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Abstract of Praxis

The submission of the United States President’s Budget to Congress for the
Department of Defense is the result of the Planning, Programming, Budgeting and
Execution (PPBE) process and provides the annual cost to manage the nation’s resources.
The 2025 budget submission outlines the U.S. Army’s goal of procuring 100,000 rounds
of 155mm artillery per month by the end of fiscal year 2025, up from 20,000 in fiscal
year 2023 and 28,000 in fiscal year 2024 (U.S. Army, 2024). One of the many challenges
associated with such investments arises from the volatile nature of demand and the
impacts of such volatility on the supply chain. In this instance, the unpredictable nature of
war itself can clearly be attributed to increased demand volatility for the overall
macroeconomic enterprise of the ammunition industrial base. The counterargument,
however, is that modern nation-states have been forced to maintain a steady-state
industrial base for wartime commodities and maintain known capacities as well as the

flexibility to operate up to that capacity when required.

This research examines what happens to the supply chain of the modern-nation
state industrial base, using the United States as the case study, when demand stretches
beyond the anticipated capacities. In such instances, the demand volatility, or variability,
tends to have increased effects further upstream in the supply chain and is commonly
referred to as the bullwhip, or Forrester, effect (Lee, Padmanabhan, & Whang, 2004).
The results of this research propose cost savings of 27% and alternatives to decrease the
negative effects of the bullwhip effect ratio volatility for program managers and
budgeting practitioners to mitigate the increased costs caused when that volatility ripples

through the defense industrial base and increases costs to suppliers.
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Chapter 1—Introduction

1.1 Background

As of February 2024, the United States Army was on a path to produce 70,000 to
80,000 artillery shells per month by the end of 2024 or early 2025, according to the
Assistant Secretary of the Army for Acquisition, Logistics and Technology (ASA(ALT))
(Luckenbaugh, 2024). In September 2023, the Pentagon’s chief weapons buyer stated,
“We're going to be at 100,000 per month in 2025 (Stone, 2023, para 2). This is more
than 3.5 times the production rates of 28,000 rounds per month at the end fiscal year 2023
and significantly greater than the production rate of 20,000 rounds per month at the
beginning of the same year (U.S. Army, 2024). The proposed investments for fiscal year
2024 will top $3.1 billion and include investments in hardware, ammunition plants, and
raw materials to meet the proposed schedule and production requirements in support of

the President’s Budget (Judson, 2023, para. 14).

One of the many challenges associated with such investments arises from the
volatile nature of demand and the impacts of such volatility on the supply chain. In such
instances, the demand volatility, or variability, tends to have increased effects further
upstream in the supply chain and is commonly referred to as the bullwhip, or Forrester,
effect (Lee, Padmanabhan, & Whang, 2004). This research introduces a new approach to
minimize the potential negative impacts of the bullwhip effect in the 155mm artillery
industrial base supply chain and to decrease costs for budget professionals and program

managers.



1.2 Research Motivation

Many commodities are subject to demand variability and can benefit from
bullwhip mitigation solutions. During times of national or global high-intensity conflict,
even commodities that are consumed in times of peace will see variations in demand.
Ammunition, in some cases, falls into this category as well. Small arms, such as 9mm
and 5.56mm pistol and rifle ammunition, are readily available in both war and peace
times. However, some commodities only experience significant demand fluctuations, or
false demand signals, exclusively during times of conflict. Artillery ammunition, in the
form of 155mm shells, is one such example. Anticipating those demands and filtering out
the noise of perceived demands versus actual demands lies at the core of the bullwhip
effect and the upstream effects on the supply chain. While many of the techniques to
mitigate the bullwhip effect can apply across the spectrum of goods, a model to mitigate

the bullwhip effect in the U.S. 155mm defense industrial base supply chain is required.

The 155mm industrial base demonstrates highly variable demand and fully
burdened costs not indicative of other systems and delivery requirements to locations that
may have no traditional customers and, in some cases, no historical customers at all.
Perhaps most stringent are the requirements for the product to be used in all global
locations, all global conditions and to maintain immediate transportability in support of
the U.S. military. Retired U.S. Army General Charles Flynn maintained that, to address
the emerging international security environment, the U.S. Army still required “the Global
Response Force (GRF), a brigade combat team prepared to deploy anywhere in the world

within 96 hours of notification...as a unique asset for U.S. 21st century defense” (Flynn



& Richardson, 2013, p. 38). Currently, the quality of western munitions is being

demostrated in real time in Ukraine.

In the race for ammunition in the international market, Michael Strand, the owner
of Czechoslovak Group, told the Financial Times that in an effort to secure artillery for
Ukraine before Russia can buy it from other foreign nations, half of the ammunition
could not be used without further repair and was of poor quality (Minder and Foy, 2024).
Ukrainian First Deputy Minister of Defense Lieutenant General Ivan Gavryliuk flatly
stated, “Western systems are more accurate and have a longer range. Due to this, we
destroy targets, spending less projectiles” (Bezpalko and Gurkovska, 2024, p. 7). As
compared to the 155mm artillery of U.S. and western adversaries, the specifications to
accomplish this are significant. Recently Keith Johnson reported that North Korea was
supplying Russia with artillery in order to sustain operations (Johnson, 2024). When
commenting on North Korean artillery, Johnson quoted former U.S. State Department
official, Vann Van Diepen as identifying it as, “not high-quality ordnance” (Johnson,

2024, p. 8).

Just as the novel coronavirus of 2020 presented bullwhip effects on consumer
markets not seen since the Spanish flu a century earlier, the novel modern conflict in
Eastern Europe has prompted U.S. investments in artillery not seen since Korea and
World War II. According to Congressional reporting and The New York Times, “By the
end of World War II, the United States had about 85 ammunition plants.... Today, the
Pentagon relies on six government-owned, contractor-operated Army ammunition plants
to do most of this work™ (Ismay & Lipton, 2023, p. 19). If the demand for artillery

quantifiably warrants rebuilding to 85 ammunition plants, then the requirements will



dictate thus, and the U.S. will make the necessary investments. However, if the
unintended perception of demand signals unintentionally drives inefficiencies in the
ammunition supply chain, then those undesired impacts of the bullwhip effect should be
mitigated. This Congressional reporting, and the findings of the 2018 Presidential
Executive Order 13806 Interagency Task Force, identify a clear problem in cost and
readiness in the 155mm artillery defense industrial base supply-chain. Christopher Barrett
and David Just asserted that supply chain profitability could be improved by 10% to 30%
(Barrett and Just, 2022, p. 4672) when using the findings from Frank Chen and

colleagues (Chen et al., 2000).

1.3  Problem Statement
The “bullwhip effect” of 155mm artillery spending results in supply-chain

inefficiencies, contributing to increased unit costs and excess inventory costs of 10% to

30%.

14 Thesis Statement

An optimization model is required to minimize the bullwhip effect in the 155mm
artillery defense industrial base supply chain.
1.5 Research Objectives

This praxis provides a model, and identifies the variables in the model, that can be
adjusted in order to minimize the potential bullwhip effect in the 155mm artillery
industrial base supply chain to minimize cost for budget professionals and program
managers.

1.6 Research Questions and Hypotheses
4



1.7

Research questions and hypotheses are as follows:

RQ1: What are the variables for an optimization model to minimize the bullwhip
effect in the 155mm artillery industrial base?

RQ2: What optimization model is suited to minimize or improve the bullwhip
effect in the 155mm artillery industrial base and decrease costs 10-30%?

H1: Metal parts, explosives, and labor are the significant variables to minimize
the bullwhip effect in the 155mm artillery industrial base and decrease costs by
10% to 30%.

H2: A linear programming optimization model is suited to minimize or improve
the bullwhip effect in the 155mm artillery industrial base.

Scope of Research

The scope of this research is to examine, and provide finite solutions to, the

potential bullwhip effect that may result from the increased demand and increased

investments in the 155mm artillery industrial base. Specifically, this research provides

quantitative adjustments to supply chain variables that will mitigate the bullwhip effect in

this specific ecosystem as well as the anticipated outcomes based on those changes. The

scope of this research does not include examining the validity of the demand itself or

whether the proposed and ongoing investments should be made. One key assumption of

this research is that the future investments in the industrial base will occur, as planned,

just as the continuing execution of the previous and current investments have already

occurred and are occurring, respectively.

1.8

Research Limitations



In 2017, the Government Accountability Office published a report acknowledging
that, “[w]ithout complete information about critical suppliers, congressional and DOD
decision makers do not know all potential risks and effects associated with the loss of
single sources of supply for weapon systems” (U.S. Government Accountability Office,
2017, p. 2). Even in a nearly closed-loop system such as the U.S. military’s industrial and
logistics apparatus, perfect knowledge of the supply chain is unachievable. While
multiple levels of the supply chain can be addressed in order to mitigate the adverse
effects of the bullwhip effect, this research will focus on the supply chain from the
suppliers of raw materials and labor to the point of production and storage from the
organic industrial base and vendors. Further research may be required to examine the
residual impacts from the point of storage to the point of use and how the bullwhip effect
can be further mitigated by addressing the variables associated with that portion of the
supply chain.

The bullwhip effect analysis in this praxis research is limited to cost data that
vendors are required to provide contractually, or that vendors provide the government
voluntarily. Model accuracy and effectiveness can be improved if the government
contractually requires vendor reporting of data that can further increase cost savings.
Additionally, the bullwhip effect analysis in this praxis is limited to unclassified, publicly
available costs in the President’s Budget. This model, however, can be applied to any
classified costs in order to improve model accuracy and effectiveness.

1.9 Organization of Praxis
This praxis is organized into five chapters, beginning with the Introduction and

culminating with the conclusions and discussions about the research.



Chapter 2 provides a literature review of:
e the most common, and proven, techniques to mitigate the bullwhip effect
in the supply chain,
e the 155mm artillery industrial base and,
e current U.S. policies and procedures for managing defense funding,
logistics and procurement.
Chapter 3 explains the optimization methodology used to model the 155mm
artillery procurement supply chain, and Chapter 4 discusses the results of the model.

Chapter 5 provides the conclusion and recommendations for future research.



Chapter 2—Literature Review

2.1  Introduction

This research praxis focuses on the potential impacts of the bullwhip effect on the
155mm ammunition industrial base and the potential variables that can be manipulated in
order to mitigate those impacts. This literature review highlights the historical models
used to describe the bullwhip effect, both hypothetically and in practical, real-world
scenarios. Additionally, this review identifies the most common and applicable solutions
to the bullwhip effect and then spotlights how those solutions might, in part, be used to
mitigate the impacts of the bullwhip effect in the 155mm ammunition industrial base.

However, it shows that a new model is required for the specifics of this problem set.

Sections 2.2 and 2.3 provide an explanation of the bullwhip effect and the U.S.
155mm artillery ammunition industrial base. Section 2.4 identifies the undesirable
impacts of the bullwhip effect and some historical solutions. None of the proposed
solutions can effectively address all of the unique defense industrial base system

characteristics that surround 155mm artillery production by compensating for:

e unprecedented, or infrequent events, such as war
e the timelines of demand and supply for wartime ammunition
e the product quality and specificity needed to be effective in the far-

reaching ammunition industrial base.

2.2 The Bullwhip Effect



Jay Forrester is credited with first introducing the concept of the modern bullwhip
effect, in his texts and teachings, at the Massachusetts Institute of Technology and his
examination of “the information-feedback character of industrial systems” (Forrester,
1961, p. 13). While Forrester did not coin the term “bullwhip,” his foundational thinking
regarding what he described as “amplifications” essentially created the visual
representation of the bullwhip effect on upstream supply chains. Forrester defined
amplification as a “nontechnical term implying a response from some part of a system
which is greater than would at first seem to be justified by the causes of that response”

(Forrester, 1961, p. 62).

The U.S. Department of Defense views the supply chain as the, “[t]he sequential
activities associated with providing materiel from a raw material stage to an end user as a
finished product” (Department of Defense, 2018, p. 75). Figure 1 provides a simplified
picture of the steps and processes within a generic supply chain that processes the raw
materials (shown on the right) and provides the finished product to the customer (shown

on the left).

One expression of the bullwhip effect is the ratio of production volatility over
demand volatility. In an ideal system, the bullwhip effect ratio is equal to 1 and
production volatility matches demand volatility. When the bullwhip effect ratio increases,
it is due to increased production volatility or decreasing demand volatility. When the
bullwhip effect ratio decreases, it is due to decreasing production volatility or increasing
demand volatility. In essence, small changes, perceived or otherwise, by the customer can

produce disproportionate responses by producers and suppliers as illustrated in Figure 1.



»

Supplier Raw Materials Supplier

Manufacturer

Prime Vendor

Customer

Increased Information Volatility and Variability

Demand Information Relayed

Figure 1. The Bullwhip Effect

The most common undesirable impact of the bullwhip effect is that organizations
tend to increase their safety stocks in order to hedge against the impending demand
volatility of consumers. DoD identifies the safety level, or safety stock, as the “quantity
of materiel required to be on hand to permit continued operation in the event of minor
interruption of normal replenishment or a fluctuation in demand” (Department of
Defense, 2022, p.41). Costs for safety stocks include fixed costs, unit holding costs, unit
holding time and costs to personnel (Leon et al., 2024, p. 5). The costs to produce, store
and maintain safety stock can be significant based on the level of risk that is assumed in
order to prevent a stockout, or the inability to provide the product to the consumer when
the consumer requests the product. The subsequent impacts of increased costs to vendors

in order to store the increased safety stocks, are increased demand to suppliers to generate

10



the safety stocks. This results in increased demand volatility for suppliers and an overall
amplification of variability in the system. Demand volatility, or the imbalance between
demand and supply, drives the need for safety stock (Charles et al., 2010). Safety stock
costs, driven by demand volatility, result not only in costs to increase production,
capacity, and inventory to meet demand but also costs to maintain or divest in periods of
decreased demand. The costs to maintain or sell new production and storage facilities or

severance for an increased workforce drive the need to minimize volatility.

In the parlance of inventory, amplification manifests itself as potentially
unjustified safety stock based on what appears to be uncharacteristically variable demand.
Denis Towill has argued that one of the “consequences [of amplification is]... stockpiling
in the warehouse alternating with stock-outs as typically experienced in ‘boom-and-bust’
scenarios” (Towill, 2005, p. 569). U.S. House of Representatives and Tactical Air and
Land Forces Subcommittee member Rob Wittman raised this very issue during the April
2023 opening statements at the Fiscal Year 2024 Army Modernization Programs Hearing
when he voiced his opinion that “the weapons accounts have historically been rife with
boom/bust spending sprees to address critical munitions shortfalls. My fear is that a 500%
increase in 155mm artillery rounds may not be sustainable and that a longer term plan to
restore production may be a better strategy” (House Armed Services Committee, 2023, p.

6).

The boom-bust paradigm has manifested itself in other markets as well, most
recently as a result of COVID-19. The electronic semiconductor chip market has reeled
for several years from the supply chain disruptions caused by COVID-19. The news

media outlet CNBC reported in 2021 that COVID-19 had resulted in tremendous,

11



unanticipated demand volatility for consumer electronics (Leswing, 2021). This reporting
reflected estimates from the Semiconductor Industry Association of sales jumping from
an anticipated 5.1% growth between 2019 and 2020 to 8.4% growth from 2020 to 2021
(Leswing, 2021). Researchers in Albania and Bulgaria examining this problem proposed
two common bullwhip effect solutions: moving chip production in-house instead of
outsourcing and investing in new expansions (Marinova & Bitri, 2021). Solutions to the
demand volatility associated with infrequent events such as global pandemics, like
COVID-19, and massive European land conflicts, like the hostilities in Ukraine, lend
themselves to the possibility of using similar solutions for the ammunition industrial

base.

Another market that is subject to the bullwhip effect and that provides a necessary
service for the populace, similar to defense, is the utilities market. A study of Croatian
natural gas markets found that, although the bullwhip effect in this market was minimal
due to the short delivery times between demand and delivery, there were still efficiencies

to be gained through the sharing of information (Dujak, Sebalj, & Kolinski, 2019).

Finally, a 2014 empirical study of over 1,200 companies across multiple firms in
China provided some of the most exhaustive trend analyses on the bullwhip effect and
some insight as to whether the mitigation factors that were implemented have actually
been effective. In order to quantify Forrester’s amplification, the researchers used the
bullwhip effect ratio of volatility of production over volatility of demand (Shan et al.,

2013), as diagrammed in Equation 1:

12



V[Production]

Bullwhip Ef fect Ratio = V[Demand]

(1)

Their findings stated: “Based on econometric analysis, we also showed that intensity of
the bullwhip effect exhibits a declining trend. This finding indicates some Chinese
companies may have figured out ways to mitigate the bullwhip effect, such as by
implementing ERP or hiring supply chain managers with advanced knowledge” (Shan et

al., 2013, p. 549).

These findings imply that successful implementation of bullwhip effect mitigation
solutions exists in other industries and in other supply chains. The literature review that
follows provides a focused overview of the ammunition industrial base, for context, and
then examines the most common mitigation solutions, and their relevant application, to

the ammunition industrial base.

2.3  The U.S. 155mm Artillery Ammunition Industrial Base

The U.S. investments in the ammunition industrial base at the rime of this writing
are in part due to the need to modernize much of the World-War-II-era production
facilities but more significantly in response to demand in support of the supplying of
weapons to support the national defense of Ukraine. U.S. Congressional Representative
Donald Norcross, as chairman of the Tactical Air and Land Forces Subcommittee,
reportedly noted, ““Shocking’ is not overstating the condition of some of our facilities.
The production progress, the tooling facilities are all operating much like they did during
the Second World War” (Judson, 2022, p.14). In January 2023, the Assistant Secretary of

the Army for Acquisition, Logistics, and Technology (ASA(ALT)) contended that the
13



production ramp for artillery the U.S. is was then attempting was perhaps the fastest since
the Korean War (U.S. Army Public Affairs, 2023). Both paradigms, Korea and World
War II, presented unprecedented investments and demands for artillery ammunition.
While similar to today’s challenges, they do not present a template for success that can be

overlaid on the modern industrial base.

One of the many challenges associated with such investments arises from the
volatile nature of demand and the impacts of such volatility on the supply chain. In this
instance, the unpredictable nature of war itself can clearly be attributed to increased
demand volatility for the overall macroeconomic enterprise of the ammunition industrial
base. The counterargument, however, is that modern nation-states have been forced to
maintain a steady-state industrial base for wartime commodities and maintain known

capacities as well as the flexibility to operate up to that capacity when required.

This research aims to examine what happens to the supply chain of the modern-
nation state industrial base, using the United States as the case study, when demand
stretches beyond the anticipated capacities. In such instances, the demand volatility, or
variability, tends to have increased effects further upstream in the supply chain and is
commonly referred to as the bullwhip, or Forrester, effect (Lee, Padmanabhan, &
Whang, 2004).

Superimposing the model in Figure 1 on the artillery industrial base leads to
similar implications. The current increased demand volatility, beyond the capacities of
the ammunition industrial base, will inevitably lead to the desire to increase ammunition
stores. This temporary demand volatility will drive the suppliers of raw materials,

manufacturing facilities, and labor to invest in order to meet the new requirements. The
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amplification of this bullwhip effect throughout the system, based on the evidence of the

model, will drive up production, inventory, and costs (see Figure 2).
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Figure 2. The Bullwhip Effect Impacts on Production and Inventory Over
Time

Joset Packowski’s research asserts that, “the bullwhip effect causes substantial
supply chain costs. Greater variability means higher inventories, lower utilization, and
less efficient manufacturing, all of which increase working capital and costs of goods

sold” (Packowski, 2013, p. 25).

An additional narrative worth noting, though not unique to munitions, is
obsolescence and shelf-life. While the fundamental elements of the 155mm artillery shell

have not changed over time, the technology and materials science that have gone into
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their production have changed immensely. While the conflict in Ukraine has presented a
unique scenario where any and all types of munitions are welcome, modern militaries
require modern munitions when fighting modern adversaries. In the context of the
bullwhip effect, increasing the safety stock in order to mitigate the impacts of demand
volatility may ultimately lead to the use of obsolete munitions when the time comes to

use the inventory.

Historical precedents exist to show that the bullwhip effect is inevitable and
merely the cost of doing business in complex systems (Lee et al., 2004). Significant
research and practical application have been applied to this problem which suggest that,
with effort, some of the undesirable characteristics of the bullwhip effect can be
mitigated. In the case of the ammunition industrial base and U.S. Department of Defense
supply chains, mitigating the bullwhip effect and effective supply chain management are

not only desirable, they are also requirements.

In 2017, the U.S. Government Accountability Office (GAO) published a report
revealing that, even though the Department of Defense clearly identified in DoD
Instruction 4140.01 that “supply chain risk management strategies shall be employed to
address potential supply chain disruptions,” the Department still maintained gaps that
made executing such strategies challenging, if not impossible (U.S. Government
Accountability Office, 2017, p. 5). Specifically, the report notes that “[w]ithout complete
information about critical suppliers, congressional and DOD decision makers do not
know all potential risks and effects associated with the loss of single sources of supply

for weapon systems” (U.S. Government Accountability Office, 2017, p. 2).
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Additionally, in 2018, an Interagency Task Force published an assessment of the
U.S. Defense Industrial Base in response to Presidential Executive Order 13806
addressing the present conditions under which the defense industrial base was operating.
The report concluded that, as a result of these conditions, “these challenges—or macro
forces—erode[d] the capabilities of the manufacturing and defense industrial base and
threaten[ed] the Department of Defense’s (DoD) ability to be ready for the ‘fight tonight,’
and to retool for great power competition” (Department of Defense, 2018, p. 2). Inherent
in the supply chain risk management requirements of the Department of Defense are the
maintenance of a relevant and capable industrial base that can operate within the bounds
of the people’s resources. The potential impact of the bullwhip effect from the
unprecedented demand volatility, and overwhelming investments in the modern artillery
industrial base, threaten the Department’s ability to effectively mitigate these supply

chain risks and be ready to “fight tonight."

In 1977, the Department of Defense designated the U.S. Army as the Single
Manager for Conventional Ammunition (SMCA) to avoid duplication of effort and
alleviate other inefficiencies observed in conventional ammunition management (Defense
Acquisition University, 2024b). Subsequently, the Army identified the Joint Program
Executive Office Armaments & Ammunition (JPEO A&A) as the lead organization to
fulfill this mission. Among the many roles the JPEO A&A performs as the SMCA are
supply chain risk management and what has been termed “Assured Munitions,” which

have become critical missions (Marino, 2023).

A 2023 Army AL&T magazine article best sums up the “Assured Munitions”

scope: “Depending on the complexity of the item, dozens to hundreds of components and
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precursor materials are required to produce munitions. These items are sourced from a
global supply chain. Working in concert with all of the program offices within JPEO
A&A, the Directorate of Integration is mapping the supply chains for the items in the
JPEO A&A portfolio. Assessments of risk have been made and particular materials have

been identified for mitigation” (Marino, 2023, p. 58).

One of the equities that JPEO A& A must manage, as part of its role as the SMCA,
is 155mm artillery ammunition. This multi-purpose munition is primarily used for
indirect fire and can be configured for various missions (Figure 3) including: high
explosive to be used against enemy personnel, vehicles and installations; illumination to
aid with observations in the visual and infrared spectrums and; smoke to mark locations
on the battlefield or provide obscuration (Joint Program Executive Office Armaments &

Ammunition, 2024).
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Figure 3. Types of 155mm Ammunition

In conducting the role of SMCA, JPEO A&A manages multiple contracts in
support of production facilities and 155mm artillery ammunition production to meet the
requirements of the Department of Defense. In the process of budgeting for production
and manufacturing, the SMCA must maintain significant market awareness on all of the
inputs for conventional munitions. The JPEO has readily acknowledged that “[i]mpacts
from global events, supply chain disruptions and inflation have made strategic planning

and reliable budget estimating more important” (Zimmerman & Dory, 2022, p. 105).

The detailed requirement for all Army munitions, including 155mm artillery, is

established by the Army Deputy Chief of Staff for Operations, Plans and Training in
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concert with all stakeholders. The Army’s Total Munitions Requirement (TMR) is a
“listing of Army munitions requirements for war reserves, operations, training, and tests”

(U.S. Army, 2021, p. 39).

While this praxis acknowledges the TMR and the detailed information therein, in
order to avoid the sensitive nature of the contents of any portion of the TMR, this praxis
will model the demand and requirements using the technique described in the High

Accuracy Forecasting section below.

2.4  Bullwhip Effect Solutions
2.4.1 Performance Based Logistics and Power-by-the-Hour

In 1988, Sandra Vandermerwe coined the phrase “servitization” to describe the
way many manufacturing industries developed means of providing not only goods but
bundles of goods, services, support, self-service, and knowledge (Vandermerwe & Rada,
1988). The U.S. Defense Department captured this outcome-based logistics concept
through Performance Based Logistics (PBL) contracting strategies (Defense Acquisition
University, 2024a). The core tenet of DoD’s PBL is “an outcome-based support strategy
that delivers integrated and affordable product support to satisfy Warfighter requirements
while reducing operating and support (O&S) costs” (Deputy Assistant Secretary of

Defense, 2023, p. 2).

In the 1990s, the manufacturer Rolls-Royce’s aviation division initially marketed
its version of performance-based service contracts as “power-by-the-hour” (Smith, 2013).
The U.S. Navy’s application of Rolls-Royce’s power-by-the-hour concept in its
contracting for training aircraft resulted in improved levels of maintenance and lower

costs overall for its training aircraft fleet.
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Both PBL and power-by-the-hour strategies attempt to transfer risk to the vendor,
or supplier, by allowing the vendor increased latitude and control over the system. From
the vendor’s perspective, the increased control allows for greater flexibility in how it
delivers outcomes as opposed to products alone. From a contracting perspective, power-
by-the-hour (in the private sector) and performance based logistics (PBL) (in defense
contracting) aim to “replace traditionally used fixed-price and cost-plus contracts to
improve product availability and reduce the cost of ownership by tying a supplier's
compensation to the output value of the product generated by the customer (buyer)”

(Kim, Cohen, & Netessine, 2007, p. 1).

A common fallacy of PBL is that all risk is transferred to the vendor. An
inventory-focused tool within the PBL toolbox, just-in-time (JIT) logistics, focuses on
decreasing costs by decreasing the size of inventories. While this tool effectively
decreases inventory costs, it may increase overall delivery risks if improperly managed.
Dr. Bill LaPlante, Under Secretary of Defense for Acquisition and Sustainment, said in a
recent radio interview, “I remember getting lectures about this—that we needed to adopt
just-in-time delivery, minimize inventories and drive your costs down. Well, that's great

until something bad happens. And we've paid a price for it” (Woods et al., 2024, p. 23).

PBL is applicable to the ammunitions industrial base and is being used in the form
of Government Owned-Contractor Operated (GOCO) ammunition production facilities.
While PBL seems effective in this production capacity, GOCO facilities’ production is
based on government production orders and not the actual demand of a feedback loop;
hence, they are currently ineffective at managing the potential impacts of the bullwhip

effect. The mechanisms for funding and government production orders is discussed in
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chapters 4 and 5. The ammunition industrial base also consists of Contractor Owned-
Contractor Operated (COCO) and Government Owned-Government Operated (GOGO)
facilities, which suffer from the same lack of information pertaining to actual demand

versus perceived demand.

While the potential exists to improve demand information flow via ongoing
modernization efforts, no all-encompassing solutions have been implemented to date. In
2024, the Vice Chief of Staff of the Army, General James J. Mingus, acknowledged the
existence of “a broader architecture out there that provides a ton of services for the Army
and the other services that we are now realizing that we need to continue to invest in and
modernize across the board” (Vincent, 2024, p. 13). Including the supply chain in the
production and decision cycle, according to General Mingus, is a necessary part of the
“push toward innovation and modernization beyond just the realm of weapons

production” (Vincent, 2024, p. 42).

2.4.2 Reducing Lead Times, Variability and Developing Alliances with Vendors

In 2016, retired U.S. Army Colonel Scott S. Haraburda made several observations
when he was the strategic planner for Crane Army Ammunition Activity in Indiana.
Primarily, he noted that volatile schedules predicated on misinformed decisions of when
and how much to order were impacting the operating costs of all other logistics functions,
and that this was resulting in the bullwhip effect in operations at Crane Army
Ammunition Activity (Haraburda, 2016). In Army logistics, at a local level, this
phenomenon manifests itself as “increased buffer stock” to reduce risk (Parlier, 2005).
Haraburda accurately diagnosed that the effect typically originates at the point of external

customer demand and suggested reducing lead times, reducing variability, and
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developing alliances with vendors as ways to cope with this problem (Haraburda, 2016).
The implementation of some of these tools has been successful on a micro-level within
the Crane Army Ammunition Activity and would be applicable on the macro-level for
155mm artillery ammunition. A COVID-19 response analysis concluded that in order to
decrease lead times and develop alliances, “Global surgery partners involved in national
health policy and programming activities could use their platform to design, introduce,
and test specific interventions to improve surgical SCM [supply chain management] and
work with regional entities to scale up workable models” (Nazir, Vervoort, & Reddy,
2021, p. 710). However, the implementation of such solutions relies heavily on the ability
to accurately forecast data associated with lead times and variability and the ability to
effectively, and willingly, transmit and receive information across the system to multiple

stakeholders.

2.4.3 High Accuracy Forecasting

The adage that “all models are wrong, but some are useful” is attributed to British
statistician George Box (Pefia, 2001). This holds true in forecasting data in the
ammunition industrial base as well. The actual demand over time of 155mm ammunition
usage maintains a high degree of variability due to the uncertain nature of war. Because
of the unpredictable nature of warfare, studies that take into effect changing
environments, such as Francesco Costantino’s study of the impacts of seasonality on the
bullwhip effect (Costantino et al., 2013), are unable to provide an adequate forecasting
model for the 155mm artillery industrial base. Even within the generic phases of a

conflict, external forces have a disproportionate impact on the required 155mm artillery,
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and the adage that “the enemy gets a vote” may dictate actual demand over any given

period.

A potential solution is Artificial Intelligence (AI). Researchers in Croatia have
recommended that organizations use “forecasting methods with higher accuracy like
neural networks, ANFIS, genetic algorithms, grey model or some other mathematical and
statistical models” (Dujak et al., 2019, p. 60). However, neural networks and Al rely
heavily on previous data, which—given the deliberately unpredictable nature of war—
may lead to a false sense of security about the accuracy of future artillery demands based
on ammunition usage from previous wars. A 2012 Chinese study concluded, that,
“Complicated forecasting methods may, in certain circumstances, contribute to more
severe order and inventory fluctuation” and added that “proportional forecasting, which is
much simpler than other forecasting technique, has a better performance in reducing

bullwhip effect” (Wang & Wang, 2012, p. 367).

In the problem set for the 155mm ammunition industrial base, no studies have
been found that purport to accurately forecast actual 155mm artillery demand. However,
based on the work of previous studies, this praxis uses proportional forecasting, based on
the published U.S. future 155mm production, as a proxy for actual 155mm demand,

informed by the demand variability of other markets for illustrative data in the model.

2.4.4 Closed-Loop Information Technology System

Closed-loop information technology systems allow managers to track products
throughout the full lifecycle of the product and provide efficient, controlled information
sharing among the stakeholders, in the time required. Mohammed Fazel-Zarandi

proposed a fuzzy logic model aimed at combining high-accuracy forecasting for
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uncertain, highly complex supply chains with much of the information attainable from
near closed-loop systems (Fazel-Zarandi & Avazbeigi, 2012). Fazel-Zarandi
acknowledged, however, that the model breaks down when trying to account for the total,
end cost within a system (Fazel-Zarandi & Avazbeigi, 2012). Other researchers have
commonly found some breakdown in information flow after the delivery of products to
customers (Xu et al., 2009). However, if the continued tracking and sharing of
information can show added value, manufacturers are often willing to implement such
systems. While more data is not always better, measuring the knowable data within a
closed-loop information technology system, and securely sharing it, can accurately

inform managers and suppliers of the actual demand signal from users.

Rolls-Royce’s aviation division, in an attempt to manage the use of its 1990°s
high thrust engines, ultimately opted to digitally track the internal parameters of its
engines in conjunction with its previously discussed power-by-the-hour efforts. By
digitally tracking the internal parameters of the engine, Rolls-Royce could gather
additional data to forecast the use and wear-out of components in order to more
effectively manage the supply chain for engine components. According to David Smith,
“As a result, Rolls-Royce and the other leading engine makers who developed similar
ultra-high-thrust engines introduced full authority digital electronic control (FADEC)
systems, which were fundamentally different from earlier engine control systems. Data
on engine parameters, such as turbine temperature, fan speed, and altitude, were now
collected via electronic sensors in the form of transducers and thermocouples and
communicated electronically to a computer, which managed all aspects of engine

performance” (Smith, 2013, p. 13). Arguably, the U.S. Army could implement a system
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that tracked user demand and usage of 155mm artillery down to the individual round
level. While that is not the focus of this praxis, a cost-benefit analysis of implementing

round counters or “chipping” all rounds might be warranted in future research.

Within the ammunition industrial base, there is also competition that precludes the
absolute sharing of all data and security concerns that would make real-time demand and
expenditure data sensitive to sharing. In a 2013 study, researchers and practitioners
concluded that even when the sharing of information was incentivized, the limitations of
their research did not take into consideration “the role that product quality plays in
influencing supplier selection and competitiveness” (Wilhite, Burns, Patnayakuni, &
Tseng, 2014, p. 1937). Banyai’s (2018) research on hyper-connected networks delved
into the first and last mile in order to provide closed-loop solutions but, similarly, did not
address the reliability and quality needs of the product itself. In the commercial market,
the value and profit that individual firms garner from supplying or reselling components
or end items is closely guarded and acts as an impediment to the absolute information
sharing that would help mitigate some aspects of the bullwhip effect. However, in the
application of information sharing to the ammunition industrial base, this praxis
highlights the quantifiable variables and places where reasonable information sharing in

the supply chain might be used to mitigate the undesirable impact of the bullwhip effect.

2.4.5 Anti-Price Gouging Legislation

In his examination of price-gouging and supply chain dynamics, Jason Maynard
claimed, “In times of shortage, retailers can raise prices, which signal a shortage to
customers and incentivizes them to be frugal and not to attempt to game the system.

Although stable prices create demand stability under normal circumstances, price
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increases in times of shortage can be used to temper demand with customers where
contracts cannot be established. When APG [anti-price-gouging] legislation is
implemented, this mechanism is removed and the bullwhip effect and its costs are
increased” (Maynard, 2011, p. 25). His assertion that anti-price gouging legislation
actually increases the bullwhip effect is predicated on the macroeconomic principal that
APG increases supply chain costs by removing vendors’ abilities to fluctuate prices to
dampen demand volatility. Maynard did not address the macroeconomic principal that
higher prices drive suppliers to produce more or find adequate substitutes for the
customer in order to take advantage of higher prices (Asmundson, n.d.). If substitutes are
truly adequate, then the market will typically absorb the inventory of the substitutes.
Inadequate substitutes, however, may not be accepted by customers if the quality is truly

unacceptable.

In 2020, during the COVID-19 pandemic, federal law enforcement agencies
turned to the Defense Production Act to deter hoarding and price-gouging (Carpenito,
Kim, & Childrey, 2022). The President of the United States signed Executive Order
13910 to “prevent hoarding of health and medical resources necessary to respond to the
spread of COVID—-19 within the United States... or for the purpose of resale at prices in
excess of prevailing market prices” (Executive Office of the President of the United

States of America, 2020, p. 4).

While Maynard’s principles may hold fast in markets with multiple buyers and
sellers, the 155mm artillery monopsony is reliant upon prices negotiated between
industry and the federal government. Furthermore, the purpose of firms is profit through

providing value to the customer. Conversely, the purpose of the government is to protect

27



its citizens. The U.S. Department of Justice’s COVID-19 Hoarding and Price Gouging
Task Force arguably proved that “statute can be utilized as an effective tool for protecting

the public when supplies become scarce” (Carpenito et al., 2022).

In this praxis, the vendor-provided minimum sustaining rates and maximum
production rates, which become law once signed by the President, are used as a proxy for
the artificial price ceilings and floors based on the costs outlined in the Congressional
Justification Books. This research also analyzes the sensitivity of the bullwhip effect ratio
if the agreed-upon minimums and maximums are removed and under the assumption that

vendors are able to operate beyond the pre-determined parameters.

2.5  Literature Review Conclusion

The 155mm ammunition industrial base lends itself to many of the solutions
presented above; however, none of the historically successful solutions are all-
encompassing. Figure 4 provides a crosswalk of peer-reviewed literature with similar
problem characteristics, their proposed historical solutions, and the characteristics unique

to the 155mm artillery industrial base.
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The similarities of an unprecedented or infrequent event, such as war or the global
pandemic of COVID-19, show promise. However, the solutions posed by the study of the
impacts of COVID-19 on the semiconductor industry have a significant market and
multiple vendors to draw upon, unlike the monopsony of the U.S. artillery industrial base.
The solutions that can be applied to utilities markets, like gas, seem plausible because of
their congruence with providing undeniable public services. However, the timelines of
demand and supply between public utilities and wartime ammunition are too vast to be
ignored. Even the most promising and exhaustive generic solutions presented by Shan et
al. (2013) in their cross-industry study lack the specificity needed to be effective in the

far-reaching ammunition industrial base for 155mm artillery.

The amalgamation of infrequent and unprecedented events, combined with the
multi-industrial, high-reliability, and global requirements of the artillery ammunition
industrial base, warrant an independent solution set. This research praxis and the
following methodology provide a solution set to mitigate the potential undesirable
impacts of the bullwhip effect in a monopolistic, self-governing marketplace with nation-

state level resources.
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Chapter 3—Methodology

3.1 Introduction

This chapter focuses on developing and demonstrating an optimization model to
minimize the negative effects of the bullwhip effect on the U.S. 155mm defense
industrial base. Section 3.1 introduces a representative optimization model using the cost
variables associated with the procurement of 155mm artillery shells by the U.S.
Government. This praxis research uses the pairwise Pearson correlation tools and
Generalized Reduced Gradient (GRG) tools in Minitab and Excel to analyze the model.
The U.S. Department of Defense uses the Planning, Programming, Budgeting &
Execution (PPBE) process as the primary mechanism to plan and use resources to acquire
goods and services. According to the U.S. Government’s Defense Acquisition University,
the determination of Department funding requirements and the allocation of resources to
satisfy those requirements is an annual cyclical process (DAU, 2024). As a result of the
PPBE, the U.S. executive branch annually delivers the President’s Budget to the U.S.
legislative branch in February by law (31 U.S. Code § 1105 - Budget Contents and
Submission to Congress). This praxis uses 585 records of the publicly available funding
data and system description information for all 155mm artillery projectiles for the

optimization model.

Optimization models attempt to bound problems by applying the known
objectives and constraints to achieve optimal solutions. The optimal solution in this

model will minimize volatility from year-to-year in the production of 155mm artillery,
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based on the constraints of the President’s Budget and the known cost variables

associated with production.

No tools currently exist to enable U.S. defense program managers and budget
professionals to address the bullwhip effect. In 1990, the U.S. Congress and the President
of the United States passed into law the Defense Acquisition Workforce Improvement
Act (DAWIA). DAWIA directed the Secretary of Defense to “establish policies for the
effective management (including accession, education, training, and career development)
of persons serving in acquisition positions within DoD” (Mavroules, 1990, p. 2). The
DoD’s response to DAWIA was a certification program with three tiers that is managed
by the Defense Acquisition University (DAU, 2024). The current Defense Acquisition
database and curriculum provide no offerings regarding or references to the bullwhip
effect nor tools to mitigate its effects (DAU, 2024). The optimization model presented in
this praxis could provide a novel tool for program managers and budget professionals to

address the undesirable impacts of the bullwhip effect.

3.2 Optimization Model Description
3.2.1. Bullwhip Effect Model

This research uses the bullwhip effect ratio identified by Equation 1, from Shan et
al (2013)—volatility of production divided by the volatility of demand—as the basis of
the model to examine production in the 155mm industrial base. In this application, the
bullwhip effect ratio examines the volatility of production compared to the volatility of
demand from fiscal year 2025 through fiscal year 2028. The purpose of the model is to

minimize the year-to-year volatility from 2025 through 2028 by modifying the costs
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associated with production and, by proposing a new funding profile, as compared to the

currently published funding profile.

While the bullwhip effect ratio provides a good indicator of volatility, the ratio
itself is without units and must be converted to usable metrics to adequately convey the
value derived from its use. The metrics from the ratio for this model manifest themselves
as the change in dollars over time. An increase in the change in dollars over time
indicates increased volatility, and increased losses in the system and supply chains while
a decrease in the change in dollars indicates decreased volatility. The cost savings from
this model are expressed as a decrease in the total dollars of volatility from 2025 to 2028
between the current funding profile and the proposed funding profile while maintaining
the overall total obligation authority (TOA) and production quantities over time. The
intent is to provide the user with a tool that will maintain the overall funding allocated to
a program and deliver at least the same quantity of products while decreasing the year-to-
year volatility in the supply chain and the defense industrial base for the specified

product.

3.2.2. Model Details and Notation

The following variables and notations are used throughout this model and praxis.
The decision variables for this model consist of the publicly available cost elements of
the United States Army procurement forms that are submitted to the U.S. Congress as
part of the President’s Budget. The individual cost elements on the procurement forms for
155mm artillery consist of the prices the industry charges to the government for both

goods and services to manufacture the end products. Within each procurement form, the
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cost elements represent the historical costs of the elements prior to the date of submission
and the budgeted future costs after the date of submission. As such, these elements
represent the fully burdened cost, including supply chain costs, for the individual
elements. The historical data from 2012 to 2022 are captured in Appendix 1. This praxis
research, conducted from 2023 to 2024, necessitated the exclusion of the data for those
years since the final values for those costs were still in flux. In order to provide a useful
tool for program managers all costs that are captured in the procurement form are

captured in the variables for the optimization model.

The specific decision variables from the procurement form are listed below:

Xi — Load, Assemble and Pack (LAP): Safely loading and packing explosives and
assembling the munition; the commercial equivalency is final assembly and

packaging

X2 — Wooden Pallet: Shipping and packaging materials

X3 — Munition Specific Parts: Parts that are unique to the type of munition (e.g.,
chemicals and parachutes for illumination rounds; chemicals and explosives for

smoke-generating rounds)

X4 — Cannister, Projectile Bodies, and Metal Parts Set: Metal parts consisting of

the outer shell and inner structure of the munition

Xs — Modified Supplemental Charge and Explosive Fill Charge: Explosives for
high-explosive munitions and additional smaller, explosive charges required for

other types of munitions to perform their specialized functions
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X6 — Support - Acceptance Testing Cost: Test costs to confirm the quality of the

product prior to final acceptance by the customer

X7 — Support - Production Engineering Cost: Labor and contracted engineering

costs required to run the program management allocated to the specific munition

Xs — Unique Labor and Hardware: Additional goods and services associated with
only one specific round or one specific outlier year of significant services (10 times

greater) that would not normally be associated with typical operations

Variables X2-Xs are the goods required to assemble and deliver completed
artillery rounds. Variables Xi, Xe, and X7 are labor costs and the costs of necessary
ancillary goods to assemble and deliver completed artillery rounds. There are 11 artillery-
round variants with specific cost elements. All of the cost elements are variables as part
of this optimization model. Variables Xi through X7 are the most common goods and
services associated with all eight variants (Figure 3), with components that were procured
from 2012 to 2022. Variable Xs (Unique Labor and Hardware) includes additional goods
and services associated with only one specific round or one specific outlier year of
significant services (10 times greater) that would not normally be associated with typical
operations. Figure 5 shows an example of the components for variable X4 (labeled as
“High Fragmentation Steel Warhead Body”), variable Xs (labeled as “Explosive Fill”),,
and X1 as the complete artillery round as a result of the “Load, Assemble and Pack”

process.
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Figure 5. 155mm High Explosive Ammunition Artillery Diagram

In terms of demand quantities, the most accurate indicator of future demand for
quantities of ammunition is the U.S. Army’s Total Munitions Requirements (TMR). The
Army produces the TMR annually, and the supporting documentation of the TMR
identifies the types and quantities of munitions needed to meet “war reserve, operational,
training and test requirements” (U.S. Army, 2021, p. 39). Given the sensitive nature of
the TMR, this praxis does not use TMR data but acknowledges the potential use of TMR
data in the model to improve accuracy for users. In lieu of TMR data and actual demand
quantities, this model uses the 155mm capacity and production quantities derived from

the U.S. Army Fiscal Year 2025 Budget overview in Figure 6 (U.S. Army, 2024).
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155mm Ammunition Monthly Capacity Goals
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Figure 6. Army 155mm Planned Monthly Capacity

Similar to the issue of the demand quantities, the quantities in this praxis model
are estimated, due to the sensitive nature of actual production quantities. These estimates
are predicated on the fiscal year 2022 Army Senior Leaders’ stated production of 240,000
rounds. The average unit cost for FY 2022 was calculated based on the total obligation
authority for that year and used as the general per-unit cost of systems in the model while
adjusting for annual inflation. For simplification, this model does not take into account
any potential savings from economic order quantities or price breaks that might have

been built into potential contracts between vendors, suppliers, and the government.

The Total Obligation Authority (TOA) is the sum of the budget authority, in U.S.
dollars, that can be spent for specific goods and services as authorized by the U.S.

Congress.
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155mm artillery ammunition optimization model parameters and constraints,
which are outlined, are based on historical data, the TOA from 2025-2028, and the

desired production levels.

Cost element data from fiscal years 2012 through 2022 have been used to develop

the constraints of this optimization model.

3.2.3 Variable Prioritization with Pearson Correlation Coefficient

All costs must be considered in the model, in order for the tool to be useful to
budget professional and program managers. However, identifying which costs are most
closely correlated to the steady state operations of the 155mm artillery ammunition
industrial base provides increased utility when prioritization is required to adjust costs in
the system. This model uses the Pearson Correlation Coefficient between the year-to-year
volatility of the steady state TOA as compared to the year-to-year volatility of each
variable to determine which costs most closely correlate to overall volatility. In order to
determine the steady state costs of the 155mm industrial base from 2012 through 2022,
the significant cost fluctuations due to infrequent events were adjusted based on the
analysis of the data in the procurement forms. Specifically, outliers in the data were
accounted for in the year-to-year changes from 2016 to 2018 and 2021 to 2022. This was
accomplished by reviewing the justifications for the budgeted costs for 2017 and 2018
that were presented in the 2016 planned budget and comparing them to the actual costs in
the 2017 and 2018 budgets. The funding increases in 2017 and 2018 can be attributed to
additional funding provided by Congress as a result of the Army’s unfunded requirements
requests that would not normally be part of the budget. In 2017, Lt. Gen. Aundre Piggee,
the Army’s deputy chief of staff for logistics, noted that while there may be sufficient
munitions in the stockpile for normal requirements, the stockpiles were likely insufficient
for contingency operations and any surge that may be required for emerging threats
(Judson, 2017). The U.S. Congress House Armed Services Committee acknowledged that
normal procurement associated with the required capacity and munitions inventories may

have been hindered by five years of sequestration and continuing resolutions (Judson,
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2017). Similarly, the increases from 2021 to 2022 can be attributed to requirements for
the conflict in Ukraine. When compensating for the outliers in the data from 2012 to
2022, the linear correlation between the TOA volatility and munition specific parts
yielded a Pearson’s correlation coefficient of 0.82 and a p-value of 0.004. All other

variables yielded Pearson’s correlation coefficients between -0.518 and 0.6 as seen below

in Figure 7.

Pairwise Pearson Correlations
Sample 1 Sample 2 N Correlation 95% Clforp P-Value
X1 - LOAD, ASSEMBLE,_PACK (LAP) TOA 10 0.609 (-0.033, 0.895) 0.062
X2 - WOODEN PALLET [MMX TOA 10 gd‘ld (-0.201 Oﬁ 23] 2

i A3 - MUNITION SPECIFIC PARTS (M TOA 10 0.820 (0.394 0.956 0.004
X4 - CANNISTER, PROJECTILE BODI TOA 10 0.240 (-0.459, 0.756) 0.504
X5 - SUPPLEMENTAL_CHARGE & EXPL TOA 10 0494 (-0.197, 0.857) 0.147
X6 - Subtotal: Support -_Accept TOA 10 -0.518 (-0.865, 0.165) 0.125
X7 - Subtotal: Support -_Produc TOA 10 -0.354 (-0.804, 0.355) 0.316
X8 - Unique labor and hardware TOA 10 0425 (-0.279,0.832) 0.221

Figure 7. Pearson Correlation Coefficients

The significance of this analysis provides additional utility to program managers
and budget professionals by allowing for the prioritization of which costs to address first
in order to decrease overall volatility and costs over time if all costs cannot be addressed
simultaneously. While the variables of this model capture all the costs reported by
program managers in the President’s Budget, if all the costs cannot be addressed
immediately to impact the negative effects of the bullwhip effect ratio, addressing the
munition specific parts first will allow the users of this model to address the costs that are
most closely correlated to the steady state bullwhip effect ratio of the programs total
obligation authority. Ultimately, all the component costs of the 155mm artillery
ammunition supply chain must be addressed in order to effectively produce the predicted

quantities in the model.
3.3.  Solution Approach
3.3.1 Objective Function
The objective function for this model minimizes the sum of the year-to-year

volatility of the bullwhip effect from years 2025 to 2028. The year-to-year bullwhip
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effect volatility is determined by first calculating the bullwhip effect ratio of each year
using by Equation 2, where FY j is the fiscal year for the ratio being calculated (i.e., FY

2025):

, # rounds
] ) V[PT'OduCthTle]‘ Year ]
Bullwhip Ef fect Ratio,, ; = Froumds (2)

N V[Demandpyj

year

The demand quantities are the artillery goals as expressed by the U.S. Army in the
Army FY 2025 Budget Overview (U.S. Army, 2024). Given that the actual demand unit
of measurement used by the Army is production quantities, this praxis uses production
quantities to calculate the bullwhip effect ratio volatility and converts them to dollars
based on the inflation adjusted, derived unit cost to determine the year-to-year change in

dollars over time.

The production quantities, in rounds per year, are expressed as the total obligation
authority in FY j over the average unit cost per artillery round, adjusted for inflation to

FY j (Equation 3).

Total Obligation Authorityry j

)

Production Quantitygy j = Average Unit Costry |
J

The 155mm artillery Total Obligation Authority in a fiscal year is calculated as

the sum of the cost elements for that fiscal year (Equation 4):
Total Obligation Authoritypy j = Y.0_; Xi py ; 4)
Where,
X1 = Load, Assemble and Pack (LAP) Costs Fy;

X2 = Wooden Pallet Costs Fy;
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X3 = Munition Specific Parts Costs Fy;

X+ = Cannister, Projectile bodies and metal parts set Costs

FYj

X5 = Modified Supplemental Charge and Explosive Fill

Charge Costs ry;

Xs = Support - Acceptance Testing Cost Costs Fy;

X7 = Support - Production Engineering Costs Fy;

Xs = Unique Labor and Hardware ry;,

In the case of historical data, the values are historical costs. In the event of future
values, the values are the budgeted costs. The predicted values of Xi through Xs are

bound by the constraints in Section 3.2.2.

Based on the equations above, the year-to-year volatility for production and

demand are calculated as Equation 5:

. # rounds . # rounds . # rounds
vV [Productlon ; ] = |Productiongy ; — Productiongy ;
FY j year I FY j FY j+1 year
# rounds # rounds # rounds
vV [Demand ] = |Demandpy ; — Demandpy jo1———— | (5)
r year year

And the total bullwhip effect ratio volatility from 2025 to 2028 is Equation 6:

Year — to — Year Bullwhip Ratio Change = |Bullwhip Ef fect Ratiogy 5928 —

BullWhlp EffeCt RatiO(Fy 2027)| + |BullWhlp Effect RatiOFY 2027 —
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BullWhlp EffeCt Rath(FY 2026)' + |BullWhlp Effect RatiOFY 2026 -

Bullwhip Ef fect Ratioy 2025) | (6)

Equation 6 is the function that is optimized for a minimum value in accordance with the

constraints in Section 3.2.2.

3.3.2 Objective Function Optimization

The objective function for this model was optimized by changing the values of Xi
through Xs and by minimizing the value of the total year-to-year volatility of the bullwhip
effect ratio. Specifically, the annual values for each variable from 2012 to 2022 were
consolidated based on the identified cost elements for each variable from the procurement
forms from 2012 to 2022 (Appendix 1). The bullwhip ratio for years 2012 to 2022 was
calculated for each year based on the demand and production quantities identified in

Section 3.3.2 and Equation 2.

Using the parameters of Equation 2, the historical bullwhip effect from 2012 to
2022 is captured in Figure 8. While Hypothesis 2 theorized that a linear optimization
model might be suitable for the prediction of the bullwhip effect ratio, the peaks and
valleys of the actual historical data are more suitable to a Generalized Reduced Gradient
(GRG) optimization to find a local solution that would provide any decrease in the
volatility of the bullwhip effect ratio over time. While automated GRG algorithms can
also find solutions for linear problems, given that linear solutions are a subset of
nonlinear, the data in Figure 8 fits the criteria of being generally non-linear and smooth,

befitting of a GRG (Baker, 2011).
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Figure 8. Historical 155mm Bullwhip Effect Ratio

34 Constraints
3.4.1 Cost Element Bounds

The values of Xi through Xs were bounded by the historical minimums and
maximums from 2012 to 2022 as a percentage of the overall total obligation authority for
any given year (Figure 9). For example, the costs attributed to Load, Assemble, and Pack
for fiscal year 2018 are limited to 13.39% to 41.6% of the total obligation authority for

fiscal year 2018.
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Percentage of Total Obligation Authority (%) MIN MAX
LOAD, ASSEMBLE,
PACK (LAP) 13.39%| 41.60%
WOODEN PALLET,
IMX 0.04% 1.70%
MUNITION SPECIFIC PARTS (MELTABLE FUZE
PLUG; ILLUM DELAY & PARACHUTE; SMOKE
MODULE) 0.51% 12.57%
CANNISTER, PROJECTILE BODIES & METAL
PART SET 1.16% 39.45%
SUPPLEMENTAL
CHARGE & EXPLOSIVE FILL 0.68% 27.55%
Subtotal: Support -
Acceptance Testing Cost 0.28% 3.40%
Subtotal: Support -
Production Engineering Cost 1.40% 9.36%
Unigue labor and hardware 1.00% 76.09%

Figure 9. Historical Cost Element Percentages of TOA

3.4.2 Bullwhip Effect Ratio

Based on the historical data in Figure 8, the anticipated value for the model is

The total obligation authority and 155mm artillery quantities were limited to the
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3.4.3 Total Obligation Authority and Procurement Quantities

greater than 0 and less than 2. When the bullwhip effect ratio is greater than 1, the
production exceeds demand. In Figure 8, this can be seen in 2022 as the U.S. began to

ramp up production in response to hostilities in Ukraine and anticipated future demand.

current, cumulative maximum dollar amount and quantities from 2025 to 2028. While no

constraint was placed on the individual years, the total cost was designed not to exceed




$942 million. The total quantity of units produced must exceed 329,266 systems across
all four years. The origin of these values is the current total obligation authority and
quantities from 2025 to 2028. The intent of the optimization model is to maintain the
Army’s goals for the number of systems procured from 2025 to 2028 and not to exceed
the planned funding allocated for achieving those procurements. While there is also the
need to consider the changes in each individual fiscal year as to not overwhelm the
supply chain by overcoming any challenges in a single year, the nature of the
optimization problem is to minimize large swings, or volatility, and hence the potential to
overwhelm the supply chain is captured in the overall optimization problem by
minimizing year-to-year change as the ultimate goal. These limitations are applied to the
optimized solution and are removed for the scenario with no resource constraints. While
all other parameters remain in the resource unconstrained model, the objective function in
this scenario is designed to drive the bullwhip effect ratio in each year to 1. In this
scenario, production volatility is designed to match the demand volatility and is

anticipated to have both greater cost volatility and overall cost.

3.4.4 Limiting Variability in the Variables

In order to minimize the overall volatility, all variables were limited to the 70%
volatility of the anticipated baseline values derived from the current funding profile based
on the 30% savings derived from the research of Lee, Padmanabhan, & Whang. While
the total obligation authority for each fiscal year from 2025 to 2028 is clearly shown in
the 2024 President’s Budget as part of the Future Years Defense Program (FYDP), the
individual cost elements of those years will not be submitted until the year prior as part of

the President’s Budget submission to Congress. As such, the values derived for the
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current funding profile use the optimization model unconstrained by limitations on the

variables to determine a conservative estimate for those values. Once derived, they

become the baseline to compare against the constrained significant variables, with the

goal of a 30% reduction in volatility for those specific goods and services that most

closely impact the bullwhip effect ratio.

3.5

Methodology Summary

The full list of expressions for constraints is captured below in Equation 7.

2028
z Production Quantitiespy ; = 329,266 (7)
j=2025
2028
TOApy j < $942,062,000
j=2025
2027 2027
|X1 FYj - Xl ij+1| S 0.7OBaS€llne z |X1 FYj - Xl ij+1|
j=2025 i=2025
2027 2027
Z | X2 pv j — X2y j4+1| < 0.70Baseline Z | X2 pv j — X by a1l
j=2025 j=2025
2027 2027
Z |X3 ij _X3ij+1| S O7OBasellTle Z |X3ij _X3FY]'+1|
j=2025 i=2025
2027 2027
Z | X4 v j — X4 py j+1| < 0.70Baseline Z |Xarv j — Xary j1al
j=2025 j=2025
2027 2027
|X5ij_X5ij+1| S O7OBasellTle Z |X5ij_X5ij+1|
j=2025 j=2025
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2027 2027

|X6 ij - X6 FYj+1| S 07OBasellTle Z |X6 ij - X6 FYj+1|

j=2025 j=2025
2027 2027
|X7 kv j — X7py j+1| < 0.70Baseline Z |X7kv § — X7y j4a)
j=2025 j=2025
2027 2027
Z |Xa ry j — Xg ry j+1| < 0.70Baseline Z | Xary j — Xe ry j+al
j=2025 j=2025

0.1339T0Apy ; < X1 py j < 0.4160TO0Apy ;
0.0004TO0Apy ; < X, py j < 0.0017TOAzy ;
0.0051TO0Apy ; < X35y ; < 0..1257T0Agy
0..0116TOApy ; < X4py ; < 0.3945T0Apy
0.0068T0Apy ; < Xspy ; < 0.2755T0Ay ;
0.0028TO0Apy ; < Xepy j < 0.0340TOAzy ;
0..0140TO0Apy ; < X, py j < 0.0936T0Apy
0.0010TOApy ; < Xgpy ; < 0.7609TO0Apy ;

In Equation 7, the first and second expressions ensure the quantities are at least as
much as the currently planned quantities according to the model and the sum of all costs
is less than the total obligation authority from 2025 to 2028. Expressions three through
ten are designed to limit the volatility of each budget decision variable to 70% of the
volatility of the baseline funding profile in accordance with Lee, Padmanabhan, and
Whang’s precedent of 10-30% achievable efficiencies. Specifically, these constraints
limit the sum of the absolute value of the difference between 2025 to 2026, 2026 to 2027

and 2027 to 2028 for any specific variable. The last expressions constrain the value of a
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variable in any given year to the historical maximum and minimums depicted in table 8.
Figure 10 below depicts the excel matrix used in the optimization of the decision

variables determining the values of the budgeted costs for each element.

X ¢v; where X ; = Budget Decision Variable Title and X ; =
Budget Decision Variable Value in Fiscal Year j

2025 2026 2027 2028

X 1, 2005 = Budgeted

X; - LOAD, ASSEMBLE, LAP value in Dollars X1, 2096 X1 2g27 X1, 2028
PACK (LAP) in FY25

X; -WOODEN PALLET,

IMX X3 2005 X3 2006 X3 2007 X3 2028
X3 - MUNITION SPECIFIC PARTS (MELTABLE FUZE PLUG;

ILLUM DELAY & PARACHUTE; SMOKE MODULE) X3, 2005 X3, 206 X3, 2027 X3, 208
X - CANNISTER, PROJECTILE BODIES & METAL

PART SET Xyg 2025 X4 2025 Xg 2027 Xy 2028

X5 - SUPPLEMENTAL
CHARGE & EXPLOSIVE FILL X5, 2025 X5, 206 X5 2027 X5, 208

Xz - Subtotal: Support -

Acceptance Testing Cost X6, 2025 X g 200 X6, 2027 X5, 2028
X; - Subtotal: Support -
Production Engineering Cost X7, 2025 X7 200 X7, 2027 X7, 2028
Xz - Unique Labor and Hardware Costs

X g 2025 X g 2096 X g 2027 X g 2028

Figure 10. Decision Variable Optimization Matrix

Historical data from 2017 to 2020 were used to validate the model. The model in
Equation 7 sets maximum and minimum values for each of the variables in one year but
does not ensure that the actual data from any single year could both meet the constraints
and produce cost values that are possible based on previous cost values in any given
single year. In order ensure that the model accurately reflects what has been historically
accomplished, and that the model is an accurate representation, real world data from 2017
to 2020 were placed into the model to ensure its constraints would still hold true and
provide the actual quantities and dollars from 2017 to 2020. No constraints were violated
and the calculated results are captured below in Figure 11. If by using the real world,
historical data, the model should violate any of the its constraints or could not derive a

solution, the model would not be deemed to be an accurate representation of the
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component costs and TOA for 155mm artillery and would not be valid. The results of the

methodology and solutions approach in Chapter 3 are captured in Chapter 4. The results

propose an optimized model and findings of other potential solutions to decrease

production and demand volatility over time.

FY 2017 2018 2019 2020 Total Volatility|Total $ and Quantities
Actual ($M) 127.101 279.449 305.509 256.037 2017-2020 968.096
Validation year-to-year A ($) $152,348,000.00 $26,060,000.00 $49,472,000.00 $227,880,000.00
Validation Bullwhip Ratio 0.361237819 0.774746306 0.832408627 0.688913767 0.042641968
Actual Quantities 168,000 168,000 168,000 168,000 0(672,000

Figure 11. Model Validation Results
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Chapter 4—Results

4.1 Introduction

The results of the research outlined in Chapter 3 found that at least two
alternatives exist for production to meet demand, as compared to the status quo, however
only one decreases the bullwhip effect ratio volatility. By decreasing the bullwhip effect
ratio volatility, program managers and budgeting practitioners can mitigate increased
costs caused when the volatility ripples through the defense industrial base and increases
costs to suppliers.
4.2 Status Quo

Using the current funding profile, the bullwhip effect ratio total volatility is 0.426,
and the total year-to-year funding volatility is $69.86 million. The solutions identified
below aim to decrease the volatility of the bullwhip effect ratio from year-to-year and
decrease the corresponding funding volatility at the source in order to decrease the

volatility throughout the supply chain.

4.3 Unrestrained Resources

Figure 8 shows that historically, artillery production supply has not met demand
in years where the bullwhip effect ratio for a single year is less than 1. The constraints in
Equation 7 allow the model to, at a minimum, meet the total production demand from
fiscal years 2025 to 2028. Alternatively, in a budgeting environment that is not resource
constrained, and from which adequate information about demand can be derived,

budgeting practitioners could hypothetically match production volatility to demand
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volatility and achieve the optimal bullwhip effect ratio of 1. While this would satisfy the

goal of meeting demand, it would also drive volatility and increase cost.

In the example in Figure 12, the budget for 155mm artillery would require

roughly $2 to $3.5 billion per year to match the predicted demand. From 2025 to 2028,

the total cost to the government would be $13 billion as compared to the baseline of $942

million. Figure 13 shows the increased volatility of the unrestrained resource solution

compared to the baseline. Should funding become available, this might be an acceptable

solution; however, working within the constraints of the currently predicted funding, the

legislative branch of government may find this solution unaffordable.

FY| 2025-2026 2026-2027 2027-2028 2028 Total Volatility[Total Quantities M
Current ($M) 200.071 204.402 267.658 269.931 2025-2028| 942.062
Baseline year-to-year A ($) $4,331,000.00|  $63,256,000.00] $2,273,000.00 $69,860,000.00
Baseline Bullwhip Ratio 0.084236409 0.059287613 0.059287613 0.074512535 0.042641968
Baseline Quantities 72,780 72,568 92,714 91,203 21,869|329,266
Unrestrained Resources ($M) 2,375.113 3,447.634 3,533.595 3,622.626 2025-2028| 12,978.968|
Unrestrained Resources year-to4
year A ($) $1,072,521,040.50|  $85,960,847.63|  $89,030,629.69 $1,247,512,517.82
Unrestrained Resources
Bullwhip Ratio 1 1 1 1 0.00]
Quantities = Demand 864,000 1,224,000 1,224,000 1,224,000 360,000(4,536,000

Figure 12. Baseline Results vs. Unrestrained Resources
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155mm Artillery Projected year-to-year A (5)
Fiscal Year 2025-2028

$1,200,000,000.00

51,000,000,000.00
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{ S600,000,000.00
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SA00,000,000.00

$200,000,000.00

2024 2025 2026 2027 2028

Fiscal Year

o—Baseline year-to-year A (5) Unrestrained Resources year-to-year 4 (5)

Figure 13. Baseline vs. Unrestrained Resources Year-to-Year Change in
Dollars

4.4 Optimized Solution

This model limits the year-to-year volatility of all variables that represent the
costs that contribute to the bullwhip effect ratio in the 155mm defense industrial base for
the United States. These variables represent the total budgeted and historical costs across
all variants of 155mm artillery (Figure 3) for the goods and services associated with
production under the purview of the program managers and submitted in the President’s
Budget. Using Lee, Padmanabhan, and Whang’s anticipated losses due to the bullwhip
effect parameters of 10-30% as a guide, this model was able to achieve a 27% reduction
in the bullwhip effect ratio for all variables in Figure 14 below (optimized solutions

depicted in the updated matrix from Figure 10).
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X i7r; where X ; = Budget Decision Variable Title and X ; =

Bud;jet Decision Variable Value in SM in Fiscal Year | ) 2025 2026 2027 2028
X, - LOAD, ASSEMBLE, $31.429 $97.628 $80.315 $74.944
PACK (LAP) : . :

X - WOODEN PALLET, $2.581 $2.725 $2.400 $2.589
IMX

X3 - MUNITION SPECIFIC PARTS (MELTABLE FUZE PLUG; $13.440 $14.896 $10.589 $12.003
ILLUM DELAY & PARACHUTE; SMOKE MODULE)

Xa - CANNISTER, PROJECTILE BODIES & METAL $4.393 $61.037 $60.694 $92.570
PART SET

Xs - SUPPLEMENTAL $45.318 $39.144 §35.736 $32.682
CHARGE & EXPLOSIVE FILL

Xs - Subtotal: Support - $3.007 $2.696 $2.641 $2.616
Acceptance Testing Cost

X; - Subtotal: Support - $14.756 $14.032 $13.648 $13.344
Production Engineering Cost

Xg - Unique Labor and Hardware Costs $119.663 5$2.518 $28.654 $3.839

Figure 14. Optimized Decision Variable Optimization Matrix

In order to achieve an optimal solution in lieu of localized optima, multiple
initiation data, or start points, were used when executing the optimization model.
Additionally, multiple constraint values were applied to equation 7 to determine solutions
within the proposed 10% to 30% efficiencies and outside of these previously researched
parameters. When using multiple start points, 27% was the maximum achievable
efficiency to meet all constraints of the model. Lesser efficiencies below 27% are also
achievable. No solutions beyond 27% efficiency are achievable that will also meet the

TOA and production quantity constraints.

The actual decrease in total year-to-year volatility is $69.86 million dollars overall
from 2025 to 2028 (Figure 15). This model removes virtually all of the variability (Figure
16) in the current baseline by maintaining 99% of the proposed budget TOA and
redistributing the cost and quantity increases and decreases over the FYDP. The
fundamental changes from baseline to the optimized solution accomplish the volatility
cost savings by redistributing annual total costs, annual total systems procured and annual

variable costs within historical parameters.
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The top portion of Figure 15 compares the overall funding of the baseline and
optimized models in blue. The second row of the top portion provides the year-to-year
change in costs for both the baseline and optimized models. Specifically, the value in the
column for fiscal year 2025 provides the absolute value of the change between 2025 and
2026. The final rows of the top portion of Figure 15 provide the annual systems procured
in order to show the decreased total volatility in the total volatility column and to show
that use of the optimized model will produce at least as many total systems from 2025 to
2028 as the baseline model. Variables X1 through Xs are shown below for both the
baseline and the optimized models and reflect the changed values, within historical norms
expressed as constraints, that produce the new overall optimized funding profile which
decreases the overall volatility. Figure 16 shows the increased volatility of the baseline

compared to this optimized solution.
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Figure 15. Baseline Results vs. Optimized Solution
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155mm Artillery Projected year-to-year A (S)
Fiscal Year 2025-2028
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Figure 16. Baseline vs. Optimized Solution Year-to-Year Change in Dollars

While not the primary intent, this solution also proposes a total obligation
authority that is $3.36 million less than the current proposed funding from 2025 to 2028.
As compared to the baseline, this solution proposes a decrease in the year-to-year
volatility of production quantities of 15,791 systems while maintaining the total number
of systems to be delivered over the same period. The decreased volatility is visually
apparent in Figure 17. Figure 17 also shows that while the bullwhip effect ratio of the
optimized solution would decrease in 2028 as compared to the baseline, the intended
impact of decreasing the volatility of the system is what ultimately provides decreased
cost volatility over time. This suggests that the actual bullwhip effect ratio in any given
year is less critical to cost savings than the volatility of the bullwhip effect ratio from

year-to-year.
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155mm Artillery Projected Bullwhip Ratio
Fiscal Year 2025-2028

Bullwhip Ratio

2024 2025 2026 2027 2028 2029

Fiscal Year

Baseline Bullwhip Ratio —8— Optimized Bullwhip Ratio

Figure 17. Baseline vs. Optimized Solution Bullwhip Effect Ratio

Figure 18 further demonstrates this by visually depicting all three funding profiles
and their total volatility. While the unrestrained resources solution provides decreased
volatility from year-to-year from 2025 to 2028 and achieves a bullwhip effect ratio of 1,

the overall funding volatility and total cost are the greatest.
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155mm Artillery Projected Funding Volatility
Fiscal Year 2025-2028
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Figure 18. Baseline vs Unrestrained Resources vs Optimized Funding
Volatility

Decreasing the volatility of end-item quantities facilitates the upstream decrease
in costs to storage costs volatility. Additionally, the increased annual quantity stability
decreases the costs, and uncertainty, associated with planning for modernization. By
decreasing volatility, program managers and their logistics counterparts can more
efficiently plan for stock rotation and modernization to the latest and most capable

versions of 155mm artillery.

The actual manufacturing of one 155mm artillery round takes place across
multiple locations at multiple GOCOs and COCOs (Figure 19). Variable X1, Loading,
Assembling, and Packing the final round, is primarily conducted in lowa and loaded by

batch onto variable X2, Wooden Pallets. Throughout the process, and prior to final

58



acceptance by the U.S. Government, variable X¢ testing is conducted. Munition Specific
Parts, Metal Parts, and Cannisters for Transport, variables X3 and X4, are manufactured

and either integrated or shipped for assembly in Scranton, Pennsylvania.

Des Moines, IA
(Load, Assemble and Pack)

Scranton, PA (Metal Parts)

Radford, VA
(Propellant Charge)

Figure 19. GOCOs and COCOs

The practical application of decreasing the volatility of the variables manifests
itself in the actual supply chain to realize these costs, leading to a recommendation for
actual implementation. An example of the impact on the supply chain can be achieved by
an examination of variable X2, Wooden Pallets. Using the baseline projection of the
model for cost from fiscal years 2025 to 2028, the cost volatility of wooden pallets is
$1.84 million. When the constraint is added to decrease the cost volatility, the resulting
cost volatility is $480,000 from fiscal years 2025 to 2028. Reviewing the data on the
procurement form reveals that the contractor that was awarded the fiscal year 2022
contract for wooden pallets was the Knox County Association For Remarkable Citizens
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Inc based in Vincennes, Indiana (U.S. Army, 2023). The data also reflect that the contract
type is an Indefinite Delivery Indefinite Quantity (IDIQ) contract indicating that it may
be used to order wooden pallets within a specific range of dates where the exact number
of pallets or exact dates of the orders is not known beforehand by the government or the

contractor (U.S. Army, 2023).

Additionally, the data indicate that the contract has an option, or options, to
procure additional wooden pallets in later years that may not be indicated on the annual
President’s Budget but could be exercised if beneficial to both the contractor and the
government (U.S. Army, 2023). While such contracts provide great flexibility to the
program manager and the Government, they provide increased volatility to the contractor
in terms of exact dates and deliveries but are beneficial to ensuring the potential of future
orders for contractors. Specifically, for the Knox County Association For Remarkable
Citizens Inc, the data reflect that the cost per wooden pallet ranges from $135.59 to
$143.89 depending on the quantity (U.S. Army, 2023). Using the conservative $143.89
cost per pallet, the fiscal year change in quantity from the baseline model to the
optimized model reflects a total year-to-year volatility of 8,545 pallets versus 4,567
pallets from 2025 to 2028. Using the pallet dimensions from U.S. Army testing (U.S.
Army Defense Ammunition Center, 2007) and the fire prevention recommended stacking
height limit for wooden pallets (National Fire Protection Association, 2024, para. 8), the
maximum square footage difference required to store pallets from 2025 to 2028 is 138
square feet per year from the baseline to the optimized model (see Figure 20). Based on

the cost range to lease warehouse space in Vincennes, Indiana (LoopNet, n.d.), where
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Knox County Association For Remarkable Citizens Inc operates, the resulting savings

from 2025 to 2028 would range from $56,625 to $138,277.

Storage Space Required (ft?) per Fiscal Year
1800

1700

\

Square Footage
o
wu
o
o

1400
1300

1200
2025 2026 2027 2028
Fiscal Year

—e—Square Feet Required Optimized —Square Feet Required Baseline

Max Required Square Feet Optimized Max Required Square Feet Baseline

Figure 20. Pallet Storage Space Required (ft2) per Fiscal Year

While the actual costs of carrying inventory from year-to-year may vary, there is a
definitive cost incurred from changing the required space to carry inventory by nearly
5,000 pallets over 4 years. The change in cost volatility from fiscal years 2025 to 2028
for Knox County Association For Remarkable Citizens Inc, represents roughly 6.8% of
its 2022 revenues of $20 million (Roberts et al., 2024). This illustration represents only
one example within the 155mm supply chain to decrease the overall year-to-year
volatility and must be balanced with the needs of the individual suppliers in an attempt to
balance their financial goals with the goals of the government; however but is a tool to

provide a quantitative analysis of the overall system.
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4.5  Additional Considerations

While the President’s Budget aims to capture all of the costs associated with the
production of 155mm artillery ammunition, there are other factors and considerations that
should be taken into account when using this model. Variable Xs consists of all
components containing the budget language for “Modified Supplemental Charge and
Explosive Fill Charge — Explosives.” Explosives are highly regulated, and changes at the
demand signal continue to be monitored by the U.S. government for domestic and
international security purposes. The regulatory provisions in 18 U.S. Code “establish
Federal controls over interstate or foreign commerce in explosives” (Criminal Resource
Manual, 2015, p. 1). In this law, the U.S. government maintains the sole authority for the
licensing of manufacturing, dealing, or importing explosives. As such, federal production
is inherently limited, or unlimited, based on the ability to manufacture or import the
explosives necessary for the modified supplemental charges and explosive fills for
155mm artillery. The regulation of these explosives will inherently dictate the availability

of supply and may have additional impacts on cost based on availability.

When commenting on the U.S. Army’s goal of reaching 100,000 155mm artillery
rounds per month, the Army Acquisition Executive (AAE) noted in February 2024, “You
have to produce enough explosives—either IMX-104 or TNT—to fill that many shells that
fast and that production capacity does not exist in the United States by itself.... We’re
having to go overseas to allies. Luckily, we have many [that are] highly capable”
(Judson, 2024, p. 2). The explosives identified by the AAE for 155mm artillery include

the common explosive trinitrotoluene (TNT) and IMX-104. Insensitive Munitions
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eXplosive (IMX) 104 is a “novel insensitive melt-pour explosive” (Frem, 2022, p. 1) that
is considered a safer alternative to TNT. The costs identified in Xs represent the fully
burdened cost to procure the necessary explosives for the specific type of artillery rounds
proposed in the budget. Decreasing the production volatility over time, in publicly
available documents, sends a signal to the controlled U.S. manufacturing and import
markets as to how much capital will be entering the market and allows for increased
planning for production and logistics. Currently, IMX-104 is funded by the U.S. Army
and produced at the Holston Army Ammunition Plant in Kingsport, Tennessee. There are
no longer any current producers of TNT in the United States, and TNT to support artillery

production is being imported from Poland, India, and Australia (Judson, 2024).

Variable X7 consists of all the production engineering labor costs not captured by
the vendor or contractor as part of other cost elements for acceptance testing, components
of the goods, or the goods themselves. Specifically, these include the costs of contractors
that support the U.S. Army program office responsible for managing the production of
155mm artillery directly. These individuals are embedded with the program office and
support activities such as systems engineering, quality assurance, quality control,
budgeting, cost analysis, and product-specific specialists or engineers working on behalf
of the U.S. Army. While these costs may be modified in the model to decrease volatility,
the intent of this cost element is to provide the program manager with the flexibility to
onboard and off-board contract support as required, depending on the needs of the
program, without maintaining the continued overhead costs of hiring core government
employees. While it is feasible to modify this cost variable in the model, it is one cost

element that is specifically designed to provide transparency to an inherently volatile cost
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that changes with the needs of the program, so it would be counterproductive to

deliberately remove the necessary change characteristic.

The implementation of this model for the unique 155mm artillery industrial base
provides a mechanism to practically put into effect some of the historical solutions
identified in Section 2.4.2. Specifically, this model provides a tool for program managers
to quantitatively measure and implement effective mitigation techniques for 155mm
artillery production. By providing industry and the marketplace with the planned funding
streams for five years and decreasing the year-to-year volatility of the funding stream,
this model can employ a fundamental principle of reducing lead times, variability, and

developing alliances with vendors.

This model also addresses the unique 155mm characteristics identified in section
2.5. Without disrupting the current system, which meets the global location, time
requirements, and quality of user products for the 155mm industrial base, this model
addresses the highly volatile demand and production costs over time and decreases the
bullwhip effect volatility. Additionally, in the case of the TNT, the U.S. Army intends to
reduce lead times by moving production of the key component closer to the
manufacturing of the end item. In 2023, the Army published a “Sources Sought” for the
“Construction and Operation of TNT Facility” in order to gain “information from
interested foreign and domestic sources to support the acquisition strategy for the design,
construction, and commissioning of a TNT (2,4,6-trinitrotoluene) production facility

within the Continental United States (CONUS)” (Department of Defense, 2024, p. 1).
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Chapter S—Discussion and Conclusions

5.1  Discussion

The optimization model proposed in this praxis provides one tool for program
managers and budgeting practitioners to use in the PPBE decision-making process. The
optimized solution can provide a starting point for the development of funding profiles
within the five years of the FYDP—and potentially beyond. As a singular tool, this model
does not address all of the considerations for program managers and budget professionals
but provides a construct that addresses one aspect of the PPBE process. Figure 21
provides an example of when the outputs from this tool might be used by program

managers to impact the next budget cycle for the fiscal year 2026 President’s Budget.

Calendar Year 2024 \ Calendar Year 2025

JIFIMJAIMJJJITJTAJSTOIN]ID]JJFIMJAIMIJJIJTJTIJA]JSTO]IN]D
Fiscal A A
Year '24 |Fiscal Years '24 and prior execution B
Fiscal ‘ L ‘ =
Year '25 Fiscal Year '25 enactment Fiscal Years '25 and prior lexecution
Fiscal |Fiscal Years '26-30 ‘* v ‘FY'QSandprlor
Year '26 | Planning Fiscal Years '26-30 Programming and Budgeting Fiscal Year '26 enactment execution
Fiscal
Year '27 Fiscal Years '27-31 Planning Fiscal Years '27-31 Programming and Budgeting ‘

"2 -Budget Build and submission

1" -Anticipated Delayed Budget Submission Window
__A__Budget justification; Congressional Army Program
/%4 Budget Briefs
27 -Anticipated Delayed Budget justification;

o Congressional Army Program Budget Briefs

Figure 21. PPBE Process

Star 1, in Figure 21, represents the traditional President’s Budget submission to
Congress in February (and the anticipated delay when there is a change in

administration). The DoD process leading up to this point takes into consideration the
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overall DoD (including the U.S. Army) total obligation authorities, often referred to as its

respective “Top Lines,” and it includes the consolidated plans for all program managers.

Following the President’s submission to the U.S. Congress, Congress conducts
inquiries of all agencies encompassed in the budget, including DoD, to ensure that
adequate oversight exists for the distribution and use of U.S. national resources. These
inquiries, usually in the form of briefings for DoD, generally occur around Star 2 in
Figure 21. U.S. Army representatives can use this proposed tool to provide additional
justification to the U.S. legislative branch that the Army has considered the impacts of
demand and production volatility in the industrial base and that any cost savings or

necessary increases are deliberate results of budgetary planning.

5.2 Conclusions

Optimization models attempt to bound problems by applying the known
objectives and constraints to achieve optimal solutions. When applied to the problem set
of the negative impacts of the bullwhip effect ratio, the proposed model provides

optimized future procurement costs to minimize the negative impacts.

This research posed three research questions and hypotheses.
Following each research question and hypothesis below is a brief discussion

based on research findings:

R1: What are the variables for an optimization model to minimize the

bullwhip effect in the 155mm artillery industrial base?

H1: Metal parts, explosives and labor are the variables to minimize the bullwhip

effect ratio in the 155mm artillery industrial base.
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The variables to minimize the bullwhip effect ratio in the 155mm artillery industrial
base are: Load, Assemble and Pack (LAP), Wooden Pallets; Munition Specific Parts;
Cannister, Projectile Bodies, and Metal Parts set; Modified Supplemental Charges and
Explosive Fill Charges; Acceptance Testing Costs; Production Engineering Costs and;
Unique Labor and Hardware costs. The variable that most correlates to minimizing the
bullwhip effect ratio in the 155mm artillery industrial base is Munition Specific Parts

Costs.

R2: What optimization model is suited to minimize or improve the

bullwhip effect in the 155mm artillery industrial base?

H2: A linear programming optimization model is suited to minimize or improve the

bullwhip effect in the 155mm artillery industrial base.

This research praxis model used a generalized reduced gradient algorithm optimization
model to improve the bullwhip effect ratio volatility in the 155mm artillery industrial

base.

This research answered the first question by identifying two component costs that
most impact production variability. The second question was tested in an optimization
model to determine if the identified component costs could impact the bullwhip effect
ratio. Finally, the limitations and constraints associated with 155mm procurement were
applied to determine the optimization model that would provide the optimal bullwhip
effect ratio using the component costs variables identified as most impactful on
production volatility. To demonstrate the application of the model, this research proposed

a hypothetical budgeting document that would use the optimized funding profile, and
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justification, to provide a template for use (Figure 22). The changes to the original

document (Appendix 2) are highlighted in blue.
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The current solutions available to program managers and budget professionals do
not adequately address all of the requirements of the 155mm defense industrial base to
help alleviate some of those impacts. As a monopsony, the 155mm defense industrial
base requires a new tool to impact the bullwhip effect ratio at the source of funding,

which can adequately impact production volatility in non-surge environments.

5.3 Recommendations for Future Research

This research used representative data for the demand of 155mm artillery and the
Total Munitions Requirements due to the classification of the information. Users of this
model would benefit from the use of actual data to increase the accuracy of the outcomes
and predictions. Additionally, the cost of the supply chain is simplified in this model by
using the price to the U.S. government as the sum of costs captured in the supply chain.
Further research using the supply chain costs that vendors share with the U.S.
government could potentially provide additional insights to the model. If the shared
supply chain costs prove to increase the accuracy of the model, defense industrial base
vendors could be incentivized in future contracts to provide such data contractually,

pending proof via a cost-benefit analysis.

Section 2.4 identified historical solutions to mitigate the negative impacts of the
bullwhip solution. While the proposed future goals stated by Army senior leaders are
considerable, actual demand may be higher or lower. The stated goals are designed to
fund the infrastructure to support the capacity of 1.224 million rounds of ammunition per

year. Having the ability and flexibility to produce at various capacities and to maintain
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the infrastructure during reduced times of capacity would provide yet another cost

consideration for future research and could be built into the model with additional data.

During the research for this praxis, the U.S. Army established a new facility in
Mesquite, Texas, that is capable of producing various types of artillery and mortar rounds
in order to address maximum capacity and maintain flexibility for demand (Olay, 2024).
While this solution alone does not address bullwhip effect volatility, it is another

potential tool to help mitigate its negative impacts.

Finally, while this research focuses on optimizing the negative impacts of the
volatility of production and demand, this model represents one tool for program
managers and budget professionals to maximize the efficient production and procurement
of 155mm artillery. Further research should focus on improving the model accuracy
through the use of real-world data and integrating this tool as part of the larger industrial

base and defense acquisition decision-making process.
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Appendix 1
155mm Artillery President's Budget Cost Elements

Variable 2022 2021 2020 2019 2018 2017 2016 2015 2014 2013 2012
X1 Total Obligation Authority ($ in Millions) ~ 601.965 283.092 256.037 305.509 279.449 127.101 87.995 64.023 37.902 63.271  40.061

(E21618) / (E21615 FY12-14)
LOAD, ASSEMBLE,

Xq PACK (LAP) 2214 2559 1.421 3.244 2302 4.556
*WOODEN PALLET,
Xg IMX 0.075  0.091 0.047

MUNITION SPECIFIC PARTS (MELTABLE
FUZE PLUG; ILLUM DELAY & PARACHUTE;
X3 SMOKE MODULE) 0.035 0.027 0.031 0.117

CANNISTER METAL

%, PART SET 2399 3.878 1.805 3.906 1114 2204
SUPPLEMENTAL

Xs CHARGE 0331  0.263 0.153 0.253 0339 0.256
WOODEN PALLET,

Xe IMX 0
MODIFIED
PROJECTILE

X, BODY 0965  1.116 0.726

Subtotal: Support -
Xe Acceptance Testing Cost 0.036 0.05 0.11 0.076 0.076  1.258

Subtotal: Support -

X7 Production Engineering Cost 1.209 0.628 0.706 0.841 0.063 1.071
(E26900)
LOAD, ASSEMBLE,

Xs PACK (LAP) 2.883 2.568 4.227 2.631 2.045 3.035

*WOODEN PALLET,
Xs IMX 0.12 0.135 0.21 0.098 0.089



Variable
Xy

X3

X,

Xs

Xg

X3

Xe

X7

X

Xs

X3

X3

Xs

Total Obligation Authority (S in Millions)

MUNITION SPECIFIC PARTS (MELTABLE
FUZE PLUG; ILLUM DELAY & PARACHUTE;

SMOKE MODULE)

CANNISTER METAL
PART SET
SUPPLEMENTAL
CHARGE

WOODEN PALLET,
IMX

MODIFIED
PROJECTILE

BODY

Subtotal: Support -
Acceptance Testing Cost

Subtotal: Support -
Production Engineering Cost

(E26904)

LOAD, ASSEMBLE,
PACK (LAP)
*WOODEN PALLET,
IMX

MUNITION SPECIFIC PARTS (MELTABLE
FUZE PLUG; ILLUM DELAY & PARACHUTE;

SMOKE MODULE)

CANNISTER METAL
PART SET
SUPPLEMENTAL
CHARGE

2022
601.965

1.6681

2.828

0.199

0.342

0.593

Appendix 1

155mm Artillery President's Budget Cost Elements

2021
283.092

4.918

8.227

0.244

0.035

0.567

2020 2019
256.037 305.509

7.114

5.031

0.303

0.1

1.355

2018
279.449

2.895

0.11

4.477

3.231

0.155

2017
127.101

3.372

2.992

0.131

0.058

1.571

2016
87.995

2.463

0.096

1.011

6.7

0.141

2015
64.023

0.771

5.083

0.131

0.067

1.078

2.403

0.105

0.907

5.932

0.154

2014
37.902

3.315

0.16

4.765

5.261

2013

63.271

1.041

3.801

2.618

0.16

1.756

2.422

0.83

3.033

2012
40.061



Appendix 1
155mm Artillery President's Budget Cost Elements

Variable 2022 2021 2020 2019 2018 2017 2016 2015 2014 2013 2012
X, Total Obligation Authority ($ in Millions) ~ 601.965 283.092 256.037 305.509 279.449 127.101 87.995 64.023 37.902 63271  40.061
WOODEN PALLET,
Xe IMX 0.105
MODIFIED
PROJECTILE
X, BODY

Subtotal: Support -
Xs Acceptance Testing Cost 0.124 0.05 0.095 0.1 0.077

Subtotal: Support -

X, Production Engineering Cost 1.645 1.261 1.169 1.622 0.405
(E27001)
LOAD, ASSEMBLE,

Xa PACK (LAP)
*WOODEN PALLET,

Xs IMX

MUNITION SPECIFIC PARTS (MELTABLE
FUZE PLUG; ILLUM DELAY & PARACHUTE;

Xs SMOKE MODULE)
CANNISTER METAL
X, PART SET
SUPPLEMENTAL
Xs CHARGE
WOODEN PALLET,
Xe IMX
MODIFIED
PROJECTILE
%o BODY

Subtotal: Support -
Xs Acceptance Testing Cost

Subtotal: Support -
X, Production Engineering Cost



Variable
Xy

Xs

Xs

X3

X3

Xs

Xs

X

Xs

X7

Xa

Xs

X3

X,

Appendix 1

155mm Artillery President's Budget Cost Elements

2022 2021

2020 2019 2018

Total Obligation Authority ($ in Millions) ~ 601.965 283.092 256.037 305.509 279.449

(E27121)

LOAD, ASSEMBLE,
PACK (LAP)
*WOODEN PALLET,
IMX

MUNITION SPECIFIC PARTS (MELTABLE
FUZE PLUG; ILLUM DELAY & PARACHUTE;
SMOKE MODULE)

CANNISTER METAL

PART SET

SUPPLEMENTAL

CHARGE

WOODEN PALLET,

IMX

MODIFIED

PROJECTILE

BODY

Subtotal: Support -
Acceptance Testing Cost

Subtotal: Support -
Production Engineering Cost

(E66800)

LOAD, ASSEMBLE,

PACK (LAP) 86.516  48.996
*WOODEN PALLET,

IMX 3.012

MUNITION SPECIFIC PARTS (MELTABLE

FUZE PLUG; ILLUM DELAY & PARACHUTE;

SMOKE MODULE)

CANNISTER METAL

PART SET 113.29  81.556

4.998  28.813
0.337 2.012
0.224 1.342

9.45 57.49

2017
127.101

8.155

0.542

0.44

13.861

2016
87.995

6.872

0.234

0.391

9.948

2015
64.023

4.679

0.188

0.258

7.077

2014
37.902

2013
63.271

2012
40.061



Variable
Xy

Xs

Xs

X,

Xs

X7

Xs

Xg

X3

X

Xs

Xs

X

Xs

Total Obligation Authority (S in Millions)

SUPPLEMENTAL
CHARGE
WOODEN PALLET,
IMX

MODIFIED
PROJECTILE
BODY

Subtotal: Support -
Acceptance Testing Cost

Subtotal: Support -
Production Engineering Cost

(E67800)

LOAD, ASSEMBLE,
PACK (LAP)
*WOODEN PALLET,
IMX

MUNITION SPECIFIC PARTS (MELTABLE
FUZE PLUG; ILLUM DELAY & PARACHUTE;

SMOKE MODULE)

CANNISTER METAL
PART SET
SUPPLEMENTAL
CHARGE

WOODEN PALLET,
IMX

MODIFIED
PROJECTILE

BODY

Subtotal: Support -
Acceptance Testing Cost

2022

601.965

3.302

0.82

3.215

5.006

1.326

6.994

0.186

6.542

0.596
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2021 2020 2019
283.092 256.037

2.302 0.9 74.217

0.69 0.112 0.621

6.144 2.02 5.382

6.006

161

9.613

0.271

7.278

0.21

2018

305.509 279.449

2017
127.101

0.692

0.134

1911

2016
87.995

14.842

0.105

2.489

2015 2014 2013
64.023  37.902 63.271

7.778

0.083

0.848

2012
40.061



Variable
Xy

X7

Xs

Xs

X3

X,

Xs

Xg

X

Xs

X7

X

Xs

Total Obligation Authority (S in Millions)

Subtotal: Support -
Production Engineering Cost

(E67802)

LOAD, ASSEMBLE,
PACK (LAP)
*WOODEN PALLET,
IMX

MUNITION SPECIFIC PARTS (MELTABLE
FUZE PLUG; ILLUM DELAY & PARACHUTE;
SMOKE MODULE)

CANNISTER METAL

PART SET

SUPPLEMENTAL

CHARGE

WOODEN PALLET,

IMX

MODIFIED

PROJECTILE

BODY

Subtotal: Support -
Acceptance Testing Cost

Subtotal: Support -
Production Engineering Cost

(E27603)

LOAD, ASSEMBLE,
PACK (LAP)
*WOODEN PALLET,
IMX

2022
601.965

2.867

5.236

0.059

0.028

4.239

0.079

0.25

0.525
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155mm Artillery President's Budget Cost Elements

2021

2020

283.092 256.037

2.439

4.149

0.014

0.02

1.096

1.068

25.143

2.667

2019 2018 2017
305.509 279.449 127.101

34216  36.924  41.616

2.185 2.095 1.515

2016
87.995

27.272

0.842

2015
64.023

4.846

0.276

2014
37.902

5.028

2013
63.271

4.851

2012
40.061

3.812



Appendix 1
155mm Artillery President's Budget Cost Elements

Variable 2022 2021 2020 2019 2018 2017 2016 2015 2014 2013 2012
X1 Total Obligation Authority ($ in Millions) ~ 601.965 283.092 256.037 305.509 279.449 127.101 87.995 64.023 37.902 63.271  40.061

MUNITION SPECIFIC PARTS (MELTABLE
FUZE PLUG; ILLUM DELAY & PARACHUTE;
Xs SMOKE MODULE) 1778 1457 1131 2535  1.408 0.38

CANNISTER METAL

X, PART SET
SUPPLEMENTAL

Xs CHARGE & EXPLOSIVE FILL 18586  9.506  8.853 9.54 654 1511 2126 238 1216
WOODEN PALLET,

Xe IMX
MODIFIED
PROJECTILE

X, BODY

Subtotal: Support -
Xe Acceptance Testing Cost 0.45 0.75 0.65 0.65 0.4 0.15 0.15 0.525 0.105

Subtotal: Support -
X7 Production Engineering Cost 7.993 5.136 4.52 5.983 4.052 2.055 1.192 1.933 2213



Appendix 2

UNCLASSIFIED

Exhibit P-40, Budget Line Item Justification: PB 2024 Army Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity: P-1 Line Iltem Number / Title:

2034A: Procurement of Ammunition, Army / BA 01: Ammunition / BSA 37: Artillery  |3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types
Ammunition

ID Code (A=Service Ready, B=Not Service Ready): Program Elements for Code B Items: N/A Other Related Program Elements: N/A
Line Item MDAP/MAIS Code: 123
Prior FY 2024 | FY 2024 | FY 2024 To
Resource Summary Years FY 2022 | FY 2023 Base 0oCco Total FY 2025 | FY 2026 | FY 2027 | FY 2028 |Complete| Total
Procurement Quantity (Units in Each) - - - - - - - - - - R R
Gross/Weapon System Cost (8 in Millions) 3,309.958 601.965 210.169 150.839 - 150.839 200.071 204.402 267.658 269.931 - 5,214.993
Less PY Advance Procurement ($ in Millions) - - - - - - - - - - - -
Net Procurement (P-1) ($ in Millions) 3,309.958 601.965 210.169 150.839 - 150.839 200.071 204.402 267.658 269.931 - 5,214.993
Plus CY Advance Procurement ($ in Millions) - - - - - - - - - - - -
Total Obligation Authority ($ in Millions) 3,309.958 601.965 210.169 150.839 - 150.839 200.071 204.402 267.658 269.931 - 5,214.993
(The following Resource Summary rows are for informational purposes only. The corresponding budget requests are dos ted .)
Initial Spares ($ in Millions) - - - - - - - - - - -
Flyaway Unit Cost ($ in Dollars) - - - - - - - - - - -
Gross/Weapon System Unit Cost ($ in Dollars) - - - - - - - - - - -

Description:
SSN E68604 / PROJ, ARTY, 155MM C-DAEM INCREMENT Il is a new start within the ARTILLERY PROJECTILE, 155MM, All Types program in FY 2024

E89500 ARTILLERY PROJECTILE, 155MM ALL TYPES
A portion of this budget line is directly aligned to Army Long Range Precision Fire Modernization Priorities.

(E21618) PROJ, ARTY, 155mm Extended Range Spotting, M1121

The 155mm Extended Range Spotting, M1121 Artillery Round utilizes projectile bodies generated from an on-going M483 Dual Purpose Improved Conventional Munition (DPICM) demilitarization program and
incorporates a more producible White Phosphorous (WP) Bulk-filled Canister with 11.0 Ibs of WP that provides smoke spotting capability to a maximum range of 22.5 kilometers providing increased operational
effectiveness and improved training.

This item is Code A, approved for service use.

(E26900) PROJ, ARTY, 155MM VL ILLUM M1124

The 155mm M1124 Visual Light (VL) lllumination Projectile is fired from 155mm howitzers and is used to illuminate the battlefield to a maximum range of 22.5 kilometers. The M1124 utilizes projectile bodies
generated from an on-going M483 Dual Purpose Improved Conventional Munition (DPICM) demilitarization program and leverages the payload contained in the M485A2 VL llluminating Projectile. The M1124
contains a Canister Loading Assembly, Expulsion Charge, and numerous spacers. The Canister Loading Assembly consists of a Visual Light (VL) llluminating Candle, Main Parachute, Drogue Parachute, Delay,
and Secondary Expulsion Charge. The outer shell of the canister is fitted with three longitudinal fins. The projectile uses an M762 series Electronic Time Fuze. When the fuze functions, the primary expelling
charge ignites, forcing the drogue parachute and canister assembly against the base plate, rupturing the base pins and expelling the canister and parachute. The drogue parachute then deploys and the canister
fins extend. The expelling charge also ignites the delay element in the canister nose. The delay element ignites the secondary expelling charge within the canister after 6.5 - 9 seconds, igniting the candle and

expelling the main parachute. With the main parachute open, the illumination candle descends at 15 feet per second and burns for 75 seconds minimum producing approximately 1,000,000 candlepower.
This item is Code A, approved for service use.

(E26904) PROJ, ARTY, 155MM VL ILLUM M1123
The 155mm M1123 Infra Red (IR) lllumination Projectile is fired from 155mm howitzers and is used with night vision devices to illuminate the battlefield to a maximum range of 22.5 kilometers. The M1123
utilizes projectile bodies generated from an on-going M483 Dual Purpose Improved Conventional Munition (DPICM) demilitarization program and leverages the payload contained in the M1066 IR llluminating
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UNCLASSIFIED

Exhibit P-40, Budget Line Item Justification: PB 2024 Army Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity: P-1 Line Iltem Number / Title:

2034A: Procurement of Ammunition, Army / BA 01: Ammunition / BSA 37: Artillery  |3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types
Ammunition

ID Code (A=Service Ready, B=Not Service Ready): Program Elements for Code B Items: N/A Other Related Program Elements: N/A

Line ltem MDAP/MAIS Code: 123

Projectile. The M1123 contains a Canister Loading Assembly, Expulsion Charge, and numerous spacers. The Canister Loading Assembly consists of a Infra-Red (IR) llluminating Candle, Main Parachute,
Drogue Parachute, Delay, and Secondary Expulsion Charge. The outer shell of the canister is fitted with three longitudinal fins. The projectile uses an M762 series Electronic Time Fuze. When the fuze
functions, the primary expelling charge ignites, forcing the drogue parachute and canister assembly against the base plate, rupturing the base pins and expelling the canister and parachute. The drogue
parachute then deploys and the canister fins extend. The expelling charge also ignites the delay element in the canister nose. The delay element ignites the secondary expelling charge within the canister after
6.5 - 9 seconds, igniting the candle and expelling the main parachute. With the main parachute open, the illumination candle descends at 15 feet per second and burns for 120 seconds minimum. The M1123
provides infrared battlefield illumination that is 2.4 times larger in diameter than the M1124 Visible Light lllumination Round.

This item is Code A, approved for service use.

(E27001) PROJ, ARTY, 155MM HC SMOKE M116 Series

The M116 Series base ejection projectile has a hollow steel casing containing four canisters filled with HC (white) smoke composition. These smoke canisters are stacked within the projectile and separated
by felt spacers. Upon fuze function, an expelling charge consisting of 0.34 pounds of black powder flashes through the central tube to ignite the smoke canisters, blow off the base and dispenses all smoke
canisters. An effective smoke cloud is produced within 30 seconds, and continues for approximately 1.5 minutes.

This item is Code A, approved for service use.

(E27601) PROJ, ARTY, 155MM HE M107

The 155mm M107 is a multi-purpose High Explosive (HE) projectile fired from 155mm howitzers. It is used for blast and effect and fragmentation. The projectile may be loaded with either 14.6 pounds of TNT of
15.4 pounds of composition B explosives.

This item is Code A, approved for service use.

(E27121) - PROJ, ARTY, 155MM HE RAP XM1210 (formerly XM1113 ER)

The XM1210 (formerly XM1113 ER) HE, Rocket Assisted Projectile (RAP) will be optimized for 58 caliber guns and allow commanders to provide accurate cannon artillery fires at ranges of 70km and greater
with Extended Range Cannon Artillery. The XM1210 incorporates Insensitive Munitions (IM) technologies that reduces vulnerability from unplanned stimuli e.g. fire/heat, shock and impact, while maintaining or
exceeding the same level of effectiveness in combat. The 155mm XM1210 has a high fragmentation steel (HF1) body projectile filled with 12 pounds of IMX104 Explosive fill, PBXN-9 Supplementary Charge,
and Meltable Fuze Plug. Extended ranges are achieved with 12 pounds of rocket grain propellant. The projectile is optimized with the Long Range Precision Guidance Kit (LR PGK). It is used for conventional
fire support for harassment and interdiction, fragmentation and blast effect. The XM1210 projectile is employed against personnel, trucks, electronic surveillance and target acquisition devices, supply points,
command and control and communications (C3) installations, and mechanized and armored forces.

This item is Code B, not approved for service use.

(E66501) PROJ, ARTY, 155MM HE RAP XM1113

The XM113 High Explosive (HE), Rocket Assisted Projectile (RAP) is an extended range munition for warfare operations with maximum range of 40 kilometers in 39 caliber weapon systems. The XM1113
incorporates Insensitive Munitions (IM) technologies that reduces vulnerability from unplanned stimuli e.g. fire/heat, shock and impact, while maintaining or exceeding the same level of effectiveness in combat.
The 155mm XM1113 has a high fragmentation steel (HF 1) body projectile filled with 12 pounds of IMX104 Explosive fill, PBXN-9 Supplementary Charge, and Meltable Fuze Plug. Extended ranges are achieved
with 12 pounds of rocket grain propellant. The projectile can use several different conventional fuzes (impact, mechanical time, electronic time and short intrusion proximity) as well as Precision Guidance Kit
(PGK). ltis used for conventional fire support for harassment and interdiction, fragmentation and blast effect. The XM1113 projectile is employed against personnel, trucks, electronic surveillance and target
acquisition devices, supply points, command and control and communications (C3)installations, and mechanized and armored forces.

This item is Code B, not approved for service use.

(E66800) PROJ, ARTY, 155MM HE, M795

The M795 High Explosive (HE) Projectile is the primary HE round used for combat operations with maximum range of 22.5 kilometers. The M795 consists of two DODIC variants, the DA54 which incorporates
Insensitive Munitions (IM) technologies that reduces vulnerability from unplanned stimuli e.g. fire/heat, shock and impact, while maintaining or exceeding the same level of effectiveness in combat and the D529
which utilizes a lower cost TNT explosive fill primarily used for training. The 155mm M795 has a high fragmentation steel (HF 1) body projectile filled with 23.8 pounds of Explosive fill, and Supplementary Charge.
The projectile can use several different fuzes (impact, mechanical time, electronic time and short intrusion proximity). It is used for conventional fire support for harassment and interdiction, fragmentation and
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blast effect. The M795 projectile is employed against personnel, trucks, electronic surveillance and target acquisition devices, supply points, command and control and communications (C3) installations, and
mechanized and armored forces.

This item is Code A, approved for service use.

(E67800) PROJ, ARTY, 155MM WP SMOKE M825

The 155mm WP M825A1 is an improved artillery projectile which produces a ground screening smoke cloud 125-150 meters wide for 5-10 minutes. This smoke screen is produced by burning multiple wedge-
shaped pieces of felt saturated with White Phosphorous (WP). The system consists principally of a projectile carrier and canister containing 116 WP felt wedges and a center core burster. Projectile carrier is
comprised of an ogive, expulsion charge, modified all steel body, and a one-piece steel dome shaped base. Upon M762/M762A1 Electronic Timing (ET) fuze function, the Expulsion Charge is initiated which
simultaneously dispenses the canister and ignites a short delay. This delay provides ample time for canister and projectile body separation prior to functioning of the center core burster which ruptures the

canister and disperses 116 WP felt wedges. In less than 45 seconds, a dense and uniform smoke screen is created by burning of the WP. This projectile is shipped with a fusible lifting plug which protects the
item during shipping, handling, and storage.
This item is Code A, approved for service use.

(E67802) PROJ, ARTY, 155MM, HE W/ BASEBLEED M1128

The M1128 Extended Range High Explosive (HE) projectile is intended as a replacement for the M795 projectile as the primary HE round for warfare operations utilizing current 39 caliber weapon systems.

The M795 projectile is still required as a training projectile. The M1128 will have a maximum range of 30km compared to 22.5km with current M795 and incorporate Insensitive Munitions (IM) technologies that
reduces vulnerability from unplanned stimuli e.g. fire/heat, shock and impact, while maintaining or exceeding the same level of effectiveness in combat. The 155mm M1128 consists of a high fragmentation
(HF-1) steel body with a streamlined ogive and a base bleed to reduce drag and extend range. The main payload is 20 pounds of IMX-104. The projectile will be compatible with our conventional fuzes (impact,
mechanical time, electronic time, proximity) and Precision Guidance Kit. It will be used for conventional fire support for harassment and interdiction, fragmentation, and blast effect. The M1128 can be employed

against personnel, trucks, electronic surveillance and target acquisition devices, supply points, command and control and communications (C3) installations, and mechanized and armored forces.
This item is Code B and not approved for service use.

(E68604) - PROJ, ARTY, 155MM C-DAEM INCREMENT II

The Cannon-Delivered Area Effects Munitions (C-DAEM) Dual Purpose Improved Conventional Munition (DPICM) Replacement (formerly known as C-DAEM Increment I1) is one of two 155mm projectiles
identified to replace the current Department of Defense (DoD) unexploded ordnance (UXO) policy non-compliant stockpile of 155mm DPICM projectiles. It is a 155mm 39 caliber area effects cargo carrying
projectile with maximum range of approximately 18km and will provide U.S. ground forces with a capability to effectively engage area (personnel/soft skinned) targets while denying threat forces full operational
freedom within the operational area. C-DAEM DPICM Replacement enables multi-domain operations (MDO) in the Penetration, Dis-integration, and Exploitation phases by providing the combatant commander

an additional option of ammunition for field artillery fires. C-DAEM DPICM Replacement is also a key mitigating capability for five Extremely High Risk Capability Needs Analysis (CNA) Gaps.
This item is Code B, not approved for service use.
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Exhibit P-40, Budget Line Item Justification: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity:
2034A: Procurement of Ammunition, Army / BA 01: Ammunition / BSA 37: Artillery

Ammunition

P-1 Line Iltem Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

ID Code (A=Service Ready, B=Not Service Ready):

Program Elements for Code B Items: N/A

Other Related Program Elements: N/A

Line ltem MDAP/MAIS Code: 123

Exhibits Schedule Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
MDAP/
Exhibit ID MAIS Quantity / Total Cost Quantity / Total Cost Quantity / Total Cost Quantity / Total Cost Quantity / Total Cost Quantity / Total Cost
Type Title* Subexhibits | CD| Code (Each) | ($ M) (Each) I ($ M) (Each) I ($ M) (Each) | ($ M) (Each) I ($ M) (Each) I ($ M)

P-5 E21618 / PROJ, ARTY, 155mm Extended Range Spotting, M1121 P-5a A

[DAB6] - 129.489 - 17264 - - - - -1 - -1 -
P-5 E26900 / PROJ, 155mm ARTY VL ILLUM, M485 / M1124 Series P-5a A

[DA57] - /3385224 - /12.088 - - - - - - - -
P-5 E26904 / PROJ, 155mm ARTY IR ILLUM, M1066 / M1123 Series A

[DAS56] - 177.406 - - - 10.026 - 10.420 /- - 10420
P-5 E27001 / PROJ, 155mm ARTY Smoke, M116 Series [D506] A - 17925 - - - 15.802 - - - - - -
P-5 E27121 / PROJ, 155MM ARTY HE RAP, M1210 [DZ19] P-5a B - - - - - 117.489 - 12932 - - - 12932
P-5 E27601 / PROJ, ARTY, 155MM HE M107 A - 11,448.371 - 128.405 -1 - -1 - -1 - -1 -
P-5 E66501 / PROJ, 155mm ARTY HE RAP, XM1113 [DA72] P-5a, P-21 B - 146.972 - 177.264 - /68.588 - 126.688 -1 - - 126.688
P-5 E66800 / PROJ, 155mm ARTY HE, M795 [D529] P-5a, P-21 A - 11,092.624 - 1436.702 - /41199 - 152787 - - - 152787
P-5 E67800 / PROJ, 155mm ARTY WP Smoke, M825 / M825A1 [D528] P-5a A - 1271.947 - 123.281 - 123240 - - - - - -
P-5 E67802 / PROJ, 155mm ARTY HE-BB, XM1128 [DA70] P-5a, P-21 B -1 - - /16.961 - 153.825 - 165512 -1 - - 165512
P-5 E68604 / PROJ, ARTY, 155MM C-DAEM INCREMENT II B - - - - - - - /2500 /- - 12500
P-40 Total Gross/Weapon System Cost - 13,309.958 - 1601.965 - 1210.169 - 1150.839 - - - 1150.839

*Title represents 1) the Number / Title for Items; 2) the Number / Title [DODIC] for Ammunition; and/or 3) the Number / Title (Modification Type) for Modifications.

Note: Totals in this Exhibit P-40 set may not be exact or sum exactly due to rounding.

Justification:

The FY 2024 Budget supports critical Army Title 10 war reserve/operational, training, and test requirements in accordance with Department of Defense Instruction 3000.04 (Munitions Requirements Process) and
Army Regulation 5-13 (Total Army Munitions Requirements Process and Prioritization System). War reserve requirements support Office of the Secretary of Defense (OSD) approved Combatant Commander
Operational Plans, Homeland Defense, and other OSD-directed missions. Training requirements support individual and collective training of Active and Reserve Component forces at Army schools, home
station, and the combined training centers. Test requirements support the development, fielding, safety, and quality assurance of Army munitions and equipment throughout their life-cycle.

In accordance with Section 1815 of the FY 2008 National Defense Authorization Act (P.L. 110-181), this item is necessary for use by the active and reserve components of the Armed Forces for homeland
defense missions, domestic emergency responses, and providing military support to civil authorities.

FY 2024 Total Base dollars in the amount of $150.839 million supports procurement of 55,832 rounds.

(E21618) PROJ, ARTY, 155mm Extended Range Spotting, M1121
This is a war reserve item used in combat. There is no FY 2024 budget request.
TYPE CLASSIFICATION DATE: 2017

(E26900) PROJ, ARTY, 155MM VL ILLUM, M485 / M1124

This is a training standard item used in training and combat. There is no FY 2024 budget request.
TYPE CLASSIFICATION DATE: 1970

LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types

Army
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UNCLASSIFIED

Exhibit P-40, Budget Line Item Justification: PB 2024 Army Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity: P-1 Line Iltem Number / Title:

2034A: Procurement of Ammunition, Army / BA 01: Ammunition / BSA 37: Artillery  |3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types
Ammunition

ID Code (A=Service Ready, B=Not Service Ready): Program Elements for Code B Items: N/A Other Related Program Elements: N/A

Line ltem MDAP/MAIS Code: 123

(E26904) PROJ, ARTY, 155MM IR ILLUM, M1066 / M1123

This is a training standard item used in training and combat. The FY 2024 request supports annual training and builds a war reserve inventory in accordance with the Army's procurement goals. FY 2024 Total
Base dollars in the amount of $0.420 million supports the continuing engineering efforts of the M1123 program.
TYPE CLASSIFICATION DATE: 2009

(E27001) PROJ, ARTY, 155MM HC SMOKE M116 Series
This is a training standard item used in training and combat. There is no FY 2024 budget request.
TYPE CLASSIFICATION DATE: 1978

(E27601) PROJ, ARTY, 155MM HE M107
This is a training standard item used in training. There is no FY 2024 budget request.
TYPE CLASSIFICATION DATE: 1958

(E27121) PROJ, ARTY, 155MM HE RAP M1210 (formerly XM1113 ER)

This is a war reserve item used in combat. The FY 2024 request is Urgent Material Release (UMR) deliveries supporting the Extended Range Cannon Artillery (ERCA) Increased Range Self-Propelled Howitzer
(SPH).

FY 2024 Total Base dollars in the amount of $2.932 million supports the procurement of 98 rounds.

TYPE CLASSIFICATION: Planned FY 2026

(E66501) PROJ, ARTY, 155MM HE RAP XM1113

This is a war reserve item used in combat. The FY 2024 request builds a war reserve inventory in accordance with the Army's procurement goals. FY 2024 Total Base dollars in the amount of $26.688 million
supports the procurement of 1,829 rounds.
TYPE CLASSIFICATION: Planned FY 2024

(E66800) PROJ, ARTY, 155MM HE, M795

This item is a training standard item used in training and combat. The FY 2024 request supports annual training and builds a war reserve inventory in accordance with the Army's procurement goals. FY 2024
Total Base dollars in the amount of $52.787 million supports the procurement of 35,804 rounds.
TYPE CLASSIFICATION DATE: 1982

(E67800) PROJ, ARTY, 155MM WP SMOKE M825
This is a training standard item used in training and combat. There is no FY 2024 budget request.
TYPE CLASSIFICATION DATE: 1982

(E67802) PROJ, ARTY, 155MM, HE W/ BASEBLED M1128
This is a war reserve item used in combat. The FY 2024 request builds a war reserve inventory in accordance with the Army's procurement goals. FY 2024 Total Base dollars in the amount of $65.512 million

supports the procurement of 16,950 rounds. This program plans to pursue Multi-Year Procurement for FY 2023 through FY 2027 as authorized in the FY 2023 National Defense Authorization Act.
TYPE CLASSIFICATION DATE: 2022

(E68604) PROJ, ARTY, 155mm C-DAEM INCREMENT II

LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-40, Budget Line Item Justification: PB 2024 Army Date: March 2023
Appropriation / Budget Activity / Budget Sub Activity: P-1 Line Iltem Number / Title:

2034A: Procurement of Ammunition, Army / BA 01: Ammunition / BSA 37: Artillery  |3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types
Ammunition

ID Code (A=Service Ready, B=Not Service Ready): Program Elements for Code B Items: N/A

Line Iltem MDAP/MAIS Code: 123

‘Other Related Program Elements: N/A

This is a war reserve item used in combat. The FY 2024 request directly supports the Army's requirement to fulfill the Office of Secretary of Defense (OSD) directive to replace Dual Purpose Improved
Conventional Munition (DPICM) stockpile. FY 2024 Total Base dollars in the amount of $2.500 million will support the initiation of pre-contract award activities and engineering efforts required to achieve Type
Classification by FY 2025. E68604 is a New Start in FY 2024.

TYPE CLASSIFICATION: Planned FY 2025

LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
Army
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UNCLASSIFIED

Exhibit P-5, Cost Analysis: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity:

2034A 101137

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E21618 / PROJ, ARTY, 155mm
Extended Range Spotting, M1121 [DA66]

ID Code (A=Service Ready, B=Not Service Ready) . A

MDAP/MAIS Code:

Resource Summary Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total

Procurement Quantity (Units in Each) - - - - - -
Gross/Weapon System Cost ($ in Millions) 29.489 7.264 - - - -
Less PY Advance Procurement ($ in Millions) - - - - - -
Net Procurement (P-1) ($ in Millions) 29.489 7.264 - - - -
Plus CY Advance Procurement ($ in Millions) - - - - - -
Total Obligation Authority ($ in Millions) 29.489 7.264 - - -

(The following Resource Summary rows are for informational purposes only. The corresponding budget requests are documented elsewhere.)
Initial Spares (8 in Millions) ‘ - ‘ - ‘ - ‘ - - ‘ -
Gross/Weapon System Unit Cost ($ in Dollars) ‘ - ‘ - ‘ - ‘ - - ‘ -
Note: Subtotals or Totals in this Exhibit P-5 may not be exact or sum exactly due to rounding.
Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total

Total Total Total Total Total Total

Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost

Cost Elements (%) (Each) (S M) (%) (Each) (S M) (%) (Each) (S M) (%) (Each) (S M) (%) (Each) (S M) (%) (Each) ($ M)
Hardware Cost

Recurring Cost

LOAD, ASSEMBLE,
) 492.79 9,983 4.919 55351 4,000 2214 - - - - - - - . . - - .
PACK (LAP)
“WOODEN PALLET,
IMX 141.07 648 0.091 - - - - - - - - - - - - - - -
MELTABLE FUZE
1) 7.77 10,183 0.079 857 4,080 0.035 - - - - - - - - - - - -
PLUG!
CANNISTER METAL
PART SET 675.35 10,183 6.877 588.08 4,080 2.399 - - - - - - - - - - - -
MODIFIED
SUPPLEMENTAL 50.83 10,183 0.518 81.13 4,080 0.331 - - - - - - - - - - - -
CHARGE, PBXN9(!
WOODEN PALLET,
© 135.59 650 0.088 143.89 520 0.075 - - - - - - - - - - - -
IMX
MODIFIED
PROJECTILE 228.02 10,183 2.322 236.49 4,080 0.965 - - - - - - - - - - R R
BoDY'")

Subtotal: Recurring Cost - - 14.895 - - 6.019 - - - - - - - - - - - -
Subtotal: Hardware Cost - - 14.895 - - 6.019 - - - - - - - - - - - -
Support - Acceptance Testing Cost

Acceptance Test -] -] 2.264] - ] -] 0.036] B -] -] B - B B B - -] -] B

LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-5, Cost Analysis: PB 2024 Army

Date: March 2023

2034A 101137

Appropriation / Budget Activity / Budget Sub Activity:

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E21618 / PROJ, ARTY, 155mm
Extended Range Spotting, M1121 [DA66]

ID Code (A=service Ready, B=Not Service Ready) : A

MDAP/MAIS Code:

Note: Subtotals or Totals in this Exhibit P-5 may not be exact or sum exactly due to rounding.

Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Total Total Total Total Total Total
Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost
Cost Elements ($) (Each) ($M) ($) (Each) ($M) ($) (Each) ($M) ($) (Each) ($ M) ($) (Each) ($M) ($) (Each) (M)
Subtotal: Support -
Acceptance Testing Cost 2264 0.036
Support - Production Engineering Cost
Production Engineering 12.330 1.209
Subtotal: Support -
Production Engineering Cost 12.330 1.209
Gross/Weapon System
Cost 29.489 7.264
) indicates the presence of a P-5a
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-5a, Procurement History and Planning: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity: P-1 Line Item Number / Title: Item Number / Title [DODIC]:
2034A101/37 3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types |E21618 / PROJ, ARTY, 155mm
Extended Range Spotting, M1121 [DA66]
(o] Method/Type Date Specs Date
[ or Award of First Qty Unit Cost | Avail | Revision | RFP Issue
Cost Elements (o] FY Contractor and Location Funding Vehicle Location of PCO Date Delivery (Each) (%) Now?| Available Date
LOAD, ASSEMBLE, PACK (LAP) PINE BLUFF ARSENAL PICATINNY
2022 I PINE BLUFF. AR PO ARSENAL, NJ Feb2022 | Feb2025 4,000 55351| Y
MELTABLE FUZE PLUG PICATINNY
2022 TO BE SELECTED / TBS01 c/IblQ ARSENAL, NJ Apr 2023 Oct 2024 4,080 857| Y
CANNISTER METAL PART SET CRANE ARMY AMMO PICATINNY
2022 ACTIVITY  CRANE. IN PO ARSENAL, NJ Feb2022 | Aug2023 4,080 588.08| Y
MODIFIED SUPPLEMENTAL CRANE ARMY AMMO PICATINNY
CHARGE, PBXNY 2022 ACTIVITY / CRANE, IN PO ARSENAL, NJ Feb2022 | Aug 2023 4.080 8113 Y
WOODEN PALLET, IMX KNOX CNTY ASSOC ) ROCK ISLAND
2022 REMARKABLE / VINGENNES, IN Option / IDIQ ARSENAL. IL Dec 2022 | Dec 2023 520 143.89| Y
MODIFIED PROJECTILE BODY CRANE ARMY AMMO ROCK ISLAND
2022 ACTIVITY  CRANE. IN PO ARSENAL. IL Feb2022 | Aug2023 4,080 236.49| Y
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
. Volume 1 - 381
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UNCLASSIFIED

Exhibit P-5, Cost Analysis: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity:

2034A 101137

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E26900 / PROJ, 155mm ARTY VL
ILLUM, M485 / M1124 Series [DA57]

ID Code (A=service Ready, B=Not Service Ready) : A

MDAP/MAIS Code:

Resource Summary Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Procurement Quantity (Units in Each) - - - - - -
Gross/Weapon System Cost ($ in Millions) 335.224 12.088 - - - -
Less PY Advance Procurement ($ in Millions) - - - - - -
Net Procurement (P-1) ($ in Millions) 335.224 12.088 - - - -
Plus CY Advance Procurement ($ in Millions) - - - - - -
Total Obligation Authority ($ in Millions) 335.224 12.088 - - - -
(The following Resource Summary rows are for informational purposes only. The corresponding budget requests are documented elsewhere.)
Initial Spares (8 in Millions) ‘ - ‘ - ‘ - ‘ - - ‘ -
Gross/Weapon System Unit Cost ($ in Dollars) ‘ - ‘ - ‘ - ‘ - - ‘ -
Note: Subtotals or Totals in this Exhibit P-5 may not be exact or sum exactly due to rounding.
Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Total Total Total Total Total Total
Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Cost Unit Cost Qty Cost
Cost Elements (%) (Each) (M) () (Each) (8 M) (%) (Each) (8 M) (%) (Each) (8 M) (%) (Each) (8 M) (%) (Each) ($ M)
Hardware Cost
Recurring Cost
LOAD, ASSEMBLE,
) 328.74 29,288 9628 448.05 6,435 2.883 - - - - - - - - - - - .
PACK (LAP)
DELAY ELEMENT,
155MM 1LLUM 7.1 29,873 2.303 108.77 6,564 0.714 - - - N _ _ _ R R . . .
M10 EXPULSION
CHARGE 23.16 29,873 0.692 30.32 6,564 0.199 - - - - - - - - - - - -
AsSEMBLY'!)
PARACHUTE MAIN,
st 39.74 29,873 1.187 42.15 6,564 0.277 - - - - - - - - - R R R
155MM ILLUM!
PARACHUTE MAIN
SUPPORTS, 155MM 5.29 119,495 0.632 9.82 26,255 0.258 - - - - - - - - - - - -
itum®
PARACHUTE
DROGUE
ASSEMBLY, 155MM 17.30 29,873 0517 20.07 6,564 0.132 - - - - - - - - - - - -
iteum®
VL ILLUM
- 371.42 29,873 11.095 437.34 6,564 2.871 - - - - - - - - - - - R
CANNISTER
CANISTER MPTS
ASSY, 155MM 65.00 29,873 1.942 72.10 6,564 0.473 - - - - - - - - - - - -
iLLum®
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-5, Cost Analysis: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity:

2034A 101137

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E26900 / PROJ, 155mm ARTY VL
ILLUM, M485 / M1124 Series [DA57]

ID Code (A=Service Ready, B=Not Service Ready) . A

MDAP/MAIS Code:

Note: Subtotals or Totals in this Exhibit P-5 may not be exact or sum exactly due to rounding.

Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Total Total Total Total Total Total
Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost
Cost Elements ($) (Each) ($M) ($) (Each) ($M) ($) (Each) ($M) ($) (Each) ($ M) ($) (Each) ($M) ($) (Each) (M)
“WOODEN PALLET, 141.07 956 0135 R R R R R R R R - - - - -
IMX
CANISTER BASE
ASSY, 155MM 23.86 29,873 0.713 27.10 6,564 0.178 - - - - - - - - - -
iLum®
METAL PARTS
) 331.10 29,592 9.798 331.64 6,564 2177 - - - - - - - - R R
SETS
DOWNLOAD, CLEAN
() 87.35 30,753 2.686 131.55 6,628 0.872 - - - - - - - N - -
AND INSPECT
WOODEN PALLET,
® 111.98 2,851 0.319 143.88 837 0.120 - - - - - - - - R R
IMX
Subtotal: Recurring Cost - - 41.647 - - 11.153 - - - - - - - R R R
Subtotal: Hardware Cost - - 41.647 - - 11.153 - - - - - - - - R R
Support - Acceptance Testing Cost
Acceptance Test - - 0.806 - - 0.332 - - - - - - - - - -
First Article Test - - - - - 0.010 - - - - - - - - - -
Subtotal: Support -
Acceptance Testing Cost - - 0.806 N N 0.342 N - - - - - - - - -
Support - Government Furnished Materials Cost
Gover_nment Furnished ~ ~ 0135 ~ _ ~ _ ~ ~ ~ ~ ~ R R R R
Materials
Subtotal: Support -
Government Furnished - - -0.135 - - - - - - - - - - - . .
Materials Cost
Support - Product Improvement Cost
Reliability - - 0.389 - - - - - - - - - - - - -
Subtotal: Support - Product
Improvement Cost - - 0.389 - - - - - - - - - - - . .
Support - Production Engineering Cost
Production Engineering - - 292.516 - - 0.593 - - - - - - - N - -
Subtotal: Support -
Production Engineering Cost - - 202.516 - - 0.593 - - - - - - - . . ;
Gross/Weapon System . . 335.224 . . 12.088 . . . . . . B B B B
Cost - -
) indicates the presence of a P-5a
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-5a, Procurement History and Planning: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity:

2034A 101137

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E26900 / PROJ, 155mm ARTY VL
ILLUM, M485 / M1124 Series [DA57]

(o] Method/Type Date Specs Date
[ or Award of First Qty Unit Cost | Avail | Revision | RFP Issue
Cost Elements (o] FY Contractor and Location Funding Vehicle Location of PCO Date Delivery (Each) (%) Now?| Available Date
LOAD, ASSEMBLE, PACK (LAP) 2022 P'TEIE‘;U;EU’;F;’SIEQAL PO Aﬂgégmm ) Feb2022 | Feb2024 6435|  44805| Y
DELAY ELEMENT, 155MM ILLUM 2022 YAy oA :erllz'\,ﬂlcr)u PO AEgé,ILNL’?‘L ) Feb2022 | Aug2023 6,564 108.77| Y
MR | | | gmemANe | w0 | SN | ewn | eeew | o] o] Y
/LR CHUTE MAIN, 155N 2022 TO BE SELECTED / TBSO1 cribQ i%%‘é,'f/lf"l‘f’ May 2023 | Jan 2024 6,564 4215 v
TSNS | | | cmemnume | | N | rewn | meam | ms ow] v
Z‘S‘;‘éﬁgg‘z@?ﬁﬁ‘fiw 2022 TO BE SELECTED / TBSO1 cribiQ i%%gf;é"l‘f’ Jan2023 | Jan 2024 6,564 2007| v
VLILLUM CANNISTER 2022 Egﬁ\"}ﬁ{??"c’g&“’é’t"m PO AFS;:E\JK‘I‘_’T‘L ) Feb2022 | Aug2023 6,564 437.34| Y
ﬁ_ﬁﬂ'ﬁTER MPTS ASSY, 155MM 2022 woo?ﬁé\m A""'RAS’;‘_&T_’EYCTT;:R'NG Option / IDIQ A’:SCE\;KT_’,\‘L ) Dec2021 | Dec2022 6,564 72.10| Y
ﬁ_ﬁﬁ"\?TER BASE ASSY, 155MM 2022 Woo%@\m A“ﬁ’;ﬁ‘iiﬁ?lﬁR'NG Option / IDIQ AFR‘ISC;Q;/I\’\I‘_’,\‘L ) Dec2021 | Dec 2022 6,564 27.10| v
METAL PARTS SETS 2022 JrAaEopAg AANNI|E’\,/|ICI31 PO A';'SCQJX‘I‘_% ) Feb2022 | Aug2023 6,564 33164 Y
O CEAS | |y | gmesmwame | o | PO | eam | ewn | e | 0
WOODEN PALLET, IMX 2022 | Aok ONTY ﬁcSESSEs‘ N Option /1DIQ FZOR%S\‘S;C’\I‘P Mar2022 | Mar 2023 837 14388| Y
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
Army Page 12 of 46 P-1 Line #16 Volume 1 - 384




UNCLASSIFIED

Exhibit P-5, Cost Analysis: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity:

2034A 101137

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E26904 / PROJ, 155mm ARTY IR
ILLUM, M1066 / M1123 Series [DA56]

ID Code (A=service Ready, B=Not Service Ready) : A

MDAP/MAIS Code:

Resource Summary Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Procurement Quantity (Units in Each) - - - - - -
Gross/Weapon System Cost ($ in Millions) 77.406 - 0.026 0.420 - 0.420
Less PY Advance Procurement ($ in Millions) - - - - - -
Net Procurement (P-1) ($ in Millions) 77.406 - 0.026 0.420 - 0.420
Plus CY Advance Procurement ($ in Millions) - - - - - -
Total Obligation Authority ($ in Millions) 77.406 - 0.026 0.420 - 0.420
(The following Resource Summary rows are for informational purposes only. The corresponding budget requests are documented elsewhere.)
Initial Spares (8 in Millions) ‘ - ‘ - ‘ - ‘ - - ‘ -
Gross/Weapon System Unit Cost ($ in Dollars) ‘ - ‘ - ‘ - ‘ - - ‘ -
Note: Subtotals or Totals in this Exhibit P-5 may not be exact or sum exactly due to rounding.
Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Total Total Total Total Total Total
Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost
Cost Elements (%) (Each) (M) () (Each) (8 M) (%) (Each) (8 M) (%) (Each) (8 M) (%) (Each) (8 M) (%) (Each) ($ M)
Hardware Cost
Recurring Cost
LOAD, ASSEMBLE,
PACK (LAP) 326.82 8,858 2.895 - - - - - - - - - - - - - - -
METAL PARTS SETS 278.94 8,858 2471 - - - - - - - - R R R R R R R
CANISTER BASE
ASSY, 155MM ILLUM 2444 9.035 0221 - - - - - - - - - - . B B ) )
CANISTER MPTS
ASSY, 155MM ILLUM 597 9,035 0539 - - - - - - - - - . . . . ) .
IR ILLUM
CANNISTER 338.12 9,035 3.055 - - - - - - - - - - - - R R R
PARACHUTE
DROGUE
ASSEMBLY, 155MM 17.55 9,035 0.159 - - - - - - - _ _ _ _ _ _ R R
ILLUM
PARACHUTE MAIN
SUPPORTS, 155MM 5.15 36,141 0.186 - - - - - - - - - - - - - - -
ILUM
PARACHUTE MAIN,
155MM ILLUM 38.94 9,035 0.352 - - - - - - - - - - - - - - -
M10 EXPULSION
CHARGE ASSEMBLY 1742 9,035 0.155 - - - - - - - - - . . . ) ) )
DELAY ELEMENT,
155MM ILLUM 80.27 9,035 0.725 - - - - - - - _ _ _ _ _ _ R R
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-5, Cost Analysis: PB 2024 Army

Date: March 2023

2034A 101137

Appropriation / Budget Activity / Budget Sub Activity:

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E26904 / PROJ, 155mm ARTY IR
ILLUM, M1066 / M1123 Series [DA56]

ID Code (A=Service Ready, B=Not Service Ready) . A

MDAP/MAIS Code:

Note: Subtotals or Totals in this Exhibit P-5 may not be exact or sum exactly due to rounding.

Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Total Total Total Total Total Total
Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost
Cost Elements ($) (Each) ($M) ($) (Each) ($M) (Each) ($M) ($) (Each) ($ M) ($) (Each) ($M) ($) (Each) (M)
WOODEN PALLET,
IMX 95.58 1,152 0.110
Subtotal: Recurring Cost 10.868
Subtotal: Hardware Cost 10.868
Support - Acceptance Testing Cost
Acceptance Test 0.124
Subtotal: Support -
Acceptance Testing Cost 0.124
Support - Production Engineering Cost
Production Engineering 66.414 0.026 0.420 0.420
Subtotal: Support -
Production Engineering Cost 66.414 0.026 0.420 0.420
(TG e ST 77.406 0.026 0.420 0.420
Cost ) ) ) )
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-5, Cost Analysis: PB 2024 Army Date: March 2023
Appropriation / Budget Activity / Budget Sub Activity: P-1 Line Item Number / Title: Item Number / Title [DODIC]:
2034A 101137 3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types |E27001 / PROJ, 155mm ARTY Smoke,
M116 Series [D506]

ID Code (A=Service Ready, B=Not Service Ready) . A MDAP/MAIS Code:

Resource Summary Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Procurement Quantity (Units in Each) - - - - - -
Gross/Weapon System Cost ($ in Millions) 7.925 - 5.802 - - -
Less PY Advance Procurement ($ in Millions) - - - - - -
Net Procurement (P-1) ($ in Millions) 7.925 - 5.802 - - -
Plus CY Advance Procurement ($ in Millions) - - - - - -
Total Obligation Authority ($ in Millions) 7.925 - 5.802 - - -

(The following Resource Summary rows are for informational purposes only. The corresponding budget requests are documented elsewhere.)

Initial Spares (8 in Millions) ‘ - ‘ - ‘ - ‘

Gross/Weapon System Unit Cost ($ in Dollars) ‘ - ‘ - ‘ - ‘

Note: Subtotals or Totals in this Exhibit P-5 may not be exact or sum exactly due to rounding.

Planned acquisition of this item involves long lead time procurement with a Depot/Arsenal.

Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Total Total Total Total Total Total
Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost
Cost Elements ($) (Each) ($M) ($) (Each) ($ M) () (Each) ($ M) ($) (Each) ($ M) ($) (Each) ($M) ($) (Each) (M)
Hardware Cost
Recurring Cost
éﬁéE'(ﬁigFMBLE' 980.68 1,050 1.030 - - - 1,046.72 2,138 2.238 - - - - - - - -
155MM M1 - M2
SMOKE CANNISTER 823.00 1,082 0.890 - - - 605.66 2,180 1.320 - - - - - - - -
ASSEMBLY
CASE PROJECTILE 393.95 1,071 0.422 - - - 417.99 2,180 0.911 - - - - - - - -
Subtotal: Recurring Cost - - 2.342 - - - - - 4.469 - - - - - - - -
Subtotal: Hardware Cost - - 2.342 - - - - - 4.469 - - - - - - - -
Support - Acceptance Testing Cost
Acceptance Test - - 0.250 - - - - - 0.150 - - - - - - - -
Aoceptance Tosting Cost : | eaw : : : : | e : : : : : : : :
Support - Production Engineering Cost
Production Engineering - - 5.332 - - - - - 1.182 - - - - - - - -
g:;:leeapcn System . . 7.925 . . . . . 5.802 . . . . . . . .
Remarks:

LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-5, Cost Analysis: PB 2024 Army Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity: P-1 Line Item Number / Title: Item Number / Title [DODIC]:

2034A 101137 3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types |E27001 / PROJ, 155mm ARTY Smoke,
M116 Series [D506]

ID Code (A=service Ready, B=Not Service Ready) : A MDAP/MAIS Code:

LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-5, Cost Analysis: PB 2024 Army

Date: March 2023

2034A 101137

Appropriation / Budget Activity / Budget Sub Activity:

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

M1210 [DZ19]

Item Number / Title [DODIC]:
E27121 / PROJ, 155MM ARTY HE RAP,

ID Code (A=Service Ready, B=Not Service Ready) . B

MDAP/MAIS Code:

Resource Summary Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Procurement Quantity (Units in Each) - - - - - -
Gross/Weapon System Cost ($ in Millions) - - 17.489 2.932 - 2.932
Less PY Advance Procurement ($ in Millions) - - - - - -
Net Procurement (P-1) ($ in Millions) - - 17.489 2.932 - 2.932
Plus CY Advance Procurement ($ in Millions) - - - - - -
Total Obligation Authority ($ in Millions) - - 17.489 2932 - 2932
(The following Resource Summary rows are for informational purposes only. The corresponding budget requests are documented elsewhere.)
Initial Spares (8 in Millions) ‘ - ‘ - ‘ - ‘ - - ‘ -
Gross/Weapon System Unit Cost ($ in Dollars) ‘ - ‘ - ‘ - ‘ - - ‘ -
Note: Subtotals or Totals in this Exhibit P-5 may not be exact or sum exactly due to rounding.
Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Total Total Total Total Total Total
Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost
Cost Elements (%) (Each) (M) () (Each) (8 M) (%) (Each) (8 M) (%) (Each) (8 M) (%) (Each) (8 M) (%) (Each) ($ M)
Hardware Cost
Recurring Cost
COMPLETE
ROUND(™ - - - - - - 15,442.57 1,000 15.443 | 11,840.00 98 1.160 - - - 11,840.00 98 1.160
Subtotal: Recurring Cost - - - - - - - - 15.443 - - 1.160 - - - - - 1.160
Subtotal: Hardware Cost - - - - - - - - 15.443 - - 1.160 - - - - - 1.160
Support - Acceptance Testing Cost
Acceptance Test - - - - - - - - 0.525 - - - - - - - - -
Subtotal: Support -
Acceptance Testing Cost - - - - - - - - 0.525 - - - - - - - - -
Support - Production Engineering Cost
Production Engineering - - - - - - - - 1.521 - - 1.772 - - - - - 1.772
Subtotal: Support -
Production Engineering Cost - - - - - - - - 1.521 - - 1772 - - - - - 1772
Gross/Weapon System . . . . . . . . 17.489 . . 2932 . . . . . 2932
Cost . " "
Remarks:
The M1210 is the new nomenclature for the XM1113ER.
) indicates the presence of a P-5a
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-5a, Procurement History and Planning: PB 2024 Army Date: March 2023
Appropriation / Budget Activity / Budget Sub Activity: P-1 Line Item Number / Title: Item Number / Title [DODIC]:
2034A 101137 3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types |E27121 / PROJ, 155MM ARTY HE RAP,
M1210 [DZ19]
(o] Method/Type Date Specs Date
[ or Award of First Qty Unit Cost | Avail | Revision | RFP Issue
Cost Elements (o] FY Contractor and Location Funding Vehicle Location of PCO Date Delivery (Each) (%) Now?| Available Date
COMPLETE ROUND 2024 TO BE SELECTED / TBSO1 C/CPFF Picatinny Arsenal, NJ May 2024 | May 2025 98| 11,840.00( N
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
Volume 1 - 390
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UNCLASSIFIED

Exhibit P-5, Cost Analysis: PB 2024 Army

Date:

March 2023

Appropriation / Budget Activity / Budget Sub Activity: P-1 Line Item Number / Title:

2034A 101137

3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E27601 / PROJ, ARTY, 155MM HE

M107
ID Code (A=Service Ready, B=Not Service Ready) . A MDAP/MAIS Code:
Resource Summary Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Procurement Quantity (Units in Each) - - - - - -
Gross/Weapon System Cost ($ in Millions) 1,448.371 28.405 - - - -
Less PY Advance Procurement ($ in Millions) - - - - - -
Net Procurement (P-1) ($ in Millions) 1,448.371 28.405 - - - -
Plus CY Advance Procurement ($ in Millions) - - - - - -
Total Obligation Authority ($ in Millions) 1,448.371 28.405 - - - -
(The following Resource Summary rows are for informational purposes only. The corresponding budget requests are documented elsewhere.)
Initial Spares (8 in Millions) ‘ - ‘ - ‘ - ‘ - - ‘ -
Gross/Weapon System Unit Cost ($ in Dollars) ‘ - ‘ - ‘ - ‘ - - ‘ -
Note: Subtotals or Totals in this Exhibit P-5 may not be exact or sum exactly due to rounding.
Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Total Total Total Total Total Total
Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost
Cost Elements (%) (Each) (S M) (%) (Each) (S M) (%) (Each) (S M) (%) (Each) (S M) (%) (Each) (S M) (%) (Each) ($ M)
Hardware Cost
Recurring Cost
LOAD, ASSEMBLE,
PACK (LAP) - - - 688.22 36,000 24.776 - - - R R R R R R R R
Subtotal: Recurring Cost - - - - - 24.776 - - - - - - - - - - -
Subtotal: Hardware Cost - - - - - 24.776 - - - - - - - - - - -
Support - Acceptance Testing Cost
Acceptance Test - - - - - 1.579 - - - - - - R R R R R
First Article Test - - - - - 1.400 - - - - - - - R - R R
Subtotal: Support -
Acceptance Testing Cost - - - - - 2.979 - - - - - - - - - - -
Support - Production Engineering Cost
Production Engineering - - 1,448.371 - - 0.650 - - - - - - R R R R R
Subtotal: Support -
Production Engineering Cost - - | 1448371 . - 0.650 - - - - - . . . . . .
Gross/Weapon System . . 1,448.371 . . 28.405 . . . . . - - - - - -
Cost.
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-5, Cost Analysis: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity:

2034A 101137

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E66501 / PROJ, 155mm ARTY HE RAP,
XM1113 [DA72]

ID Code (A=Service Ready, B=Not Service Ready) . B

MDAP/MAIS Code:

Resource Summary Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Procurement Quantity (Units in Each) - - - - -
Gross/Weapon System Cost ($ in Millions) 46.972 77.264 68.588 26.688 - 26.688
Less PY Advance Procurement ($ in Millions) - - - - -
Net Procurement (P-1) ($ in Millions) 46.972 77.264 68.588 26.688 - 26.688
Plus CY Advance Procurement ($ in Millions) - - - - - -
Total Obligation Authority ($ in Millions) 46.972 77.264 68.588 26.688 - 26.688
(The following Resource Summary rows are for informational purposes only. The corresponding budget requests are documented elsewhere.)
Initial Spares (8 in Millions) ‘ - ‘ - ‘ - - ‘ -
Gross/Weapon System Unit Cost ($ in Dollars) ‘ - ‘ - ‘ - - ‘ -
Note: Subtotals or Totals in this Exhibit P-5 may not be exact or sum exactly due to rounding.
Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Total Total Total Total Total Total
Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost
Cost Elements ($) (Each) ($M) ($) (Each) ($ M) () (Each) ($ M) ($) (Each) ($ M) ($) (Each) ($M) ($) (Each) (M)
Hardware Cost
Recurring Cost
COMPLETE ROUND
xm1113) 12,857.00 897 11.533| 10,070.73 4,492 45.238 9,709.03 4,698 45613 | 11,579.00 1,829 21.178 - - - 11,579.00 1,829 21.178
COMPLETE ROUND
XM1113 ER OAD - - - 14,484.00 540 7.821 - - - - - - - - - - - -
COMPLETE ROUND
XM1113 ER UVR™ - - - 14,484.00 506 7.329 - - - - - - - - - - - -
Subtotal: Recurring Cost - - 11.533 - - 60.388 - - 45.613 - - 21.178 - - - - - 21.178
Non Recurring Cost
Test Hardware - - 25.169 - - 6.790 - - 4175 - - 0.810 - - - - - 0.810
Sublotal: Non Recurring - - 25.169 - - 6.790 - - 4175 - - 0810 - - - - - 0810
Subtotal: Hardware Cost - - 36.702 - - 67.178 - - 49.788 - - 21.988 - - - - - 21.988
Support - Acceptance Testing Cost
Acceptance Test - - 1.386 - - 2.595 - - 0.800 - - 1.200 - - - - - 1.200
izf;‘;’gﬂf:"r‘e’g:"g Cost . . 1.386 . . 2.595 . . 0.800 . . 1.200 . . . . . 1.200
Support - Fielding Cost
Fielding - - 0.199 - - - - - - - - - - - - - - -
Subtotal: Support - Fielding . . 0.199 . . . . . . . . . . . . . . .
Cost
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED Voloms 1-392
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UNCLASSIFIED

Exhibit P-5, Cost Analysis: PB 2024 Army Date: March 2023
Appropriation / Budget Activity / Budget Sub Activity: P-1 Line Item Number / Title: Item Number / Title [DODIC]:
2034A 101137 3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types |E66501 / PROJ, 155mm ARTY HE RAP,
XM1113 [DA72]
ID Code (A=Service Ready, B=Not Service Ready) . B MDAP/MAIS Code:
Note: Subtotals or Totals in this Exhibit P-5 may not be exact or sum exactly due to rounding.
Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Total Total Total Total Total Total
Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost
Cost Elements ($) (Each) ($M) ($) (Each) ($M) (%) (Each) ($M) (%) (Each) ($M) (%) (Each) ($ M) (%) (Each) (8 M)
Support - Non-Recurring Support Cost
Facilitization 15.000
Subtotal: Support - Non-
Recurring Support Cost - - - - - - - - 15.000
Support - Production Engineering Cost
Production Engineering - - 7.151 - - 6.087 - - 3.000 3.500 - - - - - 3.500
Subtotal: Support -
Production Engineering Cost 7.151 - - 6.087 - - 3.000 - - 3.500 3.500
Support - System Engineering Cost
Weapons Fire Control - - 1.534 - - 1.404
Subtotal: Support - System 1.534 1.404
Engineering Cost - - - - - -
e . . 46.972 . . 77.264 . . 68.588 . . 26688 26688

) indicates the presence of a P-5a

LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED Volume 1-393
Army Page 21 of 46 P-1 Line #16




UNCLASSIFIED

Exhibit P-5a, Procurement History and Planning: PB 2024 Army

Date: March 2023

2034A 101137

Appropriation / Budget Activity / Budget Sub Activity:

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E66501 / PROJ, 155mm ARTY HE RAP,
XM1113 [DA72]

(o] Method/Type Date Specs Date
[ or Award of First Qty Unit Cost | Avail | Revision | RFP Issue
Cost Elements (o] FY Contractor and Location Funding Vehicle Location of PCO Date Delivery (Each) (%) Now?| Available Date
COMPLETE ROUND XM1113(1) GDOTS -SEATTLE PICATINNY
2022 | SEATTLE, WA - SS | CPFF ARSENAL, NJ Feb 2022 Feb 2024 4,492| 10,070.73| N Aug 2021
COMPLETE ROUND XxM1113(") 2023 TO BE SELECTED / TBSO01 CICPIF AESSILNLNLJ Aug 2023 Aug 2025 4,698 9,709.03| N
COMPLETE ROUND XxM1113(" 2024 TO BE SELECTED / TBSO1 CICPIF AFF’{'gQILNLNLJ Mar 2024 Mar 2026 1,829 11,579.00| Y
COMPLETE ROUND XM1113 ER 2022 | GDOTS - SEATTLE / SEATTLE, WA SS/ CPFF Rsaolg Jan2022 | Jul2023 540| 1448400 N | Aug2021
COMPLETE ROUND XM1113 ER R PICATINNY
MR 2022 | GDOTS - SEATTLE * / SEATTLE, WA. SS/CPIF ARSENAL, NJ Feb 2022 Feb 2024 506| 14,484.00| N Aug 2021
( indicates the presence of a P-21
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-21, Production Schedule: PB 2024 Army

Date: March 2023

2034A 101137

Appropriation / Budget Activity / Budget Sub Activity:

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E66501 / PROJ, 155mm ARTY HE RAP,
XM1113 [DA72]

Cost Elements B
(Units in Each) Fiscal Year 2022 Fiscal Year 2023 A
ACCEPT Calendar Year 2022 Calendar Year 2023 L
M PRIOR | BAL A
o|F TO01 | DUE | ©O N D J F [ A M J J A s o N D J F [ A M J J s N
c|[R PROC | OCT |ASOF| C o E A E A P A u ] u E c o E A E A P A u u u E c
o|#| FY | SERVICE | QTY | 2021 |10CT| T v c N B R R Y N L G P T v c N B R R Y N L P E
COMPLETE ROUND XM1113
Prior Years Deliveries: 897
2] 2022 [ ARMY 4,492 of 4492 [ A- [ [ [ [ [ -1 -1 [ [ [ [ - ] 1 [ s
1| 2023 | ARMY 4,698 0| 4698 [ A- ] - [ aess
1] 2024 [ARMY 1,829 o] 1829 1,829
o N D J F J J s o N D J F A [ J J s
c o E A E A P A u u u E c o E A E A P A 1] u u E
T v c N B N L P T v c N B R Y N L P
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-21, Production Schedule: PB 2024 Army

Date: March 2023

2034A 101137

Appropriation / Budget Activity / Budget Sub Activity:

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

XM1113 [DA72]

Item Number / Title [DODIC]:
E66501 / PROJ, 155mm ARTY HE RAP,

Cost Elements B
(Units in Each) Fiscal Year 2024 Fiscal Year 2025 A
ACCEPT Calendar Year 2024 Calendar Year 2025 L
m PRIOR | BAL A
O|F TO1 DUE o N D J F m A M J J A S o N D J F L A m J J s N
C|R PROC OCT |ASOF [ [ E A E A P A u u u E [ o E A E A P A u u u E c
O |#| FY SERVICE QTy 2023 10CT T v c N B R R Y N L G P T \ c N B R R Y N L P E
COMPLETE ROUND XM1113
Prior Years Deliveries: 897
2| 2022 |ARMY 4,492 0| 4,492 700 700 3,092
1] 2023 |[ARMY 4,698 0| 4,698 - - 1,000| 1,000| 2,698
1| 2024 | ARMY 1,829 0| 1829 A- R - - R - R - - | 1829
o N D J F m J J S o N D J F A J J S
[ o E A E A P A u u u E [ o E A E A P A u u u E
T \ c N B R N L P T v c N B R N L P
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-21, Production Schedule: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity:
2034A 101137

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E66501 / PROJ, 155mm ARTY HE RAP,
XM1113 [DA72]

Cost Elements B
(Units in Each) Fiscal Year 2026 Fiscal Year 2027 A
ACCEPT Calendar Year 2026 Calendar Year 2027 L
m PRIOR | BAL A
O|F TO1 DUE o N D J F m A M J J A S o N D J F L A m J J A s N
C|R PROC OCT |ASOF [ [ E A E A P A u u u E [ o E A E A P A u u u E c
O |#| FY SERVICE QTy 2025 10CT T v c N B R R Y N L G P T \ c N B R R Y N L G P E
COMPLETE ROUND XM1113
Prior Years Deliveries: 897
2| 2022 |ARMY 4,492 1,400| 3,092 3,092
1] 2023 |[ARMY 4,698 2,000| 2,698| 1,000 1,000 698 0
1] 2024 | ARMY 1,829 0| 1,829 - - - 1,000 829 0
o N D J m A J J S o N D J F A J J S
[ o E A E A P A u u u E [ o E A E A P A u u u E
T \ c N B R R N L P T v c N B R N L P
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-21, Production Schedule: PB 2024 Army Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity: P-1 Line Item Number / Title: Item Number / Title [DODIC]:

2034A 101137 3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types |E66501 / PROJ, 155mm ARTY HE RAP,

XM1113 [DAT72]
Production Rates (Each / Month) P Leadtime (Months)
MER Initial Reorder
Ref Manufacturer ALT ALT Manufacturing Total ALT ALT Manufacturing Total
# Name - Location MSR For 2024 | 1-8-5For 2024 | MAX For 2024 Prior to Oct 1 After Oct 1 PLT After Oct 1 Prior to Oct 1 After Oct 1 PLT After Oct 1

1|TO BE SELECTED - TBS01 500 1,000 1,500 6 6 24 30 6 6 24 30
2 gED,STTTSL_ES.S\?/I. TLE™- 500 1,000 1,500 0 0 0 0 0 0 0 0

"A" in the Delivery Schedule indicates the Contract Award Date.

Note: Due to space limitations, quantities in the Exhibit P-21 delivery calendar are truncated and rounded based on the maximum quantity in the calendar as follows. If the maximum quantity is less than or equal to than 9,999, all quantities
are shown as each. If the maximum quantity is between 10,000 and 999,999 all quantities are shown in thousands. If the maximum quantity is between 1,000,000 and 999,999,999 all quantities are shown in millions (rounded to the nearest
thousand).If the maximum quantity is equal or greater than 1,000,000,000 all quantities are shown in billions (rounded to the nearest million).

LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-5, Cost Analysis: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity:

2034A 101137

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E66800 / PROJ, 155mm ARTY HE,
M795 [D529]

ID Code (A=service Ready, B=Not Service Ready) : A

MDAP/MAIS Code:

Resource Summary Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Procurement Quantity (Units in Each) - - - - - -
Gross/Weapon System Cost ($ in Millions) 1,092.624 436.702 41.199 52.787 - 52.787
Less PY Advance Procurement ($ in Millions) - - - - - -
Net Procurement (P-1) ($ in Millions) 1,092.624 436.702 41.199 52.787 - 52.787
Plus CY Advance Procurement ($ in Millions) - - - - - -
Total Obligation Authority ($ in Millions) 1,092.624 436.702 41.199 52.787 - 52.787
(The following Resource Summary rows are for informational purposes only. The corresponding budget requests are documented elsewhere.)
Initial Spares (8 in Millions) ‘ - ‘ - ‘ - ‘ - - ‘ -
Gross/Weapon System Unit Cost ($ in Dollars) ‘ - ‘ - ‘ - ‘ - - ‘ -
Note: Subtotals or Totals in this Exhibit P-5 may not be exact or sum exactly due to rounding.
Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Total Total Total Total Total Total
Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost
Cost Elements (%) (Each) (M) () (Each) (8 M) (%) (Each) (8 M) (%) (Each) (8 M) (%) (Each) (8 M) (%) (Each) ($ M)
Hardware Cost
Recurring Cost
LOAD, ASSEMBLE,
() 270.78 831,911 225.268 357.83 241,781 86.516 280.50 47,692 13.378 378.98 35,804 13.569 - - - 378.98 35,804 13.569
PACK (LAP)
155MM METAL BODY
pARTS( 395.37 395,501 156.371 459.38 246,616 113.290 482.86 48,646 23.489 930.00 36,520 33.964 - - - 930.00 36,520 33.964
SUPPLEMENTARY
CHARGE 1213 395,500 4.798 11.60 246,616 2.861 12.25 48,646 0.596 12.49 36,520 0.456 - - - 12.49 36,520 0.456
PROJECTILE(")
*SUPPLEMENTARY
CHARGE - - - 12.01 36,720 0.441 - - - - - - - - - - - -
PROJECTILE™
WOODEN PALLETS 124.42 57,439 7.146 - - - - - R R R R R R R R R R
Subtotal: Recurring Cost - - 393.584 - - 203.109 - - 37.463 - - 47.989 - - - - - 47.989
Subtotal: Hardware Cost - - 393.584 - - 203.109 - - 37.463 - - 47.989 - - - - - 47.989
Support - Acceptance Testing Cost
Acceptance Test - - 1.290 - - 0.820 - - 0.288 - - 0.161 - - - - - 0.161
Subtotal: Support -
Acceptance Testing Cost - - 1.290 - - 0.820 - - 0.288 - - 0.161 - - - - - 0.161
Support - Government Furnished Materials Cost
Government Furnished ‘ . ‘ . ‘ . ‘ . . ‘ 044t . ‘ . ‘ . ‘ . ‘ . ‘ . ‘ . ‘ . ‘ . ‘ . ‘ . ‘ .
Materials
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED | Voloms 1-399
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UNCLASSIFIED

Exhibit P-5, Cost Analysis: PB 2024 Army Date: March 2023
Appropriation / Budget Activity / Budget Sub Activity: P-1 Line Item Number / Title: Item Number / Title [DODIC]:
2034A 101137 3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types |E66800 / PROJ, 155mm ARTY HE,
M795 [D529]
ID Code (A=Service Ready, B=Not Service Ready) . A MDAP/MAIS Code:
Note: Subtotals or Totals in this Exhibit P-5 may not be exact or sum exactly due to rounding.
Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Total Total Total Total Total Total
Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost
Cost Elements ($) (Each) ($M) ($) (Each) ($M) ($) (Each) ($M) ($) (Each) ($ M) ($) (Each) ($M) ($) (Each) (M)
Subtotal: Support -
Government Furnished - - - - - -0.441 - - - - - - - - - - - -

Materials Cost

Support - Industrial Facilities Cost

lowa Army Ammunition

Plant (AAP) N N 10.000 N N N N N N N N N N N N N N N
Subtotal: Support - Industrial
Facilities Cost : : 10.000 : - : : : - : : : : : : : - :
Support - Non-Recurring Support Cost

Facilitization - - 0.876 - - 230.000 - - - - - - - - - - - -
Subtotal: Support - Non- . . 0.876 . . 230000 . . . . . . . . . . . .

Recurring Support Cost

Support - Production Engineering Cost

Production Engineering - - 686.041 - - 3.215 - - 3.448 - - 4.637 - - - - - 4.637

Subtotal: Support -

Production Engineering Cost - - 686.041 - - 3.215 - - 3.448 - - 4.637 - - - . . 4637
Support - System Engineering Cost

Weapons Fire Control - - 0.833 - - - - - - - - - - - - - - -
Sub{o!a!.‘ ‘Supporf - System . . 0.833 . . - - . . - - - - - - - - -
Engineering Cost
g;t;:sIWeapon System . . 1,002.624 . . 436.702 . - 41.199 - o 52.787 - - - - - 52.787
1 indicates the presence of a P-5a

LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-5a, Procurement History and Planning: PB 2024 Army Date: March 2023
Appropriation / Budget Activity / Budget Sub Activity: P-1 Line Item Number / Title: Item Number / Title [DODIC]:
2034A101/37 3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types |E66800 / PROJ, 155mm ARTY HE,
M795 [D529]
(o] Method/Type Date Specs Date
[ or Award of First Qty Unit Cost | Avail | Revision | RFP Issue
Cost Elements (o] FY Contractor and Location Funding Vehicle Location of PCO Date Delivery (Each) (%) Now?| Available Date
LOAD, ASSEMBLE, PACK (LAP) AMERICAN ORDNANCE LLC ) ROCK ISLAND
(LAP) 2022 (IAAP) | MIDDLETOWN, 1A Option / IDIQ ARSENAL. IL Jul 2022 Jul 2025 241,781 357.83| Y
LOAD, ASSEMBLE, PACK (LAP) AMERICAN ORDNANCE LLC ) ROCK ISLAND
(LAP) 2023 (IAAP) / MIDDLETOWN, 1A Option / IDIQ ARSENAL. IL May 2023 | May 2026 47,692 280.50| Y
LOAD, ASSEMBLE, PACK (LAP) AMERICAN ORDNANCE LLC ) ROCK ISLAND
(LAP) 2024 (IAAP) / MIDDLETOWN, 1A Option / IDIQ ARSENAL. IL May 2024 | May 2027 35,804 378.98| Y
155MM METAL BODY PARTS GENERAL DYNAMICS ORD ) PICATINNY
2022 AND TACT / SCRANTON, PA Option / IDIQ ARSENAL, NJ Jun2022 | Dec2023 246,616 459.38| Y
155MM METAL BODY PARTS GENERAL DYNAMICS ORD ) PICATINNY
2023 AND TACT / SCRANTON, PA Option / IDIQ ARSENAL, NJ Aug 2023 | Feb 2025 48,646 482.86| Y
155MM METAL BODY PARTS GENERAL DYNAMICS ORD ) PICATINNY
2024 AND TACT / SCRANTON, PA Option / IDIQ ARSENAL, NJ Aug 2024 | Feb 2026 36,520 930.00| Y
SUPPLEMENTARY CHARGE ACCURATE ENERGETIC ROCK ISLAND
PROJECTILE 2022 SYSTEMS, / MC EWEN, TN cripia ARSENAL, IL Feb2023 | Aug 2024 246616 1601 ¥
SUPPLEMENTARY CHARGE ROCK ISLAND
PROJEGTILE 2023 TO BE SELECTED / TBSO01 c/ipiQ ARSENAL IL Feb2023 | Aug 2024 48,646 1225 Y
SUPPLEMENTARY CHARGE ROCK ISLAND
PROJECTILE 2024 TO BE SELECTED / TBS01 c/IblQ ARSENAL. IL Feb 2024 | Aug 2025 36,520 1249] Y
*SUPPLEMENTARY CHARGE GOVERNMENT FURNISHED ROCK ISLAND
PROJECTILE 2022 MATERIAL / STOCK ISSUE, GFM ARSENAL, IL Feb2023 | Aug 2024 36,720 12011 N

M indicates the presence of a P-21

Remarks:
Pallets are procured as part of the Metal Parts Contract Award.

LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-21, Production Schedule: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity:
2034A 101137

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E66800 / PROJ, 155mm ARTY HE,
M795 [D529]

Cost Elements B
(Units in Thousands) Fiscal Year 2022 Fiscal Year 2023 A
ACCEPT Calendar Year 2022 Calendar Year 2023 L
m PRIOR | BAL A
O|F TO1 DUE o N D J F m A M J J A S o N D J F L A m J J A s N
C|R PROC OCT |ASOF [ [ E A E A P A u u u E [ o E A E A P A u u u E c
O |#| FY SERVICE QTy 2021 10CT T v c N B R R Y N L G P T \ c N B R R Y N L G P E
LOAD, ASSEMBLE, PACK (LAP)
Prior Years Deliveries: 831911
1] 2022 | ARMY 241.781 .000 | 241.781 A - 241.781)
1] 2022 |mc® 15.304 1000 | 15.304 A- 15.304
1| 2022 | Total 257.085 .000 | 257.085 257.085
1] 2023 | ARMY 47.692 .000 | 47.692 A - 47.692
1] 2024 | ARMY 35.804 .000 | 35.804 35.804
1] 2024 |mc® 7.005 000| 7.005 7.005
1| 2024 | Total 42.809 .000 | 42.809 42.809
o N D J F M A J J S o N D J F A M J J S
[ o E A E A P A u u u E [ o E A E A P A u u u E
T \ [ N B R R N L P T \ c N B R N L P
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
Volume 1 - 402
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UNCLASSIFIED

Exhibit P-21, Production Schedule: PB 2024 Army Date: March 2023
Appropriation / Budget Activity / Budget Sub Activity: P-1 Line Item Number / Title: Item Number / Title [DODIC]:
2034A 101137 3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types |E66800 / PROJ, 155mm ARTY HE,
M795 [D529]
Cost Elements B
(Units in Thousands) Fiscal Year 2024 Fiscal Year 2025 A
ACCEPT Calendar Year 2024 Calendar Year 2025 L
LU PRIOR BAL A
O |F TO1 DUE o N D J F A M J J A S o N D J F M A LU J J A s N
C|R PROC ocT AS OF [ [ E A E A P A u u u E [ o E A E A P A u u u E c
O |#| FY SERVICE Qty 2023 10CT T v [ N B R Y N L G P T \' c N B R R Y N L G P E
LOAD, ASSEMBLE, PACK (LAP)
Prior Years Deliveries: 831911
1| 2022 | ARMY 241.781 .000 | 241.781 6.288| 6.279| 6.279222.935
1] 2022 {pmc® 15.304 .000| 15.304 3.213| 3.213| 2447 6.431
1| 2022 | Total 257.085 .000 | 257.085 9.501| 9.492| 8.726229.366
1| 2023 | ARMY 47.692 .000 | 47.692 - - - 47.692
1] 2024 | ARMY 35.804 .000 | 35.804 A - 35.804
1] 2024 |pmc@® 7.005 .000| 7.005 A - 7.005
1| 2024 | Total 42.809 .000 | 42.809 - - - - - 42.809
o N D J F M A J J s o N D J F A m J J s
[ (o] E A E A P A u u u E [ o E A E A P A u u u E
T \2 c N B R R N L P T v c N B R Y N L P
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-21, Production Schedule: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity:

2034A 101137

P-1 Line Item Number / Title:

3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E66800 / PROJ, 155mm ARTY HE,
M795 [D529]

Cost Elements B
(Units in Thousands) Fiscal Year 2026 Fiscal Year 2027 A
ACCEPT Calendar Year 2026 Calendar Year 2027 L
m PRIOR | BAL A
O|F TO1 DUE o N D J F m A M J J A S o N D J F L A m J J A s N
C|R PROC OCT |ASOF [ [ E A E A P A u u u E [ o E A E A P A u u u E c
O |#| FY SERVICE QTy 2025 10CT T v c N B R R Y N L G P T \ c N B R R Y N L G P E
LOAD, ASSEMBLE, PACK (LAP)
Prior Years Deliveries: 831911
1] 2022 | ARMY 241.781 18.846 | 222,935 6.279| 6.279| 24.000| 24.000 | 24.000 | 24.000 | 11.826 | 17.718 | 17.718 | 17.718| 17.718 | 17.718| 13.961 .000
1] 2022 |mc® 15304| 8873| 6.431| 3218| 3213 - - - - - - - - 1000
1| 2022 | Total 257.085| 27.719|229.366 9.497 | 9.492| 24.000 | 24.000 | 24.000 | 24.000 | 11.826 | 17.718 | 17.718 | 17.718 | 17.718 | 17.718 | 13.961 - - - - - - - ‘ - ‘ - ‘ - ‘ - .000
1] 2023 | ARMY 47.692 .000 | 47.692 - - - - - - - 2.000| 2.000| 2.000| 2.000| 2.000| 2.000| 2.000| 6.738| 6.738| 6.738| 6.738| 6.740 .000
1] 2024 | ARMY 35.804 .000 | 35.804 - - - - - - - - - - - - - - - - - - 2984 | 2984| 2984| 2.984| 2.984|20.884
1| 2024 [mc® 7.005 .000| 7.005 - - - - - - - - - - - - - - - - - - 583| 583 .583| .583| .583| 4.090
1| 2024 | Total 42.809 .000 | 42.809 - - - - - - - - - - - - - - - - - 3.567 | 3.567| 3.567| 3.567| 3.567|24.974
o N D J F M A J J s o N D J F A M J J A S
[ o E A E A P A u u u E [ o E A E A P A u u u E
T \ [ N B R R N L P T \ c N B R Y N L G P
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
. Volume 1 - 404
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UNCLASSIFIED

Exhibit P-21, Production Schedule: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity:
2034A 101137

P-1 Line Item Number / Title:

3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E66800 / PROJ, 155mm ARTY HE,

M795 [D529]

Cost Elements B
(Units in Thousands) Fiscal Year 2028 Fiscal Year 2029 A
ACCEPT Calendar Year 2028 Calendar Year 2029 L
M PRIOR | BAL A
o|F T01 | DUE | © N D J F M A ] J J A s o N D J F M A ™ J J s N
c|RrR PROC | OCT |ASOF| C o E A E A P A u u u E c o E A E A P A u u u E c
o|#| FY | SERVICE | QTY | 2027 |[10CT| T \ c N B R R Y N L G P T v c N B R R Y N L P E
LOAD, ASSEMBLE, PACK (LAP)
Prior Years Deliveries: 831911
1| 2022 | ARMY 241.781| 241.781| .000 .000
1| 2022 [mc® 15.304| 15.304| .000 .000
1| 2022 | Total 257.085| 257.085) w00 - [ -] -] -] -] [ [ [ -] [ [ [ [ -] - ] - ] [ [ 1000
1 2023 |ARMY 47.692| 47.692| 000 .000
1| 2024 |ARMY 35.804| 14.920|20.884| 2984| 2984| 2.984| 2984| 2984| 2.984| 2.980 .000
1| 2024 [Mc® 7.005| 2915| 4.090| .583| .583| .583| .583| .583| .583| .592 .000
1| 2024 | Total 42.809| 17.835|24.974| 3.567| 3.567| 3.567| 3.567| 3.567| 3.567| 3.572 - - - - - - - - - .000
o N D J F ™ A J J s o N D J F A [ J J s
c o E A E A P A 1] u u E c o E A E A P A 1] 1] u E
T v c N B R R N L P T v c N B R Y N L P
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
. Volume 1 - 405
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UNCLASSIFIED

Exhibit P-21, Production Schedule: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity:
2034A 101137

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E66800 / PROJ, 155mm ARTY HE,
M795 [D529]

Production Rates (Each / Month) P Lead: (Months)
MER Initial Reorder
Ref Manufacturer ALT ALT Manufacturing Total ALT ALT Manufacturing Total
# Name - Location MSR For 2024 | 1-8-5For 2024 | MAX For 2024 Prior to Oct 1 After Oct 1 PLT After Oct 1 Prior to Oct 1 After Oct 1 PLT After Oct 1
1|AMERICAN ORDNANCE
LLC (IAAP) - MIDDLETOWN, 8,100 16,000 24,000 12 12 36 48 8 8 36 44
1A

"A" in the Delivery Schedule indicates the Contract Award Date.

thousand).If the maximum quantity is equal or greater than 1,000,000,000 all quantities are

@ Delivery rows marked with this symbol indicate that they are funded through a separate Line Item. See the respective components' exhibits for details, including the full delivery schedule.

Note: Due to space limitations, quantities in the Exhibit P-21 delivery calendar are truncated and rounded based on the maximum quantity in the calendar as follows. If the maximum quantity is less than or equal to than 9,999, all quantities
are shown as each. If the maximum quantity is between 10,000 and 999,999 all quantities are shown in thousands. If the maximum quantity is between 1,000,000 and 999,999,999 all quantities are shown in millions (rounded to the nearest

shown in billions (rounded to the nearest million).

LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types
Army

UNCLASSIFIED
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UNCLASSIFIED

Exhibit P-5, Cost Analysis: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity:

2034A 101137

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E67800 / PROJ, 155mm ARTY WP
Smoke, M825 / M825A1 [D528]

ID Code (A=service Ready, B=Not Service Ready) : A

MDAP/MAIS Code:

Resource Summary Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Procurement Quantity (Units in Each) - - - - - -
Gross/Weapon System Cost ($ in Millions) 271.947 23.281 23.240 - - -
Less PY Advance Procurement ($ in Millions) - - - - - -
Net Procurement (P-1) ($ in Millions) 271.947 23.281 23.240 - - -
Plus CY Advance Procurement ($ in Millions) - - - - - -
Total Obligation Authority ($ in Millions) 271.947 23.281 23.240 - - -
(The following Resource Summary rows are for informational purposes only. The corresponding budget requests are documented elsewhere.)
Initial Spares (8 in Millions) ‘ - ‘ - ‘ - ‘ - - ‘ -
Gross/Weapon System Unit Cost ($ in Dollars) ‘ - ‘ - ‘ - ‘ - - ‘ -
Note: Subtotals or Totals in this Exhibit P-5 may not be exact or sum exactly due to rounding.
Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Total Total Total Total Total Total
Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost
Cost Elements (%) (Each) (S M) (%) (Each) (S M) (%) (Each) (S M) (%) (Each) (S M) (%) (Each) (S M) (%) (Each) ($ M)
Hardware Cost
Recurring Cost
LOAD, ASSEMBLE,
PACK (LAP)“) 551.43 10,892 6.006 648.82 7,716 5.006 661.80 7,867 5.206 - - - - - - N - -
S & AMODULE(" - - - - - - 31.83 8,024 0.255 - - - - - - - - R
*s & AMODULE™ 3061 11,110 0.340 3121 8,102 0.253 - - - - - - - R B R B R
DELAY ELEMENT! 105.06 11,110 1.167 106.87 8,102 0.866 109.30 8,024 0.877 - - - - - - - - R
155MM SMOKE
CANNISTERD 865.30 11,110 9.613 863.19 8,102 6.994 880.46 8,024 7.065 - - - - - - - - -
RETAINERS(" 9.24 11,110 0.103 25.51 8,102 0.207 26.02 8,024 0.209 - - - - - - - - R
PROJ BODY 155MM
a2 655.13 11,110 7.278 682.07 9,591 6.542 695.23 8,024 5.579 - - - - - - - - -
CHARGE
ASSEMBLY £XPULSION( 24.41 11,110 0.271 22.90 8,102 0.186 25.40 8,024 0.204 - - - - - - - - -
Subtotal: Recurring Cost - - 24.779 - - 20.053 - - 19.395 - - - - - - - - -
Subtotal: Hardware Cost - - 24.779 - - 20.053 - - 19.395 - - - - - - - - -
Support - Acceptance Testing Cost
Acceptance Test - - 245.069 - - 0.124 - - 0.176 - - - - - - - - -
First Article Test - - - - - 0.472 - - - - - - - - - - - -
Acceptance Tosting Cost - - | 245000 - - 059 - - 0176 . - - - - ; . . ]
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED Vol 1207
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UNCLASSIFIED

Exhibit P-5, Cost Analysis: PB 2024 Army

Date: March 2023

2034A 101137

Appropriation / Budget Activity / Budget Sub Activity:

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E67800 / PROJ, 155mm ARTY WP
Smoke, M825 / M825A1 [D528]

ID Code (A=Service Ready, B=Not Service Ready) . A

MDAP/MAIS Code:

Note: Subtotals or Totals in this Exhibit P-5 may not be exact or sum exactly due to rounding.

Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Total Total Total Total Total Total
Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost
Cost Elements ($) (Each) ($M) ($) (Each) ($M) ($) (Each) ($M) ($) (Each) ($ M) ($) (Each) ($M) ($) (Each) (M)
Support - Engineering Change Proposals Cost
Engineering Change 0.018
Proposals B
Subtotal: Support -
Engineering Change 0.018
Proposals Cost
Support - Government Furnished Materials Cost
Government Furnished 0.340 0.253
Materials - e
Subtotal: Support -
Government Furnished -0.340 -0.253
Materials Cost
Support - Production Engineering Cost
Production Engineering 2439 2.867 3.669
Subtotal: Support -
Production Engineering Cost 2439 2.867 3.669
Gross/Weapon System 271.947 23.281 23.240
Cost . - -
) indicates the presence of a P-5a
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED Volume 1 - 408
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UNCLASSIFIED

Exhibit P-5a, Procurement History and Planning: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity:

2034A 101137

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E67800 / PROJ, 155mm ARTY WP
Smoke, M825 / M825A1 [D528]

(o] Method/Type Date Specs Date
[ or Award of First Qty Unit Cost | Avail | Revision | RFP Issue
Cost Elements (o] FY Contractor and Location Funding Vehicle Location of PCO Date Delivery (Each) (%) Now?| Available Date
LOAD, ASSEMBLE, PACK (LAP) 2022 P"‘,‘,Eﬁ"EUgfu’f;’sigA" PO AEgé,IL"‘L’?‘L ) Feb2022 | Feb2025 7.716|  e4882| Y
LOAD, ASSEMBLE, PACK (LAP) 2023 P"‘,‘EI?\‘"EUng’f;’SigAL PO Aggé,&”d“; ) Feb2023 | Feb2026 7867|  661.80| Y
S &AMODULE 2023 Accgrlv?P’\m‘?’;‘g;fscTTng\f Option /1DIQ Aggé,u‘i’m ) Mar2023 | Sep 2024 8,024 31.83| v
'S & AMODULE 2022 (I?Ac/)\\'f'IIEERR’I\‘A“ﬁE,;TFggE'\I“SSSTJiD GFM AEgé,ILNL’m ) Mar2022 | Sep2023 8,102 3121 N
DELAY ELEMENT 2022 SRAE Ry :NNIIE'\,AI(I)\I PO AFF’{'SC@JLNL”“L : Feb2022 | Aug 2023 8,102 106.87| Y
DELAY ELEMENT 2023 fgﬁ{‘,ﬁf:?g;ﬁ,\‘“’g\”'m PO AFF;ISC@JKT_’,\‘L : Feb2023 | Feb2025 8,024 10930 Y
155MM SMOKE CANNISTER 2022 Egﬁcﬁﬁg&”&"y"m PO A?gé;g‘l‘_’?‘:‘ ) Feb2022 | Aug2023 8,102 863.19| Y
155MM SMOKE CANNISTER 2023 SRANE ARy :NNI'E'\"'% PO A';'gé‘;,'{]‘_’y“p : Feb2023 | Feb2025 8024| 88046 Y
RETAINERS 2022 Egﬁcﬁf:?g;‘:‘h"@"m PO A’:gé\;/'{‘l‘_’m ) Feb2022 | Aug2023 8,102 2551 v
RETAINERS 2023 RN Ry :N“’I‘E"ff:l PO AFR,ISCQI.\IFII\,\I‘_,,\‘L ) Feb2023 | Feb2025 8,024 26.02| Y
PROJ BODY 155MM M825 2022 ',"’\'JE%ETFEE{"\‘/S”_ELE?S: Option / IDIQ i%%g&"ﬂf Jan2022 | Jul2023 9,591 682.07| Y
PROJBODY 155MM M825 2023 II"(‘I;IFEDSEI'FEE{’\\‘/SILELgég: Option / IDIQ F;\%CSS\JSALSTP Mar2023 | Sep 2024 8,024 695.23| Y
2g§ERlﬁ§LY,EXPULSION 2022 praayite ThcA;:NME'\.Aﬁ)J PO AFFZ'SCQJ/';NQ'EJ Feb2022 | Aug2023 8,102 2290) Y
2SSAER§BELY,EXPULSION 2023 praayie ?g;:NN:E“.Aﬁl PO AFl;’Igél.\lr/I{\‘L’,\‘LJ Feb2023 | Feb2025 8,024 2540 Y
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED Voloms 1200
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UNCLASSIFIED

Exhibit P-5, Cost Analysis: PB 2024 Army

Date: March 2023

2034A 101137

Appropriation / Budget Activity / Budget Sub Activity:

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

XM1128 [DA70]

Item Number / Title [DODIC]:
E67802 / PROJ, 155mm ARTY HE-BB,

ID Code (A=service Ready, B=Not Service Ready) : B

MDAP/MAIS Code:

Resource Summary Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total

Procurement Quantity (Units in Each) - - - - - -
Gross/Weapon System Cost ($ in Millions) - 16.961 53.825 65.512 - 65.512

Less PY Advance Procurement ($ in Millions) - - - - - -
Net Procurement (P-1) ($ in Millions) - 16.961 53.825 65.512 - 65.512

Plus CY Advance Procurement ($ in Millions) - - - - - -
Total Obligation Authority ($ in Millions) - 16.961 53.825 65.512 - 65.512

(The following Resource Summary rows are for informational purposes only. The corresponding budget requests are documented elsewhere.)
Initial Spares (8 in Millions) ‘ - ‘ - ‘ - ‘ - - ‘ -
Gross/Weapon System Unit Cost ($ in Dollars) ‘ - ‘ - ‘ - ‘ - - ‘ -
Note: Subtotals or Totals in this Exhibit P-5 may not be exact or sum exactly due to rounding.
Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total

Total Total Total Total Total Total

Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost

Cost Elements ($) (Each) ($M) ($) (Each) ($ M) () (Each) ($ M) ($) (Each) ($ M) ($) (Each) ($M) ($) (Each) (M)
Hardware Cost

Recurring Cost

LOAD, ASSEMBLE,

) - - - 1,654.78 3,164 5236| 1,623.14 7,204 11.693|  1,541.51 16,950 26.129 - - 1,541.51 16,950 26.129
PACK (LAP)
METAL PART,
1128 - - - 1,185.62 3,575 4239|  1,209.82 7,564 9.151 1,234.21 17,797 21.965 - - 1,234.21 17,797 21.965
EXPLOSIVE FILL
x-104D - - - 24.89 82,264 2,048 24.15 187,304 4523 26.13 440,700 11515 - - 26.13 440,700 11515
WOODEN PALLET,
) - - - 143.89 41 0.059 146.77 937 0.138 149.69 2,203 0.330 - - 149.69 2,203 0.330
MELTABLE FUZE
pLUGH - - - 8.57 3,227 0.028 8.74 7,348 0.064 8.91 17,289 0.154 - - 8.91 17,289 0.154
SUPPLEMENTAL

Iy - - - 24.35 3,227 0.079 24.84 7,348 0.183 25.32 17,289 0.438 - - 25.32 17,289 0.438

CHARGE, PBXNY!

Subtotal: Recurring Cost - - - - - 11.687 - - 25.752 - - 60.531 - - - - 60.531
Subtotal: Hardware Cost - - - - - 11.687 - - 25.752 - - 60.531 - - - - 60.531
Support - Acceptance Testing Cost

Acceptance Test - - - - - 0.250 - - 0.502 - - 0.500 - - - - 0.500

First Article Test - - - - - 4.500 - - - - - - - - R R R
Subtotal: Support -

Acceptance Testing Cost - - - - - 4.750 - - 0.502 - - 0.500 - - - - 0.500
Support - Non-Recurring Support Cost
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED Voloms 1-210
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UNCLASSIFIED

Exhibit P-5, Cost Analysis: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity:
2034A 101137

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:

E67802 / PROJ, 155mm ARTY HE-BB,
XM1128 [DA70]

ID Code (A=service Ready, B=Not Service Ready) : B

MDAP/MAIS Code:

Note: Subtotals or Totals in this Exhibit P-5 may not be exact or sum exactly due to rounding.

Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Total Total Total Total Total Total
Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost
Cost Elements ($) (Each) ($M) ($) (Each) ($M) ($) (Each) ($M) ($) (Each) ($ M) ($) (Each) ($M) ($) (Each) (M)
Facilitization - - 25.000 - - -
Subtotal: Support - Non-
Recurring Support Cost 25.000
Support - Production Engineering Cost
Production Engineering 0.524 2.571 4.479 4.479
Subtotal: Support -
Production Engineering Cost 0.524 2571 4479 4479
e 16.961 53.825 65.512 65.512

Remarks:

Dollars ($M) and quantities for this program are:
FY 2023 $53.825 Quantity 7,204

FY 2024 $65.512 Quantity 16,950

FY 2025 $68.139 Quantity 17,303

FY 2026 $83.457 Quantity 20,949

FY 2027 $83.457 Quantity 20,524

) indicates the presence of a P-5a

This program plans to pursue Multi-Year Procurement for FY 2023 through FY 2027 as authorized in the FY 2023 National Defense Authorization Act.

LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types
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Exhibit P-5a, Procurement History and Planning: PB 2024 Army

Date: March 2023

2034A 101137

Appropriation / Budget Activity / Budget Sub Activity:

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E67802 / PROJ, 155mm ARTY HE-BB,
XM1128 [DA70]

(o] Method/Type Date Specs Date
[ or Award of First Qty Unit Cost | Avail | Revision | RFP Issue
Cost Elements (o] FY Contractor and Location Funding Vehicle Location of PCO Date Delivery (Each) (%) Now?| Available Date
LOAD, ASSEMBLE, PACK (LAP)™) 2022 TO BE SELECTED / TBSO1 C/FFP AFF’{'gé,ILNLNL J Jun 2023 Dec 2025 3,164 1,654.78| N
LOAD, ASSEMBLE, PACK (LAP)™) 2023 TO BE SELECTED / TBSO1 CIFFP AEgé,ILNLNL J Jun 2023 Dec 2025 7,204 1,623.14| N
LOAD, ASSEMBLE, PACK (LAP)() 2024 TO BE SELECTED / TBSO01 CIFFP AEgé;LNLNL J May 2024 Nov 2026 16,950 154151 N
METAL PART, M1128 2022 TO BE SELECTED / TBSO1 CIFFP RO oD Jun2023 | Oct2024 3575 118562 Y
METAL PART, M1128 2023 TO BE SELECTED / TBSO1 CIFFP R oD Jun2023 | Oct2024 7564 120982 Y
METAL PART, M1128 2024 TO BE SELECTED / TBSO1 CIFFP ROCK ISLAND Feb2024 | Jun2025 17,797|  123421| Y
ARSENAL, IL
EXPLOSIVE FILL IMX-104 BAE SYSTEMS ORDNANCE ) ROCK ISLAND
2022 SYSTEMS / KINGSPORT, TN Option / IDIQ ARSENAL, IL Jun 2023 Jun 2025 82,264 24.89 Y
EXPLOSIVE FILL IMX-104 BAE SYSTEMS ORDNANCE ) ROCK ISLAND
2023 SYSTEMS / KINGSPORT, TN Option / IDIQ ARSENAL. IL Jun 2023 Jun 2025 187,304 2415 Y
EXPLOSIVE FILL IMX-104 BAE SYSTEMS ORDNANCE ) ROCK ISLAND
2024 SYSTEMS J KINGSPORT, TN Option / IDIQ ARBENAL. IL Feb2024 | Feb2026 440,700 2613 Y
WOODEN PALLET, IMX KNOX CNTY ASSOC ) ROCK ISLAND
2022 REMARKABLE / VINGENNES, IN Option / IDIQ ARSENAL. IL Jun 2023 Jun 2024 411 14389 Y
WOODEN PALLET, IMX KNOX CNTY ASSOC ) ROCK ISLAND
2023 REMARKABLE / VINGENNES, IN Option / IDIQ ARSENAL. IL Jun 2023 Jun 2024 937 146.77| Y
WOODEN PALLET, IMX KNOX CNTY ASSOC ) ROCK ISLAND
2024 REMARKABLE / VINGENNES, IN Option / IDIQ ARSENAL. IL Feb2024 | Feb2025 2,203 14969 Y
MELTABLE FUZE PLUG PICATINNY
2022 TO BE SELECTED / TBS01 c/IplQ ARSENAL, NJ Jun 2023 Jan 2025 3,227 857| Y
MELTABLE FUZE PLUG PICATINNY
2023 TO BE SELECTED / TBS01 c/IblQ ARSENAL, NJ Jun 2023 Jan 2025 7,348 874 Y
MELTABLE FUZE PLUG PICATINNY
2024 TO BE SELECTED / TBS01 c/Ipla ARSENAL, NJ Feb2024 | Aug2025 17,289 891 Y
SUPPLEMENTAL CHARGE, ROCK ISLAND
PEXNS 2022 TO BE SELECTED / TBS01 c/IplQ ARSENAL. IL Mar 2023 | Sep 2024 3,227 2435 Y
SUPPLEMENTAL CHARGE, ROCK ISLAND
PEXNS 2023 TO BE SELECTED / TBS01 c/ipia ARSENAL. IL Mar 2023 | Sep 2024 7,348 2484 Y
SUPPLEMENTAL CHARGE, ROCK ISLAND
PBXNG 2024 TO BE SELECTED / TBS01 c/IplQ ARSENAL. IL Feb 2024 | Aug 2025 17,289 2532| Y
M indicates the presence of a P-21
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED Volume 1-412
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UNCLASSIFIED

Exhibit P-5a, Procurement History and Planning: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity:
2034A 101137

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E67802 / PROJ, 155mm ARTY HE-BB,

XM1128 [DA70]

LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types
Army

UNCLASSIFIED
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Exhibit P-21, Production Schedule: PB 2024 Army

Date: March 2023

2034A 101137

Appropriation / Budget Activity / Budget Sub Activity:

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E67802 / PROJ, 155mm ARTY HE-BB,
XM1128 [DA70]

Cost Elements B
(Units in Thousands) Fiscal Year 2023 Fiscal Year 2024 n
ACCEPT Calendar Year 2023 Calendar Year 2024 L
M PRIOR | BAL A
o|F To1 | DUE | © N D J F M A M J J A s o N D J F ™ A M J J A s N
c|r PROC | OCT |ASOF| C o E A E A P A u u u E c o E A E A P A u u u E c
o|#| FY | SERvICE | aTy | 2022 |10cT| T v c N B R R % N L G P v c N B R R Y N L G P E
LOAD, ASSEMBLE, PACK (LAP)
1| 2022 [ ARMY 3.164|  .000| 3.164 [a-1 -1 -1 -T -1 -1 -1 -1 ‘ ‘ 3164
1] 2023 [ ARMY 7.204 000| 7.204 [a- 1 -1 -1 -1 -] ‘ ‘ | -1 -1 - B B B B | 7204
1| 2024 | ARMY 16.950| 000 16.950 A - 16.950
o N D J F ™ A J J A s ) N D J F A M J J s
c o E A E A P A u u u E c o E A E A P A u u u E
T v c N B R R Y N L G P T v c N B R Y N L P
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED Volume 1-212
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UNCLASSIFIED

Exhibit P-21, Production Schedule: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity:
2034A 101137

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E67802 / PROJ, 155mm ARTY HE-BB,
XM1128 [DA70]

Cost Elements B
(Units in Thousands) Fiscal Year 2025 Fiscal Year 2026 A
ACCEPT Calendar Year 2025 Calendar Year 2026 L
m PRIOR | BAL A
O|F TO1 DUE o N D J F m A M J J A S o N D J F L A m J J s N
C|R PROC OCT |ASOF [ [ E A E A P A u u u E [ o E A E A P A u u u E c
O |#| FY SERVICE QTy 2024 10CT T v c N B R R Y N L G P T \ c N B R R Y N L P E
LOAD, ASSEMBLE, PACK (LAP)
1] 2022 | ARMY 3.164 .000| 3.164 250 .250 250 250 .400 .400 400 .400 400 164 .000
1] 2023 | ARMY 7.204 .000| 7.204 .600 .600 600 .600 .600 .600 .600 600 .600 .600| 1.204
1] 2024 | ARMY 16.950 .000 | 16.950 - - - - - - - - - - - - - | 16.950
o N D J F M A J J s o N D J F M A M J J S
[ o E A E A P A u u u E [ o E A E A P A u u u E
T \ [ N B R R N L P T \ c N B R R Y N L P
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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Exhibit P-21, Production Schedule: PB 2024 Army Date: March 2023
Appropriation / Budget Activity / Budget Sub Activity: P-1 Line Item Number / Title: Item Number / Title [DODIC]:
2034A 101137 3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types |E67802 / PROJ, 155mm ARTY HE-BB,
XM1128 [DA70]
Cost Elements B
(Units in Thousands) Fiscal Year 2027 Fiscal Year 2028 A
ACCEPT Calendar Year 2027 Calendar Year 2028 L
LU PRIOR BAL A
O |F TO1 DUE o N D J F A M J J A S o N D J F M A LU J J A s N
C|R PROC OCT |ASOF [ [ E A E A P A u u u E [ o E A E A P A u u u E c
O |#| FY SERVICE Qty 2026 10CT T v [ N B R Y N L G P T \' c N B R R Y N L G P E
LOAD, ASSEMBLE, PACK (LAP)
1| 2022 | ARMY 3.164 3.164 .000 000
1| 2023 | ARMY 7.204 6.000| 1.204 .600 604 .000
1| 2024 | ARMY 16.950 .000| 16.950 - 1412 1.412| 1.412| 1412 1.412| 1412 1.412| 1.412| 1.412| 1.412| 1.412| 1.418 .000
o N D J F M A m J J A s o N D J F A m J J s
[ o E A E A P A u u u E [ o E A E A P A u u u E
\2 c N B R R Y N L G P T v c N B R Y N L P
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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Exhibit P-21, Production Schedule: PB 2024 Army

Date: March 2023

Appropriation / Budget Activity / Budget Sub Activity: P-1 Line Item Number / Title:
2034A 101137 3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E67802 / PROJ, 155mm ARTY HE-BB,
XM1128 [DA70]

Production Rates (Each / Month) P Leadtime (Months)

MER Initial Reorder

Ref Manufacturer ALT ALT Manufacturing Total ALT ALT Manufacturing Total

# Name - Location MSR For 2024 | 1-8-5For 2024 | MAX For 2024 Prior to Oct 1 After Oct 1 PLT After Oct 1 Prior to Oct 1 After Oct 1 PLT After Oct 1

1|TO BE SELECTED - TBS01 100 500 1,500 6 6 30 36 6 6 24 30

"A" in the Delivery Schedule indicates the Contract Award Date.

Note: Due to space limitations, quantities in the Exhibit P-21 delivery calendar are truncated and rounded based on the maximum quantity in the calendar as follows. If the maximum quantity is less than or equal to than 9,999, all quantities

are shown as each. If the maximum quantity is between 10,000 and 999,999 all quantities are shown in thousands. If the maximum quantity is between 1,000,000 and 999,999,999 all quantities are shown in millions (rounded to the nearest
thousand).If the maximum quantity is equal or greater than 1,000,000,000 all quantities are shown in billions (rounded to the nearest million).
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Exhibit P-5, Cost Analysis: PB 2024 Army

Date: March 2023

2034A 101137

Appropriation / Budget Activity / Budget Sub Activity:

P-1 Line Item Number / Title:
3102E89500 / ARTILLERY PROJECTILE, 155MM, All Types

Item Number / Title [DODIC]:
E68604 / PROJ, ARTY, 155MM C-DAEM

INCREMENT II

ID Code (A=service Ready, B=Not Service Ready) : B

MDAP/MAIS Code:

Resource Summary Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Procurement Quantity (Units in Each) - - - - -
Gross/Weapon System Cost ($ in Millions) - - 2.500 - 2.500
Less PY Advance Procurement ($ in Millions) - - - - -
Net Procurement (P-1) ($ in Millions) - - 2.500 - 2.500
Plus CY Advance Procurement ($ in Millions) - - - - -
Total Obligation Authority ($ in Millions) - - 2.500 - 2.500
(The following Resource Summary rows are for informational purposes only. The corresponding budget requests are documented elsewhere.)
Initial Spares (8 in Millions) ‘ ‘ - ‘ - ‘ - - ‘ -
Gross/Weapon System Unit Cost ($ in Dollars) ‘ - ‘ - ‘ - ‘ - - ‘ -
Note: Subtotals or Totals in this Exhibit P-5 may not be exact or sum exactly due to rounding.
Prior Years FY 2022 FY 2023 FY 2024 Base FY 2024 OCO FY 2024 Total
Total Total Total Total Total Total
Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost Unit Cost Qty Cost
Cost Elements (%) (Each) (M) () (Each) (8 M) (Each) (8 M) (%) (Each) (8 M) (%) (Each) (8 M) (%) (Each) ($ M)
Support - Production Engineering Cost
Production Engineering - - - - - - - - - - 2.100 - - - - 2.100
Subtotal: Support -
Production Engineering Cost : : : : : - - : : : 2100 : - - : : 2100
Support - Program Management Cost
Government
Management - - - - - - - - - - 0.400 - - - - - 0.400
Subtotal: Support - Program
Management Cost B B B B 3 B B B B B 0.400 B B B B B 0.400
Gross/Weapon System
Cost - - - - - - - - - - 2.500 - - - - - 2.500
Remarks:
FY 2024 funding will support engineering activities to complete Milestone C documentation and pre-contract award activities.
LI 3102E89500 - ARTILLERY PROJECTILE, 155MM, All Types UNCLASSIFIED
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