidence intervals. The difference between the two kinds of tool material
types in each interval are evaluated by observing which set does not include zero. Tool
material type confidence intervals where zero is not include, are often considered

statistically significant. The remaining confidence intervals for tool material type means,
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which include zero, are not statistically significant and show a difference in means. Based

on the graph results, the means are statistically significant.

Fisher Individual 95% Cls
Differences of Means for Tool Cost

CNC-3D | . |

0 200 400 600 800 1000 1200 1400

If an interval does not contain zero. the corresponding means are significantly different.

Interval Plot of Tool Cost vs Tool Fab Machine
95% C| for the Mean

$3.000.00
$2,750.00
$2,500.00

$2,250.00 /

$2,000.00 -

Tool Cost

$1.750.00 -~
$1.500.00
3D CNC

Tool Fab Machine
The pooiled standard deviation is used to calculate the intervals.
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Figure 11. Interval Plot of Tool Cost vs. Tool Fab Machine with Fisher
Diagram. The interval plot produced from the One-way ANOVA shows the

difference of means relationship for the Tool Fab Machine in terms of Tool Cost.

Furthermore, the Fisher plot tests for difference of means showcases the
difference in means of different pairs of groups and displays the types of confidence
levels present. The grouping information using the Fisher LSD Method and 95%
Confidence indicates that group contains Cres 321, Group B contains AL 2024 whereas
Group C contains ABS M30 (plastic) and Renshape 5179. This implies that Group C
consists of tool material types that are statistically significant. The same implies that the

tool cost versus tool fab machine grouping for 3D and CNC are statistically significant.

Although One-way ANOVA with Fisher can predict the significance of the
predictor variables common to the response variables, DOE is needed to predict the
relationship the variables have in common with one another. Figure 12, DOE graphs
shows a relationship between the factors using Stepwise. Additional DOE graphs in
Appendix E, shows a relationship between the factors. The normal probability plot of
residuals shown in Figure 13, verifies the “assumption that the residuals are normally
distributed” (Minitab 18 Support, 2019). The normal probability plot coupled with R-

squared and predicted R-squared indicate that the process meets the model assumptions.
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Pareto Chart of the Standardized Effects
(response is Tool Cost, o = 0.15)

Factor MName

A Tool Fab Machine
B Tool Type

C Tool Material Type

o 1 2 3 4 5 & 1 8 9
Standardized Effect

Figure 12. Tool Cost Pareto Chart of the Standardized Effect. The results

from the Pseudo DOE using stepwise showing a relationship between all factors.

Residual Plots for Tool Cost
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Figure 13. Residual Plots for Tool Cost. Residual Plots for Tool Cost from the

Pseudo DOE showing normal trend with one outliner.
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The residual versus fits plot verifies the assumption that the residuals are
randomly distributed and have a constant variance. Moreover, the residual versus order
plots substantiate the assumption that the residuals are displayed independent from one
another. In determining and defining how well the model fits the data, examination is

conducted on the goodness-of-fit statistics presented in the model summary table.

Looking at the data analysis portion of the DOE, the researcher found in Table 8.
The DOE shows the significance of the variables. Since the p-value is comparatively less
than the significance level (0.05) i.e. P<0.05, the null hypothesis is rejected and conclude
that not all the population means are equal. However since p<0.05, then the differences
between some of the tool material type and tool fab machine means are statistically

significant.

Table 9 displays the fit of data analyzed. The higher values of R-squared and R-
squared (predicted) is an indication that the model fits the data better. However, this is
not satisfactory evidence to prove that the model meets the model assumptions, until
confirmed using the normal probability plot of residuals. The model has a larger
predicted R-squared value indicating the model has better predictive ability. From the
model summary table, the process has 95.02% of the variation in the response along the
higher value of standard deviation (S). The predicted R-squared is substantially less than

R-squared indicating that the model is over-fit.
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Table 8
Tool Cost Analysis of Variance

Analysis of Variance

Source DF AdiSS  AdiMS  F-Value P-Value
Model 10 39144831 3914483 106.85 0.000
Linear 1 376393 376393 10.27 0.002
Tool Fab Machine 1 376393 376393 10.27 0.002
9
9

3-Way Interactions 18736439 2081827 0.000

o
Fa P

.8
.8

o

Tool Fab Machine*Tool Type*Tool Material Type 18736439 2081827 & 0.000
Error 56 2051624 36636
Lack-of-Fit 1 518093 518093 18.58 0.000
Pure Error 35 1533531 27882
Total 66 41196455

Note: The Analysis of VVariance was performed from the Pseudo DOE analysis

with p-value less than 0.05

Table 9

Tool Cost Model Summary

Model Summary

5 R-sq R-sgiad)) R-sqipred)
191.406 95.02% 094.13% 92.20%

Note: 95% R-square shows the model fits the data.

In summary, the process fails to reject H2 with the conclusion that there is
evidence of an interaction between tool fabrication methodology and tool material type

common to tooling costs. H2 data analysis shows the tooling costs for all four tooling
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types can be rejected knowing the tool fabrication machines and tool material types are

predictors of the tooling costs.

4.2.3 RQ3 & H3 Results
RQ3: Can the lead time for four tool types (APLT, ROTT, HYDB, and HYDD)
be predicted by the fabrication methodology and tool material type?
H3: The lead time for four tool types (APLT, ROTT, HYDB, and HYDD) are

predicted by the fabrication methodology and tool material type.

RQ2, H2, RQ3, and H3 contain very similar data analysis methods when
determining if the tool types are predicted by the fabrication methodology and tool
material type for both tool cost and tool lead-time. In fact, the only major difference
between the research question and hypotheses are: RQ2 & H2 analyze the tool cost and

RQ3 and H3 analyze the tool lead-time also known as the schedule.

Based on the predicted and analyzed results, H3 is accepted knowing the tooling
schedule for tool types can be predicted by each tool type with regard to fabrication
methodology and tool material type. Therefore, H3 is accepted given the p-value of 0.00
outlined in the Analysis of Variance is less than the alpha of 0.05. Table 10 and Table
11, shows the One-way ANOVA data analysis results for the tooling lead-time measured

by minutes.
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Table 10

Analysis of Variance for Tool Fab Machine Lead Time

Analysis of Yariance

Source F Ad] 55 Adj M5 F-Value P-Value
Taod Fab Machine 1 RS9ES5S5 ASSHSSS 4614 0000
Errcer &4 11955280  1B6ISS

Fatal 65 M52

Note: Results from the One-way ANOVA for Tool Lead Time vs. Tool Fab

Machine with a p-value of 0.00.

Table 11

Analysis of Variance for Tool Material Type Lead Time

Analysis of Variance

SOUrcE DF Adj 55 Adj M5 F-Value P-Value
food Mpteripl Type § S402066 TIATESS 1750 Q000
Error Gd 11105805 179088

Tt &5 20513834

Note: Results from theOne-way ANOVA for Tool Lead Time vs. Tool Material

Type with a p-value of 0.000.

In order to assess the correlation between the tool lead-time and the tool fab
machine, an interval plot of schedule versus tool fab machine is developed with regard to
a 95% confidence interval for the mean. On the interval plots shown in Figure 14, CNC

manufacturing has the highest mean and 3D manufacturing has the lowest mean. This
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indicates that 3D manufacturing greatly reduces the manufacturing lead times as opposed
to the CNC technique. The interval plots shown in Figure 15, Cres 321 have the highest

mean and Renshape 5179 has the lowest mean.

Fisher Individual 95% Cls
Differences of Mesrs for Total MEnues

ENC - 30 } -

-] 180 104 300 40D 1349 [ 2] il 1] =D

o infiprend gt N onnaes nivgy T 1 oerPypencleg o o Ly oy o flerenr

Interval Plat of Total Minutes vs Teol Fab Machine
5% C1 for the Mean

1504

Rl ]

T

Toral Minutes

L L
Toal Fab Machne

Pt puceld S0 anratn'el IR o Lehodl 10 CORCulalr (R i v

Figure 14. Interval Plot of Tool Lead Time vs. Tool Fab Machine with Fisher

Diagram. The interval plot produced from the One-way ANOVA shows the
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difference of means relationship for the Tool Fab Machine in terms of Tool Lead

Time.

Interval Plot of Total Minutes vs Tool Material Type
95% CI for the Mean

1600
1400 I
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ABS M30 (plastic) AL 2024 Cres 321 RenShape 5179
Tool Material Type

The pooled standard deviation is used to calculate the intervais

Figure 15. Interval Plot of Tool Lead Time vs. Tool Material Type. The
interval plot produced from the One-way ANOVA shows the difference of means

relationship for the Tool Material Type in terms of Tool Cost.

After the One-way ANOVA is evaluated, the researcher performed a DOE with
tool lead-time as the response variable. Figure 16, DOE graphs shows a relationship
between the factors using Stepwise. The bars representing factors ABC and C cross the
reference line that is at 1.460, implying the factors are statistically significant at the 0.15
level with the current model terms. This indicates that factors ABC largely affect the

response of the process as opposed to factor C. The effects tailor the model to the sample
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data. Because the Pareto chart displays the absolute value of the effects, large effects

affecting the response can be determined easily.

Pareto Chart of the Standardized Effects
(response is Total Minutes, « = 0.15)

|| Factor Name

A Tool Material Type
B Tool Type
S Tool Fab Machine

12 3 a4 § & 1 & s
Standardized Effect

Figure 16. Tool Lead Time (minutes) Pareto Chart of the Standardized

Effect. The results from the Pseudo DOE using stepwise showing a relationship

between all factors.
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Residual Plots for Total Minutes
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Figure 17. Residual Plots for Tool Lead Time (minutes). Residual Plots for

Tool Lead Time from the Pseudo DOE showing normal trend with one outliner.

DOE graphs show a relationship between factors. In pursuit of determining and

verifying the factors of the process, residual plots for the total minutes are considered in

Figure 17. The residual versus fits plot verifies “the assumption that the residuals are

randomly distributed and have a constant variance” (Minitab 18 Support, 2019).

Moreover, the residual versus order plots substantiate the belief that the residuals are

represented independently each other. On the figure, the points seem to be scattered

randomly on the plot. Therefore, the groups appear to have the considerably different

variability and no significant outliers are present.

After reviewing the graphs, the researcher takes a look at the DOE data analysis

as another form of verification of significance. The DOE data analysis demonstrates the

significance of the variables, shown in Table 11. The P-values are less than 0.05
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indicating that some of the means differences are statistically significant. Therefore, the
null hypothesis is rejected and accept the alternative. The conclusion drawn is that not all

of the population means are equal.

In order to determine how well the process satisfies or fits the data, the goodness-
of-fit statistics are pondered in Table 12. The model summary depicts that a factor of
95.50% explains the variation in the response of the process. R-squared accounts for the
variation explained by the model and its high value suggests that the model fits better to
the data. The predicted R-squared is substantially less than R-squared indicating that the
model is over-fit. Over-fit results upon adding terms for effects that are not meaningful in

the overall population.

Table 12

Tool Lead Time Analysis of Variance

Analysis of Variance
Source DF Adj S5 AdjMS  F-Value P-Value

Model 10 39144831 3914483 10685 0.000
Linear 1 376393 376393 10.27 0.002
Tool Fab Machine 1 376393 376393 10.27 0.002
3-Way Interactions 9 18736439 2081827 56.82 0.000
Tool Fab Machine*Tool Type*Tool Material Type 9 18736439 2081827 56.82 0.000

Error 56 2051624 36636
Lack-of-Fit 1 5180093 5180093 18.58 0.000
Pure Error 35 1533531 27882

Total 66 41196455

Note: The Analysis of Variance was performed from the Pseudo DOE analysis
with p-value less than 0.05
Table 13

Tool Lead Time Model Summary
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Model Summary

5 R-sq R-sgfad)) R-sqgipred)
191406 95.02% 94.13% 92.20%

Note: 95% R-square shows the model fits the data.

In summary, the process fails to reject H3 with the conclusion there is evidence of
an interaction between tool fabrication methodology and tool material types common to
tooling schedules. H3 data analysis shows that the tooling costs for all four tooling types
can be rejected knowing the tool fabrication machines and tool material types are

predictors of the tooling schedule.

4.2.4 RQ4 & H4 Results

Solving the research problem statement outlined in section 4.1.1, is the main
objective of RQ4 and H4 using the new DSSD methodology. The hypotheses tested in
this section include: 1) HO: There is no significant difference between the historical data
combinations and the new predicted DSSD value for tool cost and tool lead-time. 2) HA:
There is a significant difference between the historical data combinations and the new
predicted DSSD value for tool cost and tool lead-time allowing H4 to be accepted. By the
implementation of the DSSD, H4 is accepted as the DSSD solves the original problem

statement reducing tool costs and tool schedules.
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In order to develop the DSSD, the researcher incorporates the data equation
produced from H2’s and H3’s Pseudo DOE analysis. These data equations become data
prediction equations used for the DSSD. The two equations produce from the previous
H2 and H3 Pseudo DOE are as followed:

Tool Cost =2347.5-129.9 Tool Fab Machine_3D + 129.9 Tool Fab Machine_CNC

- 944.7 Tool Fab Machine*Tool Type*Tool Material Type_3D APLT ABS M30
(plastic) + 781.0 Tool Fab Machine*Tool Type*Tool Material Type_3D APLT AL 2024
+892.1 Tool Fab Machine*Tool Type*Tool Material Type_3D APLT Cres

321- 728.4 Tool Fab Machine*Tool Type*Tool Material Type_3D APLT RenShape
5179 + 1902 Tool Fab Machine*Tool Type*Tool Material Type 3D HYDB ABS M30
(plastic) - 414.2 Tool Fab Machine*Tool Type*Tool Material Type_3D HYDB AL 2024
- 893.5 Tool Fab Machine*Tool Type*Tool Material Type_3D HYDB Cres 321

- 594 Tool Fab Machine*Tool Type*Tool Material Type_3D HYDB RenShape 5179

- 137 Tool Fab Machine*Tool Type*Tool Material Type_3D HYDD ABS M30 (plastic)
- 573.9 Tool Fab Machine*Tool Type*Tool Material Type_3D HYDD AL 2024

- 925.2 Tool Fab Machine*Tool Type*Tool Material Type_3D HYDD Cres 321

+ 1636 Tool Fab Machine*Tool Type*Tool Material Type_3D HYDD RenShape 5179

- 820.4 Tool Fab Machine*Tool Type*Tool Material Type_3D ROTT ABS M30
(plastic) + 207.1 Tool Fab Machine*Tool Type*Tool Material Type_3D ROTT AL 2024
+ 927 Tool Fab Machine*Tool Type*Tool Material Type 3D ROTT Cres 321

- 313.3 Tool Fab Machine*Tool Type*Tool Material Type_3D ROTT RenShape 5179
+944.7 Tool Fab Machine*Tool Type*Tool Material Type_ CNC APLT ABS M30

(plastic) - 781.0 Tool Fab Machine*Tool Type*Tool Material Type_ CNC APLT AL
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2024 - 892.1 Tool Fab Machine*Tool Type*Tool Material Type_ CNC APLT Cres 321
+728.4 Tool Fab Machine*Tool Type*Tool Material Type_CNC APLT RenShape 5179
- 1902 Tool Fab Machine*Tool Type*Tool Material Type_ CNC HYDB ABS M30
(plastic) + 414.2 Tool Fab Machine*Tool Type*Tool Material Type_ CNC HYDB AL
2024 + 893.5 Tool Fab Machine*Tool Type*Tool Material Type_ CNC HYDB Cres 321
+ 594 Tool Fab Machine*Tool Type*Tool Material Type_ CNC HYDB RenShape 5179
+ 137 Tool Fab Machine*Tool Type*Tool Material Type_ CNC HYDD ABS M30
(plastic) + 573.9 Tool Fab Machine*Tool Type*Tool Material Type_ CNC HYDD AL
2024 + 925.2 Tool Fab Machine*Tool Type*Tool Material Type_ CNC HYDD Cres 321
- 1636 Tool Fab Machine*Tool Type*Tool Material Type_ CNC HYDD RenShape 5179
+ 820.4 Tool Fab Machine*Tool Type*Tool Material Type_ CNC ROTT ABS M30
(plastic) - 207.1 Tool Fab Machine*Tool Type*Tool Material Type_ CNC ROTT AL
2024 - 927 Tool Fab Machine*Tool Type*Tool Material Type_ CNC ROTT Cres 321

+ 313.3 Tool Fab Machine*Tool Type*Tool Material Type_CNC ROTT RenShape 5179

Tool Minutes =979.4 - 85.2 Tool Fab Machine_3D + 85.2 Tool Fab Machine_ CNC

- 650.1 Tool Material Type*Tool Type*Tool Fab Machine_ ABS M30 (plastic) APLT
3D + 650.1 Tool Material Type*Tool Type*Tool Fab Machine_ ABS M30 (plastic)
APLT CNC + 820 Tool Material Type*Tool Type*Tool Fab Machine_ ABSM30(plastic)
HYDB 3D - 820 Tool Material Type*Tool Type*Tool Fab Machine_ABS M30 (plastic)
HYDB CNC + 327.1 Tool Material Type*Tool Type*Tool Fab Machine_ABS M30
(plastic) HYDD 3D - 327.1 Tool Material Type*Tool Type*Tool Fab Machine_ABS

M30 (plastic) HYDD CNC
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- 496.6 Tool Material Type*Tool Type*Tool Fab Machine_ ABS M30(plastic) ROTT 3D
+ 496.6 Tool Material Type*Tool Type*Tool Fab Machine_ABS M30 (plastic) ROTT
CNC + 556.6 Tool Material Type*Tool Type*Tool Fab Machine_AL 2024 APLT 3D
- 556.6 Tool Material Type*Tool Type*Tool Fab Machine_AL 2024 APLT CNC

- 423.6 Tool Material Type*Tool Type*Tool Fab Machine_ AL 2024 HYDB 3D

+ 423.6 Tool Material Type*Tool Type*Tool Fab Machine_AL 2024 HYDB CNC

- 492.9 Tool Material Type*Tool Type*Tool Fab Machine_AL 2024 HYDD 3D
+492.9 Tool Material Type*Tool Type*Tool Fab Machine_AL 2024 HYDD CNC

+ 359.9 Tool Material Type*Tool Type*Tool Fab Machine_AL 2024 ROTT 3D

- 359.9 Tool Material Type*Tool Type*Tool Fab Machine_ AL 2024 ROTT CNC

+ 566.3 Tool Material Type*Tool Type*Tool Fab Machine_Cres 321 APLT 3D

- 566.3 Tool Material Type*Tool Type*Tool Fab Machine_Cres 321 APLT CNC

- 573.1 Tool Material Type*Tool Type*Tool Fab Machine_Cres 321 HYDB 3D

+ 573.1 Tool Material Type*Tool Type*Tool Fab Machine_Cres 321 HYDB CNC

- 567.9 Tool Material Type*Tool Type*Tool Fab Machine_Cres 321 HYDD 3D

+ 567.9 Tool Material Type*Tool Type*Tool Fab Machine_Cres 321 HYDD CNC

+ 574.6 Tool Material Type*Tool Type*Tool Fab Machine_Cres 321 ROTT 3D

- 574.6 Tool Material Type*Tool Type*Tool Fab Machine_Cres 321 ROTT CNC

- 472.8 Tool Material Type*Tool Type*Tool Fab Machine_RenShape 5179 APLT 3D
+ 472.8 Tool Material Type*Tool Type*Tool Fab Machine_RenShape 5179 APLT CNC
+ 177 Tool Material Type*Tool Type*Tool Fab Machine_RenShape 5179 HYDB 3D
- 177 Tool Material Type*Tool Type*Tool Fab Machine_RenShape 5179 HYDB CNC

+ 734 Tool Material Type*Tool Type*Tool Fab Machine_RenShape 5179 HYDD 3D
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- 734 Tool Material Type*Tool Type*Tool Fab Machine_RenShape 5179 HYDD CNC
- 438.0 Tool Material Type*Tool Type*Tool Fab Machine_RenShape 5179 ROTT 3D

+ 438.0 Tool Material Type*Tool Type*Tool Fab Machine_RenShape 5179 ROTT CNC

The DSSD sets inputs to zero or one for a specific combination when predicting
the tooling cost. For example, Figure 9 calculates the tool cost for CNC tool fab, HYDD
tool type, and the AL 2024 tool material type. After setting the above tool cost prediction
equation, the tool cost comes to $3,370.90. The inputs set to zero or one for the figure can

be in Table 14.

Table 14

DSSD Prediction Equation Inputs Set to 0 and 1

| Inputs

Tool Fab Value Tool Material Value

3D 0 Cres 321 0
CNC 1 ABS M30 (plastic) 0
Tool Type Value RenShape 5179 0
APLT 0 AL 2024 1
ROTT 0

HYDB 0

HYDD 1

Using the DSSD, the results shown in Table 15 and Table 16 produced the tool

combination for the lowest cost and shortest schedule.

Table 15

Least Cost per Tool Type
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Tool Dashboard Selected Least Cost
Type Cost Tool Combo
ALPT APLT3DABS M30 (plastic) $1,272.90
HYDB HYDB3DAL 2024 $2,158.25

HYDD  HYDD3DAL 2024 $2,080.60
ROTT  ROTT3DABS M30 (plastic)  $1,397.20

Table 16

Least Lead Time per Tool Type

Tool Dashboard Selected Least Schedule
Type Schedule Tool Combo (min)
ALPT APLT3DABS M30 (plastic) 244

HYDB  HYDB3DAL 2024 1285
HYDD  HYDD3DAL 2024 1221
ROTT  ROTT3DABS M30 (plastic) 398

After performing a Paired T-Test, the DSSD tool combination results fail to reject
H4. Since the implementation of the proposed Decision Support System Dashboard
reduces the tool costs and lead-time. The paired T-test shows we can reject the null
hypothesis since the p-value is less than 0.05. The R-squared shows a high percentage

compared to the data, shown in Figures 18 and Figure 19. Figure 20, shows the normal
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distribution of the data evaluated using the histogram plot. Based on the histogram, data
is normally distributed around the mean difference. This suggests the no potential effect

on the results as shown in the box plot (Figure 20) of individual differences for the mean.

Paired T-Test and Cl: Total Minutes, Dashboard Minutes

Descriptive Statistics

Sample N Mean StDev SE Mean
Total Minutes 67 9153 5580 68.2
Dashboard Minutes 67 7732 5186 634

Estimation for Paired Difference

95% Cl for
Mean StDev SE Mean p _difference
1421 1931 236 (95.0, 189.2)

u_difference: mean of (Total Minutes - Dashboard Minutes)

Test

Null hypothesis Ho: u_difference = 0
Alternative hypothesis H,: p_difference = 0

T-Value P-Value
6.02 0.000

Figure 18. Tool Lead Time Paired T-Test. The results for the Tool Lead Time

Paired T-Test shows a p-value of 0.00.
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Paired T-Test and Cl: Tool Cost, Dashboard Cost

Descriptive Statistics

Sample N Mean StDev SE Mean
Tool Cost 67 22322 790.1 96.5
Dashboard Cost 67 18328 6253 76.4

Estimation for Paired Difference

95% ClI for
Mean StDev SE Mean p_difference
3995 4844 59.2 (281.3,517.6)

w_difference: mean of (Tool Cost - Dashboard Cost)

Test

Null hypothesis Ho: p_difference = 0
Alternative hypothesis  H,: p_difference = 0

T-Value P-Value
6.75 0.000

Figure 19. Tool Cost Paired T-Test. The results for the Tool Cost Paired T-Test

shows a p-value of 0.00.
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Histogram of Differences
(with Ho and 95% t-confidence interval for the mean)

16-|

12

Frequency

Differences

Figure 20. Paired T-Test Histogram of Differences. The histograms shows the

data normally distributed.

Boxplot of Differences
(with Ho and 95% t-confidence interval for the mean)

-300  -200 100 0 100 200 300 400 500 600
Differences
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Figure 21. Paired T-Test Boxplot of Differences. The boxplot shows a

difference in mean.

Finally, the percent reduction for tool and lead-time is shown in Table 18 and
Table 19. The percent difference is calculated between the tool types selected with and
without the use of the DSSD method. Using the percent difference equation, the DSSD
method offers a 55% percent difference in tool cost and a 42% percent difference in tool

schedule.

p  Di Eouati Final — Initial 100
recent Dif ference Equation: Tmitial x (2)

Table 17

Tool Cost Percent Reduction Results

Cost

With DSSD Without DSSD
Selected Tool Method Method
APLT S 1,272.90 | S 1,696.40
HYDB S 2,158.25 | S 3,370.90
HYDD S 2,080.60 | S 3,402.60
ROTT S 1,397.20 | S 2,270.30
S 6,908.95 S 10,740.20
55%

92



Note: The Percent Reduction for Tool Cost is 55%

Table 18

Tool Lead Time Percent Reduction Results

Lead Time

With DSSD | Without DSSD
Selected Tool Method Method

APLT 244 508
HYDB 1285 1638
HYDD 1221 1633
ROTT 398 705
3148 4483

42%

Note: The Percent Reduction for Tool Lead Time is 42%

In summary, the process fails to reject H4 with the conclusion there is evidence
that the application of the proposed DSSD method will reduce tool costs and schedules.
H4 data analysis shows a significant difference in means between the raw data, DSSD
generated tool combinations, and the selected DSSD tool combination used to solve the

problem statement.
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4.3 DSSD Method Quality Verification

The DSSD method takes account of quality by performing a Process Failure
Mode and Effect Analysis (PFMEA). A PFMEA is a systemic approach for identifying
process failures (observed and potential) that occur and the causes of these process
failures. A PFMEA was created to identify high-risk areas for potential failures. This
analysis includes a detailed examination of all potential ways in which product
components could fail and the consequences. Once the risk has been identified an action
plan is developed to reduce or eliminate the risk. Table 19 shows the PFMEA document

completed, outlined the results from the analysis.

Based on these results, opportunities for improvement were systematically and
objectively identified. Items identified as a high-risk priority were first addressed.
Recommended process improvements to implement for all RPN were also identified. The
S-O-D were rescored and the new RPNs were calculated based on the expected
improvements being implement to the process. This analysis includes a detailed
examination of all potential ways in which product components could fail and the

consequences.
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Table 20

The DSSD Method PFMEA

FAILURE MODE AND EFFECTS ANALYSIS
(PRO

CESS FMEA)
T Potential T 2]
Process Potential Potential I Cause(s)/ c Current e|R Action Results
Function/ Failure Ettect(s) ot a Mechanism(s) c Process t| P Actions & larget HonS SO0 R
Require- Mode Failure s of Failure u Controls e|nN Date Taken eflc|elP
ments s r c v|ie|lt|N
[The historical data The DSSD is unable 1. The Pseudo DOE was There's no process control| 10 [ 400 [Double check Pseudo DOE procedures [Assuming the 55| 4(100
lequation is incorrect  [to calculate the lcompleted incorrectly for conducting Pseudo Recommend
predicted tool cost incorrectly Copy and paste equation for the Pseudo Process  [Actions take place
and lead-time P E Owner
Immediately
Export Pseudo DOE and create a excel
macro that imports data into the DSSD
DSSD Application 2. Historical data equation Excel will not run DSSD if | 3 | 192 |Export Pseudo DOE and create a excel Process  [Assuming the 5|12|3|30
P |entered incorrectly 8 [invalid character exists macro that imports data into the DSSD Owner Recommend
Immediately |Actions take place
[The interactive macro |The DSSD is unable 1. Software update Automated message pops| 2 | 64 [Read automated message and update Process ssuming the 6[3]2]36
in excel does not to produce a tool p |needed. 4 |up on excel to update software Owner |RECOmmend
run i touse in | Actions take place
mmediately
analysis manufacturing
2. Macro not activated 4 |Automated message pops| 2 | 64 |Read automated message and activate Process  |Assuming the NEEED
P up on excel to update Macro Owner  |Recommend
Immediately [Actions take place
3. Macro not present 5 |Thefileis save asa xlsx | 3 | 120 |Add file name formula to the top of the Assuming the 41372
not a xism dashboard bold Process  |Recommend
P Owner|actions take place
If file name is not xism display a Immediately
The customer . Incorrect inputs There's no process control| 10 | 420 |Create inputs dashboard and drop down [Assuming the 5| 4]5|100
objectives are not menu to select the input b Recommend
rocess
meet for tool cost and = - Owner|Actions take place
lead-time reduction. (Once inputs are selected an automated Immediately
message pops up asking if inputs are
correct
[The DSSD incorrectly
yields a predicted tool
cost or lead-time
A tool type is made 1. Incorrect inputs 7 [There's no process control | 10 | 490 |Create inputs dashboard and drop down [Assuming the 5|45 |00
using the incorrect menu to select the input. Process  |Recommend
tool combination A Owner  |Actions take place
Once inputs are selected an automated | Immediately
essage pops LD asking if inputs are
[A conflict exist The customer 1. Addition data was not 7 [The dashboard containsa | 3 | 126 [Continue using conflict indicator. [Assuming the 62112
between the objectives are not used conflict indicator Process Recommend
prediction tool cost meet for tool cost and P Create a feature on the dashboard that Owner Actions take place
and lead-time lead-time reduction. does not allow conflicts and only Immediately
produces tool combinations that satisfies
obiectives.
2. Outliners exist in the 7 [There's no process control| 10 | 420 |Contact customer to reevaluate customer [Assuming the 62]1]12
data for checking for outliners objectives using the DSSD. Also see if Recommend
in the DSSD both tool cost and tool lead-time needs to Actions take place
be satisfied with one tool combination Process
P Owner
Create a feature on the dashboard that Immediately
does not allow conflicts and only
produces tool combinations that satisfies
objectives.
[The desired tool cost | The customer 1. The data does not The dashboard compares | 2 | 45 |Contact customer to reevaluate customer | o, [Assuming the 54240
rocess
and lead-time objectives are not p [support the desired tool |, [entered reduction objectives and present DSSD results Swner |Recommend
reduction percentage [meet for tool cost and cost and lead-time percentage goals Immediately [Actions take place
[was not achieved lead-time reduction. reduction
2. Incorrect data analysis The dashboard compares | 2 [ 36 [Contact customer to reevaluate customer Process  [Assuming the 513|2(30
P |in the DSSD 3 [entered reduction objectives and present DSSD results Owner Recommend
Jpercentage goals Immediately |Actions take place
[The null cannot be Using the DSSD did 1. The data does not 4 |There's no process control 10 | 200 |Add additional data to the original data Assuming the 4138672
rejected for Paired T- [not provide a support the desired tool analysis Recommend
test showing no reduction in tool cost cost and lead-time [Actions take place
evidence of mean and lead-time reduction Remove outliners
differences Process
P Verify predictor variables were significant | ouner
Immediately
Check the dashboard data reduction
before Paired T-test.
Add green and red color to indicate
narrantane radiction acmirred
2. Incorrect Paired T-test | 4 |There's no process control [ 10 | 200 [Add additional data to the original data [Assuming the 43672
data analysis analysis Recommend
[Actions take place
Remove outliners
Process
P Verify predictor variables were significant | ouner
Immediately
Check the dashboard data reduction
before Paired T-test.
Add green and red color to indicate
narnantana radiiction aenirren
3. Incorrect data analysis [ 3 [There's no process control [ 10 [ 150 [Add additional data to the original data Assuming the 4(2]6|48
in the DSSD analysis Recommend
[Actions take place
Remove outliners
Process
P Verify predictor variables were significant |~ Owner
Immediately
Check the dashboard data reduction
before Paired T-test. Add green and red
color to indicate percentage reduction
vurred

4.4 DSSD Case Study
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This section performs case studies in the aerospace industry and automotive
industry. The case studies illustrate how the DSSD methodology could be extended to
other domains. The automotive industry case study shows the versatility of DSSD in
industries outside of aerospace. Sections 4.4.2 and 4.4.3 highlight in detail the main use
for the DSSD and how it improves the costs and schedule for the industry. The research
product is also outlined in this section to explain how the research product can be

generally applied to other companies that have manufacturing capabilities.

4.4.1 Research Product Application

The research product described in this section can be used to provide insight to
manufacturing management to minimize the likelihood of cost and schedule overruns
during the tool manufacturing process. The DSSD method can be used for the aerospace
industry as well as other manufacturing industries that demonstrate several different ways

of producing a product.

The DSSD method consists of five components, shown in Figure 22. Current
Process Evaluation is the first phase, which allows management to evaluate the current
process capabilities. This verifies the need for a new method to achieve the necessary
customer objectives or goals in manufacturing. Significant Predictor Variables is the
second phase of the research product that confirms predictor variables are significant.
The DSSD Method Application is the third phase that allows management to apply the

DSSD tool to achieve result combinations that need to address customer objectives. After
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the application of the DSSD is complete, the means and results are compared in the four
phases. Comparing Means is done by using a Paired T-test. The last phase verifies the
quality after the implementation of the DSSD using an FMEA. An FMEA report

confirms quality will not be affected by the implementation of the DSSD method.

Current ' Significant
Process Predictor
Evaluation Variables

Compare
Means &
Results

DSSD Method
Application

Quality
Verification

Figure 22. DSSD Method Components. The figure shows a 5 components to achieve

reduce Tool Cost and Lead Time using the DSSD.

Figure 23 specifies the problem structuring framework used in this Praxis. The
figure begins with the tool cost and lead-time objectives. The specific tool manufacturing
factors highlighted, then applied to the DSSD method yielding a new tool combination
that satisfies the original objectives in the first box. Figure 24 looks at the problem

structure for general use in the aerospace industry but still has similar steps as Figure 23.
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Tool Fabrication
Machines

CNC
Machining
Technologies
(Subtractive)

Tool Cost and
lead-time
data/objective

3D Printing
Technologies
(Additive)

Tool Material Type

Tool Type

Cres 321

(Metal) 2L
AL 2024 HYDB
(Metal)
ABS M3 ROTT
(Plastic)

New Tool
Combination
(achieves tool
cost and lead-

time reduction)

DSSD Method

RenShape
5179 APLT
(Plastic)

Figure 23. ACME’s Problem Structuring Framework. The Framework Diagram

outlines how to approach the DSSD specific the company.

Tool Cost and Tool
lead-time
data/objective

Fabrication
Machines

New Tool
Combination
(achieves tool
cost and lead-

time reduction)

Tool Material

DSSD Method
Type

Tool Type

Figure 24. Aerospace Industry Problem Structuring Framework. The Framework

Diagram outlines how to approach the DSSD in the aerospace industry.
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The problem structuring can be applied to industries outside of aerospace such as
the automotive industry shown in Figure 25. By simply changing the customer objective

or cost and lead-time initiatives, the objectives can be attained.

Material Type

Assembly Methods Machini ng
N
[\ ELIE] ew
Cost and lead- Combination

S — Casting DSSD Method (achieves tool

cost and lead-
time reduction)
Rubber
Robotic
Molding

Fabrication Types

Fiberglass

Figure 25. Automotive Industry Problem Structuring Framework Example. The

Framework Diagram outlines how to approach the DSSD in the automotive industry.

4.4.2 Applied Use of the DSSD Method in Practice

Manufacturing management and decision makers might leverage the DSSD
method components to make decisions about fabrication combinations to make a product
using the flow diagram procedure shown in Figure 26. The first step identifies customer
needs and objectives the researcher must attempt to achieve. The following steps break

out the DSSD method components providing decision factors for each phase. The process
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continues until customer objectives may need to be adjusted or the DSSD method is

completed with the selected tool combination identified.

dentify customer needs or

I
objectives for cost and lead
time

h

Gather tool data

fromthe past5

years

Perform a Sixpack
analysis to

determine current
process capability

Perform a One-way

Perform a One Way
ANOVA to

determine if the DOE
variables are
significant

Perform a Pseudo

The DSSD method

cannot be used

Is the process
capable?

No

Are the means

different from the

YES

Are the means’
significantly
different from one
another?

YES

y

re the variables:
significant?

v

Update the DSSD
with the prediction

equation from your

Use the DSSD to

P select and evaluate

each tool type

Perform a Paired T-
Test to compare
means

|

Enter your tool
combination
inputs

YES

v

Does a conflict
exist?

Reevaluate
objectives and
results with
customer

an custome
objectives be

modified to
ccept conflict

Is there a
statistically
significant
difference in

means?

Conduct a FMEA to
verify quality will
not be effected

Quality affected?

YES

A 4

Reevaluate FMEA to
implement actions
to reduce quality
concerns

/ DSSD method
o [ complete.
Tool combination
results can be used

Figure 26. DSSD Method Application Procedure. The procedure walks through using

the DSSD from defining the scope to retrieve the best tool combination.

4.4.3 Aerospace Industry Case Study for DSSD Application

In this section, a case study conducted by HMS software on Bombardier

Aerospace titled Canadair Defense Systems Division Integrates Timekeeping and

Scheduling for More Effective Project Con has been tailored to implement the used of the



Decision Support System Dashboard (DSSD). Nearly, every aircraft manufacturing
company uses project control software of some kind and the Decision Support Systems
Dashboard (DSSD) guides the way of production among decision makers or managers of
every firm. DSSDs are installed ad hoc as the need required to meet the requirements of a
single project ranging from improving manufacturing lead-times and production costs
which is of greater significance to the functioning of aircraft enterprises. With the rising
unprecedented “competition in this industry, more and more aerospace firms are now
looking to” (Software, n.d.) bombard various aspects of the project requirements
together. Therefore, aircraft manufacturing processes consist of a consistent sequence of
operations that are conducted simultaneously and in an integrated manner to create an
efficacious and cost-effective product. The main purpose of the DSSD “is to prevent the
decreased levels of original aircraft airworthiness, safety, and reliability design at the
lowest cost” (Zhang, Zhao, Tan, Yu, & Hu, 2011). For this reason, an aviation

manufacturing Decision Support System Dashboard can be adapted based on this Praxis.

In this context, a practical application of DSSD in the Canadair Bombardier
Aerospace Division domiciled under the Canadian Government is considered, which

fabricates the special mission military aircrafts.

The Canadair’s project scheduling and managerial personnel could adapt the
DSSD outlined in this Praxis following the increased need for special mission aircrafts by

the government. As opposed to the conventional manufacturing methods initially used
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by the company, the DSSD provides the cost shirking advantage and a solution to the
increased schedule overrun problems. The company extensively adapted the DSSD
approach in its transformational phase in pursuit of technological innovation of the

standard Time Control Systems.

In 1986, Canadair was the primary contractor for the CF-18 by Canada’s
Department of National Defense with the directive of improving the fuselage of the
aircraft problems. Since June 1994, Canadair was considering several options for the
tooling and production costs and schedule overrun problems. To make the aircraft
requirements adapt to the DSSD, Canadair over time evaluated the center section and the
aft of the fuselage for the advanced technologies needed to manufacture the components.
The data was used in the DSSD to provide direction on the technologies to use to solve
tooling and production costs, and schedule overrun problems making CF-18 fuselages.
After upgrades were implemented, the DSSD technology selections were used to
manufacture CF-18 fuselages. By 2000, improvements in tool and production cost were

established in addition to the elimination of schedule overruns.

4.4.4 Automotive Industry Case Study for DSSD Application

Global automotive manufacturing industry continuously faces decision challenges
on “how to better manage dependencies between different activities that take place either
locally or across different locations” (Liu, Young, & Ding, 2011). For these reasons, there’s
increasingly unprecedented utilization of a Decision Support System Dashboard (DSSD)

that can aid manufacturing leaders to make more efficacious and effective global
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coordination decisions. A combination of quantitative and quantitative data analyzing
approaches and assessment functions has been embraced to demonstrate the relevancy of
the DSSD “system to provide decision support for realistic global manufacturing co-

ordination problems” (Mula, Herndndez, & Pole, 2014).

A practical case involving the leasing of new vehicles in the European’s car
industry is discussed thereof. DSSD permits forecasting of “an accurate residual value for
the vehicles, a major factor in determining monthly leasing rates” (Gleue, Eilers,
Mettenheim, & Breitner, 2018). The Toyota Motor Corporation industry was struggling
to retain its market following increased manufacturing costs impelling the managers to
devise a better manufacturing process guided by the DSSD. Moreover, due to
skyrocketing fuel prices and growing environmental concerns impelled Toyota to start

reviewing their vehicles and the manufacturing process.

The manufacturing team of designers and engineers were mandated with the
responsibility of collecting data across various countries to help in forecasting the future
of Toyota vehicles. Following an intense analysis of the data collected and the prediction
done using the multi-criterion analysis, the managerial team of the corporation initiated
the first phase of producing hybrid electric vehicles. Even though the Toyota Production
System is based on the Lean Manufacturing concept (LMC), apparently the corporation

has designed and implemented an integrated decision support dashboard system. This has
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allowed the collection of huge data from different parts of the globe and analyze it easily

saving on timekeeping problems.

4.5 Summary and Conclusions

Chapter 4 summarized the results for each hypothesis related to the research
question. The chapter begins with providing a comprehensive discussion on the areas
dealt with in the paper before proceeding to redefine the problem statement and research
questions to be answered. The background findings of the results are considered. The
background of the findings provides the rationale and the significance of the analysis

with the involved assumptions.

Beginning with H1, without the use of DSSD, the researcher concluded that the
current process is incapable of achieving the desired outcome outlined in this Praxis
based on the values of Ppk obtained from the Sixpack analysis. The current tooling
technology selection method is incapable of meeting the research objectives. Introducing
a process improvement need, such as, the DSSD method highlighted throughout the

research.

The tooling factors analyzed in H2 & H3, showed similar results of statistical
significance in the relationship. Appendix B shows a graphical alternative to ANOVA
using One-way Normal ANOM to allow the researcher to determine which, if any, of the
predictor variables has a mean significantly different from the overall average for tool

cost and lead-time. After visually inspecting points beyond the limits of the ANOM
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graph, the null is rejected with the conclusion that there is evidence of interaction and the
tool manufacturing factors means are significantly different. The stages experienced in
the implementation of the model are detailed herein. This involves addressing the various
steps and assumptions considered in successfully evaluating all the research hypotheses.
The charts and graphical plots were interpreted to assist the researcher in retrieving

results and various relationships supporting the researcher’s claims.

The confidence interval plots help in defining the percentage confidence level of
each variable and its impact on grouping the tool material types. The selected 95%CI for
the mean facilitates the comparison of various mean differences with a significance level
of a=0.05. In the paired T-Test, the box plot helps in defining and displaying the outliers
affecting the results of the researcher. This expedites the development of the graphical
plot of the average cost and average tool minutes thus giving a detailed comparison and
analysis of the mean differences of the two sets of variables. H4, solely based on the
DSSD, used the selected tool type combination to achieve the desired reduction of tool
cost and schedule outlined in the problem statement. A Paired T-test is followed by the
DSSD application, where the null hypothesis is rejected with evidence the means are

significantly different.
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Chapter 5—Discussion and Conclusions

5.1 Discussion

This Praxis identified prediction equations for best combinations of fabrication
methodology and material type to achieve the lowest tool cost and lead time. Using these
equations, a DSSD was developed to guide planners to make informed choices of such
combinations. Using predictions of cost and lead time with historical combinations, and
comparing to better combinations using the DSSD, the research concluded there would

have been a statistically significant improvement in both cost and lead time.

This is summarized further as historical data containing the manufacturing factors
was gathered to begin the implementation of the DSSD. The research began by
evaluating the current process capabilities using Sixpack analysis to verify the DSSD is
needed to reduce the likelihood of tool cost and schedule overruns. The data gathered
from ACME Co. firm was analyzed by using a One-way ANOVA technique to define the
significance of the variable. Furthermore, the research uses a Pseudo DOE to obtain a
prediction equation. The prediction equation transferred to the DSSD to determine the
best tool combination variables to achieve a reduction in tool cost and lead time.
Following the DSSD implementation, a Paired T-test was performed to compare the
original combinations with the DSSD predicted results to validate mean differences.
Then, case studies were utilized as examples of practical applications of the DSSD in

other domains including aerospace and automotive manufacturing.
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The DSSD was introduced to reduce the likelihood of tool cost and schedule
overruns. As proven by the results in Chapter 4, the DSSD was able to reduce the
likelihood of tool cost and schedule overruns. The DSSD method offers a 55% percent
difference in tool cost and a 42% percent difference in tool schedule. This research could
produce a tool type selection best for meeting scheduled production and allocated budget
allowances. A modified DSSD can be used in other industries, as highlighted in section

4.4.1 to achieve similar results.

5.2 Conclusion

This Praxis resulted in achieving the primary research objective providing
manufacturing decision makers insight that minimizes the likelihood of cost and schedule
overruns in aircraft tool manufacturing. The research study supported closing literature
gaps by offering a quantitative decision-making aid to manufacturing decision makers
seeking to assess tool cost and schedule overruns based on the implementation of the
DSSD method. The Praxis also offers new outcomes that weigh into the developing body

of knowledge in the aerospace tool manufacturing field.

The DSSD is an instrument and methodology used for manufacturing
management that can be leverage to select a tool combination output that reduces tool
cost and schedule overruns. By reducing tool cost and schedule overruns, management
could achieve their annual manufacturing improvement targets. The DSSD method
contains five key components: Current Process Evaluation, Significant Predictor

Variables, DSSD Method Application, Compare Means and Results, and Quality
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Verification. The DSSD method allowed the researcher to observe the current process
capabilities, validate variable significance in the data, apply the DSSD, and implement
measures to assure quality is never compromised. Methodologies to gather and calculate
the general project success were based on prior literature discoveries and can be promptly

leveraged by industry management as means.

The tool combinations results were obtained by using the DSSD method. The
results from the tool combinations were validated using a Paired T-test to showed
statistically significant improvement in tool cost and lead-time. Case studies were used to
show how the DSSD could be generalized and applied to other industries. Quality
recommendations were provided from the PFMEA to ensure quality will not be reduced
by the implementation of the DSSD. Tool cost showed an overall percent reduction of
55%. Tool lead-time showed an overall percent reduction of 42%. All data analysis
methods were done with a 95% confidence level. Recent literature noted adequate
decision aids are needed in the early stages of development and before a physical product
is made. The DSSD method can be easily utilized in practice as shown in Chapter 4 case
studies. By applying the DSSD method to tool manufacturing, the predicted tool

combinations can meet targets such as reducing tool cost and lead-time overruns.

5.3 Contributions to Body of Knowledge

This research contributed to the growing body of knowledge on the influence of

using the DSSD method in tool manufacturing. The research also provided valuable
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insight to manufacturing management on achieving reductions in tool cost and lead-time

overruns.

Using the DSSD method, provided a positive influence on the likelihood
of reducing tool cost and lead-time overruns for manufacturing

management.

. A prediction equation was generated from a Pseudo DOE analysis using

historical tooling data when predictor variables are significant. The

prediction equation is used as a key component in the DSSD.

. After the application of the DSSD, Process Failure Modes and Effects

(PFMEA) Analysis guaranteed the quality of the aircraft component will
not be reduced. Recommendation actions from the PFMEA are required

for implementation to reduce the risk of process failures.

. The DSSD tool combinations included 3D manufacturing as the tool

fabrication method to achieve the tool cost and lead time objectives.
Further research was recommended to evaluate the impact of Additive
Manufacturing and additional materials used for tool manufacturing.
Based on the Case Studies, The DSSD can be implemented in industries
other than Aerospace. The future research recommendation was introduce

to apply the DSSD to other industries.

5.4 Recommendations for Future Research

Recommendations for future research include building upon the DSSD method,

fully automating each component, and applying the DSSD to other industries. The DSSD
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can be modified, similar to section 4.4.1, for other industries requiring tools to produce a
product that meets tool cost and schedule objectives. Furthermore, implementing the
DSSD method into advanced machine learning methodologies or including the DSSD
method into production scheduling/planning software provides an automatic
implementation. Further, recommendations are suggested measuring production flow
time after the application of the DSSD method. The following studies are proposed as
future research efforts: Create a system that can be control and improved using new
processes (Cochran, 1994), Properly layout the framework before implementing a new
process (Cochran, 1999), Calculate flow time in manufacturing from creating a tool to
producing the product (Chao & Graves, 1992), Implement machine learning

methodologies to develop a more automatic instrument (Wang & Yu, 2011)

e Apply the DSSD method to tool manufacturing practices and produce the physical
tools.

e Create a plan to close the actions identified in the Process Failure Modes and
Effects Analysis.

e Update the DSSD method raw data and inputs according to the industry of use.

e Update tool fabrication methods, material type, and tool type according the latest
tool manufacturing technology used.

e Add additional raw data to increase DSSD tool combination prediction accuracy.

e Apply the DSSD to other tool manufacturing industries such as automotive

(transportation), appliances (household goods), electronics, or toys.
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In summary, this praxis produced a practical method and DSSD instrument for
reducing tool cost and lead-time overruns in aerospace tool manufacturing. Follow up
research is recommended to enhance the DSSD method by applying the instrument in the
scheduling/planning phase to fully automate the selection. Also, continuing to use the
DSSD to produce physical tools and recording the actual tool cost and lead-time

enhances the accuracy of the DSSD.
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Appendix A
Table A-1

The Tooling Data Used in the Analytical Evaluations

Data DateEntered Quantly  Produd DesciTool FaoMac Tooi Type  Tool Material 1 Job Duraion F Job Duration ( Total Minutes Tool Cost
258 1192017 1GearBox  CNC HYDB AL 2024 8 24 1238 $2537.94
254 1042017 1 .S0L1 CNC ROTT AL 2024 3 35 689  $2,165.90
254 11472017 1 Part2 CNC HYDD Cres 321 2 49 1523  $341290
255 11472017 1Pat1RevA 3D HYDD ABS M30 (plas 2 40 1264  $1937.28
258 11472017 1 SOL1-1 30 ROTT RenShape 51 16 20 524 S2037.27
258 11412017 1Part14 CNC HYDB AL 2024 18 43 1521 §290327
258 10412017 1 Pat2-1 CNC HYDB Cres 321 0 9 1836  $3689.38
259 10472017 1 S0L1-2 3D ROTT RenShape 51 12 37 447  $1827.38
259 11412017 1 Pat1-3 CNC APLT Cres 321 18 54 628 $1876.28
251 132017 1 5011 CNC APLT AL 2024 3 17 548  $178228
252 11312017 1 5012 3D APLT ABS M30 (plas 2 18 146 $107329
257 12122016 1FanBlacge 3D ROTT ABS M30 (plas 8 19 499 $158238
256 111122016 1 TestPant CNC HYD8 AL 2024 17 59 1836  $3,17438
256 11122016 1 TestPan 30 APLT RenShape 51 7 5 403  $138237
253 117312016 1 Vacuum ChanCNC HYDD Cres 321 17 5 1736 $3584.43
257 1132016 1 Vacuum Chan 3D ROTT ABS M30 (plas 7 16 436  $146845
258 10232016 1 Torque box CNC HYDB AL 2024 8 24 12715 $21686.35
259 102372016 180L3 CNC ROTT AL 2024 3 35 603  $2057.23
260 10472016 1 PART1-3 CNC HYDD Cres 321 2 49 1457  $336564
261 911872016 1inlelCom 3D HYDD ABS M30 (plas 23 54 1142 $1836.38
262 91612016 1 SOL1-1 3D ROTT RenShape 51, 16 20 530 $2012.38
263 91612016 1 PART1-1 CNC HYDB AL 2024 4 43 1543 $293453
264 91602016 1 Pat10 CNC HYDB Cres 321 2 49 1690 $342162
265 22016 1 SEY-12 3 ROTT RenShape 51 12 37 602 $213763
266 82472016 14934 CNC APLT Cres 321 18 54 613 $1825.21
267 8122016 14983 CNC APLT AL 2024 3 17 521  $174138
268 8172016 14982 3D APLT ABS M30 (plac 2 18 190  $1,15477
269 772602016 1FanBlade 3D ROTT ABS M30 (plas 8 19 421 §148260
270 772672016 1 TestPanel CNC HYDB AL 2024 21 56 1316 §273184
211 42016 1 TestPanel 3D APLT RenShape 51 7 5 425  $146395
272 8712016 1 Vacuum ChanCNC HYDD Cres 321 2 pal 1656  $341273
273 6112016 1 Exhast 3D ROTT ABS M30 (plas 7 16 436  $141221
214 5202016 1 TR Stide 3D ROTT ABS M30 (plas 8 23 423 $148213
216 1192017 1GearBax  CNC HYDB AL 2024 8 24 1218 $2596.38
2n 1142017 1.50L1 CNC ROTT AL 2024 3 ko) 679  $2.10712
278 11472017 1Part2 CNC HYDD Cres 321 2 49 1531 $3406.75
279 11412017 1Pat1RevA 3D HYDD ABS M30 (plas 20 40 1047  $1.73442
280 11472017 1.S0L1-1 3D ROTT RenShape 51 16 20 356  $1939.32
281 10472017 1Part1-4 CNC HYDB AL 2024 18 43 1712 $308246
282 11472017 1 Part2-1 CNC HYDB Cres 321 0 9 1505 $335382
283 10472017 1.80L1-2 3D ROTT RenShape 51 12 ki 476  $172362
284 11412017 1 Pat13 CNC APLT Cres 321 18 54 499 $1670.12

Note: Historical data from ACME Co. from the past three years used in this

research.
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Figure A-2. APLT Tool Cost Ppk Analysis. All Process Capability Sixpack
Reports are used to evaluate the current process. Residuals show normality, and
no patterns in the fits/orders. Concluding the results of the regression analysis
must be valid and correct. The Ppk values are all less than 1 demonstrating the
current process is not capable of meeting scheduled production and within the

allocated budget.
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Figure A-3. APLT Tool Lead Time Ppk Analysis. Conclusion: The Ppk value
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122



Process Capability Sixpack Report for Total Minutes

| Chart

Capability Histogram

UCL=7803 ust
2 7m0 Overall
E . 1 — —  Within
= '«..\ i/'\.’
= - Vo L. ¥=A74.7 Specifications
2 L -y ./' Y ./ UsL 480
= v ¥ et
e
£
200 LCL=169.1
1 3 3 7 9 n 13 15 17 19 21 300 400 s00 600 700
Moving Range Chart Normal Prob Plot
400 UcL=375.4 AD: 0.540,P: 0,147
@ A
o A
] !
2 R
Bo 200 . ’ ||I !
'E f .ff Y ._‘/._.“’-. MR=114.9
= k'_" vy o
o >4 8| cl-0
1 3 5 7 ] " 13 15 17 19 21 zo0 400 &00 BOD
Last 22 Observations Capability Plot
. * Within gverall Overall
e . E:’Dev 101.9 g:’De\r 1o0.
3 LI * e @ Cpk 0.02 within| | PPK 0.02
S . * PPM 47935939 cpm
= . e®e . o | PPM 47915171
o o e ® @
200 specs
5 10 ) 15 20
Observation

The actual process spread is represented by 6 sigma.
Figure A-4. ROTT Tool Lead Time Ppk Analysis. Conclusion: The Ppk value
is 0.02 demonstrating the current process is not capable of meeting scheduled

production and within the allocated budget.

123



Process Capability Sixpack Report for Tool Cost

| Chart Capability Histogram

usL

UCL=%$2,380.97

= Overall
= - o
£ 3200000 .\Q\ f‘.’ | P. . Within
= » \ N, r. ¥=$1,740.35 Specifications
= < ) % USL 2000
2 s1.50000 N‘ A
Z T - -y =
E v * R e
E LCL=51099.73 S S S & F &S
41,000.00 PRSI R Y
1 3 5 7 9 11 13 15 17 19 21
Moving Range Chart Mormal Prob Plot
380000 UCL=$787.00 BB T [
a
bo
g v o r
T $a0000 A\ A A /A \
v NIV AN L
£ A R N (W \ MR=$240.87
) F N N N R R = B T
= L » '.,‘ Ib‘ ¥ I |
3000 L % %o Lci-s000
1 3 5 7 9 11 13 15 17 19 21 %1,000.00 %1,500.00 42,000.00 42,500.00
Last 22 Observations Capability Plot
. .. ® . Within Overall Overall
. StDev 2135 StDev  302.9
42,000.00 . ._*
. . . cp : | pp 3
. cpk  0.41 <mm | PPk 0.29
= h
3 $1,750.00 . PPM 11200643 | "™ | cpm  *
. PPM  195642.94
41,500.00 . * @ . . Rl
* * *y specs
5 10 15 20
Observation

The actual process spread is represented by 6 sigma.
Figure A-5. ROTT Tool Cost Ppk Analysis. Conclusion: The Ppk value is 0.29
demonstrating the current process is not capable of meeting scheduled production

and within the allocated budget.
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Figure A-6. HYDB Tool Lead Time Ppk Analysis. Conclusion: The Ppk value

is -0.53 demonstrating the current process is not capable of meeting scheduled

production and within the allocated budget.
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Figure A-7. HYDB Tool Cost Ppk Analysis. Conclusion: The Ppk value is -0.23

demonstrating the current process is not capable of meeting scheduled production

and within the allocated budget.
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Process Capability Sixpack Report for Total Minutes
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Figure A-8. HYDD Tool Lead Time Ppk Analysis. Conclusion: The Ppk value
is -0.30 demonstrating the current process is not capable of meeting scheduled

production and within the allocated budget.
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Process Capability Sixpack Report for Tool Cost
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Figure A-9. HYDD Tool Cost Ppk Analysis. Conclusion: The Ppk value is -0.14

demonstrating the current process is not capable of meeting scheduled production

and within the allocated budget.
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One-Way Normal ANOM for Total Minutes
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Figure B-1. One-way ANOM for Tool Material Type Lead Time (minutes).
Note: The points fall in an approximately straight line along the middle line above

the red limit line showing significance.
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Figure B-2. One-way ANOM for Tool Material Type Cost. Note: The points
fall in an approximately straight line along the middle line above the red limit line

showing significance.

Appendix C

Table C-1

DSSD Combination Results

Dashboard Lead | Dashboard Cost
Tool Combo . .
Time (Minutes) ($)
APLT3DABS M30 (plastic) 244 $1,272.90
HYDB3DAL 2024 1285 $2,158.25
HYDD3DAL 2024 1221 $2,080.60
ROTT3DABS M30 (plastic) 398 $1,397.20

Note: The table display the best combinations from the DSSD available to achieve

maximum reduction in tool cost and lead-time.
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Appendix D

Table D-1
The DSSD PFMEA Analysis

FAILURE MODE AND EFFECTS ANALYSIS
(PROCESS FMEA)
TO|

Potential 15}
Process Potential Potential S 1 Cause(s)/ c Current e Action Results
Function/ Failure Ettect(s) of el a Mechanism(s) c Process t] P Actions. & larget ACTONS TSTOTDTR
Require- Mode Failure v s of Failure u Controls e Date Taken e|lc|le|P
ments s v c vic|t|nN
[The historical data | The DSSD is unable 1. The Pseudo DOE was [There's no process control| 10 | 400 |Double check Pseudo DOE procedures [Assuming the 554|100
equation is incorrect  |to calculate the completed incorrectly for conducting Pseudo Recommend
prediicted tool cost incorrectly Copy and paste equation for the Pseudo |  Process  [Actions take place
and lead-time 8| P 5 DOE Owner
Immediately
Export Pseudo DOE and create a excel
macro that imports data into the DSSD
DSSD Application 2 Historical data equation | |Excel will not run DSSD if | 3 | 192 |Export Pseudo DOE and create a excel Process  |Assuming the 5|2
8| P [entered incorrectly 8 |invalid character exists macro that imports data into the DSSD Owner  [Recommend
[ Actions take place
[The interactive macro | The DSSD is unable . Software Update [Automated message pops| 2 | 64 |Read automated message and update rocess|ASSuMming the GIE
in excel does ot [to produce a tool 5| p |needed 4 |up on excel to update software Owner|Recommend
run i touse in Immediatey |ctions take place
analvsis manufacturina
2. Macro not activated 4 |Automated message pops| 2 | 64 |Read automated message and activate Process  |Assuming the 63
8| P up on excel to update Macro Owner  [Recommend
Immediately |Actions take place
3. Macro not present 5 [Thefile is save asa xisx | 3 | 120 |Add file name formula to the top of the [Assuming the 64
not axism dashboard bold Process  |Recommend
8| P Owner  [Actions take place
If file name is not xlsm display a Immediately
The customer, 1 Incorrect inputs [There's no process control| 10 | 420 |Create inputs dashboard and drop down [Assuming the 5|4
objectives are not menu to select the input. Process |Recommend
meet for tool costand | ¢ | p 7 Ownor|Actions take place
lead-time reduction. Once inputs are selected an automated [ St
message pops up asking if inputs are
correct
The DSSD incorrectly
yields a predicted tool
cost or lead-time
A tool type is made 1. Incorrect inputs 7 [There's no process control| 10 | 490 |Create inputs dashboard and drop down [Assuming the 5|4
using the incorrect menu to select the input. Process  |Recommend
tool combination 7| A Owner  [Actions take place
Once inputs are selected an automated | Immediately
age pops up asking if inputs are.
[A conflict exist [The customer 1. Addition data was not | 7 |The dashboard contains a | 3 | 126 | Continue using conflict indicator. [Assuming the 5|2
between the objectives are not used contlict indicator Process |Recommend
prediction tool cost | meet for tool costand | ¢ | Create a feature on the dashboard that Owner |Actions take place
and lead-time lead-time reduction does not allow conflicts and onl Immediately
produces tool combinations that satisfies
obiectives
2 Outiiners existinthe | 7 [There's no process control| 10 [ 420 |Contact customer to reevaluate customer [Assuming the 6|2
data for checking for outliners objectives using the DSSD. Also see if Recommend
in the DSSD both tool cost and tool lead-time needs to [Actions take place
be satisfied with one tool combination Process
6| P Owner
Create a feature on the dashboard that | Immediately
does not allow conflicts and only
produces tool combinations that satisfies
objectives,
[The desired tool cost | The customer 1. The data does not [The dashboard compares | 2 | 48 [Contact customer to reevaluate customer | o o~ [Assuming the 5|4
and lead-time objectives are not support the desired tool entered reduction objectives and present DSSD results Recommend
6| P 4 Owner
reduction percentage |meet for tool costand cost and lead-time percentage goals [Actions take place
: 4 Immediately
was notachieved  lead-time reduction reduction
2 Incorrect data analysis I The dashboard compares | 2 | 36 |Contact customer to reevaluate customer |  Process  [Assuming the 5(3
6| P |inthe DSSD 3 [entered reduction objectives and present DSSD results Owner  [Recommend
ercentage goals ctions take place
|oe I A ke pl
[The nullcannot be |Using the DSSD did . The data does not 7 [There's no process control| 10 | 200 | Add additional data to the original data [Assuming the aE
rejected for Paired T- [not provide a support the desired tool analysis Recommend
test showing no reduction in tool cost cost and lead-time [Actions take place
evidence of mean  |and lead-time reduction Remove outliners
differences Process
s|p Verify predictor variables were significant wnor
Immediately
Check the dashboard data reduction
before Paired T-test
Add green and red color to indicate
narcantana raduction aecnrren
2. Incorrect Paired T-test | 4 [There's no process control| 10 [ 200 |Add additional data to the original data [Assuming the a3
data analysis analysis Recommend
[Actions take place
Remove outliners
Process
5| p Verify predictor variables were significant | ouner
Immediately
Check the dashboard data reduction
before Paired T-test
Add green and red color to indicate
nerrentana rediictinn ancirren
3. Incorrect data analysis | 3 [There's no process control| 10 | 150 | Add additional data to the original data [Assuming the 4|2
in the DSSD analysis Recommend
[Actions take place
Remove outliners
Process
5| P Verify predictor variables were significant |~ Owner
Immediately
Check the dashboard data reduction
before Paired T-test. Add green and red
color to indicate percentage reduction
urred.

131



A PFMEA was performed on the DSSD to identify key process recommendations to
reduce possible effects on the quality of the process. This PFMEA ranks categories to
analyze potential reliability problems. The ranking categories included:

1. Severity: Severity of impact of failure event. It is scored of 1 to 10. A high score
is assigned to high-impact events while a low score is assigned to low-impact
events.

2. Occurrence: Frequency of occurrence of failure event. It is scored on a scale of 1
to 10. A high score is assigned to frequently occurring events while events with
low occurrence are assigned a low score

3. Detection: Ability of process control to detect the occurrence of failure events. It
is scored on a scale of 1 to 10. A failure event that can be easily detected by the
process control is assigned a low score while a high scores is assigned to an
inconspicuous event.

4. Risk priority number: The overall risk score of an event. It is calculated by
multiplying the scores for severity, occurrence and detection. An event with a
high RPN demands immediate attention while events with lower RPNs are less

risky.
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Method

Mull hypothesis Ml means are equal
Alternative hypothesis Not all means are equal
Significance bevel a= 008

Equal varances wene assumed for the analysis,

Factor Information

Factor Levels Values
Toed Material Type 4 ABS M30 (plastic), AL 2024, Cres 321, RenShape 5179

Analysis of Variance

Source DF Adj 55 Adj MS F-Value P-Value
Tool Material Type 3 22749134 7583045 2765 .00
Error 62 17001697 274221

Total 65 39750831

Model Summary
5 R-sq R-zqladj) R-sqipred)

523661 57.23%  55.16% 51.68%
Means
Tool Material Type N Mean StDev  95% CI
ABS M30 (plastic) 18 15216 3917 (1274.9, 1768.3)
AL 2024 20 2426 S02 (2192 2660)
Cres 321 16 3036 756 (2774, 32%4)
RenShape 5179 1217659 205.4 (14637, 2068.1)
Pooled Sthev = 521661

Fisher Pairwise Comparisons

Grouping Information Using the Fisher LSD Method and 95% Confidence
Tool Material Type N Mean Grouping

Cres 321 16 3036 A

AL 2024 20 2426 B
RenShape 5175 12176559 [+
ABS M30 [plastic) 18 1521.6 C

Means that do nat share a letter are significantly different

Fisher Individual 95% Cls

Differences of Means for Tool Cost
AL 2024 - ABS M3O (pla i
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Figure E-1. One-way ANOVA: Tool Cost versus Tool Material Type.

Conclusion: P is < alpha of 0.05, so we reject the null hypothesis. There is
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sufficient evidence to suggest that tool cost is different for one or more

combinations.

Method

Hull hypathesis All means are equal
Altemateae hypothesis Mot all means are equal
significance level  a=0.05

Fiqual variarces were assumed for the analysis.
Factor Information
Factor Levels Values

Tool Fab Machine 230, CRC

Analysis of Variance

Source DF  Adj 55 Adj M5 F-Value P-Value
Tool FabMachine 119014133 19014133 5868  0.000
Error 64 20736658 324011

Total 65 39750831

Model Summary

i 5 _R-2q R-iglad)) R-sqipred)
569220 4783%  47.02%  44E9%

Means

Tool Fab

Machine N Mean StDev 5% CI

E] 3016193 3T I(1411.7, 1826.5)

CRC 36 2697 652 (2508, 2887)
Fooled StDev = $69.220

Fisher Pairwise Comparisons

Grouping Information Using the Fisher LSD Method and 95% Confidence

Tool Fab
Machine N Mean GI’OHEI‘E
=13 3 26974
E] 3016193 B
Means ign
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¥ sern, am
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Figure E-2. H2 One-way ANOVA: Tool Cost versus Tool Fab Machine.
Conclusion: P is < alpha of 0.05, so we reject the null hypothesis. There is

sufficient evidence that there is different for one or more combinations.

and without the Stepwise. The graph shows a relationship between the factors.

Pareto Chart of the Standardized Effects
(response is Tool Cost, & = 0.15)

Factor Name

A Tool Fab Machine
B Tool Type
[ Tool Material Type

o 1 2 3 4 5 & 1 & 9
Standardized Effect

Figure E-3. H2 DOE Pareto Chart Results using Stepwise. Conclusion: The

graph shows a relationship between the factors.
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Residual Plots for Tool Cost
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Figure E-4. Tool Cost Residual Plots in H2. The Tool Cost Probability plot
verifies the assumption that the residuals are normally distributed. The residual
plots for tool cost confirms residuals are normal. An outliner was observed on the

normal probability plot with the assumption that a single incident has occurred.
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Method

Pl Fryprcsheis Al ereany. are equal
Aternache hypathesis Mot all mesrs are sgual
Sgnificarce bevel  a= 005

Fqual wariances were asicmed for T sy

Factor Information

Facter Levels Values
Tiool Material Type 4 AR5 M0 plastich, AL 2024, Cres 320, RerGhape 5175

Analysis of Variance

Source OF  Adj 55 Adj M5 F-Value P-Value
Teol Materisl Typs 3 DS206S MITESS 1750 0000
Erar &2 11115868 179288

Total 5 20520834

Model Summary

5 R-sq R-sqladj) R-sqipred)
AZTATL AL EEM 43.20% ¥name

Means

Tool Material Type N Mean StDev 95w Ci
AEES W30 {plastic) 18 5465 3H0 (3470 PEADN

AL 2024 W ON0E 5D (913,929
Cres 11 TEOTEIY 5T (11T O60L
RenShape 5179 12 4345 905 (2002 6BE )
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Figure E-5. H3 One-way ANOVA: Tool Lead Time vs. Tool Material Type.
Conclusion: P is < alpha of 0.05, so we reject the null hypothesis. There is

sufficient difference for one or more combinations.
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Method

Bauil hypathesis Ml means are equal
Aresrative hypothesis Nt all means are equal
Sigrifacance el a=008

Fgual warances were areamed for the snshur
Factor Information
Fagtar Levels Values

Tool Fab Maching 230,6MC

Analysis of Variance

Solred BF  Adj 55 Adj M5 F-Valie P-Value
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Errce & 10D 18635

Total 65 20528534

Model Summary
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Figure E-6. H3 One-way ANOVA: Tool Lead Time vs. Tool Fab Machine.
Conclusion: P is < alpha of 0.05, so we reject the null hypothesis. There is

sufficient difference for one or more combinations.
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Pareto Chart of the Standardized Effects
(response is Total Minutes, a = 0.15)

| Factor Name
A Tool Material Type
B Tool Type
[ Tool Fab Machine

o 1 2 3 4 § 6 1 & s
Standardized Effect

Figure E-7. H3 DOE Pareto Chart Results using Stepwise. Pseudo DOE for
tool minutes was performed DOE graphs to show a relationship between the

factors with and without the Stepwise. The graph shows a relationship between

the factors.
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Residual Plots for Total Minutes

Mormal Probability Plot
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Figure E-8. Tool Lead Time (minutes) Residual Plots in H3. The Tool Minutes

probability plot verifies the assumption that the residuals are normally distributed.

The residual plots for tool cost confirms residuals are normal. An outliner was

observed on the normal probability plot with the assumption that a single incident

has occurred.

Appendix F

140



Boxplot of Differences
(with Ho and 95% t-confidence interval for the mean)

-300  -200  -100 0 100 200 300 400 500 600
Differences

Figure F-1. Tool Cost Box plot of Differences in H4. The boxplot shows a

difference in mean.
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