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ABSTRACT

The goal of the defense acquisition program is finding the most effective system with the
least cost. There are two key functions to achieve this goal: measuring the effectiveness and
estimating the cost of each alternative. However, the acquisition procedure of a new weapon
system is very complex and uncertain, because it involves anticipating the advantages and
disadvantages both friendly and adversaries currently and/or in the future. Also estimating the Life
Cycle Cost requires time and huge amount of data. The U.S. Department of Defense Instruction
5000 series was prepared to show how to avoid these complexities and uncertainties, known as a
Cost and Operational Effectiveness Analysis (COEA).

The main purpose of this study is to show the COEA procedures and format by following
the procedures specified in U.S. DoD Instruction 5000 series with an example of the future
artillery system in Korea. As background, the concepts and terminlogies of COEA and field
artillery fire support are briefly examined. Following the format and procedures, the focus of this
study is on the measures of the operational effectiveness of the field artillery system by using the
computer simulation. The result of the simulation with different scenarios quantifies the
performance characteristics and shows the relative effectiveness of each alternative.

The other parts are also explained briefly. The acquisition issues partly covers the
inferiority of military balance between South and North Korea, and estimating costs for each
alternative analyzed with a short example because of the lack of data and time limit. This thesis

concludes with a summary of the results so that it discriminates and ranks each alternative.
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L. INTRODUCTION

A. GENERAL
The acquisition of a modern weapon system may require a significant proportion of a

defense budget and may take many years to

3 of the
effectiveness of the system is always difficult (or impossible) without actually using the system in
war. Therefore, the management of a defense acquisition program is one of the major issues in all

countries.

Traditi defense isiti policies and pi have been
published in numerous directives and instructions. This has resulted in a heavily cross-referenced

maze of guidance that has stifled creativity and defied practical use. To solve this problem, the

U.S. Department of Defense (DoD) i a core of | defense i policies
and procedures, known as DoD instruction 5000 series in February, 1991. This series of
publication categorizes acquisition and defines the functions and responsibilities of each program
manager and related government officials at each step of the program. It also requires a Cost and
Operational Effectiveness Analysis (COEA) for all new acquisition programs.

The key point of a COEA is ing or i i which can

be done by either field tests or analytical approach. However, field test takes a lot of time and
money. Some kinds of tests, especially for lethal weapons, are very dangerous, or even
impossible. Furthermore, environmental contamination caused by a weapon firing test is one of

world-wide issue. As a result, much of the i luation is done i But the

analytical evaluation of the weapon system is less realistic and less confident. Therefore, U.S.
DoD set up the minimum requirement of field test, known as live fire test law.

Application of modern computer technology enables us to evaluate the operational

more isti and more Various combat situation can be modeled

with computer simulation with less cost, time, danger, and other undesirable side effects.



B. ORGANIZATION OF THESIS

This thesis will present the procedures of a COEA and give an example of operational
effectiveness measurement of field artillery fire support by using computer simulation

Chapter II contains background information of the COEA and terminologies of field
artillery fire support concepts related to this thesis. Readers having this background may skip this
chapter. Most of this chapter consists of explanations of terminologies, acronyms, and
abbreviations in accordance with current field artillery manuals (mainly FM 6-20, 6-30, 6-40) and
DoD instruction 5000 series.

Chapters 111 to V follow the COEA format specified in DoD instruction 5000 series and
attached in Appendix A. Chapter TIT covers the acquisition issue related to new artillery system
for the Republic of Korea (ROK) Army. The acquisition issues start from the needs of the system,
the threat analysis, constraints, and operational concepts of the system.

Chapter IV presents the proposed performance objectives and possible courses of action
or alternatives to satisfy the acquisition issues. As an example, several 155 mm Howitzers, 130
mm Multiple Rocket Launcher, and 227 mm Multiple Launch Rocket System are presented in
detail

The core of this thesis is Chapter V, which contains the modeling and simulation of
artillery fire. Effectiveness against different artillery system performances are modeled and
measured by simulation

This thesis concludes with the results of analyzing alternatives. But some costs in this
thesis are not the real data because most data are classified. Therefore, these results are only

examples and there should be more thoroughly studied with real data for the actual use.



II. BACKGROUND

A. DEFENSE ACQUISITION PROCESS AND PROCEDURES

DoD instruction 000 series defines the acquisition process as illustrated in Figure 2-1
[Refer DoD Instruction 5000.2, p.3-4]

PHA! PHASE | priase 1 |[[prase m PHASE IV
DETERMINATION | Scerr STRAT ENGINEERD
R ) DEMONSTRATION INEERING & | PRODUCTION\ OPERATION
OF MISSION “EED | £x(p1 ORATION & MANUFACTURING
| &DEFINITION ||| VALIDATION ||| DEVELOPMENT || DEPLOYMENT \ SUPPORT
v
MILESTONE 0 MILESTONE I MILESTONE IT

CONCEPT
STUDIES
APPROVAL

f
CONCEPT DEVELOPMENT PRODUTION

APPROVAL

AS REQUIRED

Figure 2-1. Defense Acquisition Milestones and Phase
(Source * DoD instruction 5000.2 p.3-4)

All acquisition programs start with identification of new mission need. Any level of
command, military departments, or the Joint Staff may identify mission needs, or new operational
capabilities. If there is no non-material solution, such as changes in doctrine, operational concepts,
tactics, training, organization, and so on, the mission needs will be expressed in terms of an
operational capability, which is called Mission Need Statement (MNS). Mission Need Statements
that could potentially result in the initiation of a new acquisition program will be sent to the
appropriate DoD component for action. Major actions or objectives at each stage will be listed
below.

Milestone 0, Concept Studies Approval, is a decision point whether studies of alternative
concepts could satisfy the identified mission need




Once concepts are approved, the acquisition program starts at Phase 0, where more
studies analyze alternatives and the most promising system concepts will be defined.
Milestone I, Concept Demonstration Approval, is the first direct interaction point between

the planning, p ing, and systems, for which decision

authorities must assess affordability of the proposed new acquisition program.
Phase I, Demonstration and Validation: Multiple design approaches and parallel
technologies are pursued within the system concept(s) during this phase.

Milestone II, Development Approval, is a decision point whether the results of Phase I

warrant continuation and ishing a pment baseline containing refined program cost,
schedule, and performance objectives for a program approved for continuation

Phase 11, ineering & ing Dt . Effective risk is

especially critical during this phase

Milestone III, Production Approval: A favorable decision at this point represents a
commitment to build, deploy, and support the system

Phase TII, Production & Deployment: System performance and quality will be monitored
by follow-on operational test and evaluation during this phase.

Milestone IV, Major Modification Approval: The intent of this milestone is to ensure that
all reasonable alternatives are thoroughly examined prior to committing to a major modification or
upgrade program for a system that is still being produced

Phase 1V, Operation & Support, is overlapping with Phase III. The objectives of this
phase are to ensure that the fielded system continues to provide the capabilities required to meet
the identified mission need and to identify shortcomings or deficiencies that must be corrected to

improve the performance.

B. COST AND OPERATIONAL EFFECTIVEX

ESS ANALYSIS

Cost and operational effectiveness analysis is an essential part of the decision making
process for all defense acquisition programs. The definition of the COEA is well described in Part
8, DoD Instruction 5000.2-M. "A cost and operational effectiveness analysis evaluates the costs
and benefits (i.e., the operational effectiveness or military utility) of alternative courses of action

to meet recognized defense needs."



A COEA has three main purposes: (1) to aid in decision making, (2) to facilitate
communications, and (3) to document the acquisition decision. It shows the relative advantages
and disadvantages of the alternatives and the sensitivity of each alternatives against changes of
key assumptions and/or variables. It facilitates discussion about the acquisition program among
the related authorities, service principals and other staffs, especially at the early stages of the
procedures. It provides analytical assessment and a historical record for decisions on an
acquisition program

The Procedures of a COEA are: (1) the acquisition issue, (2) the alternatives, (3) the
analysis of the alternatives, and (4) summary of the results. Part 8, DoD Instruction 5000.2-M
describes in detail the procedures and elements of the COEA which are Chapters 111 to VI of this
thesis

The following are definitions and acronyms that apply to this thesis in accordance with
defense acquisition manuals and instructions.

LCC (Life Cycle Cost) is the total cost to the government of acquisition and ownership of
the system over its useful life, including the cost of development, acquisition, support and disposal
where applicable.

MTBM (Mean Time Between Maintenance) is the total functional life of a population of
an item divided by the total number of maintenance actions for a particular interval (basic
technical estimate of the maintenance frequency).

MTTR (Mean Time To Repair) is the total elapsed time (clock hours) for corrective
maintenance divided by the total number of corrective maintenance actions during a given period
of time (basic technical measurement of maintainability).

MTBF (Meantime Between Failure) is the total functional life of a population of an item
divided by the total number of failures for a particular interval (basic technical measurement of
reliability)

R & D : Research and Development




C. FIELD ARTILLERY FIRE SUPPORT

1. Mission

Fire support is the dominant part of the modern battlefield. Field artillery (FA) is known
as the "King of Battle," because of its ability to inflict massive damage on enemy forces. Field
artillery has the responsibility of integrating all fire support resources, such as cannon, rocket and
missile fire into the air-land battle

The mission of field artillery is described in the both U.S. and Republic of Korea Army
field manual (FM) 6-20: "to destroy, neutralize, or suppress the enemy by cannon, rocket, and
missile fire and to help integrate all fire support assets into combined arms operation” To
accomplish this mission in the combat situation, each field artillery (FA) unit (usually a battalion)
is assigned one of any of the following tactical missions

DS (Direct Support) : In most tactical situations, one FA battalion is assigned to one
maneuver brigade with a direct support mission. This battalion is primarily concerned with the fire
support needs of that maneuver unit.

R (Reinforcing) : This tactical mission causes one FA battalion to augment the fires of
another FA battalion

GS (General Support) : A battalion assigned the mission of general support supports the
force as a whole and stays under the immediate control of the force artillery headquarters.

GSR (General Support Reinforcing) : The GSR mission requires the FA battalion to
furnish artillery fires for the forces as a whole and to reinforce the fires of another FA battalion as
a second priority

2. Organization

The organization of field artillery at different echelons is dependent upon the type of
tactical mission. As a minimum firing unit, the 155 mm self-propelled field artillery battery organic
to division artillery consists of a battery headquarters, a battery Fire Direction Center (FDC),
several howitzer sections, and the associated service support. The U.S. Army battery has 8 guns,
but the Korean Army battery has 6 guns. In this thesis, a six howitzer battery is used as a sample
firing unit



The echelon above the battery is the battalion. The normal field artillery firing battalion
consists of a battalion headquarters, a battalion FDC, three howitzer batteries, a Fire Support
Element (FSE) for the maneuver brigade and associated service support

The level above the battalion is the division artillery (DIVARTY), or corps artillery or
field artillery brigade. A DIVARTY ordinarily consists of a DIVARTY headquarters, a
DIVARTY FDC, four howitzer battalions, one target acquisition battery, FSE for division, and
associated service support. The composition of corps artillery and artillery brigade varies with unit
mission and type

3. Weapon System

The focus on the field artillery weapon system in this thesis is the firing mechanism (i.e.
mainly concerned with delivering equipment, projectile and fuze) The following are acronyms,
abbreviations, and terminologies used in the thesis.

ATACMS : Army Tactical Missile System

BN : Battalion

FA : Field Artillery

MLRS : Multiple Launch Rocket System

MRL : Multiple Rocket Launcher

SP : Self Propelled

HE : High Explosive

HEAT : High Explosive Anti-tank

ILL : Tlumination

WP : White Phosphorus

ICM : Improved Conventional Munitions

APICM : Anti-personnel ICM
DPICM : Dual Purpose (against personnel and armor) ICM

FASCAM : Family of Scatterable Mines

RAP : Rocket Assisted Projectile

SADARM : Sense and Destroy Armor

Q : Quick

VT : Variable Time (Proximity Fuze)




TI: Time

Round : Complete parts that make up the ammunition necessary to fire. It consists of a
primer, a propelling charge, a projectile, and a fuze

Volley : unit of firing at one fire mission and a certain type of ammunition at the
designated target. For example, if each howitzer in a unit fires 4-rounds of high explosive
ammunition at a particular target, this is called as 4-volleys of high explosive

Probable error : The measurement of the impact distribution in the dispersion pattern
around the mean point of impact. Field Artillery uses deflection probable error and range probable
erTor.

Deflection probable error : The directional error caused by dispersion in a single
deflection

Range probable error - The range error caused by dispersion in a single elevation

4. Fire Support

a. Gunnery Team

In order to accomplish its mission, the field artillery relies on the fire support
gunnery team. The team consists of an observer, the fire direction center, and the firing unit.

The observer serves as the "eyes" of the fire support gunnery team. Detecting and
locating suitable indirect fire targets are the major responsibilities of the observer. The observer
may be a soldier with binoculars, a radar section with a sophisticated radar system, a Fire Support
Team (FIST), or any other source for detecting and/or locating the target.

The FDC serves as the "brains” of the fire support gunnery team. The FDC
receives the requests for fire from an observer and converts it to firing data and then to fire
commands for the howitzers.

The firing unit acts as the "brawn" of the gunnery team. At the firing unit level the
howitzer crew sets the firing data off on the weapon and fires the round.

b. Fire Support Procedures

A routine request for field artillery fire support consists of the following events.
Once a forward observer (FO) detects the target, the target information is transmitted to the FDC
through fire support coordination. When the target data reaches a FDC, a fire direction officer

(FDO) determines whether the target can be engaged by his unit. If his unit will engage the target,



the FDO determines the amount and type of ammunition with which to engage the target. The
target location is converted into firing data and fire commands are sent to the howitzers, where
the ammunition is loaded and the weapon is fired

A firing unit can attack the target by either adjust-fire or fire-for-effect. Adjust-fi

is a term describing a method of control transmitted in the call for fire by the observer or spotter
to indicate that he will control the adjustment which is the process of correcting the impact
location of the round, with one gun firing one round at a time, until the desired location is
achieved

Fire-for-effect is the fire that is intended to achieve a desired effect on the target. If
"fire-for-effect” is requested at the beginning of fire mission, that means fire-for-effect without
adjustment. This can achieve maximum surprise but accuracy of target location and other
non-standard corrections are more critical than in the adjust fire mission

5. Future Artillery

a. Overview

Every country tries to make a better artillery systems with various kinds approach
However, there are several common considerations for those systems. Those were well presented
at the 4th International Cannon and Artillery Firepower Symposium and Exhibition in June 19-22,
1995

The most important consideration is the range. With modern weapon technology,
the depth of battle increased significantly. It is getting hard to distinguish between the frontal and
rear area in the modern battlefields

The next consideration is survivability. To increase survivability, the crew remains
in the protected vehicle throughout the mission. Some systems have Nuclear, Biological, and
Chemical (NBC) protective equipment

Enemy forces are also equipped with a lot of high mobility vehicles. That means
most targets are not a stationary target and a system with the shorter response time can more
effectively attack the targets.

b. U.S. Army

The intent of the U.S. Army field artillery was described by Brigadier General Leo

Baxter, Assistant commandant of the U.S. Army field artillery school, at the 4th International
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Cannon and Artillery Firepower Symposium and Exhibition in June 19-22, 1995. He said "There
will be four major field artillery weapon systems; 105 mm towed for the light infantry, 155 mm SP
and towed as a medium and main system, and Rocket Launchers "

The U.S. Army is currently replacing it's main artillery weapon system,
MI109A2/A3 to M109A6 (PALADIN) and developing new system known as a CRUSADER

c. Germany

The German Army is developing future artillery system, called the SP 2000
program. The howitzer of this program is named as PzH 2000 (Panzerhaubitze 2000), 155 mm SP
with maximum range 30 and 40 km depending on the ammunition used. It was accepted in 1995
with series production starting the following year, and will be deployed in 1998

d. The Other Countries

Most countries have programs for developing or buying new artillery system
individually or conjointly. France has similar program called CAESAR, 155 mm Towed, the
British Army has the AS90 mid-life Improvement program to develop a new 155 mm and the
Modular Charge System (MCS). The CAESAR system has been developed as a private venture
aimed at the export market and it was shown in public for the first time in June 1994

The comparison of more detailed characteristics of the systems mentioned above

and the current system, M109A2/A3, will be shown on the Table 4-3




TI1. ACQUISITION ISSUES

A. NEED

This element of the COEA describes identified deficiencies of the existing system and
presents alternatives for satisfying the needs at Milestone 0, Concept Studies Approval in the
Mission Need Statement (MNS).

1. Total Strength of Forces in the South and North

The Korean peninsula has one of the highest density of military force in the world. More
than one and half million active military forces face each other along the 155 miles of armistice
line between South and North Korea.

The composition of each side is shown in the Table 3-1

Table 3-1. Military Forces of South and North Korea

Classification South Norh |
Army 540,000 500,000
Troops | Navy 60000 | 46000
Air Force 55,000 84,000
|Tma| 655,000° [ 1,030,000
| Corps 1 D
Number of Units Division o ] s
Brigade 21 )
Tanks 1950 | 3800
Equipment Armored 2,100 2,500
| Field Artillery 4,600 ‘ 10,800
*  Excluding those enlisted for defense call-up and including Marine Corps
within the Navy
** Marine Corps troops that are organized into the Army are included
in the Army

*** Including Marine Corps divisions
(Source : Defense White Paper 1994-1995, p.80)




South Korean Forces are augmented by United Nation (U N.) Forces, mainly composed of
U.S. Forces (a Army Headquarters, a infantry division, and some combat support units). This is
barely enough in number to defend against North Korea's more than one million troops. In major
equipment, North Korea has much a greater number of tanks, armored vehicles, and field artillery
weapons.

2. Artillery

The biggest inferiority is in the number of field artillery weapons. Table 3-2 shows the

composition of the major field artillery weapon systems of South and North Korea

Table 3-2. Artillery Composition of South and North Korea

South North
Classification | Number | Type (mm) | Number | Type (mm)
M 105,155 | 762,100,
h Howitzer, Gun | 4,500 175 8,200 122,130,
8 | 152,160
MRL 100 130 2600 | 107,122,
132,240

(Source - Defense White Paper 1994-1995, p.60 and p.80)

The table shows that the North Korean artillery has many weapon types, which may cause
logistic problems because they imported most weapon systems in a desultory way to be superior
than South Korea. Also, they have many more Multiple Rocket Launchers (MRLs) compared to
the number of artillery pieces. North Korea also has many more mortars and tactical missiles
which were not listed on the table.

The U.S. Army in Korea also has a DIVARTY: one 155 mm SP BN, one 155 mm Towed
BN, one MLRS BN, and one target acquisition battery. However, there is still a large gap in the
fire support capabilities that might sway the result of a conflict. There are several possible
alternatives to compensate for the inferiority of the fire support capability of the South. Chapter
IV will describe the alternatives, and Chapter V will analyze the alternatives based on the result of

computer simulations.



B. THREAT

This is the analysis that determines those elements against which a given system might be
used and the forces that could be used against that system. This analysis also presents projected
enemy forces including tactics and countermeasures with a reasonable degree of assurance

1. Current Situation of North Korea

Currently North Korea faces fatal economic difficulties, such as chronic food shortage,
energy shortage, and so on, caused by closed policy on the basis of its self-reliance and centrally
controlled economy.

Despite serious economic difficulties, North Korea has dashed forward to buildup
armaments quantitatively and qualitatively. However, after the collapse of the Soviet Union and
European communist countries, North Korea realized that they also face a critical crisis stage to
maintain their unique system. To survive under the unfavorable international security situation,
they are trying to develop nuclear weapons. But this also causes close world-wide observation
and more isolation

Their political situation is unstable after the most notorious dictator Kim, lisung died last
year. They may open fire on the South to find the solution of their complex international problems
and interior discontent

2. Military Strategy of North Korea

The North Korean Military structure is a mixed imitation of those of the former Soviet
Union and China Under control of the Defense Committee, the highest military authority,
Ministry of the People's Armed Forces (MPAF) has the single command system with general staff.

Most of their units are deployed in a frontal area with an attack formation so that they can
attack without any major change of position. This makes it hard to detect their intent of starting a
war. Their artillery units, covered in trenches or underground bases, are capable of deep fire
support without exposure. They can also deliver concentrated and massive fire with the Multiple

Rocket Launchers.

C. OPERATIONAL ENVIRONMENT
This part of the COEA describes all the natural

such as terrain, weather, altitude, etc., and the potential allied forces contributions including the
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concepts of operation, projected force structure and capabilities, and the operational threat

and survivabilit i This thesis does not specify these in detail because it
is focused on the operational effectiveness, but will mention the contents briefly.

A dominant characteristic of field artillery comparing to the other delivery systems is that
it can provide fire support under all weather conditions and in all types of terrain. Some of the
artillery systems in some countries can accomplish special missions. For example, the U.S. Army
has several light 105 mm towed howitzers for air assault forces

To accomplish fire support missions at all times, the artillery system needs survivability
and/or reliability requirements in terms of the various kinds of natural conditions and induced

both i and

Operational natural environments describe natural conditions in which the system operates

properly, such as temperature, heat, humidity, altitude, pressure, elevation, wind, sand or dust,

and so on. N ional natural i specify the it during

the storage and transportation, including the storage temperature and humidity, and the

transportation elevation. Induced i cover the infl of shock and

vibration caused by road march or shipping and handling, and overpressure caused by gun firing,

etc. N ional induced i describe all the other conditions for cleaning,

assembly or di: and so on.

D. CONSTRAINTS

Constraints and/or assumptions are factors that limit the alternatives. Personnel, funding,

and technical ints should also be i The defense budget is considered as a major
constraint in this thesis.

1. Defense Budget

South Korea has developed remarkably since the armistice of the Korean war in 1953,
while spending a lot of money to ensure national security against North Korea who exerted
themselves building up military superiority. However, the portion of the defense budget tends to
be limited by the social budget requirements. Table 3-3 shows the proportion of the defense
budget compared to the Gross National Product (GNP) and the total government budget



Table 3-3. Comparison of Defense Budget

Classification 1989 | 1990 1991 | 1992 1993 | 1904
% of GNP 47 44 40 36| 3s] 35

% of total budget 313 | 293 276 | 251 242 | 233

* Based on the finalized budget
(Source - Defense White Paper 1994-1995, p 224)

2. Composition of Defense Budget
Due to the sensitive security situation, the detailed contents of defense budget of the
current fiscal year can't be dealt with here, but Table 3-4 shows the composition of the defense

budget for recent five fiscal years.

Table 3-4. Composition of the Defense Budget in each Fiscal Year

| Classification 1989 [ 1990 1991 | 1992 [ 1993 [ 1904

Total 100 100 | 100 = 100 = 100 = 100

Force Improvement 38.1 [ 368 [ 348 | 330 | 316 [ 302 |

Force Operation 38.0 [ 40.1 | 424 441 ‘ 450 457 }

!
Equipment Support | 114 102 99 96 94| 93|

T
Facility Mainienance | 137 | 132 [ 132 133 | 140 148 |

(Source : Defense White Paper 1994-1995, p.224)

With the given defense budget, investment for the new military capability decreases
relative to the increasing the cost of operating the military forces, including better working
conditions and living standards.

Furthermore, within the framework of the defense budget, the South must spend a lot of
the budget replacing the reduced U.S. forces as they pursue their reduction and role change rather
than spending for advanced weapon systems.

For example, in 1994 the total defense budget was 11,339 Billion (B) won (or about $

14.0 B), but the iture for the force imp was only 3,039.6 B won (or about $3.76
B)




3. The Future
The Budget for the artillery forces can't be clearly identified, but it is around five percent
of the Force Improvement budget. (i.e. 150 B won or about $ 0.19 B in 1994). As operation and

support costs increase, due to higher labor and welfare requis , the Force

i

budget will be continuously decreased over the next several years. Also, advanced technical
weapon systems require more funds, so that the artillery improvement budget will be around 150

B won (or about $ 0.2 B) in 1994 currency.

E. OPERATIONAL CONCEPTS

This is an organizational and operational plan for the proposed system that includes forces,
equipment, doctrine, and tactics. In other words, it describes the doctrine and/or tactics by which
forces and equipment deployed in the battlefield

No significant change in operational concepts, such as organization, doctrine, tactics, and
50 on will be considered in this thesis. The concept of the fire support remains same as described
in Chapter I1



1IV. ALTERNATIVES

A. PERFORMANCE OBJECTIVES

This part of the COEA specifies the minimum acceptable operational requirements for the
performance of the proposed concept or system. Both current systems and improved versions
should be considered along with systems in development by other services or allies and conceptual
systems which are not yet on the drawing board.

There are many characteristics which affect the performance of the artillery systems. In
this section, the key characteristics will be explained briefly and will be quantified

1. Range

One important mission of the field artillery in the modern battlefield is deep battle. The
North Korean artillery systems have maximum ranges, 15.4 km for the 122 mm Howitzer (H),
27.15 km for the 130 mm Gun (G), 12.4 km for the 152 mm H, 24 km for the 152 mm G, 29 km
for the new 152 mm H (2A65). The new system should be able to provide fire support with a
maximum range of 30 km to avoid the enemy's fire and to attack the deep targets.

2. Response Time

Current artillery systems have a response time around 10 minutes. Because the pace of
battle is getting faster and faster, a new system should respond to a fire request within one minute
while moving. When placed in firing position, the response time should be less than 30 seconds
from the receipt of the fire mission request to the first round fired

3. Rate of Fire

The new system shall be capable of delivering a maximum rate of fire of 10 rounds per
minute for at least 3 minutes, followed by a sustained rate of fire four rounds per minute with
on-board ammunitions.

4. System Quality Factors

The system reliability can be measured by Mean-Time-Between-Failures. The system
MTBEF should be greater than 72 hours in a combat situation. The system Mean-Time-to-Repair
(MTTR) should be less than 5 hours at the user level. The tube life of the new system should be
longer than 3000 Effective Full Charge (EFC) rounds
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5. Ammunition and Fuze

Because targets on the modern battlefield are diverse, the kinds of the ammunition and
methods of attack are also varied. A direct support (DS) unit which supports closer maneuver
units will be tasked with more varied kinds of fire missions. A new howitzer should be able to fire
the kinds of ammunition as specified Chapter IT

6. Mobility and Armament

The system should be self-propelled, armored, tracked and capable of operating on the
modern battlefield. The mobility should keep pace with supported maneuver forces (K-88 tank
40 MPH on the road and 25 MPH cross-country) over both roads and cross-country

In addition to the primary armament of the new system, the system should employ an M2
machine gun or equivalent system with equal or higher performance as a self defense system.

7. Others

For ibility of existing ition, i bility with the allied countries, and to
reduce logistics problems, a 155 mm self-propelled howitzer is preferred as a future major artillery
system for the Korean Army.

To shorten response time and to increase accuracy of fire, a computerized fire control and
direction system should be added to the new system

For the rapid ion and reliable ication, the new system should have a

secured radio digital d, control, ication, and intelli (C* 1) system

B. DESCRIPTION OF ALTERNATIVES
This part of the COEA identifies the alternatives to be considered as the set of possible
solutions. Each alternative is fully described by not only hardware specifications, but also doctrine
and tactics that might be changed by new organizational and/or operational plans.
1. Home Development or Modification
a. Development of a New System
Developing a new system is one possible alternative. South Korea has some

experience to co-produce M109 series howitzers and to develop the 130 mm Multiple Rocket

Launcher. There is enough technical , but the cost i of home develop!

should be carefully analyzed. Research and Development (R&D) costs of several US. Army
18



artillery systems can be a good estimate for the new system. This estimate will be shown in
Chapter V.

b. MRL

The Korean Army has the 130 mm 36-round Multiple Rocket Launcher (MRL),

which has a maximum range of 36 km. Some of its specifications are shown in the Table 4-1

Table 4-1. Specifications of the 130 mm MRL

Classification Specification —\
Caliber 130 mm
Number of Tubes 36
Tube 34m
Length Rocket 255m
Rocket Motor 1.79m
Complete Rocket 64 kg
Weight ‘ Warhead 21kg
| Rocket Motor ke
Range 12~36 km
Rate of fire 2 rounds/sec
Reloading Time 10 minutes
| Crew 3

(Source : Jane's Armor and Artillery 1994-1995, p.709)

This system has some limits d to the bj

presented in
the previous section. This system fires only the pre-fragmented HE round with a contact (quick)

fuze which contains 16000 small steel balls embedded in its structure. This makes its lethal area
approximately 3600 square meters of a soft area target. More diverse ammunitions, such as
DPICM, are required to satisfy the requirements of the modern battlefield

The other limits of the MRL system are the mobility and survivability. This system

is mounted on the five ton truck which can not cross the natural or artificial obstacles such as
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mountainous terrain, barbed wire, etc. Mounting the MRL on an armored and tracked vehicle can
solve this mobility problem as well as improve its survivability for the crew.

Because of the characteristics described this system could be a possible alternatives
with some investment to satisfy all the requirements presented in performance objectives.

¢. 155 mm (SP and Towed)

The Korean Army has two major cannon artillery systems. K-55 is a co-production
system with BMY and KH-179 is a conversion of the U.S. M114A1. Most specifications of the
K-55 are the same as M109A2, but KH-179 has significantly improved performance compared to
MI114A1

Table 4-2. Specifications of the Howitzers of the Korean Army

‘[M K-55 KH-179
} Max. Range (km) 18 2
Max Range (Assisted) 235 30
| Response Time smn | 10min
| Max Rate of Fire 4 /min 4 t/min
| Sustaincd Rate of Fire Vrfmin | 2¢/min
Speed (MPH) 35 45
| Communication wire wire
| SP/Towed sp Towed (5t)
| Caliber 39 39
| Reload ‘manual manual
Crew 6 10

(Source - Jane’s Armor and Artillery 19941995, p 552 & p.625)
These systems have the capability of firing various kinds of ammunition. However,

a better response time, higher rate of fire, and more reliable communication system are required

for the requirements of the future battlefield.
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2. Import from Other Countries
a. 155 mm Howitzers
As mentioned in section 5, Chapter II, there are many new artillery systems
world-wide either in developing or deploying. With only a few exceptions, most systems are 155
mm, self-propelled howitzers with minor differences in performance

The comparison of major characteristics of those systems compared to the current

system, M109A2/A3, is shown on the Table 4-3

Table 4-3. Comparison of Some Systems

System | M109 | M109 A6 ‘\
Characteristics A2/A3 | (Paladin) | cRUSADER™ | PzH 2000 | CAESAR™

Max. Range (km) 18 24 40 30 |
Max. Range (Assisted™ )| 23.5 30 so | a0 [ a0 ]
Response Time™ | 10min | 1min | 25sec | Imin | Imin

10-12 t/m| 3 710 sec 3 7715 sec

Max, Rateof Fire | 4t/min | 4 r/min
Sustained Rate of Fire | 1 /min | 1t/min | 6t/min | 8cimin | 6 r/min
Speed (MPH) 35 w0 | w0 |
Communication | intercom |  radio | radio
Combat Weight (1) | 55,000 | 63,600 52,000 | 37,000
Caliber 39 » | 2 | = 52
Reload manual i automatic|

* CRUSADER System is expected to equip in 2004, some characteristics
are not available yet
** CAESAR is not yet in production or service.
*** Assisted usually means projectile assisted by either rocket (RAP : Rocket
Assisted Projectile) or ERFB-BB (Extended Range Full Bore-Base Bleed)
**** Response Time in here means required time for the first round shot from
the movement or not in emplacement
(Source : 1. Proceedings, 4th International Cannon and Artillery Firepower Symposium
and Exhibition in June 19-22, 1995 and 2. Jane's Armor and Artillery 1994-95)




Among the alternatives, CRUSADER (U.S.A) and CAESAR (France) systems are

in the developing, so no further analysis will be done in this thesis. The PALADIN (U.S.A) and

PZH 2000 (Germany) systems are selected here as the alternatives to be considered for further

analysis

b. MLRS and ATACMS
The Multiple Launch Rocket System (MLRS) is an artillery rocket system

composed of a tracked and self-propelled launcher, disposable pods and a fire control system. It

was an international project, started from the U.S. Army and later UK, Germany, Italy, and

France participated, in response to a disparity of the artillery strength between NATO and the

former Warsaw Pact. It was one the fearest weapon systems by the Iraq forces during the Gulf

war. It is the best system for the massing fire support

Some of its specifications are shown Table 4-4

Table 4-4. Specifications of the MLRS

Classification Data
Number of Rockets 12
Length 3937m
Rocket Weight 307 kg
Diameter 227 mm |
Weight 156 kg
| ‘Warhead Submunitions 644 DPICM*
Damaging area 200 x 100
| Range 324skm** |
Reloading Launcher
| Crew 13 |

* This is an shaped charge which can penetrate 76-102 mm and newer version has
six SADARM submunitions.

**32 km for the phase I launcher and 45 km for Extended Rocket

(Source : Jane's Armor and Artillery 1994-95, pp. 693-696)
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The US. Army has developed a new artillery rocket system called the Army
Tactical Missile System (ATACMS). It is fired from the MLRS launcher using off-axis guidance
techniques to prevent enemy radars from tracking the trajectory so that it can avoid an enemy's
counter-battery fire. Each missile is 3.96 m long and 0.61 m in diameter and with a range over
100 km. The warhead weighs 591 kg and contains approximately 950 anti-personnel and
anti-materiel bomblets which are dispersed over the target area to detonate upon impact.

Both systems have great capabilities for massing fire and deep attack. However,
these rocket systems are not proper for supporting close combat. Thus these systems can be
possible alternatives to make up for the inferiority of artillery as a GS or GSR mission. There for

these systems are not considered to be a alternative any more.
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V. ANALYSES OF ALTERNATIVES

A. ARTILLERY MODEL
DoD Instruction 5000.2-M defines models to be a representation of an actual or

conceptual system that involves ics, logical

or computer
Models can be used in the COEA to compare the effectiveness of the various alternatives.
In this thesis, a model of artillery gunfire is used to analyze the effectiveness of alternatives

presented in the previous chapter. The Figure S-1 shows a brief flow chart of the model

Procedures Input / Output / Action
Program Projectile Motion 1+ Tnitial Angle, Muzzle Velocity, etc
O - Trajectory

Determine
Drag Coefficient

Add Random Portion |

Determine
Distribution : PE

I: Drag Coefficient O : Range
A : Trial and Error (Repeat if Necessary)
Compare to the Range in Firing Table.

1: Standard Deviation

O : PEs in Range and Deflection

A - Trial and Error (Repeat if Necessary)
Compare to the PEs in Firing Table.

Measure Effectiveness

Determine
Number of Experiment

Determine the Effectiveness

I : Parameters Determined above
O : Effectiveness of One Trial

A : Increase the Number of Experiments,
Take the Average and Find when
the Average Converges

O : Mean of Effectiveness

Figure 5-1. Flow of the Model




1. Projectile Motion with Gravity and Drag Force

The motion of an artillery round is three dimensional projectile motion with gravity and
drag forces. In three dimension, all axis and angles are defined as follows and showed in the
Figure 5-2. The axis are assigned as typical right hand coordinate system (x, y, and z axis
represent deflection, range, and altitude, respectively). The initial velocity is ¥,, the elevation (the

vertical angle between muzzle and ground) is 00, and the horizontal angle from the yz plane to

gun is do

Figure 5-2. Coordinate System for the Model
Let projectile velocity vector
2 ~ ~ o
VaVk + 1,5+ V.2
where %, , and 2 represent unit vector of each direction.
The given initial velocity of projectile is can be divided into the form,

100cos b,

Vo = VocosBosin o, V3o = VocosBocos do, and Vo = V¢ [

The equation of the motion will be
- —|2
F =—m?~%CpA} V|,

where p is air density, g is the acceleration of gravity, m is projectile mass, ¥ is velocity, C is drag

coefficient, and A is cross-sectional area of projectile
26



5 5 i
orm V=-mgz-3CpdVV

Divide the above equation by m and separate it into 3 dimensions,

V= —kiVy,V,=kVV,  and V. = g — kVV: , where k= (Cpd)/2m

Among the variables used in above equations 4, g, and m are fixed parameters, but p

depends on the height () of the projectile. The Firing Table shows 155 mm howitzer trajectory

passes maximum height 10,000 to 11,000 meters. (Reference : Appendices A through K, Firing

Table FT 155-AM-2). The variation of the air density for the standard atmosphere is given by the

Table 5-1

Table 5-1. Air density at the different altitude

Height (m) | Air density (kg/m’) | Height (m) | Air density (kg/n’) |
0 1.2255 6,000 0.6596
500 11677 6,500 06237
1,000 1.1120 7,000 0.5893 |
1,500 10583 7,500 0.5564
2,000 1.0067 " 8000 05250
2,500 0.9570 | 8500 0.4949
3,000 0.9092 T 9000 0.4661 \
3,500 0.8633 | 9500 04387 |
4,000 08191 10,000 04125 ‘
4,500 0.7768 10,500 0.3875
5,000 0.7361 11,000 03637
5,500 0.6970 11,500 03361 I

(Source : The U.S. Standard Atmosphere, pp. 39-53 )

A plot of the air density against height with fitted lines is shown on the Figure 5-3. As

shown on the figure, the second and third-order fitted points are almost the same and very close
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to the actual data points. The coefficient for fourth-order is nearly zero, less than 10°. The
third-order equation for the air density is,
p=12263-0.1189 2 + 0.0046 22 — 0.0001 2°*

where z is the altitude of the projectile in km

14 - e
3
L +: Data Point
= |
3
3
2 v
> - © 1st Order Fit
@
e
8 )
= .. : 2nd Order Fit
z :

— : 3rd Order Fit

0.4

0.2,
0

Height (km)

Figure 5-3. Plot Air Density against Height

The drag coefficient, C, varies as the speed, air temperature, and air density changes. For
the simulation, it can be assumed to be a fixed variable and is determined by trial and error for
given initial conditions.

Let the initial condition of projectile be the location of gun, that is x;=0, y,=0, z,=0, and
the vertical angle from the ground to the gun is 8o. Assume the projectile starts along the path
only on yz plane, then ¢g= 0.

With all of above variables and initial conditions and equations of motion, the trajectory

data can be computed using the Euler-Cromer method. This method was programmed using the
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'C' language, and the listing is given in Appendix B. Appendix C shows the projectile trajectories
for several different charges. Note that the charge is combined with an elevation angle such that a
specific range is achieved

2. Hit Distribution and Random Numbers

In reality, the artillery rounds follow this model with some stochastic distribution The
Firing Table states that artillery rounds have a normal distribution in range and in deflection with a
certain probable error in meter at any specific range and charge

Random numbers generated by the computer's random number generator can be used to
simulate this distribution It generates integers randomly between zero and 2*'-1 with a uniform
distribution. The random number can be normalized by dividing generated numbers by 2°'-1. Then
r, the set of the random numbers between zero and one, is a uniform distribution as shown in the
Figure 5-4.

The probability function will be,

p=1 0<r<l

pAr)=0 otherwise

Py
10!

0 dr o r

Figure 5-4. Uniform Distribution

The relationship between the uniform distribution and any kind of probability density
function, p(x), for example Figure 5-5. is,

) d = p(r) dr
P 7163 T S ¢ |
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r(x),

Figure 5-5. Continuous Probability Distribution Function

Assume that the distribution of an artillery projectile is caused by distributions of initial
gun elevation, 0, deflection angle, ¢, and muzzle velocity, ¥/, For the simulation, let the angular
fluctuation around the gun barrel, @9, create a velocity error, dV. Then the velocity error can be
given in the form of dV’= V' dB, where @8 is the angular error between aiming point and actual
gun barrel. Note that @ is caused not only by the error of the initial elevation but also by the
error of the initial deflection.

At the muzzle, dV has a certain distribution on the xz plane, so the bivariate normal
distribution is a good assumption to model this distribution. From the standard bivariate normal
distribution function with zero correlation coefficient (i.e. the errors in elevation and that in
deflection are independent),

21Gx0: 2

W ey
= —L exp[,l[(x cl:x) NG c::) ]]

where x and z are the independent variables, 1. and ui. represents mean values, and 6, and o, are

the standard deviations of the random variables, x and z.

Assume ;= 0, p: =0, and 6, =

S,

1 1
then p(x,2) di dz = exp(—ﬁ[x2 +z’]]dxdz

2

L x=s coso, z=5 sino, and 0 =tan"' ()

2,52
Lmk:m,
202
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o
then p(x,2) d dz = £ d = . 0}

butab(dz:sdsab:czdkdm,fromkfﬁ

sop(x,z)dxdz:p(s,u))dAdm:(e"ﬂ)(g—z). )

Which is a product of the exponential distribution and the uniform distribution. From

equation (1) for the exponential distribution, p(X), and uniform distribution, , we have

In(r.).. e 5)
and © = 2T Fyco -(6),

where 7; # r;. (i.e. different random numbers)
Put equation (5), (6) and s = 624 into x =scoso and z = ssin o,
then x = 6/=2In(r) cosnr) ... (7)
and z=0-2In(r,) sinQ2nr,).. ..(8)

The initial muzzle velocity, ¥/, also has a distribution. Assume that it follows the Gaussian
distribution with mean value ¥, and standard deviation @, Following the same procedures

mentioned above yields,
Vi =Vo+dVo/-2In(r) cosrry)...... . ),

where ry # 1/

The x and z components of velocity have random distributi iated with ti

(7) and (8), respectively. Put o = Vb /J2 into equations (7) and (8), and rewrite @V, and d¥’, by
using equations (7) and (8),

mendy,:%@ 3G cos@nr) ... (10)




and V. = Y& [y sin2rr) an
2

Note that d¥, (y component of the velocity error caused by the angular error) is neglected
because the magnitude of it is much smaller than the @/, which is the error of initial velocity.

Put V, given by equation (9), into equations (10) and (11), and add the revised equations
to the program as the random portion of the projectile motion. Appendix D is the 'C' program to
determine the standard deviations of angle and velocity. This program contains sorting function
which orders errors and calculate the probable errors (PEs).

Run this program with random firing data and check the PEs as the number of fires
increases. Appendix E is a plot which shows how many rounds are required to get a converged
PEs. The solid lines represent the PEs in deflection and the dotted lines show the PEs with several
different firing data and arbitrary standard deviations. It shows 5000 rounds yielding the PEs
within one meter and the PEs from 10,000 rounds converging to 0.2 m.

Now change the standard deviations of the angle and muzzle velocity, dtheta (radian) and
dv0 (m/sec) in program, dtheta from 0 to 0.005 with stepsize of 0.0001 and dv0 from 0 to 2.5
with stepsize of 0.1, and check the PEs from 10,000 rounds. Appendix F shows the results from
several different sets firing data. Determine the dtheta and dv0 by finding or interpolating with the
nearest values for the given PEs at the specific range in the Firing Table.

Determining the standard deviation is the most critical part of the simulation because it
directly relates the distribution of impact points that affect the effectiveness of each system. To
confirm dtheta and dv0, put the determined values into the program again, and run it one more
time to check the PEs. The PEs in the Firing Table are stated by an integer number in every 1000
km. If the result shows the different PEs compared to the given PEs in the firing data, then repeat
all of the above procedures with more round or smaller stepsize.

3. Target Descriptions and Assumptions

There are various kinds of targets in the battlefield. In this thesis, a 300 m x S0 m
rectangular target is used as a standard for a six howitzer battery to compare the effectiveness of
each alteratives. Assume each howitzer aims at one of the six equally spaced aiming points on
the 300 m x 50 m target as shown in the Figure 5-6
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The damage to the target due to each round impact is determined as follows. Divide the
target into one square meter (1 m x 1 m) cells (15000 cells for the 300 m x 50 m target). Once
each round fires, examine the trajectory and find the impact point. The round is assumed to cause
damage within the circle with a radius of 25 m. The number of damaged cells is determined by
drawing a circle around the impact point with a radius of 25 m. Each cell will be examined as to

whether it is damaged or not. After firing a volley, the ratio of damaged cells/area of the target is

determined.
- —_r
+ + + + + + \Ljo m
Som,
300m
(+ : Aiming Points)
Figure 5-6. Target Size and Aiming Points
To measure and compare i , some more ions are required. First, there

is no consideration for error in the gun position and target location. Second, the con

ions of the
atmosphere, howitzer, and projectile are considered to be standard. In other words, neglect, or
assumed to be corrected, the differences of each howitzer, projectile, and weather condition.
Third, subsequent hits on each cell does not contribute the damage. (i.e. only the first hit on the
each cell damages to target).

Appendix H is the 'C' program that computes the cumulative damage on the area target by
multiple firing. The result varies very much with a small number of trials because of the random
distribution. However, as the number of the trials increases, the average converges to certain
number. Appendix I shows the change of the average cumulative damage compared to the number
of trials. It shows about 500 trials are required to get a converged average. Table 5-2 shows
cumulative damage (averaged over 500 trials) to the stationary 300 m x 50 m target at the

different ranges with different charges as the number of rounds increases.
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The numbers in the table are the only relative measurement for comparing the performance
and do not represent the ratio of actual damage. The number of rounds fired on a target in the
combat situation is decided by the Fire Direction Officer (FDO) in accordance with the Joint
Munitions Effectiveness Manual (IMEM). According to the IMEM, most cases of a fire mission
require from three to five rounds to attack the targets, which are highlighted with a doubled line in

the table. It will serve as criteria of the measures of effectiveness for each alternatives.

Table 5-2. Cumulative Damage to a Stationary Target

[ Range (km) 5 10 15
B 6 7 s 3
‘ 1 056 042 046 J 039 027
2 0381 066 070 062 047
3 091 080 0384 077 062
4 0.96 088 091 0386 072
5 098 093 0.95 091 0380
6 099 096 097 095 085
\‘ 7 099 098 099 097 089
‘ 8 1.00 0.99 099 098 092
| 9 1.00 099 099 099 094 |
10 1.00 1.00 1.00 099 0.96 J

B. MEASURES AND ANALYSES OF EFFECTIVENESS

The analyses of effectiveness provide measures that assist in distinguishing the differences
between alternatives. They show how the alternatives compare in meeting functional objectives.
The measures should be related directly to the system's performance characteristics to satisfy the
missions identified at the beginning of the acquisition program. Quantitative and objective
measures of the effectiveness are recommended to minimize personal bias.

To measure the relative of the ives, every possible cases

should be modeled and measured. There are many kinds of targets and engagement methods.
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However, targets can be classified into two categories: stationary and moving. The effectiveness
of attacking a stationary target, such as a command post, supply depot, and so on, is not
dependent upon the rate of fire or response time as is a moving target. Consequently measure the
effectiveness of the alternatives will be determined by running the simulation program with each
system's rate of fire for different target mobile characteristics
In this thesis, a moving target means that all, or any potion of the target, can change its
position during the attack so that the damage would be reduced. This movement can be
categorized into two way: dispersion and linear in any direction
1. Rate of Fire
The rate of fire is one of the important characteristics related directly to the fire support
capability of the artillery system. The current systems, such as the M109 series, have a maximum
rate of fire four rounds per minute in three minutes and a sustained rate of fire one round per
minute. As shown on the Table 4-3, the alternatives have a much faster rate of fire than current
systems.
a. Dispersing Target
A good example of this target is an assembly area. Assumptions for this
engagement are as follows. The first round hits the same condition as a stationary target. The
non-damaged potion of the target disperses in all directions with a certain speed within a
boundary. Assume that the speed varies from 2.5 m/min to 100 m/min with, a maximum
movement of 100 m in each direction. As an example, Figure 5-7 shows the target size every
minute if the dispersion speed is S0 m/min
As shown in the figure second volley impacts on the target size 400 m x 150 m. In
other words number of target cells is increased from 15,000 to 60,000. The number of cells when
the third volley impacts is 125,000
Let the initial condition of the target be unity, and 4, represents the damage caused
by the ith volley. The first volley will damage the target by &, The second volley impacts the
target which will be 1-d, in the size 350 m x 100 m if the target disperses with the speed of
50m/min and the rate of fire is one round per minute. After the completion of the second volley,
the program will measure the damage on the target with expanded size. Let the damage be d, The

cumulative damage, caused by the first and second volleys will be d, + d,(1-d,). This procedure of
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measuring the damage will be continued for subsequent volleys. Appendix H is the program that
contains this procedure to measure the effectiveness of artillery attacking a dispersing target by
using proper variables.

[T tmitial Target (300 x 50)

Y

77 After | min. (400 x 150)
| [ After 2 min and later (500 x 250)

Figure 5-7. Dispersing Target with Speed 50 m/min

Table 5-3 shows the cumulative damage by the one-round-per-minute cannon
battery against the target with the speed S0 m/min.As shown in the Table 5-3, five rounds are not
enough to satisfy the fire mission for the dispersing target. Even after ten rounds of fire, the
cumulative damage is less than 80 percent for most of the experiment.

If the rate of fire is increased, it is clear that subsequent volleys can impact on a
smaller target so that the target will be damaged more. Table 5-4 shows the cumulative damage
against the same target described earlier with an increased rate of fire of four rounds per minute,
and Table 5-5 shows the results with ten rounds per minute. Numbers in the parentheses in the
Tables 5-3 through 5-8 represent the number of charges. Assume that each target is attacked by
six volleys, and the results of sixth rounds are highlighted with doubled line in the tables. More
measures of effectiveness with various conditions are attached in Appendix I.

The reason of choosing six volleys is for convenience to compare the performance,
even though JMEM recommends between three to five rounds. In other words, the six volleys
can be fired either six volleys by one battery, three volleys by two batteries, or two volleys by
three batteries.



Table 5-3. Target Size and Cumulative Damage for 1 round/min

| Target Size Damage
T
Round | (mxm) | Skm (@) [10km(6) 10 km (7)] 10 km 8) 15 km (8)
|
1 300 x 50 | 0.55 ‘ 0.41 0.45 038 | 0274
2 400 x 150 0.64 | 0.53 0.56 0.50 039
‘ —

‘ 3 500 x 250 0.68 0.57 0.60 | 0.54 0.45
3 s0x250 | 071 | o6l | oes | 059 | 050
5 500 x 250 ‘ 0.74 0.65 ‘ 0.67 063 0.55 1
6 s00x250 || 076 | o068 [ 070 | o066 | o059

Table 5-4. Target Size and Cumulative Damage for 4 rounds/min

Target Size |

Damage

Round | (mxm) | Skm(4) ‘]0km(6)>10km(7) 10km (8) 15 km (8)

1 300x50 | 056 | 042 | o046 | 039 | 027
2 325x75 | 075 | 062 | 066 | 059 | 046
IE 350x100 | 083 | 073 | 076 | 070 | 058 )}

4 375x125 | 087 | 079 | 082 | 071 | 066

s | a0x10 | 090 | o083 | o8 | o0s1 071 |

6 425x175 | 092 | ose | oss | osa | o075 |

Table 5-5. Target Size and Cumulative Damage for 10 rounds/min

Target Size Damage
. N—
Round | (mxm) | Skm(4) 10km(6) 10km(7) 10km(8) 15 km (8)
1 300 x 50 056 | 042 | o046 [ o030 lL 027
2 310x60 | 078 | 065 | 069 | osl 047
|
3 320x70 | 088 | 078 | 081 | 074 0.60
4 330x80 | 093 08s 0ss | o083 070
s 340x9 | 096 | 09 | 092 038 017 |
i
6 350x 100 [ 0.97 093 | 094 [ o091 [ os2 |
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Figure 5-8 shows how the cumulative damage after six rounds varies as the rate of
fire changes with different target speed. Each range and charge combination has one set of three
different type lines. As shown in the figure, the effectiveness to the stationary target (speed = 0)
have the same value (three lines start from one point), and those of the ten-rounds-per-minute

howitzer dropped less than 10 percents compared to a stationary target while those of the

d-pe i and fi ds-pe i lowered significantly
1 e e e .
—— ——a__
g 0.9 N B ~¢ . solidline:10imin |
& < s 47"~ dashed line : 4 /min
a i) k { " N
- - - dotted line : 1 r/min
g 085, e atTp _
z —
S -
g 08 < . ]
3 3 J
075 S line @ : 5 km, charge 4 ‘
| S, o a " line b: 10 km, charge 7
07! h | line c: 10 km, charge 6
L line d : 10 km, charge 8 |
065! e c < linee: 15 km, charge 8 ‘
06| e ‘
055 = ==
20 40 60 80 100
Speed of Tareget (m/min)
|

Figure 5-8. Cumulative Damage after Six Rounds with Different Rate of Fire

To achieve the same damage with the four-rounds-per-minute howitzers as the
ten-rounds-per-minute battery achieved, the number of firing unit should be increased. Figure 5-9
shows the effectiveness of six volleys by one ten-rounds-per-minute howitzer battery, three
volleys by two four-rounds-per-minute howitzer batteries, and two volleys by three four-rounds-

per-minute howitzer batteries. As shown on the Figure 5-9 the effectiveness of a ten-rounds-
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per-minute howitzer battery is approximately the same as that of the two four-rounds-per-minute

howitzer batteries.

— : 10 /min
| (1 unit 6 volleys)

X ... 4r/min
- gl (3 unit 2 volieys)

Cumulative Damage

ke p—— . —4dmin
X - (2 unit 3 volieys)
075 | R . -x- © 4 r/min
r ) X< —m—— (1 unit 6 volleys)
07 ) ‘ {
065, : . “7x --:1dmin
. (1 unit 6 volleys)
06 .
055 ’ S el
0 20 40 60 100

Speed of Tareget (m/min)

Figure 5-9. Relative Effectiveness of the Different Systems to Dispersing Target

b. Target Moving Linearly
Actual movement of the forces in the battlefield is usually not a linear maneuver.
However, some maneuvers, for example a road marching unit, in a short moment can be modeled
as a linear movement. If the speed of target at the moment is v (m/min), then the new location of
the target at a later time will be vz, where / is the time between the volleys.
Figure 5-10 shows how the speed of a target and the rate of fire are related to
damage. This relationship is shown in the plot of cumulative damage to the target caused by two

different kinds of howitzer batteries (a fc ds-pe i and a ds- p inute) with
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different target speeds at the range of 15 km. As shown in the Figure 5-10, with a four-rounds-
per-minute howitzer the first round is the only cause of damage when the target moves faster than
600 m/min. However, the second and third volleys of a ten-rounds-per-minute howitzer can
damage the target when it moves with a speed of 1000 m/min, even though the additional damage

is very small. The other results at the other ranges with different charges are similar

Dotted line : 4 rounds/min
1 Dashed line : 10 rounds/min
09l i |
P v=100
o P i
go8 ~ o |
£ e -
3 s
2o7 s
s /-
3 /
E v=100
3 o6l /
/
v=500
02 —r E— ek
1 2 3 4 5 6 7 8 9 10
Number of Rounds

Figure 5-10. Cumulative Damage with Different Target Speed

As an example, assume that the target approaches along the firing direction with
the speed of v =200 m/min (7.5 miles/hour). Tables 5-6 through 5-8 show the cumulative damage

at different ranges and charges by each weapon system with different rate of fire.
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Table 5-6. Cumulative Damage by 1 round/min

Target Damage
Round |Location (m)| 5 km (4) 10 km (6) 10km (7) 10 km (8) 15 km (8) "
| Range 055 041 045 | 038 027 |
5 200 055 u« | 045 038 027 “
3 -400 055 041 045 038 027
4 -600 055 0.41 045 038 027 i
s -800 055 | o041 | o045 038 027 ||
6 -1000 055 041 045 | 038 027
Table 5-7. Cumulative Damage by 4 rounds/min
Target Damage ‘
Round |Location (m)| 5 km (4) | 10 km (6)| 10 km (7) 10 km (8) 15 km (8)
1 Range 055 | 041 | o4s | o038 | o027
2 -50 0 STL 050 052 | 048 040
-100 059 051 053 049 043
4 -150 059 051 0s3 | 049 | 043
:‘ s -200 0.59 ml 053 049 043
H 6 250 059 051 053 | 049 ‘ 043
Table 5-8. Cumulative Damage for 10 rounds/min
Target Damage i
Round |Location (m)| 5 km (4) 10 km (6) 10 km (7) 10 km (8) 15 km (8) |
1 Range 055 ‘ 0.41 ‘ 045 | 038 | 0.27
2 20 073 061 065 ‘ 058 046
3 40 075 069 071 067 057 |
4 60 0.76 072 | o7 07 063
s 80 076 073 073 | 072 066
6 100 0.76 073 0.73 072 067 |
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Figure 5-11 is a plot of the results of the same analysis as done with a dispersing

target with the different systems and different number of firing units at the range of 15 km

09 +.: 10 /min
(3 unit 2 volleys)

x. : 10 /min
"gf. + (2 unit 3 volleys)
£ -+
& X L
o \ (1 unit 6 volleys)
2 < X
3 o6 . FeeteL | -+:4dmin
E \ \ 7 (3 unit 2 volleys)
H h x x
o \ X
05 x x4 /min
. \ I e . (2 unit 3 volleys)
04 " s — 4 /min
) (1 unit 6 volleys)
03 e -1 dmin
. W i . S (1 unit 6 volleys)
| 02
200 400 600 800 1000

Speed of Tareget (m/min)

Figure 5-11. Relative Effectiveness of the Different Systems to Linearly Moving Target

This plot shows the damage caused in each case decreases as the speed of the
target increases. The damage caused by the higher rate of fire decreases less than by the lower
rate of fire in the case of increasing target speed. According to the Figure 5-11, the relative
effectiveness of the different systems varies as target speed changes. Most vehicles in the modern
battlefield can maneuver with a speed of between 15 miles per hour (400 m/min) and 30 miles per
hour (800 m/min). In this speed range, three four-rounds-per-minute howitzer batteries can cause

roughly the same damage as that caused by two batteries of ten-rounds-per-minute howitzer.



2. Response Time

Response time is another important characteristic of artillery performance. As shown in
the Table 4-3, current systems have a response time around ten minutes. In other words, a moving
firing unit requires ten minutes for the first round of fire. That means the target can move, attack,
fire, or take any other action for ten minutes without any interference. Even if the unit fires after
ten minutes, the enemy may move far away from the position fired at

If the target is an enemy's artillery, their firing at the friendly position for ten minutes of
firing without any restriction is enough for them to accomplish their mission, or to move to

another position, because their artillery system has a similar rate of fire capability

C. COSTS

A cost estimate is another important issue of the acquisition program. Decision makers
must combine cost estimates with measures of operational effectiveness. This should be a life
cycle cost (LCC) estimate for each alternative. However, LCC is usually a rough estimate,
particularly those costs associated with system operation and support. A careless analysis of the
LCC wastes budget and sometimes causes political and/or diplomatic problems, especially if the
program requires importing weapons.

As mentioned in introduction, there are only limited data available and the focus of this
thesis is on the analysis of the effectiveness. So the remainder of this thesis will briefly explain the
contents of the rest parts of a COEA and short analysis with the data available.

1. Life Cycle Cost

There are several standard weapon system costs and components of the costs. Figure 5-12
shows the concept and composition of each standard cost

The contractors asking price is usually the program acquisition cost plus their profit.
However, from the DOD or program manager's view point, the LCC is more important because
LCC contains operation and support costs, which can be much larger than the program

acquisition cost and is very sensitive to the system's performance.
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+ Hardware

+ Software
‘ + Contractor Service

+ Publication
+ Nonreccuring "Start-up” +Support Equipment

‘ + Management + Tech Data
+ Training Equipment

+ Allowance for Change

FLYAWAY COST + Factory Training

'WEAPON SYSTEM COST

‘ ‘ + Initial Spares
PROCUREMENT COST

+ Rescarch, Development, Test, and Evaluation
+ Facility Construction

PROGRAM ACQUISITION COST

+ Operation & Support (Includes Post-production Support)
+ Disposal

LIFE CYCLE COST

Figure 5-12. Relationship and Composition of the Standard Costs
(Source : System Engineering Management Guide p.17-3)

2. Estimating Techniques
There are several cost estimating techniques. Sometimes, two or more methods can be
used together to estimate a given program LCC. The most appropriate method, or methods,
should be selected by a case-by-case basis.
a. Parametric Estimates
This method estimates the cost with particular element(s) that is a function of one
or more technical, physical, or other parameter(s) considered to be most closely related to the

cost, such as the rate of fire and response time in the artillery system. This analysis requires a
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statistical data base, and the accuracy of the estimate is highly dependent upon the quantity and
quality of the data base. This approach is usually used to estimate the production or development
cost.

b. Estimating by Analogy

The cost of a particular component, element, or system may be similar to an
existing system. The cost of the existing system serves as the baseline, and adjustments for the
differences yields the new cost. This approach is relatively simple and gives good accuracy for
similar systems in the same type, but it is undesirable for high technology systems, such as
electronics.

c. Engineering Estimates

This method, also called a "bottom-up” estimate or a "grass roots" method, is the

of costs by estimating each or equi item. This is the most detailed

technique with the best accuracy, but it requires a detailed program and product definitions. It
also costs a lot of time and money.

d. Expert Opinion

This estimate is provided by the person, or persons, knowledgeable in a topic area
This may be biased, so it is not used when there is sufficient data, or when other methods are
available.

3. Cost Estimation

A broad scope of data, system quality factors, such as MTBF, MTTR, MTBM., etc.,
manpower implications, and other operating and support cost data, are required to estimate LCC.
As mentioned in the introduction, only a few cost data bases are available, and some data are
classified, so an estimate of the LCC is out of the scope of this thesis. However, some cost
estimates of a few similar cases will be done by analogy.

a. Development of New System

Even though there is sufficient technical and financial background, this alternative
is the riskiest one. So, a very careful analysis is required for this alternative. However, most
developing countries don't have enough historical data for the analyses. Table 5-9 shows R & D
cost of some the U.S. Army artillery systems.
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Table 5-9. R & D Cost of the U. S. Army Artillery Systems (in million dollars)

Fical | US.Amy | M 198 M 119 MI09 A6
Year | Deflator | Yearly | in1995 | Yearly [ in1995 | Yearly |in1995
1973 312 143 | 458 | ‘
Com 344 60 | 174 \
7 379 68 | 179
976 406 24 59
1977 412 0s L1 |
o 8.0 07 s ‘ ‘
o7 527 20 | 38 |
| 1980 579 B |
[ 1081 625 03 05 | |
| os2 658 |
o8 683
| 984 70.7 193 | 273
| 1985 728 ‘ o1 | 125 | 269 | 370
[ 1086 749 ‘ | 09 [ 1as | 29 | 306
1087 m2 | ] R
| 1088 801 | | [ [ 79 |30 | w7
| 108 83 | 16 19 | 254 | 305 |
| 19% 86.7 124 | 143
“ 1991 897 88 | o8
[ 1992 922
| Total 330 | 939 | 410 | 39 | 1820 2339

The M119 is a light towed 105 mm howitzer for the U. S. Army special forces, so it does
satisfy the performance objectives mentioned in Chapter IV. The M198 is a 155 mm towed
howitzer, so this is not proper either. As shown in the Table 4-3, the M109 A6 system is the

closest system that satisfies the requirements. Similarly, the estimated cost of developing new
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system will be approximately 233.9 million dollars in 1995 currency (estimate by analogy), and
this does not exceed the budget limit. However, there is less technical background and fewer
facilities in Korea than in the U. S. A. Consequently, for practical use, a more careful analyses is
required for the costs, such as constructing new facilities, training personnel, and so on.

In addition to the R &D cost, procurement cost should be added to estimate the program
acquisition cost for the alternatives. Again, the U. S. Army's M109A6 data will be used as an
estimate. The U. S. Army has fielded this system since 1990. Table 5-10 shows the procurement
cost data of the U. S. Army.

Table 5-10. M109A6 Cost Data ($ in million)

Acem. Unit | Acem. | Mid- | Unit
Cost Unit | Point

Fiscal Cost | Deflator | Cost
Year (1995) Cost
1990 755% | 87.0 | 140.0%* 140.0 44 44 | 22 | 38
1991 180.4 89.5 2016 | 3416 60 104 74 3.28
1992 1316 91.9 1432 | 4848 60 E[ 134 | 29
1993 | 1111 | 944 1177 | 6025 60 | 224 194 | 269

1994 1553 97.1 1600 | 7625 | 170 | 394 309 | 194
1995 2260 | 1000 2260 | 9885 | 215 | 609 \ 5015 | 1.62
1996 | 2202 | 102.9 2138 | 1,2023 | 215 824 | 7165 | 146

* does not include long leads in 1988 (S 16.3 M) and in 1989 (S 27.8 M)
** includes long leads mentioned above (changed into 1995 dollar)

(Source : Paladin Program Office)

Note that the unit cost generally decreases as the accumulated quantity increases. The U.
S. Army cost estimating reference book states that this decrease is a "Learning Phenomenon”, and
log-fit is a good model for this phenomenon. [Reference: Chapter 7, Cost Estimating Reference
Book]. Figure 5-13 shows the unit cost versus accumulated units graphically (data from table

5-10 shown as +'s), and the fitted equation (solid line) is,
y=8.47 x5 (million dollars / unit)......_...... S——Y)

where x is the accumulated unit quantity and y is the accumulated unit cost.
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Note that the accuracy of this estimating technique depends upon the quantity to be

procured. Assume that the quantity to be procured is large enough to follow this model

4 — - =
=
£ +
e 3
g
E o5l O\
£ 25 \ |
N
B o
V\ N
15 i} N
] - i
200 460 500 800

Accumulated Unit

Figure 5-13. Estimate of the M109A6 Unit Cost.
The total cost (TC) for n units can be calculated by integrating the equation (12) from zero

7= yae=[ 847 x°%ax

— 847 o075 (s
=075 " (million dollars)... e (13),
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Therefore, the total program acquisition cost for 7 units will be the sum of equation (13)
and $ 233.9 million, the R & D cost estimated above,

847 1075 4 233.9 (million dollars) .(4)
0.75

b. Import from the Other Countries

Importing a weapon system is a continuous negotiating process. The cost of the weapon
system can vary greatly. Among the selected alternatives, the company that builds the M109A6
system asks 1.44 million dollars per unit. Therefore, procurement cost for » units will be simple

multiplication of n by 1 44,
1.44n (million dollars) o (15)

The cost data for the PzH 2000 system, another alternative for importing, is not available.
Assume that the price of this system 2 million dollars per unit for further analysis, then the

procurement cost for # units will be,

2n (million dollars) - B (16)

D. TRADE-OFF ANALYSES

DoD instruction 5000.2-M states that the trade-off analyses describe equal-cost or
equal-capability packages; that is, they display the implications of trading one set of controllable
variables (such as schedule or performance) for another (such as cost).

Weighting of the parameters, ranking each alternative, and computing the overall grade is
the most common method used to do a trade-off analysis. Finding the key parameters and proper
‘weighting is critical to the results.

1. Uncertainty

The areas of uncertainties that are in the cost and effectiveness models should be
examined. These analyses serve to highlight for the decision maker the areas in which

uncertainties most likely affect the analyses and results.
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2. Sensitivity

Sensitivity analyses show how the characteristics of the system affect military utility or

The inherent inty in esti cost and/or i and in ining
their impact should be analyzed
3. Thresholds
Thresholds are the maximum cost and/or minimum acceptable performance that can be
tolerated in a system.

E. DECISION CRITERIA

The criteria on which decisions are to be made should be clearly explained. Multiple
criteria are always preferable to a single criterion

In the artillery system, estimated cost, rate of fire, accuracy of fire, etc., could be the
decision criteria, or criterion if only one is selected. As an example, assume that the cost is the
single criterion among the three alternatives, home development, M109A6 system, and PzH 2000
system. Figure 5-14 is a plot of equations (14), (15), and (16) which shows the cost differences
among alternatives as the quantity to be procured increases.

To find the intersection point between home development and M109A6, equate the two
equations, (14) and (15), and numerically solve for #. The intersection value is approximately
4400 units. This means if the quantity to be procured is less than 4400, then importing the
MI09AG6 costs less, otherwise home development costs less.

To find the intersection value between home development and PzH 2000, use equations
(14) and (16). The result is n = 1430 units, which also means if the quantity to be procured is less

than 1430, then importing PzH 2000 costs less, otherwise home development costs less.



12 o -
dotted line : Development
10 solid line : M109A6
‘ dashed line : PzH2000

ion)

Cost ($ in Bi

1 2 3 4
Unit(in 1000)

Figure 5-14. Cost Difference among the Alternatives
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VL. SUMMARY OF THE RESULTS

This part of a COEA summarizes the findings that emerged from the analyses. Table 6-1 is
the most popular format for the summary of the results

In this thesis, the decision criteria consist of rate of fire, response time, range and cost
Each criterion is given a relative weight of 1.0. Assume the quantity to be procured is 1000 units,
then the cost for three alternatives M109A6, PzH 2000, and home development will be, $ 144
Billion (B), $2.0 B, and $ 2.24 B, respectively, or relatively 1.0, 0.72, and 0.65

In the measures of the effectiveness, it is assumed that M109A6 can fire four-rounds-

per-minute, and the other ives fire with t ds-p i firing rate. The measured

ofat ds-per-minute howitzer battery causes twice the damage in a dispersing
target and 1.5 times the damage for the linearly moving target than the four-rounds-per-minute
howitzer battery. Assume that there are equal portions of the target in the battlefield, stationary,
dispersing, and linearly movement. Let the grade for the ten-rounds- per-minute howitzer be one

Then the grade for the four-rounds-per- minute will be,
p
(%xl) +(%xlj +k%x§) —om

All of the alternatives have the same response time and satisfy the required range, so the

grades for these characteristics will be unity.

Table 6-1. Summary of the Results

System Alternatives
Characteristics ~ Weight MI09A6 | PzH2000 | Development
Rate of Fire 1.0 0.72 1.0 1.0
Response time 10 w | 1o 10
Range | 10 o [ o w0 |
Cost | 1.0 1.0 0.72 0.65 |
Overall Grade | 372 372 365




In the table 6-1, the weights on each criterion are equal. However, the results could be

changed if the weightings vary. Also Table 6-1 only shows the format and the result

is not practical because of the limits mentioned before
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VIL. CONCLUSIONS

One of the most important parts of the DoD management is the acquisition of weapon
systems. The objective is how to find the most effective system with the least cost. There are
many considerations and possible ways to achieve this goal which require considerable time and
expense. The U. S, DoD instruction 5000 series shows one way to avoid these problems and
difficulties and how to select the best alternative through a Cost and Operational Effectiveness
Analysis (COEA). The COEA aides a decision maker by quantifying the various cost
considerations and performance characteristics

This thesis uses the procedure and format of COEA specified in DoD instruction 5000
series for the future artillery system in Korea. A computer simulation was developed to measure
the effectiveness of each alternative. Even though many requirements and inputs are assumed and
simplified (because of the time limit and sensitivity of the defense industry), this simulation can

serve as an example for the acquisition management of future artillery systems.







APPENDIX A. COEA FORMAT
[This is a COEA format given in the attachment 1 (page 8-1-1 to 8-1-2), Part 8, DOD
instruction 5000.2-M.]

COST AND OPERATIONAL EFFECTIVENESS ANALYSIS
FOR
PROGRAM TITLE

1. The Acqui
a. Need
Describes the deficiency or opportunity identified at Milestone 0, Concept Studies
Approval in the Mission need Statement. Shows derivation from Defense Planning Guidance.
b. Threat
Describes projected enemy forces and tactics, including potential countermeasures. Cites

sources for the projecti and areas of i the System Threat Assessment

Report.
c. Environment

Defines expected operating environment (terrain, weather, altitude, etc.). Notes Allied

contributions where relevant. the sections of the O

Document.
d. Constraints

Describes underlying assumptions regarding personnel, funding, and technical constraints.
Shows effects, at the margin, of changes in the i the i sections of

the Mission Need and the O ional Requi Document

¢. Operational Concept

the izati and i plan for the proposed system. Covers
forces, equipment, doctrine, and tactics. Refc the i sections of the O
Requirements Document




2. Alternatives

a. Performance Objectives

Describes quantitatively the minimum

qui and
for the performance of the proposed concept or system. Shows the impact of changes at the

margin in performance and mission satisfacti the icable sections of the

Operational Requirements Document.
b. Description of Alternatives

Describes the alternatives investigated in the analysis

3. Analysis of Alternatives
a. Models

Identifies the models used in the analysis and discusses the reasons for their selection
Documents the input data and assumptions

b. Measures of Effectiveness

Identifies the measures of effectiveness used; explains the rationale for their selection

Presents results for the individual alternatives.
c. Costs

Shows life cycle and force costs for each alternative in the constant and current dollars

Displays sunk costs (if provided) sep: Shows manpower implications and program and
budget status.

d. Trade-OfF Analysis

Shows inties in the cost and effecti estimates for cach alternative. Analyzes

sensitivity of the results to changes in the performance and schedule. Identifies possible cost and
performance thresholds for each alternative

e. Decision Criteria

Suggests criteria for selecting among the alternatives.
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4. Summary of Results
Summarizes the major findings and analysis. Highlights factors affecting the acceptability

of the alternatives, both individually and in relation to one another.
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APPENDIX B.

" PROGRAM FOR THE PROJECTILE TRAJECTORY

/* . Y
/* ARTILLERY SIMULATION */
/* 1 Round Trajectory */
SRR R IR ERR A AR /

# include <stdio.h>
# include <math.h>
main()
{
float rl,r2,max,x,y,y0,z,9,Vx,Vy,Vz,dt,pi;
float c,rho,crA,m,v0,range,el,d,A,t,v,dtheta,dvx,dvy,dvz;
float theta0,thio;

int seed,i,j k;

FILE *fp
fp=fopen("tra.data"

Wi

pi=3.141592654;

g=9.8;

d=155.0/1000;

©=0.2914;

A=pi*d*d/4;

m=43.1; /* projectile mass in kg

el=451.1; /* Data of gun and target
v0=474; /* initial velocity of projectile
thetaO=(2*pi*el)/6400; /* vertical angle of gun in radian
dtheta=0.0; /
thi0=0.0;

range=10000.0;

¥

dispersion of gun

fprintf(fp, "\n*** Trajectory Data ***\n");

*/
*/
*/
*/
*/

fprintf(fp,"Time(sec) X Y z\n");

dt=0.05;
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max=pow(2.0,31.0)-1.0;
seed=1;
srandom(seed) ;
x=0.0; y=0.0; 2=0.0; t=0;
/* Initial velocity component of each direction */
Vx=vO*sin(thetal)*sin(thi0);
Vy=v0*cos(thetal);
Vz=v0*sin(theta0)*cos(thi0);
rl=random()/max;
r2=random( ) /max; /* random component */

/*  of velocity */
dux=vO*dtheta*sqrt(-2.0%1log(rl))*sin(2.0*pi*r2)/sqrt(2.0);
dvz=vO*dtheta*sqrt(-2.0%1log(rl))*cos(2.0*pi*r2)/sqrt(2.0);
Vz=vz+dvz;

Vx=Vx+dVx;
while (z>=0.0)

{ 2z=2/1000;
rho=1.2263-0.1189%22+0.0046%*22*22-0.0001*zz*2z*22;
crA=c*rho*A/(2*m);
v=sqrt (VE*VE+Vy*Vy+Vz*Vz);

Vz=Vz-(g+CrA*v*Vz)*dt;
VE=VE-(CTA*v*Vx)*dt;
Vy=Vy—-(CrA*v*Vy)*dt;
X=x+Vx*dt;

y=y+Vy*dt;
z=z+Vz*dt;
t=t+dt;
fprintf(£p, "sf\tsf\t3f\tsf\n", t,x,y,2);
1
close(fp);
1
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APPENDIX C. TRAJECTORY PLOT
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APPENDIX D.

JREEEEE KKK KKK K KK KAKARKKKKRKKKA RN K [

/* Probable Error */

JREEEEIRIEAKRKAKAKK KKK KA KKK KKK KKI AR AR [

# include <stdio.h>

# include <math.h>

main()

{

float r1,r2,r3,r4,max,x,y,yo0,2,22,9,Vx,Vy,Vz,dt, ti,pi;

' PROGRAM FOR THE CHECKING PROBABLE ERROR

float c,rho,crA,m,mv,dvo,v0,range,el,d,A,t,v,dtheta,dvx,dvz;

float theta0,thi0,pe,sum_x,sum_y,ax,ay;
int seed, h,i,j,s,k,nr,nro;
float rdata[100000],ddata[100000],data[100000],sort;

FILE *fp;
fp=fopen("pe.15c8", "w");
fprintf(fp,"dv0 = %8.4f\t dtheta =%7.3f\n",dv0,dtheta);

pi=3.141592654;

g=9.8;

d=155.0/1000;

c=0.3062;

A=pi*d*d/4;

m=43.1;

el=455.9; /* pata of gun and target
v0=684; /* initial velocity of projectile
theta0=(2*pi*el)/6400; /* vertical angle of gun in radian
dtheta=0.00125;

/* Standard Deviation of Muzzle Velocity

range=15000.0;

dt=0.05;
nr=100;
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nro=o;
max=pow(2.0,31.0)-1.0;
seed=1;

srandom(seed) ;
sum_x=0; sum_y=0;

while (nr<=10000)
/*while (dtheta<=0.05) */
{
for (k=nro0;k<nr;k++)

{ x=0.0; y=0.0; 2=0.0; t=0;
ddata[k]=0; rdata[k]=0;
rl=random()/max;
r2=random( ) /max;
r3=random( ) /max;

r4=random( ) /max;

mv=v0+dv0*sqrt (-2.0%*log(rl))*cos(2.0*pi*r2);
Vx=mv*sin(theta0)*sin(thiO); /* Initial velocity component */
Vy=mv*cos(theta0); /* of each direction */
Vz=mv*sin(thetal)*cos(thio0);

/* random component of velocity */
Avx=mv*dtheta*sqrt(-2.0%*log(rl))*sin(2.0*pi*r2)/sqrt(2.0);
dvz=mv*dtheta*sqrt(-2.0%log(rl))*cos(2.0%pi*r2)/sqrt(2.0);

Vx=Vx+dVx;
Vz=Vz+dVz;

while (2z>=0.0)
{
22=2/1000;
rho=1.2263-0.1189%22+0.0046%2z*22-0.0001*zz%zz*22;
crA=c*rho*A/(2*m);

=

qrt (VEAVR+Vy*Uy+Vzavz) ;
VE=Vx-(CIA*V*Vx)*dt;
Vy=Vy-(CrA*v*Vy)*dt;
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Vz=Vz-(g+CTA*v*Vz)*dt;
X=X+Vx*dt;

y=y+VUy*dt;

z=z+Vz*dt;

t=t+dt;
}

ti=(Vz*dt-z)/Vz;
X=X+VR*(ti-dt);

y=y+Vy* (ti-dt);
z=z+Vz*(ti-dt);

SuUm_X=sSum_X+X; Sum_y=sum_y+y;

ddata[k]=x; rdata[k]=y;
}
ax=sum_X/nr; ay=sum_y/nr; /* mean point of impact */
/* determine provable error */
s=0;
while(s<=1) /* s=0 : range, s=1 : deflection */
£
for (i=1;i<=nr;i=i+1) /* read data */

{
if (s==0) data[i]=rdata[i]-ay;
else data[i]=ddata[i]-ax;
if (data[i]<0) data[i]=-1*data[i];
}
for (i=2;i<=nr;i=i+1)
{
sort=data[i];

while (data[j-1]>sort)
{ data[jl=data[j-1];
j=3j-1;

}
data[j]=sort;
¥
h=(int)(nr/2);
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pe=(data[h]+data[h+1])/2;
fprintf(fp,"%8d\t%7.3f\t",nr,pe);
s=s+1;
}
/* dtheta=dtheta+0.001;%/
nro=nr;
nr=nr+100;
fprintf(fp,"\n");
}
fprintf(fp,"MPI : direction %8.2f
close(fp);
}

range %8.2f\t",ax,ay);
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APPENDIX E. PROBABLE ERRORS VERSUS ROUNDS FIRED
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APPENDIX F. PROBABLE ERRORS WITH VELOCITY AND ANGLE CHANGES
The followings are the outputs, the ratio of measured PEs to the given PEs in the firing
table, with the different standard deviations of muzzle velocity and initial angle. Determine the
dv0, the standard deviation of muzzle velocity, and dtheta, the standard deviation of initial
elevation, such that combination makes the ratio equal to, or closest to one, which are highlighted

in the following tables.

.7




1. Range : 5 km, Charge 4, Given range probable error (PE-R) : 18 m and deflection
probable error (PE-R) : 4 m

dv0=0.1 dv0 =0.2 dv0 =0.3
| dtheta PE-R PE-D PE-R PE-D PE-R PE-D

[

0.0011 0.55 0.68 0.64 [ 0.69 0.75 0.69
|
\

0.0012 0.58 0.74 0.67 0.75 0.77 0.74
0.0013 0.61 0.82 0.72 0.82 0.82 | 0.82
0.0014 0.67 0.87 0.7& 0.88 0.88 W
0.0015 0.71 0.92 0.90 0.93J
0.0016 0.74 0.99 0.84 1.01 0.96 1.00
0.0017 0.77 1.06 D.BGJ 1.07 1.02 1.07
0.0018 0.84 1.13 0.92 1.12 1.06 1.13
0.0019 0.85 1.20 0.97 | 1.16 1.05 1.22
0.0020 0.88 1.23 1.00 1.25 1.12 1.26

o
<
©
o
©
IN]

dv0 =0.4 dv0=0.5 dv0 =0.6
dtheta PE-R PE-D PE-R | PE-D PE-R PE-D
0.0011 0.86 0.7 0.96 0.68 1.06 0.68
0.0012 0.89 0.77 1.00 0.75 1.10 0.75
0.0013 0.94 0.81 1.05 0.82 1.14 | W
0.0014 0.96 0.87 1.08 0.86 1.19 0.88
0.0015 1.02 0.96 1.11 0.93 1.20 0.93
0.0016 1.05 0.99 1.17 [ 1.01 1.28 ‘ 0.99
0.0017 1.13 1.06 1.18 1.06 1.29 1.06
0.0018 1.14 1.12 1.26 1.14 1.37 | 1.12
0.0019 1.18 1.19 1.30 | 1.16 1.36 l 1.15
0.0020 1.22 1.25 1.31 1.26 1.4 | 1.24




2. Range : 10 km, Charge 6, Given range probable error (PE-R) : 27 m and deflection
probable error (PE-D) : 6 m.

dv0 =0.8 dv0 =0.9 dv0=1.0
dtheta PE-R PE-D PE-R PE-D PE-R PE-D
0.0005 0.68 0.44 0.73 | 0.45 0.81 0.44
0.0006 0.69 0.54 0.76 0.52 0.82 0.52
0.0007 0.71 0.63 0.79 ‘ 0.61 0.85 0.62
0.0008 | 0.74 | 0.70 | 0.81 | 0.71 | 0.87 | 0.71
0.0009 0.75 0.79 0.84 0.78 0.91 0.79
0.0010 | 0.80 | 0.90 | 0.85 | 0.87 | 0.91  0.87
0.0011 0.81 | 0.96 0.90 0.97 0.96 0.96
0.0012 0.88 ‘ 1.05 0.90 1.06 0.97 l.OT
0.0013 0.88 1.14 0.96 1.17 1.02 1.18 ‘
0.0014 0.90 ‘ 1.23 0.98 1.21 1.02 1.20
0.0015 0.93 ‘ 1.32 0.99 1.34 1.04 1.31

avo=1.1 dvo=1.2 avo=1.3
dtheta | PE-R | PE-D | PE-R | PE-D | PE-R | PE-D
0.0005 | 0.87 | 0.44 | 0.92 | 0.44 | 0.98 | 0.44
0.0006 | 0.88 0.52 | 0.96 | 0.54 | 1.03  0.54
0.0007 | 0.92 | 0.61 | 0.99  0.63 | 1.06 | 0.62
" 0.0008 | 0.93 | 0.70 | 1.00 [ 0.70 [ 1.10 [ 0.71
0.0009 | 0.97 | 0.79 | 1.05 | 0.80 | 1.09 | 0.79
0.0010 | 1.00 0.88 | 1.07 | 0.87 | 1.13 | 0.88
0.0011 [ 1.00 | 0.96 | 1.07 | 0.96 | 1.17 | 0.98
0.0012 | 1.05 | 1.07 | 1.11 | 1.06 | 1.19 | 1.06
0.0013 | 1.06 | 1.14 | 1.14 | 1.15 | 1.20 | 1.14
0.0014 | 1.10  1.21 | 1.17 | 1.25 | 1.22 | 1.27
0.0015 | 1.10 | 1.28 | 1.19 | 1.31 | 1.29 | 1.32
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3. Range : 10 km, Charge 7, Given range probable error (PE-R) : 25 m and deflection
probable error (PE-D) - 5 m.

[ dv0=0.9 dv0=1.0 dvo=1.1 |
dtheta | PE-R | PE-D | PE-R | PE-D | PE-R | PE-D |
0.0005 | 0.69 [ 0.50 | 0.77 | 0.50 [ 0.81  0.50
0.0006 | 0.72 | 0.60 | 0.79 0.60 [ 0.84 | 0.60
0.0007 [ 0.76 | 0.70 | 0.82 [ 0.70 [ 0.88 | 0.70
0.0008 | 0.78 | 0.80 | 0.86 | 0.80 | 0.91 0.80
0.0009 | 0.86 | 0.90 | 0.91 0.90 | 0.96  0.91
0.0010 | 0.88 | 1.02 | 0.92 0.98 | 0.97 | 1.00
0.0011 [ 0.90 [ 1.14 [ 0.96 | 1.12 [ 1.04 1.12
0.0012 | 0.95  1.20 | 0.99 | 1.23 [ 1.08 | 1.18 |
0.0013 | 0.97 [ 1.31 | 1.05 [ 1.31 | 1.09 | 1.32 |
0.0014 | 1.03 | 1.44 | 1.07  1.44 | 1.13  1.39 |
0.0015 | 1.05 | 1.49 | 1.12 | 1.48 | 1.18 | 1.49

avo=1.1 dvo=1.2 dvo=1.3

| dtheta | PE-R | PE-D | PE-R | PE-D | PE-R | PE-D

[ 0.0005 | 0.86 | 0.50 | 0.93 | 0.50 | 0.96 | 0.50
0.0006 | 0.89 | 0.60 | 0.94 | 0.59 | 1.01 | 0.60

0.0007 | 0.93 | 0.70 | 0.98 | 0.70 | 1.05 | 0.71

\
0.0008 | 0.98  0.81 | 1.04 | 0.81 | 1.06 | 0.80
[
|
\

0.0009 | 1.00 [ 0.89 [ 1.06 | 0.89 | 1.12 | 0.92
0.0010 | 1.04 1.00 | 1.10 | 1.02 [ 1.15 | 1.00
0.0011 | 1.07 | 1.11 | 1.14 | 1.14 | 1.20 | 1.09
1.21 | 1.17 | 1.17 | 1.20 [ 1.17
1.30 | 1.22 [ 1.31 | 1.25 | 1.32
1.39 | 1.23 | 1.38 | 1.31 | 1.39
1.50 | 1.29 | 1.49 | 1.35 | 1.46

0.0012 | 1.12 1
0.0013 | 1.13 |
0.0014 | 1.20 |
0.0015 | 1.22 |

74



4. Range : 10 km, Charge 8, Given range probable error (PE-R) : 33 m and deflection
probable error (PE-D) 6 m

avo=1.1 dvo=1.2 avo=1.3
dtheta | PE-R | PE-D | PE-R | PE-D | PE-R | PE-D
0.0005 | 0.61 [ 0.41 | 0.63 [ 0.40 [ 0.66 | 0.41
0.0006 | 0.64 | 0.48 | 0.68 | 0.49 | 0.72 | 0.49
0.0007 | 0.69 | 0.56 | 0.73 | 0.58 | 0.77 | 0.57
0.0008 | 0.72 | 0.65 | 0.76 | 0.65 | 0.82 | 0.65
0.0009 | 0.78 | 0.73 | 0.82 | 0.74 | 0.84 | 0.72
0.0010 | 0.82 | 0.82 | 0.86 | 0.80 | 0.89 | 0.81
0.0011 | 0.85 0.88 | 0.88 | 0.89 | 0.95 | 0.90
0.0012 | 0.91 | 0.99 | 0.93 | 0.98 | 0.98 | 0.98
0.0013 | 0.94 | 1.05 | 0.98 | 1.06 | 1.01 | 1.06
| 00014 [ 0.99 [ 1.12 | 1.03 | 1.15 | 1.05 | 1.17
0.0015 | 1.01 | 1.18 | 1.07 1.21 | 1.13 [ 1.22

avo=1.4 avo=1.5 dvo=1.6
dtheta | PE-R _ PE-D | PE-R | PE-D | PE-R | PE-D
0.0005 | 0.72  0.41 | 0.75 | 0.41 | 0.78 | 0.40
0.0006 | 0.74 | 0.49 | 0.78 | 0.49 | 0.81 0.48
0.0007 | 0.80 | 0.57 | 0.81 0.57 | 0.86 | 0.57
0.0008 | 0.84 | 0.66 | 0.88 | 0.66 | 0.91 | 0.64
0.0009 | 0.88 | 0.71 [ 0.91 [ 0.74 | 0.95 [ 0.72
0.0010 | 0.92 | 0.82 [ 0.99 | 0.80 | 0.99 | 0.82
0.0011 | 0.95 0.90 | 1.01 | 0.88 | 1.05 | 0.89 |
0.0012 | 1.02 | 0.98 | 1.04 | 0.96 | 1.08 | 0.96 |
0.0013 | 1.06 | 1.05 | 1.08 | 1.07 | 1.15 | 1.06 |
0.0014 | 1.10 | 1.15 | 1.11  1.12 | 1.17 | 1.15 |
0.0015 | 1.14 | 1.22 | 1.15 | 1.21 | 1.21 | 1.22 |
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5. Range : 15 km, Charge 8, Given range probable error (PE-R) : 44 m and deflection
probable error (PE-D) : 10 m

avo=1.9 dv0=2.0 avo=2.1
dtheta | PE-R | PE-D | PE-R | PE-D | PE-R | PE-D
0.0005 | 0.79 | 0.40 | 0.82 | 0.40 | 0.85 & 0.39

0 0.79 | 0.48 | 0.83 [ 0.48 | 0.86 | 0.47
0.0007 | 0.82 | 0.55 | 0.84 0.56 | 0.89 | 0.55
0.0008 | 0.84 0.64 | 0.89 | 0.64 | 0.91 | 0.62
0.0009 | 0.86 | 0.69 | 0.89  0.72 | 0.94 0.71
0.0010 | 0.88  0.80 | 0.95 [ 0.78 | 0.95 | 0.80
0.0011 | 0.88 0.88 | 0.94 0.87 | 0.99 | 0.87
0.0012 [ 0.93  0.96 | 0.95 | 0.93 | 1.00 [ 0.94
0.0013 | 0.95 | 1.03 | 0.97 | 1.04 | 1.04 1.04
0.0014 | 0.97 [ 1.12 | 0.98 | 1.09 | 1.04 | 1.12
0.0015 | 0.99  1.19 | 1.01 | 1.18 | 1.06 | 1.19

avo=2.1 dvo=2.3 davo=2.4
dtheta | PE-R | PE-D | PE-R | PE-D | PE-R | PE-D
0.0005 | 0.91 | 0.39 | 0.92 | 0.40 | 0.95 | 0.40
0.0006 | 0.90 ' 0.47 [ 0.95 [ 0.48 | 0.97 o0.48
0.0007 | 0.92 [ 0.56 | 0.97 0.56 | 0.99 | 0.56
0.0008 | 0.95 0.65 | 0.98 | 0.64 | 1.00 | 0.63
0.0009 | 0.96 | 0.72 | 1.00 0.71 | 1.05 | 0.72
0.001 | 1.00 [ 0.81 | 1.01 | 0.80 | 1.09 | 0.80
0.0011 | 1.04 | 0.87 | 1.05 [ 0.86 | 1.08 | 0.86
0.0012 | 1.03  0.95 | 1.08 0.95 | 1.10 | 0.97
0.0013 | 1.06 | 1.03 | 1.11 | 1.01 | 1.13 | 1.04
0.0014 1.08 l 1.10 1.12 1.12 1.14 1.14
| 0.0015 | 1.09 | 1.18 | 1.15 | 1.19 | 1.16 | 1.16
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APPENDIX G. SAMPLE PLOT OF HIT DISTRIBUTION

Example plot of 1000 rounds hit distribution at the range of 15 km with charge 8

(PE-R : 44 m, PE-D : 10 m, Dotted line : 4 PEs)
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APPENDIX H.

' PROGRAM FOR MULTIPLE FIRING AGAINST AREA TARGETS

R R KRR KRR KA KA KA KK KA A KA KKK HA KA AR [

/* ARTILLERY STMULATTON */
/* 1 X 1 cell Damage x/
/* Moving Target */

*EKEARK )

# include <stdio.h>

# include <math.h>

main()

{

float rl,r2,r3,r4,max, x,y,x0,z,2z,9,v,nv,dmv,v0,Vx,Vy,Vz,dvx,dvz;

float c,rho,crhA,m,range,el,d, A, tarw,tarl,R,damage,t,dt,ti,pi;

float theta0,dtheta,thi0, hit,nh,ns, hratio,cratio, hper,cper,tv,rd;

int seed,i,j,k,tj,tjmin,tjmax,tk,tkmin,tkmax,num_tar,nr,n_gun,
ex,n,nf;

int ts[1000][500],cjmin,cjmax,cknin,ckmax,hjmin,hjmax, hkmin,
hkmax, nrmax;

float sumnh,avenh,sumhit,avehit,tw_max,tl max,tw_new,tl_new;

FILE *fp;
fp=fopen("10kc8.data", "w");
fprintf(fp, "\n*** Result of Simulation  ***\n");

fprintf(fp," tar-vel nr tarw tarl ave-cell cum-damage\n");

pi=3.141592654;

9=9.8;

d=155.0/1000; /* Parameters of Projectile */
¢=0.3181;

A=pi*d*d/4;

m=43.1;

Jrxrrax Firing Data *xxkRR )
e1=208.4; /*  Elevation in mil */
v0=684.0; /* Projectile Muzzle Velocity  */
theta0=(2*pi*el)/6400; /* Elevation in Radian */
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dtheta=0.00125; /* Dispersion of gun */
dv0=1.35;

thi0=0.0;

range=10000.0;

nrmax=10;
n_gun=6;
dt=0.05;
max=pow(2.0,31.0)-1.0;

JrEEx Target Data *xxx/
tarw=300.0; tarl=50.0 /* Initial Target size */
tw_max=500.0; tl_max=250.0; /* Moving Target size (maximum) */

tjmax=(int) (tw_max);
tkmin=(int) (range-0.5*tl_max);
tkmax=(int) (range+0.5%t]l_max);

seed=1;

srandom(seed) ;

nf=1;
while (nf<=4)
{
fprintf(fp,"Number of Firing Unit : %d. \n",nf);

tv=0;
while (tv<=100)
{

damage=0;
for (nr=1;nr<=nrmax;nr++)
{
sumhit=0;
i=nr;
tw_new=tarw+2.0%tvx(i-1); if (tw_new>=tw _max) tw_new=tw_max;
tl_new=tarl+2.0%tv*(i~1); if (tl_new>=tl max) tl_new=tl_max;
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num_tar=tw_new*tl_new; /* Number of target cells */
cimi

int) (0.5%(tw_max-tarw)-tv*(i-1)); if (cjmin<=0) cjmin=0;
cjmax=(int)(0.5*%(tw_max+tarw)+tv*(i-1));
if (cjmax>=tjmax) cjmax=tjmax;
ckmin=(int) (range-0.5*t1_new);
if (ckmin<=tkmin) ckmin=tkmin;
ckmax=(int) (range+0.5%t1_new);
if (ckmax>=tkmax) ckmax-tkmax;
for (ex=1;ex<=500;ex++)
{
hit=0;
for (tj=0;tj<=tjmax-1;tj++)
for (tk=tkmin;tk<=tkmax-1;tk++)
ts[tj][tk]=0;
for (n=1;n<=nf; n++)
{
for (k=1;k<=n_gun; k++)
{
x0=tarw/(2*n_gun)+(tarw/n_gun)*(k-1);
/* Correction for Gun Position */
x=%0; .0; 2=0.0; t=0;
rl=random()/max;
r2=random( ) /max;

r3=random( ) /max;
r4=random( ) /max;
mv=v0+dv0*sqrt (-2.0%log(rl))*cos(2.0*pi*r2);
/* Initial velocity component of each direction */
Vx=mv*sin(theta0)*sin(thi0);
Vy=mv*cos (theta0);
Vz=mv*sin(thetal)*cos(thio0);

/* random component of velocity */
dvr=mv*dtheta*sqrt(-2.0*1og(rl))*sin(2.0*pi*r2)/sqrt(2.0);
dvz=mv*dtheta*sqrt(-2.0*1og(rl))*cos(2.0%pi*r2)/sqrt(2.0);

Vz=Vz+dvVz;
VX=Vx+dVx;
while (z>=0.0)
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22z=2/1000;
Tho=1.2263-0.1189%22+0.0046*22*22-0.0001*zz*zz*z22;
crA=c*rho*A/(2*m);
v=Sqrt (VR*Ve+Vy*Vy+Vz*Vz);
Vz=Vz-(g+CrA*v*Vz)*dt;
Vy=Vy-(CrA*v*Vy)*dt;
VE=VX-(CTA*V*Vx)*dt;
X=X+Vx*rdt;
y=y+Vy*dt;
z=z+Vz*dt;
t=t+dt;
}
ti=(Vz*dt-z)/Vz;
X=X+Vx*(ti-dt);
y=y+Vy*(ti-dt);
z=z+Vz* (ti-dt);

hkmin=(int)(y-25.0);
hkmax=(int) (y+25.0);

if (hkmin<=ckmin) hkmin=ckmin;

if (hkmax>=ckmax) hkmax=ckmax;

for (tk=hkmin;tk<=hkmax-1;tk++)

{ 1rd=25.0%25.0-(tk+0.5-y)*(tk+0.5-y); if (rd<=0) rd=0;
hjmin=(int) (x-sqrt(rd)+0.5*(tw_max-tarw));
hjmax=(int) (x+sqrt(rd)+0.5*(tw_max-tarw));

if (hjmin<=0) hjmin=0;
if (hjmax>=cjmax) hjmax=cjmax;
for (tj=hjmin;tj<=hjmax;tj++)
ts[tj][tkl=ts[tj][tk]+1;

}
for (tj=cimin;tj<=cjmax-1;tj++)
{ for (tk=ckmin;tk<=ckmax-1;tk++)
{
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if ( ts[tj][tk]!=0) hit=hit+1;
ts[tj][tk]=0;

}
cratio=hit/num tar;/* hit : Number of cells at least one hit
cper=cratio*100;
sumhit=sumhit+cratio;
avehit=sumhit/ex;
}
damage=damage+(1-damage) *avehit;
fprintf(£fp,"%6.2f %5d 35.0f %5.0f %7.2f %7.2f \n",
tv,nr,tw_new,tl_new,avehit,damage);
}
if (tv<=12.5) tv=tv+2.5;
else if (tv<=25) tv=tv+5;
else tv=tv+10;
}
nf=nf+1;
}
close(fp);
close(fpl);
}






APPENDIX I. AVERAGE DAMAGE VERSUS NUMBER OF EXPERIMENT

Average Damage
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APPENDIX J. SAMPLE OUTPUT

This is outputs of the computer simulation with different target speed. The numbers in the
speed column represent displacement over the time interval between the next volley. In other
words, the damage with speed 5 can be an output of the target speed of 5 m/min with one-round-
per-minute howitzer, an output of the target speed of 20 m/min with four-rounds-per-minute
howitzer, or an output of the target speed of 50 m/min with ten-rounds-per-minute howitzer.

1. Output of Dispersing Target

Firing Unit : 1

Speed Target Size |Damage  at Range( Charge )

(n/  |Rounds|Length Width| 5 km | 10 km | 10 km | 10 km | 15 km
min) (m) (m) (4) (6) (7 (8) (8)
) 1 300 | 50 [ 0.56 | 0.42 | 0.46 | 0.39 | 0.28

[ o 2 300 | 50 0.81 | 0.66 | 0.70 | 0.62  0.47
0 3 300 | 50 | 0.91 [ 0.80 0.84 | 0.77 | 0.61
3 4 300 50 | 0.96 0.88  0.91 0.86 | 0.72
) 5 300 50 | 0.98 [ 0.93  0.95 [ 0.91 | 0.80
o 6 300 50 | 0.99 0.96 [ 0.97 | 0.95 | 0.85
0 7 300 50 | 1.00 [ 0.98  0.99  0.97  0.89
0 8 300 | 50 | 1.00 | 0.99 | 0.99  0.98 | 0.92
0 9 300 | 50 | 1.00  0.99 | 1.00  0.99 | 0.94
o 10 300 50 1.00 [ 0.99 [ 0.96
5 1 300 | 50 | 0.56 | [0.39 [ 0.28
5 2 310 60 | 0.78 0.61 | 0.47
5 3 320 | 70 | 0.88 | 0.74 | 0.61
5 4 330 | 80 | 0.93 [ 0.83  0.70
5 5 340 90 [ 0.96 0.88 | 0.77
5 6 350 [ 100 | 0.97 [ 0.91 [ o.82
5 7 360 110 | 0.98 0.93 | 0.86
B 8 370 | 120 [ o0.98 | 0.95 T 0.89
5 9 380 | 130 | 0.99 [ 0.96 [ 0.91
5 10 390 140 | 0.99 0.97  0.92
10 1 300 50 | 0.56 0.38 | 0.27

| 10 2 320 70 | 0.76 0.59 | 0.46
10 3 340 | 90 | 0.85 0.72 | 0.59
10 4 360 110 | 0.89 0.79 | 0.67
10 5 380 | 130 | 0.92 0.83 [ 0.73
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s 500 [ 250 [ 0.74 [ 0.65 [ 0.67 [ 0.63 | 0.54
50 6 500 250 | 0.76 | 0.68 | 0.70 | 0.66 | 0.59
50 7 500 250 [ 0.78 | 0.71 | 0.73 | 0.69 | 0.63
50 8 500 250 | 0.80 | 0.74 | 0.76 | 0.72 | 0.66
50 ° 500 250 | 0.82  0.76 | 0.78 | 0.75 | 0.69
50 10 500 250 [ 0.84 | 0.79 | 0.80 | 0.77 | 0.72
100 1 300 50 | 0.56 | 0.42 | 0.46 | 0.39 | 0.27
100 2 500 | 250 [ 0.60 | 0.47 | 0.51 | 0.45 | 0.34
100 3 500 | 250 | 0.64 | 0.52 | 0.56 | 0.50 | 0.40
100 4 500 | 250 | 0.68 | 0.57 | 0.60 0.55 | 0.46
100 5 500 | 250 | 0.71 | 0.61 | 0.64 0.59 | 0.51
100 6 500 | 250 | 0.73 | 0.65 | 0.67 | 0.63  0.55
100 7 500 | 250 | 0.76 | 0.68 | 0.70 | 0.66 | 0.59
100 8 500 [ 250 [ 0.78 [ 0.71 | 0.73 | 0.70 | 0.63
100 9 500 | 250 | 0.80 | 0.74  0.76 | 0.72 0.67
100 10 500 | 250 | 0.82 | 0.76 0.78 | 0.75 | 0.70

Firing Unit : 2

Speed Target Size |Damage  at Range( Charge )

(m/ Rounds|Length Width | 5 km | 10 km | 10 km | 10 km | 15 km
nin) (m (m) (4) (6) (7) (8) (8)
o 1 300 50 [ 0.79 | 0.65 [ 0.70 0.62 | 0.47
0 2 300 50 | 0.95 [ 0.88 | 0.91 [ 0.85 0.72
o 3 300 [ 50 [0.99 | 0.96 0.97 | 0.94 0.85
[ 4 300 | 50 | 1.00 | 0.99 ©0.99 | 0.98 | 0.92
0 5 300 50 | 1.00 0.99 [ 1.00  0.99 [ 0.96
0 6 300 50 [ 1.00 | 1.00 | 1.00 [ 1.00 | 0.98
o 7 300 [ 50 | 1.00 | 1.00 [ 1.00 | 1.00 [ 0.99
0 8 300 | 50 1.00 | 1.00 | 1.00 | 1.00 | 0.99
) 9 300 50 | 1.00 | 1.00  1.00 | 1.00 | 1.00
o 10 300 50 [ 1.00 [ 1.00 [ 1.00 [ 1.00 [ 1.00
5 1 300 50 0.78 0.65 0.69 0.61 “ 0.47
5 2 310 60 0.94 0.87 | 0.9 [ 0.84 | 0.71
5 3 320 | 70 | 0.98 0.95 0.96 | 0.93 | 0.84
5 4 330 | 80 | 0.99 | 0.98 | 0.98 | 0.97 0.91
5 5 340 90 1.00 [ 0.99 [ 0.99 [ 0.98 [ 0.94
5 6 350 100 | 1.00 | 0.99 | 1.00 | 0.99 | 0.97
5 7 360 110 | 1.00 | 1.00 | 1.00 | 0.99 | 0.98
5 B 370 | 120 | 1.00 | 1.00 | 1.00 | 1.00 | 0.99
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5 9 380 | 130 | 1.00 | 1.00 | 1.00 | 1.00 | 0.99
5 10 390 | 140 | 1.00 [ 1.00 | 1.00 | 1.00 [ 0.99
10 1 300 50 [ 0.79  0.66 | 0.70 | 0.62 | 0.47
10 2 320 | 70 [ 0.93  0.86 | 0.89 | 0.83 | 0.71 |
10 3 320 | 90 | 0.97 | 0.93  0.95 | 0.91  0.83
10 4 360 110 [ 0.98  0.96 | 0.97 | 0.95 | 0.89
10 5 380 | 130 | 0.99 [ 0.98 0.98 0.97 | 0.93
10 6 400 150 | 0.99 | 0.98 | 0.99 [ 0.98 | 0.95
10 7 420 [ 170 [ 0.99 [ 0.99 | 0.99 0.98 | 0.96 |
10 8 440 190 1.00 0.99 [ 0.99 | 0.99 | 0.97
10 9 460 | 210 [ 1.00 [ 0.99 | 0.99  0.99 | 0.98 |
10 10 480 230 [ 1.00 | 0.99 | 1.00 | 0.99 | 0.98
15 1 300 | 50 [ 0.79 [ 0.66 | 0.70 | 0.62 | 0.47
15 2 330 | 80 | 0.92  0.85 | 0.87  0.82  0.69
15 3 360 110 | 0.95 | 0.91  0.93 | 0.90 | 0.81
15 4 390 | 140 | 0.97 | 0.94  0.95 | 0.93 | 0.87
15 B 420 170 | 0.98 | 0.96 | 0.97 | 0.95  0.90
15 6 450 | 200 | 0.98  0.97 | 0.97 0.96 | 0.92
15 7 480 | 230 | 0.98 | 0.97  0.98 | 0.97 .94
15 8 500 | 250 | 0.99  0.98 | 0.98 0.97 | 0.95
15 9 500 250 | 0.99 | 0.98  0.98 | 0.98 0.96
15 10 500 | 250 | 0.99 [ 0.98 | 0.99 0.98 | 0.96
20 1 300 50 [ 0.79 | 0.65 | 0.69 | 0.61 | 0.47
20 2 340 90 0.90  0.83 | 0.86  0.80 | 0.68
20 3 380 130 | 0.94  0.89 | 0.91 | 0.88 | 0.78
20 4 420 170 | 0.95 [ 0.92  0.93  0.91 | 0.84
20 5 460 | 210 | 0.96  0.94 | 0.95 | 0.93 | 0.87
20 6 500 250 | 0.97 | 0.95 | 0.96 | 0.94 | 0.89
20 7 500 | 250 | 0.97 0.96 | 0.96 0.95 | 0.91
20 8 500 | 250 | 0.98 [ 0.96 | 0.97 | 0.96 | 0.93
20 9 500 250 | 0.98  0.97 | 0.97 0.96 | 0.94
20 10 500 250 | 0.98 | 0.97 0.98 | 0.97  0.95
25 fl 300 | 50 | 0.79 | 0.66 0.7 | 0.62 | 0.47
25 2 350 100 | 0.89 0.82 | 0.84 | 0.79 | 0.68
25 3 400 150 | 0.92 [ 0.88  0.89 | 0.86  0.77
25 4 450 | 200 | 0.94 0.90 | 0.92  0.89 | 0.82
25 5 500 | 250 | 0.95  0.92 0.93 | 0.91 | 0.85
25 6 500 | 250 | 0.96  0.93 | 0.94 | 0.92 | 0.88
25 7 500 250 | 0.96 | 0.94 | 0.95 [ 0.94 | 0.90




[ 2s 8 500 0.95 | 0.96 | 0.95 [ 0.91
25 9 500 0.96  0.96 | 0.95 | 0.93 |
25 10 500 0.97 0.97 | 0.96  0.94
50 1 300 0.65 | 0.69 | 0.61 | 0.47
50 2 400 1 0.76 [ 0.79 | 0.74 | 0.63

| s0 3 500 0.80 [ 0.82 | 0.78 | 0.69
50 4 500 0.83 | 0.85 | 0.81 | 0.74
50 5 500 0.86 [ 0.87 0.84 0.78
50 3 500 0.88 | 0.89 | 0.87 | 0.82
50 7 500 0.90 | 0.91 | 0.89 | 0.85 |
50 8 500 0.92  0.92 | 0.91 | 0.87
50 9 500 0.93 | 0.94 | 0.92 | 0.89
50 10 500 0.94 | 0.95 | 0.94 | 0.91
100 1 300 0.66 | 0.70 | 0.62 | 0.47
100 2 500 0.71 | 0.75 | 0.68 | 0.56
100 | 3 500 0.76 | 0.78 | 0.73 _ 0.63
100 4 500 0.80 | 0.82 0.77 0.69
100 5 500 0.83 | 0.85 | 0.81 | 0.75
100 6 500 0.86 0.87 | 0.84 [ 0.79
100 7 500 | 250 | 0.92 | 0.88 | 0.89 | 0.87 | 0.82
100 8 500 | 250 | 0.93 0.90 | 0.91 | 0.89 | 0.85
100 9 500 250 | 0.93 | 0.91 | 0.92 | 0.91 | 0.88
100 10 500 | 250 | 0.93 [ 0.93 | 0.93  0.92 | 0.90
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