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1. This standardization handbook was developed by the Department of
Defense with the assistance of the Air Force Wright Aeronautical Laboratories
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provide valuable information and guidance to personnel concerned with the design
and assessment of military aircraft. The handbogk is not intended to be re-
ferenced in purchase specifications except for informal purposes, nor shall

it supersede any specification requirements.

4. Every effort has been made to reflect the latest information on
military aircraft design techniques and assessment methodology. It is the
intent to review this handbook pericdically to insure its completeness and
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FOREWORD
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This is a four volume Military Handbook. The titles of the four volumes
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a. Volume 1 - Survivability, Aircraft, Nonnuclear, General Criteria

b. Volume 2 - Survivability, Aircraft, Nonnuclear, Airframe

c. Volume 3 - Survivability, Aircraft, Nonnuclear, Engine

(o9

Volume 4 - Sur

('0

Criteria

The informatlon contained in volumes 1, 2, and 3 is unclassified to permit
greater util ion and accessibility to the user. In areas where classified
i it has been incorporated into volume 4, and is referenced
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This handbook has been prepared to provide military planners and industry
the information and guidance needed for the conceptual and detail design

e new aircraft where nonnuclear-survivability enhancement is to be inte—

d into the system, It is also structured to prov1de data and guld
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ystems as a retrofit modification. Both fixed a
1nformation are contained in this publication. F
of this handbook in the design process. It is a task- flow diagram of the major
elements involved in the development of new aircraft. The system requirements

are iniciated by the using command that defines the operational requirements and
capabilities desired to perform specific combat missions. These requirements
are studied by the appropriate service agencies in the form of conceptual

(Phase 0) design analyses. The optimum mission and performance parameters are

defined, along with system/cost effectiveness comparisons of candidate concep-
tual design candidates. This is accomplished through an analysis to identify
the mission-essential tunctlons that must be performed in order to accomplish
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conducted to identify the
to perform the mission-essential functions. At the same time, an analysis is
conducted to identify the hostile threat systems to which the aircraft system
may be expected during the conduct of its operational mission. The results

of these analyses are then used by the S/V engineer to conduct an evaluation of
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the various candidate survivability-enhancement techniques that may be used in
the design concepts. This design handbock will be the basic scurce for identi-
fication of the basic principles and techniques that may be emploved. It will

also provide references to other information sources for more detailed and/or
specialized data. The results of this analysis are summarized into recommenda-
tions for the development of candidate conceptual aircraft designs. As each
candidate system is evolved, vulnerability and surv1vablxlcy assessment are

a .

As shown, this design handbook ctly by the
vulnerability assessment analysts, and surv1vab111ty assessment analysts in the
design process. At the same time, design trade-off studies are conducted that
evaluate the benefits and penalties associated with candidate system and subsys-

tem elements. The results of vulnerability, survivability, and design tradecff

iii
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studies are used au input data for system/cost effectiveness analyses. This
evaluation provides the system design management and the S/V engineer with the
overall system benefits and penalties for the various design concepts. It
permits selection of the most effective combinations of survivability-
enhancement features for the specific system applications, and identifies areas
of deficiencies or over design that may be improved. The process is iterative,
and is continued until the most cost effective design concept is developed. It
then becomes the baseline design for the production aircraft. The same process
is repeated through the validation, full-scale development, production, and
operational phases of the aircraft system.

3. Military aircraft survivability enhancement began in World War I with
makeshift efforts by the pilots to provide themselves with some form of ballis-
tic armor protection. This progressed from steel infantry helmets and stove
lids fastened to the pilot seats to all-steel pilot seats 0.3-inch thick. In
1917, Germany designed an armored, twin-engine bomber, with 880 pounds of 0.29-
inch steel plate armor located in sensitive areas. The British countered by
installing steel seats and 0.50- to 0.625-inch nickelchrome steel armor around
radiators, gas tanks, and the aircrew in some of their aircraft. In the late
1930's, the United States began to install armor in some of their fighter air-
craft. In World War II, the greatest threat against aircrews was fragments
for antiaircraft artillery shells. The available body armor in 1942 was awkward
and heavy and thus rejected. The need for lightweight armor led to the develop-
ment in 1943 of fiberglass bonded into a laminate and called Doron, after Col.
G.F. Doriot. Most of the body armor of WW II was Doron Type 2. The introduction
and use of flak suits reduced casualties from 6.58 wounds per 1,000-man sorties
to 2.29 wounds per 1,000-man sorties in 1943-44. None of the armor of this
period was effective against API bullets, however. The aluminum nylon M12 vest
was developed as an improvement over Doron and was field-tested in Korea. An
all-nylon vest consisting of 12 layers of 2 x 2-inch basketweave nylon also
developed was attractive because of its flexibility and effectiveness against
mortar and shell fragments. Flat plate armored glass was incorporated into the
windshields of combat aircraft as an added protection for the crew. Self-sealing
fuel bladders and lines were developed for bomber and fighter aircraft during
World War II and were credited with saving many of these systems. Some atten-
tion was also directed to the suppression of fuel fires in bomber aircraft.
Balsa wood was installed around some of the voids in wing fuel tanks to prevent
fuel leakage fires in those areas. The British experimented with fire extin-
guishing systems in the fuel tank areas of some of their multiengine aircraft.
Considerable research on specific problems of aircraft protection and vulnerabil-
ity was conducted during the war, with particular attention being directed to
penetration of materials by bullets and fragments, and the effect of blast on
aircraft structures. In 1948, the First Working Conference on Aircraft Vul-
nerability was held at the U.S. Army Ballistic Research Laboratory at the
Aberdeen Proving Grounds, Maryland. The participants were recognized experts
from the Air Force Air Material Command, the Army Ballistic Research Laboratory,
Johns Hopkins University Applied Physics Laboratory, University of Chicago
Ordnance Research, General Electric Engine Company, New Mexico School of Mines,
the Navy Ordnance Explosive Group, and the Rand Corporation. The purpose of
this meeting was to define the problem of military aircraft vulnerability and
to identify the technology required to develop design improvements. Unfor-
tunately, the excellent beginning initiated by this group was curtailed by the
philosophy that all future wars would be fought with nuclear weapons. This
idea continued through the 1950's and early 1960's where little attention was
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paid to nonnuclear survivability of military aircraft. During the Korean con-
flict, a limited revival of interest in nonnuclear survivability was expe-
rienced. The emphasis was primarily directed to fighter and attack air-

craft. The major survivability enhancement techniques were mainly improvements
in armor and self-sealing fuel tank designs. The use of coordinated tactics in
air-to-air combat with fighter aircraft became an area of interest to the Air

Force and Navy that proved to be an important factor in the one-sided kill

ratios enjoyed by the United States. Again, after this conflict, the emphasis
of military aircraft design was directed to general nuclear war considerations
that hampered research on non-nuclear survivability considerations.

) "'

The Army recognized the threat of small arms and light AA weapons to aircraft
operating in direct support of forward area units, and in the late 1950's ini-
tiated action to develop protective measures for the aircrew and critical air-

craft components against these threats. The Air Vehicle Environmental Research
Team, consisting of technical representatives from the user and the appropriate

technical service laboratories was formed, and they developed the original con-

e . £ L 11T L _ad o cemmbmmsbd e marcade o Al cemae Tatne Aol Aaceand 2. ~11 A smenns
cepts IOr DalllsStlC procection sysitems tnat were iacter empioOyed 1in airi ATrmy
combat aircraft. These concepts were also used in varying degrees by the USAF
and Navy. These efforts led to the development of a new family of lightweight

armor materials, damage tolerant components, and major advances in fuel pro-
tection.

the mid-
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The empioyment of Ldl.g numbers of U.S. i O
1960's, resulted in an awareness of their susceptibility to hostile non-nuclear
weapon systems. Helicopters were used for the first time in combat roles where
exposure to enemy gunfire was commonplace. The large numbers of rotary-wing
aircraft shot down or critically damaged by small-caliber weapons provided the
motivation to conduct research and testing geared to providing improved surviv-
ability for these systems. Many of the design improvements were pioneered by
this effort. The Air Force and Navy were also experiencing unaccentable air-

craft losses and embarked on programs to analyze the problems and develop new
means to modify the existing aircraft to make them more survivable. The use

of reticulated foam inside fuel cells was one of the major improvements devel-

£+ 4n CaAnthanat Acia in =
ic I o0ucineast Aadlia, 4l uwii€e mad

oped. Considerable advances were made in the field of armor materials. Ceramic
omposite armors were developed for protection against armor-piercing projectiles

in an effort to obtain higher levels of ballistic protection with smaller weight

penalties. Later in this conflict, when the sophistication of hostile weapon

systems was raised to a level never before experienced, many new survivability
enhancement methods were developed and employed. These included radar homing
and warning systems (RHWS), electronic wartare countermeasures
emission suppress ho
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techniques.

The analytical capabilities for survivability assessment programs were expanded
tremendously through the use of high-capacity, high-speed electronic computers,
providing military and industry with valuable new tools. There occurred a rapid
proliferation of computer models by each of the services and most of the air-
frame manufacturers. The military services recognized the need for an integrated
effort to standardize the growing methodology and research and test programs.

An organization was developed through triservice efforts to accomplish

these objectives. It was designated as the Joint Technical Coordinating

vi
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Commanders on 25 June 1971. Since that time, considerable progress has been
made to implement interservice efforts to develop more effective and efficient
methods to enhance aircraft nonnuclear survivability. The organization has
maintained close liaison with each service activity to ensure that all sur-
vivability and vulnerability data and systems criteria are made available to
developers of new aircraft. The JTCG/AS has accepted the responsibility for
coordinating the aircraft survivability technology for high-energy laser
weapons that are projected as the next major threat system in potential future

conflicts. This activity has been pursued for the past several years. Rapid
advances in survivability enhancement methods are being accomplished through
numerous research programs. Considerable savings in manpower and resources

are expected to be realized through the coordination of this new technology
through the efforts of the JTCG/AS in the future. This publication will serve
as the vehicle by which the analytical and design data will be dispersed to the
S/V community. The fruits of the coordinated efforts are currently being en-
joyed, as is evidenced by the significantly higher levels of survivability that
have been incorporated into new military aircraft systems now entering service

or in current development.

vii
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1. SCOPE

1.1 General. This is the first volume in a four-volume design handbook for
nonnuclear survivability of military aircraft. Each volume is structured to be

d in conjunct h 1 4 as needed, in the design pro-
cess. This volume co i ining to vulnerability and
survivability analysis techniques. weapon terminal effects, computer program
descriptions, and basic subsystem conceptual design concepts. Volume 1 is
arranged in a manner that allows the user to easily identify the specific infor-
mation of interest.

=

1Co ~
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n
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ranged to support the development of both fixed and rotary wing military aircraft.
Each has unique mission and performance characteristics that require specialized
attention and design solutions. The subystem design categories have been estab-
lished with these considerations in mind. For example, the power train and rotor
blade subsystems deal primarily with military helicopter applications, while the
launch/recovery systems deal with those subsystem elements for both fixed and
rotary wing aircraft landing gear systems and for those systems related to the
assisted takeoff (launching) and deceleration (recovery) methods most used by

the Air Force and Navy fixed-wing aircraft.

1.2 Application. The data contained in this design handbook have been ar-
—_——
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2. KEFERENCED DOCUMENTS

2.1 General. The documents in this section form a part of this handbook to
is section contains a complete list of all

the extent specified . Th
references specifically referred to in these four volumes and those where
addirional information can be gbtained.

2.2 Reference by volume. Table 2-I lists the reference by Volume number.
Parentheses ( ) around a number indicates that the reference has been deleted.

TABLE 2-I. References by volume no.
Unliimo Numhaoar JAnliyma Ninmhaoar
Ref. Volume Number Ref. Volume Number
No. 1 Vi 3 4 No. 1 2 3 4
1 X 29 X
2 X X 30 X X
(3) 31 X
4 X 32 X X
5 X X X 33 X
6 X 34 X
7 X 35 X
8 X 36 X
9 X 37 X
10 X 38 X
11 X 39 X
12 X 40 X
13 X 41 X
14 X 42 X
15 X 43 X
16 X 44 X
17 X 45 X
i8 X 46 X
19 X 47 X
20 X 48 X
21 X 49 X
22 X X 50 X
23 X X 51 X
24 X 52 X
25 X (53)
26 X 54 X
27 X 55 X X
(28) 56 X
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TABLE 2-I. References by volume no. (continued)

Ref Volume Number Ref. Volume Number
No. 1 2 3 4 No. 1 2 3 4
(57) 94 X
58 X 95 X
59 X 96 X
(60) 97 X
61 X 98 X
62 X 99 X
63 X 100 X
64 X 101 X
65 X 102 X
66 X 103 X
67 X 104 X
68 X 105 X
69 X 106 X
70 X 107 X
71 X 108 X
72 X 109 X
73 X X 110 X X X
74 X 111 X
75 X 112 X
76 X 113 X
77 X 114 X
78 X 115 X
79 X 116 X
80 X 117 X
81 X 118 X
82 X 119 X
83 X 120 X
84 X 121 X
86 X 123 X
87 X 124 X
88 X 125 X
89 X 126 X
92 X 129 X
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TABLE 2-I. References by volume no. {continued)
Volume Number - Volume Number

Ref Ref.
No 1 2 3 4 No. 1 2 3 4
131 X 167 X
132 X 168 X
(133) 169 X
(134) 170 X
135 X 171 X
136 X 172 X
137 X 173 X X
138 X 174 X
139 X 175 X
140 X 176 X
141 X 177 X
142 X 178 X
143 X 179 X
144 X 180 X
(145) 181 X
146 X 182 X
147 X 183 X
148 X 184 X X
149 X 185 X
150 X 186 X
151 X 187 X
152 X 188 X
153 X 189 X
155 X 191 X
156 X 192 X
157 X 193 X
(158) 194 X
(159) 195 X
160 X 196 X
161 X X 197 X
162 X 198 X
163 X X 199 X
164 X X 200 X
165 X X 201 X
166 X 202 X
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Volume Number
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Volume Number

Ref Ref
No 1 2 3 4 No.
203 X 236
204 X 237
205 X 238
206 X 239
207 X 240
208 X 241
205 X 242
210 X 243
211 X 244
212 X 245
213 X 246
214 X 247
215 X 248
216 X 249
217 X 250
218 X 251
219 X 252
220 X 253
221 X 254
222 X 255
222 X 256
224 X 257
225 X 258
226 X 259
227 X 260
228 X 261
229 X 262
230 X 263
231 X 264
232 X 265
233 X 266
234 X

235 X
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Due to their large number, the
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JTCG/AS~75-V-10 Development of Generic Flight Control
Pp/y (Probability of Damage Given a Hi
August 1977 (Unclassified)

AFATL-TR-75-13 ENDGAME Computer Prcgram - Volume I: Use
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A
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AFATL-TR-75-13 ENDGAME Computer Program - Volume II: Analyst's
Manual (U), Air Force Armament Lab, May 1975
(Unclassified)

AFATL-TR-75-13 ENDC ME Com p

FSCT-381-5036 Effectiveness of Conventional AA Weapons -
Part I: Soviet Bloc (U), U.S. Army Foreign
Science and Technology Center, Washington,
DC, May 1505 (Confidential)

FZM-12-4890-1 F-111A/D Survivability Study, Project 5105-02,
‘ Final Report (U), General Dynamics, Fort
Worth Division, Fort Worth, Texas, July 1967
(Secret)
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237 MIL-A-8870 Airplane Strength and Rigidity Vibration,
Flutter, and Divergence, 18 May 1960

238 MIL-A-008870 Ailrplane Strength and Rigidity Flutter,
Divergence, and Other Aeroelastic Instabilities,
31 March 1971

239 MIL-H-8891 Hydraulic Systems, Manned Flight Vehicles,
Type III Design, Installation and Data
Requirements for, General Specification for,
23 January 1978

240 MIL-F-9490 Flight Control Systems - Design Installation
and Test of, Piloted Aircraft, General
Specification for, 6 June 1975

241 MIL-C-12369 Cloth, Ballistic, Nylon, 17 August 1977

242 MIL-A-12560 Armor Plate, Steel, Wrought, Homogeneous
(For use in and for Combat Vehicles
Ammunition Testing), 28 April 1980

243 MIL-A-13259 Armor, Steel, Sheet, Strip and Fabricated
Forms, Rolled, Non-Magnetic, For Helmets
and Personnel Armor Requirements,

6 May 1966

244 MIL-A-18717 Arresting Hook Installations, Aircraft,
10 September 1979

245 MIL-D-19326 Design and Installation of Liquid Oxygen
Systems 1in Aircraft, General Specification
for, 18 October 1978

246 MIL-L-19538 . Lacquer, Acrylic, Nitrocellulose, Camouflage
(for Aircraft Use), 1l May 1970

247 MIL-E-22285 Extinguishing System, Fire, Aircraft,
High-Rate Discharge Tvpe, Installation and
Test of 27 April 1960

248 MIL-P-25690 Plastic, Sheets and Parts, Modified Acrylic

Base, Monolithic, Crack Propagation Resistant,
15 November 1968
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249 MIL-E-38453 Environmental Control, Environmental Protection,
and Engine Bleed Air Systems, Aircraft and

Aircraft Launched Missiles, General Specification

for, 2 December 1971

250 MIL-A-46027 Armor Plate, Aluminum Alloy, Weldable 5083
and 5465, 10 June 1976

251 MIL-A-46063 Armor Plate, Aluminum Alloy, 7039, 18 August
1980

252 MIL-A-46077 Armor Plate, Titanium Alloy, Weldable,
28 April 1978

253 MIL-A-46099 Armor Plate, Steel, Roll Bonded, Dual-
Hardness, 9 November 1976

254 MIL-A-46100 Armor Plate, Steel, Wrought, High-Hardness,
29 July 1977

255 MIL-A-46103 Armor, Lightweight, Ceramic-Faced Composite,
Procedure Requirements, 31 March 1975

256 MIL-A-46108 Armor, Transparent, Laminated Glass-Faced
Plastic Composite, 9 June 1975

257 MIL-P-46111 Plastic Foam, Polyurethane (for Use in
Alrcraft), 28 September 1978

258 MIL-L-46159 Lacquer, Acrylic, Low Reflective, Olive Drab,
6 June 1977

259 MIL-P-46593 Projectile, Calibers .22, .30, .50 and
20mm Fragment and Simulating, 12 October 1964

260 MIL-S-58095 Seat System, Crashworthy, Non-Ejection,
Aircrew, General Specification for, 31
October 1980

261 MIL-B-83054 Baffle and Inerting Material, Ailrcraft Fuel
Tank, 17 hay 1978

262 MIL-T-83133 Turbine Fuel, Aviation, Kerosene Type, Grade

Jp-8, 4 April 1980
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REFERENCES (continued)
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263 MIL-A-83136 Arresting Hook Installation, Runway Arresting
System, Aricraft, Emergency, 6 August 1968
264 MIL-E-83282 Hydraulic Fluid, Fire Resistant Synthetic
Hydrocarbon Base; Aircraft, 22 February 1974
265 MIL-C-83291 Cover, Self-Sealing, Fuel Line, Adircraft,
28 February 1978
266 MIL=-P=-83310 Plastic Sheet, Polycarbonate, Tramsparent,
27 January 1971

(Copies of specifications, standards, drawings, and publications required by
contractors Iin connection with specific procurement functions should be

_______ I SR

obtained from the procuring activity or as directed by the contracting officer).
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3. DEFINITIONS

3.1 Terms and definitions. Aircraft nonnuclear S/V discipline covers many di-
verse activities and elements. These activities and elements range from analyses
of the inherent capability of enemy threats to the effectiveness of those threats
in particular environments; from analyses of inherent aircraft damage suscepti-
bility to the response of materials from threat impact; from the development of
analytical assessment procedures to the analyses of combat data; and from the de-

i i nda~ = - F
velopment of vulnerability-reducticn techniques to aircraft trade-offs, that in-

clude and interface with other disciplines, such as maintainability, reliability,
etc. The S/V discipline, therefore, is multidimensional, as practiced at a variety
of government agencies and industry groups. The close technical working re-
lationship, with interchanges of data, methodology, etc. between these diverse
activities, requires a precise understanding of the terminology used. To insure
that such understanding is achieved the definitions for Aircraft Non-Nuclear
survivability are as specified in MIL-STD-2089.

The terms are listed in six topical fields as shown in Table 3-I.

TABLE 3-I. Nonnuclear survivability definitions topical fields.

Topical Field Associated Activities/Elements
Threats Threat analysis, threat characteristics
data, threat inherent lethality
assessment
Assessment methodology Computational methods and measures of

aircraft survivability/vulunerability

System response System/Subsystem response to threat
impact; lethal criteria data; kill
levels; kill mechanisms

Trade-offs Benefits and penalties from survivability
enhancement; trade-offs

Survivability enhancement Vulnerability reduction; hardening; self
defense; electronic countermeasures

S/V test and combat data Test data, experimental methods; combat
data analysis

Some of the most used and important definitions relevant to nonnuclear surviva-
bility are listed alphabetically in this section for the guidance of the user.
Definitions are provided only for those terms which are not included in MIL-
STD-2089.

a. Aircraft Probability of Kill - The probability that an aircraft will
not survive a defined damage level in specified threat engagements.

b. Aircraft Survivability Assessment - Systematic description, delineation,

quantification, and statistical characterization of the survivability
of an aircraft in encounters with hostile defenses.

3-1
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¢. Aircraft Vulnerability Assessment - Systematic description, delinea-
tion, and quantification of the vulnerability of an aircraft when
subjected to threat mechanisms.

d. Survivability - The capability of an aircraft to avoid and or with-
stand a man-made hostile environment without sustaining and impair-
ment of its ability to accomplish its designated mission.

e. Vulnerability - The characteristics of a system that cause it to
suffer a finite level of degradation in performing its mission as
a result of having been subjected to a certain level of threat
mechanisms in a man-made hostile environment.
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4. GENERAL REQUIREMENTS

4.1 Management. Survivability (S/V) Engineering has been firmly established
as a system engineering speciality. It has been integrated into the system en-
gineering process as defined in MIL-STD-499(USAF) (Reference 192), "Engineering
Management." This places the S/V engineering into a position of primary consid-

eration in aircraft system development. Management of S/V engineering programs
must conform to the objectives required by MIL-STD-499(USAF) which defines
engineering management as:

"The management of the engineering and technical effort required to trans-
form a military requirement into an operational system. It includes the
system engineering required to define the system performance-parameters
and preferred system configuration to satisfy the requirement, the plan-
ning and control of technical program tasks, integration of the engineer-
ing specialties, and the management of a totally integrated effort of
design engineering, specialty engineering, test engineering, logistics
engineering, and production engineering to meet cost, technical perform-
ance, and schedule objectives."

4.1.1 Life Cycle. Management of a military aircraft's survivability capa-
bility must be conducted throughout its life cycle process by both the govern-
ment and the manufacturer. This involvement is required in all phases of the
life-cycle process as shown in Figure 4-1. The government (DoD) has the major
responsibility in the conceptual and validation phases where the basic re-
quirements for the aircraft system are established. The contractor has the

major task responsibility in the full-scale development and production phases.
T « 1 5

The using service has the major responsibility for the survivability enhance-
ment capabilities of the system in the operational employment phase.

4.2 Military Coordination. Requirements for the conduct of S/V engineering
ograms have been established by each of the three major military services for
cation to their specific types of aircraft systems. The U.S. Army Aviation
reh

Daun]r\ﬁmnnr Cammand /AVDAT\(‘('\M\ haa hl1dahad am Aseemer WA S o0 =3 an

Cvoivpuaicule vlualualiy navuvuriy {iad puu.\..l.aucu dall atiy At‘.‘.LUlldULLLdL

nd
De51gn Standard Survivability Program' ADS-11A (Reference 2), which defines the
general and detailed requirements for the contractor to develop and implement

a survivability program for their specific aircraft systems. The Naval Air
Systems Command has published MIL-STD 2072 "Establishment and Conduct of pro-
grams for Aircraft Survivability' {(Reference 193), which defines the S/V en-
gineering program requirements for Navy aircraft system development. The Air
Force Systems Command has published a Design Handbook AFSC DH 2-7, 'Systems
Survivability" (Reference 5) which contains both Nuclear and Non-Nuclear Sec-

tions.

A trlserv1ce military standard is currently being prepared by the JTCG/AS
entitled "Requirements for Establishment of Aircraft Nonnuclear Survivability
Program". This document will contain detailed information and guidance for the

n
development and conduct of a nonnuclear survivability program to be performed
by industry. The basic elements of each of the individual service programs and
the proposed military standard are the objectives, organization, plans, re-

quirements, and verification procedures. Each of these items are discussed in
subsequent paragraphs of this section.
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4.3 Program objectives. The objectives (purpose) of S/V engineering pro-
grams are to provide uniform requiremerts and criteria for the establishment
and conduct of aircraft survivability programs and provide guidelines for the
preparation of survivability program plans. In all of the S/V program docu-
ments the primary purpose is to require that a thorough and systematic pro-
gram is conducted to ensure that effective survivability features are incor-
porated into all future weapon systems. To accomplish this objective, certain
basic program elements are specified. These include development of S/V en-
gineering program plans by the contractor, the establishment of adequate man-
agement organizations, identification of required program tasks, establishment
of S/V program procedures, establishment of program reporting criteria, and
identification of quality assurance (verification) methods and procedures.

4.4 Organization. The implementation and conduct of an effective S/V pro-
gram for an aircraft system dictates the need for an S/V engineering organiza-
tion that is properly integrated into a contractor's management system. It
must have the capability to perform the functions required to support the design
process, conduct analyses and trade-off studies, conduct development programs
and tests, and conduct verification programs. The S/V engineering organization
must also be in a position to provide system design management with the neces-
sary information and recommendations to influence the proper recognition and
acceptance of S/V requirements. It is also needed to identify effective sur-
vivability enhancement methods for implementation into the design concept. An
example of a typical contractor organization is shown in Figure 4-2. The S/V
engineering function is under the system engineering manager who in turn reports
directly to the program directors office. The S/V engineering group is on the
same management level as producibility, maintainability, safety, reliability,
human factors, integrated logistics, and value engineering. This arrangement
also permits effective interface and cooperation with all of the system engi-
neering disciplines.

4.8 Plans The develonment of a survivahilits y program nl- ie meccontial ta
1.2 Plans, The develcopment of a survivability preogram plan is essential to
the successful conduct of a nonnuclear S/V engineering program It must ade-

quately define the specific tasks that must be accomplished and indicate their
interrelationships. The tasks may be depicted by a task flow diagram, such as

the one shown in Figure 4-3. This example is for a rotary wing aircraft where the
S/V engineering program requirements had been dictated by AVSCOM document ADS-

11A (Reference 2). It illustrates the systematic means by which an aircrafc
manufacturer's S/V engineering organization would conduct the tasks necessary

to develop and incorporate the most effective survivability features into the
aircraft system. It represents the effort for research, development, test and
evaluation (RDT&E) after a baseline design has been established. A similar,
higher-level effort would have been utilized in the design concept.

4.6 Requirements. The definitive requirements for survivability levels of
an aircraft system nrnv1dp the dpq1on to criteria that have been established

by the system manager. These are usually defined as detailed requirements.
They include both the qualitative and quantitative features desired for the
particular system. The qualitative features are those that would be subjected
to trade studies and system/cost-effectiveness analyses to determine optimum

solutions and to establish quantitative requirements. The quantitative sur-
vivability features are those specified in terms of measurable values for
specific items.

J A A ]



Downloaded from http://www.everyspec.com

-uorjezjuedio uorieiadajur wal1sAs

‘-7 @ANO14

wmxfoxd L3andaqg

he an - - — s wn - -y

20%23xTp wexBoxg

. sisATeue
spwnove Suyuuwetd 320ddns Surayesy &: Tuot m,:w.a Sutiaauy2ua
FUOTIWO FTANd 2 Isvyy PIotd pue saxedg A3 FT1QUITIITTON
VYIRS o
sJJOSDPRIY /A o sjuamuoj3xoddy
UOTRWATRAS UBYEdq o yueq vieq
Fuyzasutiiua BuyzaautBul 827387907 SuyaaauiBue
30UBWIOJ I3 aMTeA pajeIBaiul ATTIAeTI T3y
spoyjem BuTuLpIRY
S3UITRINbat s3g0day $3TqUI0II sJJoapuay
Butuyey/TPUUOSI3] uerd A33jyes SIINSVIWIIIUNOY) o VINA/N o £A3YTIQIoNPOLd
w13 yI0 udlysaqg VINI/S o T9pouW IwAIY], HIIR o WyI297X0 uBysaq
A Iadns xBua . o 2u Bu:
Buyzasuydul Bujzaaujius £31T1QUISUTNA . :uuwcw co . «uvv“w ?
5 b y Y ! [ 1po-
£J0309] uBuny ™K ageg /A3 TTIQUATAITG 31T QUUTeIUTeH ITTIQIONPOId
JOSTADS YO93
I8us weyskg
J3feavw
BuyraauiBus
w845
— SISATBUY $3093J3
puB 3POW 9INTTEY = YHKWI
J0303J7P ayeday 03 SWIL UBSW = HIINW

puada]




Downloaded from http://www.everyspec.com

MIL-HDBK-336-1

Deitection avoidance

(1) Radar Cross-Section

(2) IR Signature

s AN

(3) Aural bignature

(4) Visual Sien

(5) Smoke

(6) Electronic Countermeasures

(7) Expendables
(8) Decoys

Threat avoidance
(1) Radar Warnin

\i)/ faidal alll

(2) IR Sensing

Threat suppression

(1) Countermeasure

(2)
N&y

Let erens
(3) Coun t,r ~Count

Threat effects tolerance {Subsystem Procection Levels) for:

s

(1) Armor Piercing Projectiles

AN

(2) 1Incendiary Projectiles

(2) High Velocity Fragments
(4) Blast Overpressure
(5) Other Threats (e.g., Laser, BW, CW)

Target threat orientation (Attack Aspects)

Verification

Hardware assurance

Other requirements (As necessary)



Downloaded from http://www.everyspec.com

MIL-HDBK-336-1

4.7 Verification Procedures. Requirements for survivability in a military
aircraft svstem are contained in Part 3 of the aircraft system specification.
For each specific requirement, a verification procedure is required in Part 4,
Quality Assurance Section, of the specification. The method may be by test
and/or by analysis as established by the contracting agency. This requires
that the contractor either conduct the required analyses and/or tests to demon-
strate compliance with the survivability requirements or to provide the neces-
sary support for those tests to be conducted by designated government agencies,
Verification plans and procedures are generally developed by the contractor and
negotiated with the contracting agency. It is also the responsibility of the
contractor to incorporate S/V requirements and verification methods into the
specifications for subcontractors. This is required to ensure that the desired
survivability enhancement level has been achieved in the end product and has
been demonstrated in accordance with the requirements set forth in the aircraft
system specification. For some items, the verification requirements and pro-
cedures are defined in existing military specifications and standards. These
include such components as self sealing fuel cell bladders, pressure vessels,
hydraulic reservoirs, personnel body armor, etc.

4.7.1 Coordination effort. It is the responsibility of the S/V activity to
coordinate all of the verification effort, both test and analysis, into a pro-
gram that produces the necessary data in an effective manner. To accomplish
this task, the types of tests to be conducted, the quantity and quality of in-
strumentation and the test conditions must be established that realistically
represent the operational employment of the aircraft system and the threat-
encounter parameters.

4-8
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5. VULNERABILITY ASSESSMENT

5.1 General. This section contains detailed descriptions of system kill
level definitions, critical component identification processes, conditional
kill probability criteria, and vulnerability assessment methods and procedures.
The definition of vulnerability (see 3.1) excludes the probability that a spe-
cific hostile weapon effect (environment) occurs, and thereby is restricted to
an evaluation of the response of the aircraft system or component in question
to the specified weapon effect level.

5.1.1 Parameter variance. Due to the diverse nature of the hostile environ-
ments to which military aircraft may be subjected, the parameters employed to
measure vulnerability vary in accordance with the type of damaging agent en-
countered. For example, if a projectile impact will cause a level of damage
to be sustained, the vulnerability is best measured as a basis of a hit on the
aircraft. The same analogy is valid for the impingement of a high-energy laser
beam on an aircraft. By contrast, where damage is effected by the fragmenta-
tion and/or blast effects of a nearby exploding missile warhead or high-explosive
projectile, vulnerability is best expressed in terms of the results per shot at
the aircraft. Thus, one measure of vulnerability is the conditional probability
of achieving a specified level of aircraft kill (or survival), given an exposure
to a specified level of hostile effects; i.e., a hit by an impacting penetrator
or the detonation by a proximity-fuzed projectile. The most commonly used mea-
surement is termed '"vulnerable area."

5.1.2 Vulnerable area. For a given threat and set of encounter conditions,
the vulnerable area (AV) of a component is the mathematical product of the
presented area (Ap) of the component and the probability of killing the com-
ponent given a hit (Pgx/y), and is expressed symbolically as:

Ay = A Prom

Aircraft total vulnerable area (Ay) 1s the sum of the (Ay) for its components
after allowing for functional redundancy (see Multiply Vulnerable) and overlay
or superposition.
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5.2 Target kill categories/level of kill.
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To assess the vulnerability of

both fixed wing (F/W) and rotary wing (R/W) aircraft in-flight, four kill cate-
gories have been defined and adopted by the Vulnerability Assessment Quantifi-
cation Panel of the Aerial Target Vulnerability Sub-Group for the Joint Tech-

it bt mane TEEf gt nmasca ! IMEY Maswmosa JU A ]
nical Coordinating Group for Munitions Effectiveness {(JTCG/ME) Target Vulnerabil-

ity Group.

These kill categories, Attrition, Forced Landing, Mission, and

Mission Available, are defined along with the different levels of kill within
each category, where applicable.

5.2.1

Attrition.

This category covers those aircraft with combat damage

so extensive that it is neither reasonable nor economical to repair. The

attrition categorv is

sequentially inclusive (i.e., "B" includes "A", "K", and "KK"; "A" in
llKll and "KKI';

are:

"ITIMY L2AARmPhlimme Avsroarminsg LsryelAdAivsey #3 Naoantissam 1) s ianrdalsanhesn

divided into six levels of kill. The first four are

cludes
These kill levels

Lailpevi)y 1S

and "K" includes "KK'") and time dependent.

"KK'" Kill (also referred to as 'catastrophic'): Level of kill asso-
ciated with damage that will cause the aircraft to disintegrate
immediately upon being hit. Damage to the structures of either
fixed wing (F/W) or rotary (R/W) aircraft could result in "KK" kill.

Structural disintegration is usually caused by blast from internally

or externally detonated projectiles or missile warheads, fuel tank
explosions, high areal density fragment impacts from fragmentation/
blast (FB) missile warheads, blast/fragmentation from engine blow-
up, or detonation of stored ordnance.

YK" Kill: Level of kill associated with damage that will cause an
aircraft to fall out of manned control within 30 seconds after being
hie Namace to the follawin nte could resylt in "K' kill:

[ R " Sy Sy Udlllasc [SA V) wlic LU.L.LUW J.lls L_UIHPULLCLKLD (A R LACOuUdL W il AN [ S Sg Sy )

(1) F/W: Pilot (single), structure, engine (single), flight con-

trols, ammunition

(2) R/W: Pilot (single), structure, main rotor group, ammunition

"A" Kill: Level of kill associated with damage that will cause an
aircraft to fall out of manned control within five minutes after
being hit. Damage to the following components could result in "A"

kill:
(1) F/W: Engine, fuel, controls (mechanical and/or hydraulic).
(2) R/W: Engine, fuel, controls (mechanical and/or hydraulic).
"B Kill: Taval Af kill agenciated with damacge that will cause an
N & - IJCVCL AN oA A A QoovVL.iauvew.u W oA wii NManwags Ao e VA ol A - T
aircraft to fall out of manned control within 30 minutes after being

hit. Damage to the following components could result in "B" kill:

(1) F/W: Same as for "A" kill plus other engine and fuel system
components.

79N n frr. Comenm mm L Matt 1211 Al ne mmagdirna and Fiioal gowvaetram

(<) K/W:< >came 4SS I1IO0r A ii11i piu glner engine 4and iudeur sysSiell
components.,

"C" Kill: Level of kill associated with damage that will cause an

aircraft to fall out of manned control before completing its mission.

()
|
w
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f. "E" Kill: Level of kill associated with damage that will cause an
aircraft to sustain additional levels of damage upon landing and
makes it uneconomical to repair as specified by the applicable Tech-
nical Orders (TO's), Technical Bulletins (TB's), and regulations.
Damage to the 1anding gear; controls; or contrel surfaces of air-
craft could result in "E" kill.

g. "V'" Kill: Damage that will cause the aircraft to be incapable of
vertical flight and/or vertical takeoff and landing (VIOL).

5.2.2 Forced landing. This category covers those aircraft with combat dam

S ek e & e 10} QLA aiias © == LLaoas

that forces the crew to execute a controlled landing (powered or unpowered).
This category includes aircraft with damage which will require repairs for
flight to another area and aircraft with damage which cannot be repaired on
site but which can be recovered by a special team. Damage to the following
components could resulit in forced landing:

F/W: Hydraulics, fuel lines

s PNV 1 Y (L9 A0 0 N g P

a

b. R/W: Engines (single), main transmission lubrication, tail rotor
drive (includes gearboxes), tail rotor control systems.

c n R S £t mmLdmen ~alimeme) N AAE AT AMITATAN AT AN YAYA wrs

del D MJ.SSiUH \IlLdS1VLL aUULt;. Thia \,atcsuiy CUVEiIDd auy B.Lr\.LGft w;th
combat damage that prevents the aircraft from completing the designated mission
but permits it to return to base.

5.2.4 Mission available. This category covers those aircraft that have
landed with combat damage and will require repair
reaay status. There are differen

rs. This interval is exoressed in elapsed tlme, to
hours, or combina ions thereof. This category assumes that the necessary per-
sonnel, equipment, and supplies are available.

e on kill ategories. For rotary win
y, forward flight a ho
hove definitions are for
or forced landing in forward fl ght mode may become
critical for attrltlon in a hover mode (e.g., tail rotor drive). Hover mode
does not necessarily mean zero velocity but that the helicopter is operating in
a hazardous region of the height—velocity diagram (Dead-Man's Curve) It should

.

- 1 . 1.0

be noted that application of the forced landing kill category in vu HeraDLlLLy
studies has been restricted mainly to rotary wing aircraft which can land nearly
anywhere either powered or by auto-rotation. Many of the crews of these air-

o +
craft can then make minor repairs on the ground and takeoff again either to
return to their base or perhaps continue on the mission. It of course much
more difficult for a damaged fixed wing aircraft to successfully execute a
forced landing (and/or subsequent takeoff ince some prepared landing site is
generaliy required. For , until recently there has
c he un1nnrnh{1irv analyst to

) s
-~ £ s
- Ldar i
le t

o0

EEI +n
insufficient te
c

ot

oL a =L L
the attrition category into time-dependent levels. However, sufficient d
now exist so that future vulnerability studies of rotary wing aircraft can

A
i

f
T
12
e
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provide the attrition kill vulnerability in the "KK", “K", and "A" kill levels
previously defined. The "B" kill level has not been applied in vulnerability
studies of rotary wing aircraft since within 30 minutes the helicopter can
usually be landed with autorotational capability. Furthermore, in studies of
rotary wing aircraft, attrition, forced landing, and mission abort have been
considered as mutually exclusive events. For fixed-wing vertical and short
takeoff and landing (VSTOL) aircraft, the following kill level may also be used:

"V'" Kill: Damage that will cause the aircraft to be incapable of
vertical flight and/or take-off or landing.

5.2.6 Nuclear mission. The preceding definitions are applicable for conven-
tional "tactical" conflicts where recovery of the aircraft and crew is of
primary importance and achievement of the mission objective is accomplished by
repeated attacks by many aircraft. In a strategic conflict, where delivery of
a nuclear weapon upon an enemy target to ensure its destruction is of primary
importance, the delivery aircraft will be required to withstand hostile non-
nuclear threats in its mission. The kill levels for these type missions,
usually referred to as '"nuclear mission,'" are as follows:

a. Sure Safe: That level of response to hostile weapon effects where
no appreciable damage is sustained, and the aircraft is capable of
being refueled and reloaded within the normal turnaround period for
operational flight.

b. Mission Kill: That level of damage to the aircraft that results in
conditions that prevent the mission objectives to be attained, but
allows continued flight.

c. Sure Kill: That level of damage to the aircraft that causes it to

immediately fall out of control. This corresponds to the "KK'" kill
level definition.

5-5
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5.3 Critical component identification. The definition for a critical com-
ponent, as related to nonnuclear vulnerability assessment processes, is "an

aircraft component which, if damaged or destroyed, would yield a defined or
definablc aircraft kill level." At present, there is no single JTCG/AS endorsed
method that is specified to perform the identificationr effort. There are similar
methods being used by the three major branches of the militar for the identi-

1"

v

- 7
fication of 'critical components. A composite procedure is presented in this
section that incorporates the basic elements of each of these methods. It is

of the procedure. Until a standard triservice method is developed, the exact
procedure to be used will be directed by the procuring activity for each air-
craft system. A systematic and thorough process is essential for the proper

identification of critical components. The first step in the procedure 1is to
conduct an analysis to determine the flight and mission-essential functions
that each aircraft system must perform to accomplish the mission objectives.

This analysis sno Id consider each phase of the combat mission(s) for which

the aircraft is designed. Figure 5-1 shows an example of a typical combat

mission "ith its major phases identified. The second step is the identification
u i ex

" =y
P 40 LT JdlUTuLal

.
[
aircraft subsystem

functions are identified that are necessary to perform the system-essential
functions. Thirdly, a failure mode and effects analysis (FMEA) is conducted
to Ldentlty the spec1f1c components and failure modes related to loss of the
sub 1 functions. Each of these steps is described in the
fol h

5.3.1 System-essential functions. The system-essential functions are those
identified as being required to maintain flight or for mission completion, or
both Flgure 5-2 shows an example of the m1531on phases of a rotary—wlng air-
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5.3.2 Subsystem-essential function identification. The system-essential
unctions are next used for an analy51s to 1dent1fy the related subsystem(s).
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b. Category II - Mission-Essential - Backup: An alternate mode of per-
forming a mission-essential function in the event of loss of the
primary mode
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Could Cause Secondary Hazards: An equipment/compenent whose less

would not prevent mission completion, but could significantly de-
grade the performance capabilities of the aircraft, or could result
in secondary hazards to mission-essential equipment

Figure 5-5 shows an example of components of an electrical system listed together
with the identification of the category to which they belong and the essential
functions they perform.

5.3.4 Failure mode and effects analysis. A failure mode and effects anal-
ysis (FMEA) may be used to systematically determine the consequences of indi-

vidual component failure or malfunction upon the capability of a subsystem to
e e 3t e e end Faem b d A1Tl cmnadhTa £adVlecen ~A mlhaceld Wn AdaeeaT o
PEILOIM 1LlS5 dedliglidied ifunciiious. Ll pUSBLIVILIE ldlidulc moaes sndu.d vEe aGeveas=
oped for each component s¢ that the information will be available for system

! ystem
vulnerability assessments. A recommended approach for conducting FMEA is the
development of a schematic of each system/subsystem to provide a visual rep-
resentation of all the components within each subsystem. The schematics should
show all inter-~connections, redundancies, and/or dependencies with components

or elements in other subsystems. These diagrams are to provide the basic data
e for conducting the failure mode analysis. Figure 5-6 shows a simplified

may be systematically identified for analysis. The analysis will then de~
termine the contribution of each component to the accomplishment of each flight
and mission-essential function. Those components which contribute to the ac-
complishment of these essential nctions then become the set of critical com-

PUHCHLb A failure mGdES and e oahall ha nnnAnnroA in accordance
.

f
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i DLliC 4 A Ve WWiIlU U™ W e abb - S 1= R L —
with MIL-STD-785 '"Reliability Pro s

~ rh

u
e
=4
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___________ ram fo tems and Equipment Development and
Production', (Reference 194). The latest revision of MIL-STD-785, currently
being prepared, will contain the failure modes and effects analysis require-
ments for the survivability program.

5.3.4.1 1dentification system. An identification system may be developed
to identify each component within each subsystem. The identification system
shall be compatible, whenever possible, with an existing identification syste

such as the work unit codes of the services maintenance system or the work
breakdown structure for the aircraft. The identification system should accom-
modate additions or deletions to the system as the design progresses.

5.3.4.2 Subsystem component analysis. An analysis of each subsystem com-
ponent is conducted to determine all of the possible failure modes that can
occur to that specific item. This should include malfunctions as well as

failure-to-operate conditions. Figure 5-7 illustrates a type of format that
may be used to document the results of the analysis (reference 186).

e |
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Component f
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e

[¢]
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< s,
c t

te
h

* o
v 1 an element or on other components and subsystems with
ch it has a functional or physical interface. The analysis must also deter-
mine the effects of the component failures on the total aircraft system, either
directly or through an intermediate subsystem level. The analysis should als

R 2w

identify potential conditions where the failure of one component results im a
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5.3.4.4 Additional formats. Additional (
Annrsimant latiemawden tha wacecleto A€ asmdad 1 -
uvCumTiic/ DUl Licse LiE rcdbulilLd O1 CricicCasr C
ure mode identification analyses and FMEA an
ences 181, 187, and 186 respectively.
5-i3

WAWLWIVILW VAL Ub UoLW GO 6 1iGLUlw VZWULR UL

Y A acnn~AnrnAd AAmmmenmmam e eal oAb
&4 a ocluuu Luuapolicne willdcil
e second component when con

ne aircraft, the
degrade the fly
t

RPN
e pgeliclda

[
[ 1)
o]
c
~
|
1
=}
4 QQ

JICG approved) formats used
omponént/subsystem analyses
alyses are i1llustrated in r

WLllluvGl QUM UMIGIGKVLILIVLIIL aVHLVICD.

pro-
ing

-

oL

as an
alysis
to

, fail-
efer-

LUC DIUNIAIL ULHIUE NEN



Downloaded from http://www.everyspec.com

MIL-HDBK-336~1

Essential
function

Item Equipment nomenclature Category letters*
a Electrical power generation
a(l) Generator primary ac 3-phase I a
a(2) Contrcl - generator primary ac I e
a(3) Control - load 1 e
a(l) Contactor - generator line I e
a(s) Contactor - bus tie I e
a(€)} Contactor - load I r
a(T) Panel - system integration I e,f
a(8) Xfmr - cur - generator 1 e
a(9) Xfmr - diff cur I r
a(10) Xfmr - diff cur (bus tie) I e
a(1l) Xfmr - diff cur (ext pwr) 111
b Emergency power
b{1) Gerierator - emergency IIT
b(2) Contactor - emer gen 111
b(3) Control unit - emer gen 11T
c DC subsystems:
c(1) Battery - 5.7 amp-hr 1 d
e(2) Charger-battery III
c(3) Xfar - rectifier 20-amp I c
e{k) Xfmr - elect msl dc pover I c
c{s) Xfmr - msl htr pover I c
c(6) Xfmr - msl htr power (pylons) I c
e(T) Xfmr - diff cur I e

etc

xSee figure 5-4 for essential function definitions.
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5.4 Conditional kill probabilities. The capability of a specific level of
hostile weapons effect to inflict a level of damage on a given critical com-
ponent to satisfy the failure of malfunction criteria for that component is
determined in terms of conditional probability of kill given a hostile weapon

efifects exposure. For a projectile or fragment impact, the conditiomal kiil
nrahahd 14wy 40 avnracscad as +ha n-’ikak4140-“ AF L4 11 odervan A hde /D._ 122) Thaw =
pPrvvauviLiL) 4O TAPLTOOTU GO LU prUVaGULlLdLy L\J. BiVveil a llab LK/H/. LfvlL a
component exposed to a given level and duration of a high energy laser beam,

che‘érobablllty of kill given an exposure may be expressed as (P, ,.). For
blast overpressure, the probability of kill given a specified ef?ective over-
pressure level may be expressed as (P /P)' The determination of the actual

numerical vaiues for each probability must be accompiished through analysis
nA v tract AfF tha acanandfdr nhusainal Ahavantamdatrdaa A +tha Arnmaamant amd &ha
QA7 WV LEeOoL WA Ll OopTLviLiae Pl ]a-l.b PN bllaha\-l—ck&ﬂb.‘.\-n UL Lllc \-Umvul il aliu Ll
damage-producing mechanismes of the hostile weanon effect. Where sufficient

data on similar items. For example, the Army Ballistic Research Laboratory is
compiling a 12-volume set of data on aircraft component conditional kill prob-
abilities. (Reference 6.) The titles for these volumes are:

Volume T - General
Volume II - Fuel Systems
Volume III - Crew

Volume IV - Propulsion

Volume V - Controls/Hydraulics

T _ i = trT ™ oA " _ 3_ _

volilume Vi = KOUOI DblLdaes

Volume VII - Transmission/Drive Train
Volume VIII- Armament

Volume IX - Structures

Volume - Electrical/Avionics

X
Volume XI - Other (Oxygen, Tires, ard Accessories)
Volume XII - Bibliography
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(U) Table 15. B-52H Elevator Actuator FMEA. (U)

Componcnt name Failure ® Effccts and consequences
Manual control Jammed Unable to control actuator
input link
Severed Manual input is no longer possible. however, since

AFCS 1s integral part of control vaive, actuator controi
through AFCS might be possible.

Control valve Jammed Unable to control actuator, cither manually or
through AFCS.
Severed (free 10 move) If only one hydrauhe system s atfected, control could

he mamtained provided input control is unatfected.
This is remote, since petalling. deformgtion, and ultr-
mate jamming would probably vccur with penetraton
passage through control valve body

Control valve body Fracture Loss of hydrauhc system or syvstems, depending on
extent of fracture.

Penetranon by fragment Valve would become jammed by housing petals, caus
or prajectile ing loss vl actuator contiol.

Power cylinder body | Fracture Due to one steel and one aluminum cy hinder, fracture
wouid not propagaie io boih cyhinders. and aciuaio
output would continue.

Penetration by fiagment Petals caused by the penctrating would probably jam

or projectile the piston.
Cyhnder deformation Because of lugh-power output, some deformation
(no fracture) where no cracks would result could be straightencid
/._——-—_d
IS, N
/_’-Mr" o TUL (e aothe e and alunnnam
vihindere
cyhinder
PPiston 1od Severed (outside Connection to control surfuce would be losy
power cyhinder)
Severed (in rod Conncction to control surface would he fost
end chamber)
Severed (in tang Possible restricted operation of actuator. Some bend-
end chamber) ing of rod would probably occur. theictore. travel

would be limited by the bend.
Fecdback hnkage Severed Manual control would be lost, but AFCS could oper-

ate and control actuator. Hittinge teedhack inkages ol

this actuator s more difficult

AFCS sciva Severed wirmg L.oss of servo output causing loss ot autopilot contiol
Manual control remains.
Structural failure Loss of one hydraulic system and autopilot contiol
of servo Manual control remams.
FIGURE 5-7. Format example for failure mode identification.
5-18
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5.5 Vulnerability assessments/procedures. A vulnerzbility assessment is
a scudy made to determine quantitatively the vulnerability of a specific 2ys—
tem to a hostile environment. With regard to aircraft systems, such a study
can fulfill several needs: (1) it can help the designer in his decision making
relative to design of the aircraft, (2) it can assist the military in their

evaluation of competitive designs, and (3) it can aid the field commander in
making tactical decisions relative to the employment of the final product.
Appropriate techniques and analytical tools must be selected in order to per-

form a vulnerability assessment. In general, the assessment involves quanti-

tativz determination of the appropriate vulnerability measures for several

specified weapon effects and for several levels of aircraft kill. For impact-
1'

ing and externally fragmenting rounds, the methodology includes computation
of vulnerable areas for each expected direction of atcack. For external blast
effects, vulnerable volumes about the aircraft must be determined. It is

necessary to compute both vulnerable areas and volumes for externally detonated
rounds, the lethal mechanisms of which include bsth blast and fragments. The
methodolocy for computing these vulnerability measures is presented in sub-

sequent paragraphs. The calculations may be carried ouc manually using layvout
drawings, or by using scaled models of the aircraft coupled with photographic
weasurements, or they may be programmed for computation utilizing a digital

computer. *anual calculations using actual component drawings permit the
greatest accuracy; however, they require an extremely experienced analyst and
can only be done for a limited number of combinations of viewing aspects, kill

categories, and threats. The use of a digital computer speeds the computations;

however, the accuracy of the results depends critically on the accuracy of
the inputs to the program and the sophlstlcatlon of the modeling employed, both

of which are also time-consuming tas The selection of a manual or computer
technique for computing aircraft vulﬁefabiliﬁ“ depends on the availability of
computerized assessment procedures as well as a number of other factors, in-

cluding the required available accurate resources, and the expected vulnerabil-
ity assessment workload. Having defined the study inputs, selected the appro-

priate analytical techniques, and computed aircraft vulnerability, the remaining

task is to present the results in a meaningful manner. The format for presenta-
tion of results will depend on the purpose of the study and the needs of the
organization for whom the study is performed. If the objective of the study

is to provide inputs to a survival analysis of competing aircraft designs,

then the most meaningful results are vulnerable areas (or volumes) and the

conditional probabilities of a hit or burst killing the aircraft, since these
quantities can be used directly as 1nputs to the survival analysis. However,

e
if the purpose 1is to provide a basis for evaluating different hardening
"fixes” against a specific threat, then the contributions of the different
critica omponents to overall aircraft vulnerability may provide the most

7

ic
meaningful data. Further discussion of the various graphical and tabular
s for meaningful data presentation are provided in subsequent paragraphs.

5.5.1 ¥ulnerability to impacting rounds. The vulnerability of an aircraft
to an impacting round may be expressed as the probability of achieving a
specified level of aircraft kill given a random hit by a prescribed damaging
mechanism (Py ;). The probability of aircraft kill therefore depends con the

hYi

likelihood of a random hit killing a crltlcal component. That is, a component
whose do‘ezt will result in the specified level of aircraft kill. If we assume

that 2 kil' or any one of these critical components (Pyx ) will result in a
[ 39
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n
P =P P . ..+P, =3P
K/H K, ~ K, TR 2 K,
i < n s 1
i=1 -
Note: O< PK/H <1
where:
- Ved . al Jth
PK = Probability of defeating the 1 component given a hit
i on the aircraft; each PK is in turn the product of two
probabilities i
and
P = P P
« K, K/H Hi
i /i /H
th
PK/H = Probability of defeating the i component given a hit
i on the component
i th
P,y =5—°< Probability of hitting the i component given a
“*'H P random hit on the aircraft
R o th
= Presented area of the i component at the aspect under
i consideration
Ay = The aircraft total presented area at the aspect under
: consideration
n = The number of critical components, any one of which if

hit will result in a specified kill level of the aircraft.

By substituting the preceding quantities and defining two new quantities
(Av and AV)’ the equation can be rewritten as follows:

Pem, B

I § i
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where:
A - i tIL
Ay =P A = Vulnerable area of the i component
K/H P,
i i i
and
Ay =2, Ay = Total aircraft vulnerable area
i
Implicit in this derivation is the assumption that any one hit is taken from
a uniform distribution; i.e., a hit is equally likely anywhere on the aircraft
presented area. This assumption is usually valid if the aircraft is small with

respect to the firing range of the weapon; or stated another way, if the wea-
pon trajectory dispersion pattern is large compared with the size of the tar-
e projectiles can also be assumed to travel

1
n
possible to refer to a single direction of

+
-

get aircraft. 1In such a case
in parallel paths so that it
atrack (or aspect) for all elements of the aircraft. Explicit in the deriva-
tion is the assumption that a defeat of any one of the critical components will
result in a specified level of kill for the aircraft. This condition is satis-
fied only if the critical components are 51ng1y vulnerable. If any of the
critical components are multiply vulnerable (i.e., redundant components) ,
requiring two or more of them to be defeated for a kill on the aircraft (such
1s three out of four engines, both of two pilots, etc), then the contribution
of these components to aircraft kill must be modified, as discussed in later
sections. The vulnerable area of an item to the Specified impacting round can
be interpreted as an equivalent area which, if hit, will result in a specified
level of kill to the item. Mathematlcally, vulnerable area (Av) is a weighted

value of the presented area (Ap) where the weighting factor the probability
"of a random hit killing the item (Pg/H) » and the presented area (Ap) 1is the
projected area of the item in a plane normal to the trajectory of the impacting

round. That 1is,

A = AP

v T % Tkyw
From this expression it can be seen that the probability of a random hit kill-
ing and aircraft (comprised of singly vulnerable components) 1is equal to the
ratio of its vulnerable area to presented area. The general problem in a vul-

nerability analysis is to compute these two areas for an aircraft so that the
probability of a random hit killing the aircraft can be obtained.

TITF R CONITNI CYUCTAIMCOC a2 r cvoerar
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a
prised only of componenCS that are. (1) singlv vulnerable. (2) not shieldcd
(3) nonoverlapping, and (4) commutative compounding of damage is excluded,
then the aircraft total vulnerable area can be obtained by simply summing the
component vulnerable areas. The concept of component presented area must be

Y+ L2 _ P =
alileda Lo accoun
es in

£L . . » e -~

ﬂl

T an ar
paragraph 5.5,
then defined and followed by a general method of removing the restrictions
concerning shielded and overlapping component contributions to aircraft total
vulnerable area. The application of these methods for specific damage mech-
anisms, encounter conditions, aircraft characteristics, and kill levels should

be made within the framework of the general assessment methodology previously

"o

- E IO
O rrect Ul 1mpa(.L.Lr1g rounua. Lll.l.b lllUULL J.LdLJ.Uu
r s

a
2. The concept of aircraft vulnerable area 1

£
L
o
(=]
1

5.5.2 Component vulnerable area. The calculation of aircraft vulnerable
area begins with the determination of the respective vulnerable areas of the
several aircraft components which have been identified as critical to the level
of aircraft kill under consideration. The vulnerable area of a critical com-

AAAAAAA = — PO U £ —_

ponent (Ay) to a particular damaging agent is rigorously defined mat

Y-
ao .

T
J

d

8

P.,. (x, y) is the probability of component defeat for the impacting
rotnd striking the point, the coordinates of which are (x,y), and the
integration is carried out over the entire region in a plane normal to
the attack trajectory wherein the impacting round will effect damage
to the component.

When the impacting round is a bullet or fragment, the area of effect being a
point, then ﬁK/H = 0 outside the physically presented area of the component
(A ) so that the vulnerable area becomes AV = PK/H Ap. This is illustrated
in the two examples of Figure 5-9, where PK/H is the average probablllty that
single random hit on the presented area by a point effect damage mechanism

ill result in a component defeat.

.

'Y
—t

£

5.5.2.1 Area of effect. When the impacting round has an area effect, as
in a contact fuzed HEI shell, then a near miss is also capable of damaging the
component so that the integration must be carried out over an "effective' pre-
sented area which may be larger than the phy51ca11y presented area of the
component at the aspect under consideration, as illustrated in Figure 5-10.

In general, the vulnerable area of a component can be expressed as shown above:
Aﬂ = Pvlu An
N/l r
where:
PK/H = Probability that a single randem hit on AP will produce the
reguired kill level

5-24
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Example | (Constant P_, )

y K/H
(L,w) R
///////777777, K/H = 0 outside component limits
'///CONP()NENT’
///PRESENTED' -
,///AREA (A )7 PK/H = PK/H = constant over Ap
IR,
@ ® L W
Ay = L TP ylxy) dxdy = s s P (x,y) dx dy = P [/p dx dy =
-0 =00 -0 =a P
P A
K/H “p
Example 1! (Variable PK/H-)
y _ Physical outline of component )
2 (PK/H = 0 outside component limits)
REGION |
vrrrrrrrrrrrr | REGION I |11} TOTAL
V///////////) | Presenten area A1{A2{Ap
V/iééion (1//A | ProBABILITY OF DEFEAT P1]Pa|7
(given a hit within region) K/H
x
AV = J PK/H(x,y) dx dy = {f P](x,y) dx dy + [/ Pz(x,y) dx dy =
A, Az
P!A! + PZA2
A A A
A, = (P A +PA)oRB=(FL+F -2)A =F A
v ol T T2nTR e A T T2 A T T TR/ T
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COMPONENT
PRESENTED
AREA (A])

A\

X
o« [ ]
Ay = S PK/H(X.Y) dx dy = J/ PK/H (x,y) dx dy + s/ PK/H (x,y) dx dy
et Ay ! A 2
: 2
- Fk/H,Al +-Fk/H2A2 = Psmip
Al A2
where B =P m *Pom w
P 2 'p
and Ap - Al + A2
ﬁK/H = average probability that a single hit by an area effect damage
]
mechanism in the ith region (i = 1,2) will produce the required
level of "kill"
A, = presented area of the lth region at the aspect under

conslderation

FIGURE 5-10. Component vulnerability to area effect damage mechanisms.
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Ap = "Effective" presented area of the component at the attack
aspect being considered (i.e., the total projected area
in a plane normal to the attack trajectory wherin the
impacting round will effect damage to the component).

5.5.2.2 Impacting projectile larger than critical component. There are
some cases where the impacting prcjectile or fragment is larger than the cri-
tical component. See Figure 5-11. 1In these cases, the "area" within which an
impacting threat carn cause damage is larger than the component presented area.
The following equation for Py, y should be used for cables, small diameter rods,
fuel lines, hydraulic lines, o0il lines, small diameter control tubes, and
other such items.

_D+d-26d

Pe/n d
where:
D = cutting length of projectile (or diameter if untumbled)
d = diameter of critical component (tube, line, rod, etc)
6 = amount of tubular element that can be lost without loss of

function (% of the circumference)

It 1s implicitly assumed in this expression that no sequential compounding of
damage occurs. That is, the damage resulting from one hit is independent of
damage resulting from any other hit. Otherwise, P could not be considered

a constant, but would vary with each hit and the amount of damage caused by

any previous hits. 1In view of the exclusion of sequential compounding and the
fact that a component is "killed" or '"not killed" by any particular hit on its
presented area, the individual hit situations may be viewed as Bernoulli trials,
and the value of PK/H is seen (conceptually) to be independent of the number

of hits. As a consequence, the vulnerable area of a component is independent
(by definition) of the number of hits on the component. Thus, the concept

of vulnerable area may, with consistency, be applied to situations wherein
there may be more than one hit on the component being considered. This does
not mean that the vulnerability of a component is, in fact, independent of the
number of hits. This convenient definition or "artifice" does, however, permit
the extension of the vulnerable area concept to multiple-hit situations where-
in the resulting damage can be considered to be nonsynergistic. The extension
to the case of multiple hits and externally fragmenting rounds is considered

in subsequent paragraphs. The assumption of single hit damage has a sound
basis founded upon combat experience. Approximately 85% of all ground based
AAA and small arms damage to aircraft was from single hits. Air-to-air com-
bat data indicates that the average number of aircraft hits is not much greater
than 1. The emergence of the quad-23 and other effective high rate of fire
guns in enemy air defense systems may drastically change the percentage of
aircraft damage from single hits.
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FIGURE 5-11. Projectile larger than component.




Downloaded from http://www.everyspec.com
MIL-HDBK~336-1

5.5.3 Aircraft vulnerable area. Once the respective vulnerable areas of
the critical components have been obtained, these values are employed to cal-
culate the vulnerable area of the entire aircraft. If (a) no "shielding" or
overlapping of component presented area exists, (b) no commutative compound
damage occurs, and (c) no multiply-vulnerable components are present, then the
vulnerable area of the aircraft (AVt) is the sum of the vulnerable areas of
its components. That is,

n n
Ay, = 121 Py/ug Apy = 121 Ayy

where:

N = Total number of singly vulnerable critical components,
each capable of producing the required kill level.

a. The first restriction concerning shielding or "masking" of component
presented areas, due to the physical location of other components,
can be partially removed by reducing each term representing com-
ponent presented areas (Ap.) in the preceding expression by the
amount of the component présented area that is perfectly shielded
from a hit at the particular aspect being considered. It is also
possible for imperfect or partial shielding to exist, in the sense
that the shield attenuates the kinetic energy of the bullet or
fragment but does not stop it. A method for handling this situa-
tion is discussed in this section. The case in which the presented
areas of certain critical components "overlap" (i.e., a hit in the
overlap region can damage (or kill) more than one component) can
be handled for the case in which the overlapping components are
each singly vulnerable by synthesizing homogenous areas from the
overlapping components according to the rules provided in Section
5.1.5.4 of this volume. The vulnerable areas of these homogenous
areas can then be summed in the preceding expression in place of
the vulnerable areas of the overlapping components to obtain air-
craft total vulnerable area.

b. No analytic techniques are presently available for adequately treat-
ing commutative compound damage. This type of damage is the syner-
gistic compounding of damage due to multiple hits in which the
independence of the damage done to each component by each hit cannot
be assumed. Only if the failure mechanisms of different components
can be considered to result in independent levels of damage and
not to combine so as to result in synergistic damage levels to the
aircraft, can the preceding expression be extended to cover the case
of multiple hits. This restriction is a serious limitation to the
validity of the vulnerable area concept in its application to the
case of multiple hits or externally fragmenting rounds, and caution
must be exercised in interpreting the results of such application.

5~29
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c¢. The case in which the aircratt contains muludiply vulnerable compo-
nents in addition to a set ot singly vulnerable components can be
handled bv the methods outlined in Section 5.1.5.5% of this volume,

In these cases, the concept of an equivalent singiv vuinerabice
area is introduced and emploved to obtain an "equivalent” or aver-
age probability of a hit, resulting in a specificd level of air-
craft kill., Other alternatives are also presented.

5.5.4 Component shielding and overlap. The contribution of component vul-
nerable areas (Avj) to aircratt vulnerable area (AVL) for the casc in which
the components are (1) s

2 e Y B e Tk i YU B FEER IR . P S I ] 1 VRS SR 2L
101V VUullneldoie, Lo not snielrava, (J) non-over ldl)] lll
and (%) commutative compound damage is excluded, is given by:
n 2
= = P A
A\; Z Z /W &
h ~ K
t i=1 i i=1 i i

n = number of critical components capable of producing the required
level of kill.

The restriction concerning shielded areas can be removed for the case in whi
a noncritical aircraft component provides perfect shielding

[o]
s A §F A r-v1f-1.~«:1 ram 3
ie of a critical compenent., In this case, th

PL v
f the mponent (An.f entering into the preceding expre s re-—
duced bv the amount of presen%ed area that is perfectly shielded from a hit
at the aspect being considered. The more general case in which all restric-
tions concerning shielding and overlap of component presented areas are removed
is discussed next. The concept is to partition the aircraft presented area at

O r
n
2]
[N
C
=]

the aspect being considered into small nonoverlapping homcgencus areas which
have the characteristic that any parallel projectile trajectory penetrating the
given homogenous area will encounter the same conditions with respect to com-

ponents, thickress of plates, obllqulties, etc. The total vulnerable area of
the aircraft is then obtained by summing the vulnerable areas for each of the

manv homogenous areas. Nonshielded and nonoverlapping itical component pre
sented areas are treated as hoinogenous areas for the aspect under con51ueration
Hence, the only new consideration to this point concerne the methed for combin-
ing the vulnerable areas of the components comprising a homogenous area, which
includes shielding or overlapping of critical components. Given a region of

the aircraft presented area that includes several layers of overlapping com-
ponents, =ach of which may or mav not be critical to the level of kill under
consideration, it is possible to part1t1 the region into a number of homo-
genous areas An example of o d
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omponent area compr ng the homogeneous grouping (1n Figure 16, this is Az)
The probability of a hit killing the first component penetrated is denoted by

P,, where P} = O for a noncritical component and O0<P;<1 for a critical
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PROJECTILE ESMPQNE”T A3
TRAJECTORY N N
COMPONENT COMPONENT
NO. 1 NO. 3
Apy = A, = A, = A3 = Homogencous presented area
Pi = Ayerage probability of the given projectile killing the ithcomponent
with striking velocity V; (for noncritical components P; = 0, for
critical components, 0 < P. < 1)
P
PK/H = (onditional probability of aircratt kill given a random hit on
the homogenous area under consideration
n K-1
P =Py * Z[PK L(-p))=p wP (1 -pP)+p (1 -P)( -P,)
K=2 = j | 2 I 3 2 1
n = Number of components penetrated = 3
A = Tata)l unilmarakhla ava~x ~F oo L
hVH tvitail vuingeidor€ dreda o1 tne nomogeneous area
A\lu = pV/uAn/u
v nN/TH P/
FIGURE 5-12. Example of vulnerable area computation for a homogeneous area.
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component. Assuming this component is penetrated by a projectile having a
striking velocity Vi, the value of P; is assigned and the residual velocity
of the projectile as it leaves the compoment (V,) is computed. The same pro-

cedure is repeated for each successive component penetrated until the residual
velocity is zero or all components comprising the homogeneous grcupi“g have
been perforated. The probability of a hit killing the homogeneous area is
then obtained from the relation
= + - + - - . e
P“/H P1 P2 (1 Pl) P3 (1 Pl)(l PZ) +
P_(1-P_ ) . . . (1-P))
11 L 1 i

where:

n = number of components penetrated, and the total homogeneous
vulnerable area is obtained from:

A A

“VH /H “PH
Aircraft total vulmerable area is then obtained by summing the vulnerable areas
of the many homogeneous areas, that is:

n
Ay B 2: Avu
t i=1 i

==t . _
wilere.

n = number of homogeneous areas for the aspect and level of

kill under consideration.

5.5.5 Procedures for high explosive projectiles and missiles. A manual
technique has been used by the Vulnerability Laboratory and other Army Agencies
for the analysis of the vulnerability of target aircraft to small caliber high
explosi o projectiles. This procedure 1nvolves superimposing a grid of points
on draw. '‘gs of the target aircraft to represent the 1mpact points of the pro-

jectiles. Each projectile is assumed to strike normal to the view represented
by the drawings and to detonate at a fixed distance within the surface of the
target. If a grid p01nt (more specifically, a detonation locatio

lethal reglon o' 1 nt
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..... categor d. 1If the detonation location is not w1thin a lethal

internal blast region for a given kill category, then the potential damage

from fragmentation of the threat is considered. Information concerning the

number of fragments, spatial distribution of the fragments (sidespray), and
sizes and speeds of the tragments is requlr ed. or each detonation poin
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or defeating the fragments are determined (see Section 5.1.5.8.2 for discus-
sion of fragment penetratlon). Based on this shielding analysis and the frag-
mentation characteristics of the projectile, an average weight and striking
speed for the fragments impacting each critical component in the sidespray from

a given detonation are determined. Maximum (cut-off) distances from the deto-

h

nation point to the center of the component entry area are established for
potential lethality of these average fragments against the component. For
each detonation point for which the distances to critical components are with-

in the lethal range of these average fragments, an estimate of the probability
of aircraft kill given the detonation is made and this probability is multi-
plied by the grid area associated with the detonation point to produce a vul-

uerable area increment. A summation of all these grid vulnerable areas yields
the target vulnerable area for the attack aspect. It should be cbserved that
a single small caliber high explosive projectile may have the capability of
defeating a multiple vulnerable system (e.g., engines on a multi-engine air-
craft).

5.5.5.1 Computer programs. bSeveral "point-burst computer programs have
been generated for evaluation of the vulnerability of target aircraft to small
caliber high explosive projectiles. Considerable effort under the auspices of

the Joint Technical Coordinating Group for Munitions Effectiveness (JTCG/ME)

is being expended to develop satisfactory computer methodology compatible with
both MAGIC and SHOTGEN target descriptive programs for such evaluations. These
developed or projected programs are not discussed in this report.

3.5.6 Extension to multiply vulnerable component aircraft. If it is as-
sumed that a single hit can damage, at the most, one component, then the first
hit upon a multiply vulnerable component aircraft cannot kill the aircraft

by defeating one of the multiply vulnerable components. The first hit is there-
fore not a reliable criterion as to the vulnerabllity of the aircraft.

it is for this reason that an "equivalent” vulnerable area concept based on the
expected number of hits required to kill an aircraft has been devised for com-

paring the vulnerability of mnltl,l vulnerable component aircraft to impacting
rounds. As a special case, the "'equivalent" vulnerable area reduces to the sum

of the componenﬁ vulnerable areas for an aircraft consisting only of singly
vulnerable components. The concept is applicable only to impacting rounds,
and sequential compound damage is excluded. A large number of hits is assumed,

U oA e e
and the respective locations of the various hits on the target are assumea to
be taken from a un

5.5.6.1 Effects of hits on multiple vulnerable components. Care must be
exercised to identify all critical components, and whether they are multiply
or singly vulnerable. All critical components have some level of vulnerabililty.

It is their relationship with the other system components that determine the
level of redundancy, if any. An example of the methodology used to determine
the effects of hits on multiply vulnerable components is available in appendix
A of reference 185.
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5.5.6.2 Equivalent singly vulnerable area. The equivalent singly vulner-
able area (A;) for an aircraft consisting of one or more singly vulnerable com-
ponents and the vjth set of identical multiply vulnerable components is given
by:
7
A
Vi
A = ——
s; E(a,n,k)i
where:
Av = Summed vulnerable area of the aircraft
i
= + n
Avi A.VS Avm
i i
AV = Sum of the singly vulnerable aircraft component
s, vulnerable areas obtained as in 3.1
Av = Vulnerable area of each multiply vulnerable component
mi obtained as though the item were a singly vulnerable
component
n = Number of identical components constituting the set of
multiply vulnerable components
and:
E(a,n,k)i = Expected number of hits on Av required to kill the
aircraft
- = = 1)
= 11 IVI1L = 1/
E(a,n.k)i L +—= 1\ + = 1\ o 2\+ R
a1 (&Y™ ?)
" n(n-1) . . . (n-k+ 2)
H 7 N\ 7
n n n
(7—1 —_— 2). . .—;-k'*'l)
\& /] \& / \©* /
where:

K = Number of items in the multiply vulnerable set which must
be defeated to result in the specified level of aircraft
kill

n AV
m

a = = Fraction of the summed vulnerable area represented

AV by the set of multiply vulnerable components
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The quantity (a) can also be interpreted as the fraction of the lethal hits
on the summed vulnerable area (Ay) which comprise lethal hits on the set of
multiply vulnerable components. A sample calculation of Ay_ is illustrated
in Figure 5-13. However, the concept of equivalent singly Vulnerable area
should be used cautiously, especially when the multiply vulnerable components

do not have the same vulnerable area. In this case, the concept 1is not
rigorously valid. It will be noted that the equivalent singly-vulnerable area

(Ag) differs only slightly from the sum of the singly vulnerable component
vulnerable area (Ay_) when the multiply vulnerable components are small.
Hence, in practice and depending on the objectives of the analysis, it is

frequently possible to ignore all or all but the most significant multiply
vulnerable anpnneﬂts. A basis for deciding whether or not to include the
contribution of a set of multiply vulnerable components to total aircraft
vulnerable area is discussed next.

t of multiply vulnerable components. If
iply le components is ignored, the
nn

t|m

.
n the target is E(a,n,k) =

f the quantlty 1/(1 - a) and E( n,k) are plotted for various
comblnatlons of n and k, as functions of «, 1t can be seen that the difference
in their values varies. (For the case where n=1 and k=1, refer to Section
5.5.1.1 on singly vulnerable component aircraft). For convenience, the re-
ciprocals of E(a,n,k) and 1/(l-a) is plotted against a in Figure 5-14. 1In those
cases wherein the difference is acceptably small, the contribution of the mul-
tiply vulnerable set to total aircraft vulnerability may be fgnored.

The concept of an equivalent singly vulnerable area (A ) can be generalized to
apply to an aircraft having more than one set of multiply vulnerable components.
The procedure is to consider each set, one at a time, with the remaining sets
COandPrPd invulnerable for the time beine The procedure is 1llustrated ma

A + Y A
T+ I A
Vo Yy
=4 llll
As = E(ar., N k) for the Ist set
1 1”1 71
where:
As = Equivalent singly vulnerable area of the singly vulnerable
1 components and the first.set of multiply vulnerable com-
N 3
ponents with all other sets of multiply vulnerable compo-
nents considered invulnerable.
Tha comrarnAd caot ~F e T a2V oo Y o LY a2 0 .
ine secona set of multiply vulnerable components is then introduced to obtain
a new equivalent singly vulnerable area (Ag ) where:
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Given a single-place twin-engine fighter Iin which the engines are considered
to be the only set of multiply redundant components and both engines must be
killed to result in a kill of the alrcraft.
i PR - . , s . . L,
Ap = 400 ft” = Totai presented area of aircraft at the aspect
under consideration

A, = 10 ft° = Singly vulnerable area of either engline

-
-

v
m
n = 2 = Number of redundant components
k = 2 = Number of redundant components which must be kiiied
to resuit in a kiii of the aircraft
Z
AV = LO ft“ = Total vulnerable area for a singly-vulnerable component
s
A - A 4 A - Ln o« (2Y(10n) - AN ‘?2 = Ciimmad viilmnarahla araa
~ () v 1Hm A v \&) \IWV/y A L S S UNIRITGJ VRN iraw i o @' Ca
" v )
3 m
nA
vm 20
a == = S— = 0,333
A 60
Vv
n 2
E(apn»k)-]"'/_ \-]+£_|=]'l‘
" (o) - 1
(=-1)
\ G /]
A 60 2
+
A ; v _ - = L2.85 ft" = Fquivalent singly-vulnerable
S E(a,n,k) 1.4
vulnerable area
A +
F -2 ﬁ%égé = 0 i07'|+ = Average or ‘‘equivaient'’ singie shot
K/H A_ 0 ’ PR T T B B U _ £ 1. 211 PN IR - [V VS
P prooapiiity or Kiti given a nit
srATME E_117 Laudivalant aincluv—vulnerable vulnerable area examnle.
F1LOUURLD J710. LJULVALTiiL SiligijmvuLlivaova™ D

tenbncane Aadinntad AlacVacen mmem oo —~—mloban. 2L v . *
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Given a single-place twin-engine fighter In which the engines are considered
to be the only set of multiply redundant components and both engines must be
killed to result

ina kill

. _ 2 -
400 tt~ = Total
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of the alrcraft.

AP - presented area of aircraft at the aspect
) under consideration
AV = 10 ft° = Singly vulnerable area of either engine
m
n = 2 = Number of redundant components
k = 2 = Number of redundant components which must be killed
to result In a kill of the aircraft
AV = 40 ftz = Total vulnerable area for a singly-vulnerable component
s
2
A, = A, ﬁAV = 40 + {2)(10) = 60 ft° = Summed vulnerable ares
s 0
nAV 2
a = = m -—,—-‘--09133
A 60 -
Vv
n 2
E(a,n,k) = 1 + = L=+ == 1.4
n oD = 1
(=-1)
\ & /
A 6 + 2
A . Oh = 42,85 ft” = Egquivalent singly-vulnerable
s E(a,n, k) I vulnerable area
P mata BB ot L e equivaient’ singie shot
- - ; '
K/H ™~ A 500 : verage or “equlvalent single
p probabiiity of kiii given a nit
FIGURE 5-13. Equivalent singly-vulnerable vulnerable area example
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FIGURE 5-14. Relationship between expected number of hits required

1., P R N
to kill target and & for varicus values of n and K.

and any remaining sets of multiply vulnerable components are considered invul-
nerable. The procedure is similarly repeated until all significant sets of
multiply vulnerable components have been considered. The average probability

of aircraft kill given a hit can then be obtained from the ratio of Asj and
Ap, where j denotes the number of sets of multiply vulnerable components con-
sidered. That is,
A
s,

Perm = A,
An example illustrating the computation of Ag and PK[H for a four-engine bom-
ber with twec pilots, in which both the engines and the pilots are considered
as sets of multiply vulnerable components; is presented in Figure 5-15.

5.5.7 Summarizing results. The result of a vulnerability assessment to
impacting rounds consists of computed values of vulnerable areas for each air-
craft design, kill level, and hostile environment considered. The number of
different aircraft designs, kill levels, and hostile environments considered
and the level of detail for which the results are presented will depend on
the objectives of the analysis and the requirements of the organization for

whom the study is performed.
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5.5.7.1 Valid basis for aircraft design comparison. Vulnerable areas
provide a measure of aircraft terminal vulnerability on the assumption that a
hit has nccurred. No consideration is given to the likelihood of a hit occur-
ring. It is for this reason that vulnerability measures alone do not provide
a valid basis for comparing different aircraft designs when overall surviv-
ability is at issue.

5.5.7.2 Overall survival. Overall survival of an aircraft depends not
only on the probability of a hit killing an aircraft but also on the probabil-
ity of a hit occurring. This latter quantity also depends on additional
factors which affect (1) the number of weapons that engage the aircraft (e.g.,
terrain and vegetation, fire suppression, decision to engage, etc.) and (2) the
accuracy of those weapons which do engage the aircraft (e.g., weapon range,
aircraft speed, maneuvers, ECM, etc.).

5.5.7.3 Vulnerable areas summary. Vulnerable areas provide a basis for
comparing the contribution of different components to aircraft vulnerability
and are therefore useful in aircraft design, modification, and utilization
studies. Knowledge of the respective contributions by critical components
to aircraft vulnerability is essential for optimizing aircraft design and mod-
ification and is of value in determining the reasons for differences in sur-
vival on one aircraft compared with another. Knowledge of the most vulnerable
components can also be of assistance in determining the optimum tactical em-
ployment of a given aircraft design. In view of the significance of critical
component contributions to aircraft vulnerability, it is common practice to
include vulnerable area data for critical components as well as for the air-
craft in the results of a vulnerability assessment. Vulnerable areas of mul-
tiply vulnerable components are frequently presented separately to facilitate
the computation of equivalent singly vulnerable areas, or for use in Survival
studies. Meaningful presentation of computed vulnerable areas for an aircraft
and its critical components to a spectrum of projectile types for a range of
encounter conditions and kill levels can be a formidable task because of the
large volume of data generated and the need for an orderly presentation to
facilitate its interpretation and usefulness. To indicate the nature of the
problem, vulnerable area can be considered mathematically as a function of the

many parameters constituting the study inputs:

AV = f(p, e, ¢, a)

where:
p = Projectile characteristics (size and type of ammunition
such as ball, AP, API, HE, HEI, HEI-T).
e = Encounter conditions (attack directions, striking velocity, etc.)

Criterion levels for aircraft kill or damage (KX, K, A, B,
C, E, etc.)

(o]
]

Aircraft characteristics (such as fuel load and distribution at
time of encounter, munitions loading, critical components, and
aircraft design)

D
[
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Given a four-engine bomber with two piiots in which both the engines and the piiots
are considered as mutliply vulnerable sets of components. Both pilots must be
kilied to result In an alrcraft kill. The kil of any two engines wlll also result
In 8 kil) of the aircraft. The problem Is to calculate the total singly-vulnerable
vuinerable area for this alrcraft.

Givew
‘ 2
A = 1000 ft
(]
A "o ed?
V’
ENG I NES
. 2
A, =25 ftf
™
kK, =2
I
n - b
|
PILOTS
A‘v‘ =2 ft
™
k, =2
"Z -2
SOLUTION
Ay m A e A =100+ (8)(25) = 200 fe?
s m
!
ﬂl Av
. ™ _ 100
sy N " 7506 " 05
v
Elay.n k) = 1 o) e —tu 1572
vy n - 8-1)"
(7o) (8-1)
\°| ]
A
. 200 2
‘s, £la.n.k) " 753" 1272 %t
n, A
2 "y
o e ee2 _2)(2) o oo
2 T mwy 0
n
E(az,ﬂz,kz) RO S IO(Z) = 1.022
N -
(2
\a,
As' +* ﬂ2 AV
A ee——2 . 1314%—3-éili51 126.4 fe?
s, E(u:.nz,kz) 02
A
et o 126 4 - 1264
K/H AP 1000 vorews

K For most purposes, the contribution of the piiots to total atrcraft vuinerability
couid be ignored in this case

FIGURE 5-15. Equivalent singly-vulnerable vulnerable area example
for multiple sets of multiply vulnerable components.
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o v
ly the ,omput_tinn
providing a meaningful presentation of the
results of the computations. Both tabular and graphical formats are commonly

employed to provide a summary of vulnerability assessment results.

P
AVLIID W
rklag
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5.5.7.4 Tabular formats. There are many ways to tabulate the results of
vulnerability assessments. Figures 5-16 through 5-19 illustrate the preferred
formats contained in reference 181 for nonexplosive projectiles,; fragments,
and high explosive projectiles and contact fuzed missile warheads.

a. Figure 5-16 is the format for a typical singly vulnerable area sum-
mary for listed subsystems at various projectiie impact velocities.
t

) T ~
hreat, and aspect direction must be

b. Figure 5-17 is a summary format for the total aircraft vulnerable area
listing for projectile striking velocities from the six cardinal
aspect directions. The kill category and threat must be specified.

c. Figure 5-18 shows the format for the vulnerable area listing of air-
craft subsystem components for fragment striking velocities from
1000 to 10,000 feet per second. The impact direction, fragment

mass, and fragment densities per square unit of area must specified.
The form also has a column for the probability of kill, given a

hit, (Pg/y) for each component.

gure 5-19 is the format for summarizing the vulnerable area esti-
mates for high explosive (HE) projectiles and contact fuzed missile
warheads. The aircraft is divided into regions of kill probabil-
ities (PK/H) for the specified threat, kill category, and aspect
direction. The areas for each region are then multiplied by the

PK/H to obtain the vulnerable area.

5.5.7.5 Graphical formats. The results of a vulnerability assessment can
also be presented graphically in a number of ways, depending on which param-
eters are held constant and which are varied. To illustrate the possibilities,
consider the following expression for aircraft vulnerable area in terms of

some of the more significant parameters:

A, = f(x,, x X, s Xes X)
v 1 T2 T3 T4 U5 76
where:
X, = Projectile/fragment size and type x, = Aircraft kill level
x, = Attack direction X = Critical components
4 -
x., = Striking velocity Xg = Fuel loading
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Assessment date

Aircraft

Threat

Performing organization
Kill category

Aspect

Subsystem

Projectile Vg, ft/sec (m/sec)

500
(152.4)

1,000
(304.8)

2,500
(762.0)

2,000
(609.6)

15,00
(457.2)

3,000
(914.4)

3,500
(1066.8)

Engine throttle controls & cables
Seat ejection charge (2)
Hydraulic reservoir
Utility
PCi
PC2
LOX converter
Power cylinder
Stabilator
Aileron (2)
Dual servo spoiler (2)
Hydraulic/fuel radiator
PC1
PC2

11ial limas

C
rutl unies

Mainfold section
Transfer

FIGURE 5-16.

|\~

L\/-s/‘/m/‘/

Typical singly vulnerable area summary form, ft

_\,\/\JL/«/*)

. (mz) .

Assessment date

Aircraft

Performing organization

Threat

Kill category

Proiectile Ve
Projectile vg,

Total singly Ay, ft2 (m?2)

ft/sec (m/sec)

Left side

Right side

Top Bottom

Front

Rear

500 (152.4)
1,000 (304.8)
1,500 (457.2)
2,000 (609.6)
2,500 (762.0)
3,000 (914.4)
3,500 (1066.8)

”_’-‘_/\/\/v

FIGURE 5-17.

(NOTE:
loadimg, and any other

Should include fuel loading,

wWeas

stores

needed information,)

WV“/\/WJ

Typical total aircraft vulnerability summary form.
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Assessent date

Aio
Aircraft

Performing organization

Imnact r_!irprﬁnn

Data references

s past WL iiTRl

Fragment mass

Density, frag/f12 (frag/m?)

Compcnent/Vg,
ft/sec (m/sec)

Remarks

A_u;{tzlmz) P X Cn
v ) ’ {componeni 10Caiion)

Piloi
1,000 (304.8)
3,000 (914.4)
5.000(1524.0)
7.000(2133.6)
10,000 (3048.0)
1,000 (304.8)
3,000 (v14.4)
5,000 (i324.0)
7,000 (2133.6)
10.000 (3048.0)
Feed tank
1,000 (304.8)
3.000 (9i4.4)
5,000 (1524.0)
7,000 (2133.6)
10,000 (3048.0)

Total aircraft Ay, f12 (mz)

1.000 (304.8)
3.000¢914.4)

5,006 (1524.0)
7.000(2133.6)

| 1000030480)

VA ST a % of SN
(108 ] -5

loading, and any other

Should include fuel loading, stores

needed information.)

L

o~

pical aircraft fragment A,v. summary form.

Assessment date Aircraft
Performing organization Threat
Kill category Aspect
Region Area, ft2 (m2) PK/H Ay, ft2 (m2) Comments
1
2
]
. A
W > ~

e vulnerable region summary form.
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The effect of variations in these parameters on A, can be analyzed by (1)
plotting A” as a function of any one parameter with all other para ”eters held
constant and (2) incrementing one of the constant parameters to obta a family

of curves or points for construction of a histogram on the same set of coordi-
nate axes. The technique is illustrated in Figure 5-20 (Reference 5), which

e A e = A s

5hiows in a systematic manner how normalized aircraft vulnerable area is
affected by changes in the significant parameters taken one at a time.

5.5.7.6 Additional formats. Numerous tabular formats other than those dis-
cussed in the preceding paragraphs are available for documenting the results
of vulnerability assessments. Three of the more commonly used tabular formats

are shown in Figures 5-21 through 5-23. Use of these formats is the same as
discussed in paragraph 5.5.7.4 and is further illustrated in references 181
and 185.

5.5.7.7 The survivability modes of aircraft component kill (SMACK). The
SMACK chart is a combination tabular/graphical format used to document vulner-

ability assessment results. This technique (illustrated by figure 52) 1is dis-
Atrieaand dm mnvassanth 7 /L & A€ +hda eraliiamna AJdILlad aurtl 2_L£_- FI PN
cussed 1in paeiagiapil /.%,J UL LIIL1D vVUOlIUlIE, AUULL AL LHLULmdLLUU iS5 dil50
available in reference 73.

5.5.8 Vulnerability to externally detonated rounds. The vulnerability of
an aircraft to externally detonated rounds (projectiles or warheads) must be
assessed in terms of the predominant damage mechanisms employed by these rounds.

Th o 2w T3 A Loo oY LY - k) 3 e 1 R -1 c N A .

inese ainciude Udeg Dy eXierrndi DldsSl and daamage Dy external Irragmentation.

The methodclogy for assessing aircraft "uluerability to external blast is pre-
ented in section 5.5.8.3 of this volume, and the methodology for assessing

alrcraft vulnerability to externally fragmenting rounds is presented in 5.5.8.2
No attempt is made to devise or present a single measure of vulnerability to
the combined effects of both external blast and fragmentation. However, the
surv1vaolllty of an aircraft exposed to weapons which employ both damage mech-

1t1iaina tha marhAadalAacsy asmacan Aad memaerd miea ar S el
Ud il Lwlc mcLuuuuLvsy PLCDCULCU chv&uub Yy <1

5.5.8.1 Threat weapons. The threat weapons of concern when considering
external blast vulnerability are AAA, air~to-air missiles and surface-to-air

missiles, all with explodlng warheads. The AAA threat employs a high explosive
Fraomantardan trarhaad a4 oeen ema_mthla Eiiman At ant acd aemand abl1 A +=donna T~
iiapgiiciitacavn warieaa WL LWU PUTOLULT LUuctTOy LUlLdLL duu VdLLdULC LLAC. 1ic
missiles primarily use a proximitv fuze. The primary kill mechanism is high
energy fragments propelled outward by the exploding charge. Overpressure

caused by the blast can cause serious damage to the aircraft components and/or
structure, but if the charge explodes close enough to inflict such damage, the
fragments would have probably caused even more damage. Any damage caused by

. 1 3 L I T,

ould be considered IlrSC, then any additional aamage cause
r n

e chould be invegticated Racoed on tha fraomoentation
e 8sn¢ investigated., caseg ¢on the Iragmentation

rofiles, a vulnerability (or lethal) envelope can be de-
ch an exploding warhead can cause the specified level of
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Region Critical Component Ap, ft PK/H

] Fuselage fuel

structure

2 Fuel tankage wing
structure

3 Flight control

structure I

\____4——\_/
’_\_ﬁ
Total Bottom aspect

FIGURE 5-21. Typical single threat summary form.

MR, grains VR, ft/sec Head & torso

Arms & legs

110 100 to 500
500 to 1,000
>1000

20 100 to 500
500 to 1,000
>1000

FIGURE 5-22. Single fragment P for pilot.

K/H
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System/component Area, fr2
and threat Left Right Top Bottom Front Rear
Cockpit 7
23-mm HEIT
57~mm HE
SA-7

v v~

Fuel Boundary
23-mm HEIT
57-mm HE
SA-7

Wing Fuel
23-mm HEIT
57-mm HE
SA-7

-~ 1. o SRS,
Fl1l1gnht Lonirovils
23-mm HEIT

87 e HE

J 7 TIaLE A

SA-7

Structure
23-mm HEIT
57-mm HE
SA-7

Ammunition
23-mm HEIT
57-mm HE
SA-7

Total
23-mm HEIT
57-mm HE
SA-7

IRE 5-23. Typical component and total aircraft single shot A-kill AV form.
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omponents to kill (or damage) by a fragmenting round (projeccile
tonated externally to the aircraft is usually expressed in terms
of vulnerable areas computed for a range of expected fragment sizes and striking
velocities, as discussed previously. The probability of aircraft kill due to
the detonation of a specific round can then be determined for a particular set
of encounter conditions which define the direction of attack, size, density,

and velocity of fragments striking the aircraft. The average probability of
aircraft kill given an encounter with a specific round can then be determined
from a knowledge of the expected distribution of burst points and the orienta-
tion of the resulting spray patterns with respect to the aircraft., The meth-
odology for computing the probability of aircraft kill due to a single exposure
to the burst of a specific round and for a single set of encounter conditions

is presented in this section. The generalization of this methodology to obtain
a

5.5.8.2 Vulnerability to fragments. The vulnerability of an aircraft and
. .

n average probability of aircraft kill (or al) per encounter based on

(=
an expected range and distribution of burst p s is presented below.

5.5.8.2.1 Kill by a single externally detonated round. The probability of
aircraft kill due to a single exposure to the burst of a specific round and for

A emmemde S a.Y man ma e PR R, P, — P .
a particular set oi encounter conditions can be determined in a stralgntror—
ward manner when (a) the aircraft censists sclely of singly vulnerakble compo-

nents, (b) sequential and commutative compound damage is excluded, and (c) the
entire presented area lies within a uniform density spray of fragments as indi-
cated by Figure 5-24. In this case, the expected number of hits (EH) on the air-
craft presented area (A ) at the aspect under consideration is given by:

p = the average number of fragments per unit area incident on Ap'
The expected number of killing (or lethal) hits (EK) is similarly given by:
Eg = pay = Prouby
where:

A, = PK/HA_ = aircraft vulnerable area at the aspect under consi-
v
P deration.

The probability of aircraft kill (PK/E) given a single exposure to p can there-
fore be expressed as the probability of at least one fragment striking the
vulnerable area of the aircraft. That is:

P = 1-(1-P H ~1- -E

K/E ( K/H) 1-exp (-Eg)

5-47
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UNIFORM DENSITY

a7 FRAGMENT SPRAY 4
7 OVER ¢ =09, -0 7
2 ) 4’,1

EH = pAp = expected number of hits on Ap by fragments from uniform
spray density p

E, = pA

K = DPK/H Ap = expected number of hits on Av = PK/HAp

E
y W=y - exp (-EK) = probability of kill given
exposure to p

v

Po.=1-(1-P

K/E K/H

QUALIFICATIONS

1. Aircraft consists solely of singly vulnerable components
2. Sequential and commutative damage are excluded

3. Applies entirely within uniform density fragment spray

FIGURE 5-24. Basic case for estimating probability of aircraft
kill by externally detonated fragmenting round.
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a. The restriction ccncerning singl vulneral components can be re-
moved by considering an equivalent sing” wvulnerable area calcu-
lated as in 5.5.5.

b. The restr
kv +
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ction concerning sequent al compound damage can be removed
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PK/H to be a functi = I(LH).
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c. The restriction concerning total exposure of A to a uniform frag-
ment density can be removed by dividing the p?esented area A

into M subareas (Ap'), each exposed to a uniform fragment degsity
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the burst of a specific round and for a single set of encoun

ditions is outlined in the
in Figure 5-24,

u
posure to

timating g Pg/p. To compute PK/E’ it
encounter conditions, air-

~

L
-
i
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D
[l .y L od
Sdly ©

rer

a. Determine initial fragment velocity (Vn)

etermine fragment striking velocity (V

c¢. Determine fragmentation dynamic spray angles (¢)
d. Determine fragment density incident on aircraft presented area (p)
e. Determine aircraft vulnerable area (AV)

f. Calculate P 1 - exp (—EK) =1 - exp (~pAv).
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5.5.8.2.3 1Initial fragment velocity. The case under consideration is one
in which the missile and aircraft are on parallel paths, with the head-on ap-
proach being illustrated. See Figure 5-25, which shows how to compute the ini-
tial fragment velocity from a dynamic warhead detonation (Vo) given the initial
fragment velocity and direction from a static warhead detonation (V,g) together
with the encounter velocities of the warhead (or missile) and the target air-
craft.

5.5.8.2.4 Fragment striking velocity. Fragment velocity decreases with
range in an approximate exponential manner. As such, the striking velocity
(Vg) at any range r is given by an equation of the following form:

v = Vo exp (-fr)

]
where:
Vo = Initial fragment velocity from dynamically detonated
warhead
B8 = Constant which depends on air density, fragment size,

mass, and a drag coefficient.

5.5.8.2.5 Fragmentation spray limits. In a static firing of a warhead,
the fragments are assumed to travel out radially on the surface of an imagi-
nary expanding sphere. In Figure 5-26, the fragments are assumed to be uniform-
ly digstributed in a sprav pattern contained between the angles @, and a,. A

SLedvuLTu SpLidy pateeL =gt LoLweel nHaT= ale d

method is given for determlning the angular limits (¢j) of the dynamic %rag—
ment spray pattern in terms of the static angles («;). These latter parameters
must be obtained for the specific warhead under consideration. If the fragment
density cannot be assumed uniform over the entire spray pattern, then the
angular limits can be determined in a similar manner for smaller subpatterns

R S e -1 - A md e mmem LA AaAmTtemna -~

FAP
(Yol g anub) over wnicn tne ut:llb.LLy can L)t: db:uun:u constant.

5.5.8.2.6 Fragment spray pattern density. The fragment density incident
on the aircraft presented area within the fragment spray pattern can be ob-
tained (Figure 5-27) from a knowledge of the total number of fragments emitted
at warhead detonation, assuming the fragments are uniformly distributed, the
angular limits of the dynamic spray pattern, and the radius (or range) between
the burst point and the aircraft presented area at the time of fragment impact.
The number of fragments emitted (n) must be determined for the specific war-
head under consideration. The angular limits on the fragment dynamic spray
pattern (¢;) can be determined as in 5.5. 8.2.5 and the range between the
aircraft and the burst point can be determined from the input encounter condi-

tions.

5.5.8.2.7 Conditional probability of kill.
kill due to detonation of a specific warhead and for a p
counter conditions can thus be obtained by means of the following expression:

PK/E =~ ] - exp (—EK) = 1 - exp (—pAV)
where:
AV = Aircraft vulnerable area at the aspect under consideration
determined

5-50
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WARHEAD BURST POINT
(alllElYal 4 [*AV AN ) v w -
- 1/2
r{\l + U FOERY) rre n\z + [y elmn n\ﬂ
\v v L v /I a7 v " SN -/
L m ac os os J
Vo = [nitial fragment velocity from dynamic warhead detonation
Vos = initial fragment velocity from static warhead detonation
V_= missile (or warhead) velocity
"
Vac = target alrcraft velocity
= memmla hatiianm Feommmoand matbh amd mieclla nath FAar a
a = angi€ oetween rTragment pacn andg misSsii i€ patn 70F a
static warhead detonation
. S | 1 a o Lo . a8t _ 1Y o _alL £__ _
¢ = angie between fragment path and missiie path for a
dynamic warhead detonation
FIGURE 5-25. Initial fragment velocity.
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2 3
-o )w’?\l L *v

STATIC DETONATION DYNAMIC DETONATION
@, = Anguiar iimits of fragment spray from a static warhead
detonation {1 =1,2)

6. = Angular limits of fragment spray from a dynamic warhead
detonation {i = 1,2)

Vo= V: + V;? = Missile velocity relative to target aircraft
€ v sin a
os; i ( )
= A =
¢i Arctan v o Y (i 1.2)
m os. i

e I

FIGURE 5-26. Fragmentation spray angles.
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n = Total number of fragments emitted
from warhead detonation

o; = Angular limits of dynamic frag-
mentation spray pattern P ,
(i =1,2) “\\\u/’ \>(’
¢ = Solid angle subtended by spray /‘\ /( \\
pattern /Z::ji \
= A 2mRh (R = 1) e, Jd 2
! SN NI

A = 2«R(cns¢i - cosé,

aniee

A = Surface area of spherical zone v oo B
®1  subtended Sy ¢; on a sphere ' My T\ r'? /
of unit radius (R = 1) \L//’. = /
v l 1
N = Fragment density per \ '}L//
steradian =——= pRz ]"
TR — \ J
v &
o = Surface area density of r'ﬁ
fragments at any radius R h
R R 2 (cos¢i cos@Z)R
FIGURE 5-27. Fragment spray density.
P = Area density of fragments incident on A_ determined as

in 5.5.8.2.6. Y

An example illustrating the methodology for computing PK/E is shown in Figure
5-28.
5.5.8.3 Vulnerability to blast. To evaluate the vulnerability to blast

effects, the following four steps must be examined:

a. Study input requirements
b. Analysis techniques

c. Vulnerability computation

ut requirements. The required study inputs concern
a) weapon terminal effects, b) the encounter conditions between the weapon
effects and the aircraft, c¢) the resulting damage (or kill) levels of the
aircraft, and d) the characteristics of the aircraft under consideration.

These requirements are discussed here in the aforementioned order.
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I i

GIVEN
STATIC WARHEAD | Spray angles, a] = 30°, a2 = 80°
PARAMETERS Number of fragments, n = 1000

- fragment velocity, Vos = 7000 fps
ENCOUNTER ] Missile speed, Vy, = 1500 fps
PARAMETERS Head-on encounter with

- miss distance, R = 20 ft
Al RCRAFT i Alrcraft speed, Vac = 1000 fps
PARAMETERS Aspect vulnerable area, Ay = 5 fr2

- to fragment sizes and striking veloclity

under consideration
REQUIRED:
Single-shot probabllity of kill (PK/E)

SOLUTION: ‘ ) 1172
INITIAL v -[(v +V__+V  cosa,) + (V sina)l
FRAGMENT ] 0, m ac os 1 os |
VELOCITY J 2 2

= [(IOOO + 1500 + 7000 cos 30°)° + (7000 sin 30°)
2 21/2
- [(8560) + (3500) ] = 9220 fps
L -
r 2 ( I )211/2
v02 -L (V, *+ v, + Vg cos a,))" + (Vo sina, J
2 2 1/2
<[ 3725)% + (6830)%] = 7840 fps
L -
vV +V
- °, o
v - = 8530 fps
o 2
FRAGMENTATION v sin a 0
DYNAMIC SPRAY ] o, = ARCTAN -1 — < ARCTAN §290 = 24.2°
ANGLES J m ac os 1 vomE
o vgs sin 02 ... 6890 sy =e
‘2 = ARCTAN V #V 4V _ cosa = ARCIAN 3-33 = 0l./
’ m ac os 2
| . _ = ’ At a@ zs =mo\
FRAGMENT | ] = 27 (cos¢‘ - cos¢20 = 27 (cos 24.2° - cos ©i./7")
SPRAY DENSITY J ’
= 2.75 steradians
N -'ﬁ}- ;?gg = 364 fragments/steradian
0 "!2 o 364 , = 0.808 fragments/ft’
R (20
DDﬂ.AﬂIIl""V ]
TrAvVenRe T L 1 ) l N A
OF KiLL £, =—3' =p A, = (0.909)(5) = .5k hits
J K 2 Y
~ ) - - x| - -h.54) = 0
Pese © ! exp (-E,) = 1 - exp (-4.54) 0.939)

FIGURE 5-28. Fragmentation PK/E example.
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a. Weapon terminal effects. The weapon terminal effect (or damage mech-
anism; under consideration is the blast wave resulting from detona-
i arhead

r

tion of a threat w ead in the viciuity of {(i.e., external and
adjacent to) the target aircraft. A spectrum of charge weights is
chosen for which aircraft vulnerability measures are to be computed

in the vulnerability assessment. The specific charge weights se-
lected should be representative of the expected threat projectiles/
warheads of interest. The spectrum of charge weights should be
broad enougu to aCCGunL for differences in the type of EX31051VQ
used, warhead ''casing' effects, moving ''charge' effects, and moving
"target'" effects. These data determine the vulnerability envelope
as discussed in 5.5.8.3.

(1) The blast wave characteristics must be defined to evaluate the
vulnerability envelope. Figure 5-29 shows the changing shape
of the blast wave as it propogates outward in an exponentially
dprav1no manner

(2) Figure 5—30 shows what an observer standing at distance D from
the explosion point would experience. After T; seconds, the
initial overpressure shock would be felt. The pressure would

ecay exponentially for T seconds, and then drop below ambi-
ent. Therefore, there are three variables, the peak over-
pressure (P), the positive pressure duration (AT), and the
impulse (I). The impulse is the area under the positive por-

[ ed encounter conditions include (1)

' - ~F PR S Sy

t cime or L.uaxsc detonation and
the exnected distribution of burst
The latter information is required to
reduce the vulnerablllty assessment workload by indicating the most
important aspects of interest about the aircraft as well as those
aspects which are not exposed and for which no vulnerability assess-
ment is necessary. Ailrcraft speed is required in order to select
a sufficiently broad spectrum of equivalent charge weights which
will account for moving ''target' effects. Aircraft altitude is
required since the damaging effects of a given charge vary with
altitude.

c. Damage levels. Aircraft damage (or kill) levels to be considered
in the vulnerability assessment must be specified so that critical
components of the aircraft can be identified for each kill level
and the corresponding threshold defeat criteria for each critical
component can be computed. Blast kill levels of most interest in
the past have been '"K'" and "A'" levels, since, most existing exper-

imantal Aata an which A hoca thrachnld dafaoatr sritaria far ~ried-o
imentas data on wnildh ¢ tase tharesnelda gereat criteria Ior Criti

cal components are available only for these kill levels.

d. Aircraft characteristics. Required aircraft characteristics include:
(1) the identification of critical components for each aircraft

kill level of interest and,

(2) determination of the corrvesponding threshold defeat criteria
tur each critical componert and kill level at each aspect
of interest., Aircraft critical ccmponents vulnerable to
external blast damage consist principally of portions or the
airframe structure (e.g., wings) and control surfaces. TFail-

ure mechanisms of these components which can result in aircraft
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kill include structural deformation or failure and aerody-
namic gust effects. Structural deformation can also result
in defeat of other components such as the jamming of control
surfaces or bomb bay doors. Threshold defeat criteria for
critical components are usually expressed in terms of the
peak reflected or incident pressure and impulse levels re-
quired to effect a specified level of aircraft kill. Inci-
dent pressure and impulse levels are employed for components,
the presented areas of which are sufficiently small that re-
flection phenomena can be ignored. Otherwise, threshold
defeat criteria are expressed in terms of reflected pressure
and impulse levels. Threshold defeat criteria for critical
components can be derived by conducting structural and
aerodynamic analyses to determine the value of peak pressure
and impulse levels on critical component presented areas at
aspects of interest which will result in the required level
of aircraft kill. Alternately, existing experimental data
on threshold defeat criteria for similar critical components

under consideration.

5.5.8.3.2 Analysis techniques. Analysis techniques and appropriate vul-
nerability measures must be selected based on the damage mechanism under con-
sideration, aircraft characterastics, and possible failure modes. The measure
of aircraft vulnerability to external blast loading is the vulnerable volume
or envelope about the ajircraft within which the detonation of a specified war-
head weight will result in the required aircraft kill level and outside of
which the detonation will result in no damage to the aircraft. 1In any one
plane passing through the aircraft, the vulnerability measure reduces to a
contour line about the aircraft cross section in that plane. This vulner-
able contour is the trace of the vulnerability envelope in the particular pro-
jection plane under consideration. Any one point on suck a vulnerable contour

can be characterized by its location in a two-dimensional set of coordinates
in the plane and, more generally, any point on the vulnerable envelope can be
characterized by its location in a three-~dimensional coordinate system. The
primary problem is to locate sufficient data points on the vulnerable envelope
for each charge weight in a sufficiently broad spectrum of charge weights to

satisfy the vulnerability assessment objectives.

5.5.8.3.3 Computation of aircraft vulnerability. Having defined the study
inputs and selected the analysis techniques and appropriate vulnerability
measures, the next step is to compute aircraft vulnerability. This is accom-
pllshed by locating sufficient data points on the vulnerable envelope to each
charge weight in a sufficiently broad spectrum of charge weights to satisfy
the vulnerability assessment objectives. If the objective is to provide vul-
nerability data for a survival analysis, then only sufficient data points are

o vmilnorahla enhora Aar allineca
vaainerac.ie spaere Cr e..1ipse.

generally required to define an approximating
If, however, the objective is to determine the relative contribution of criti-
cal components to overall aircraft vulnerability in order to provide a basis
for design or modification decisions, then it is necessary to determine the
shape and extent of the vulnerable envelope in more detail. Hence, the number
of data points which are required depends on the study objectives which must
be determined in each specific case.

wn
1

n
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5.5.8.3.3.1 Location. To locate a point on a vulnerable envelope it is
itical component.

Given the threshold defeat levels of peak pressure and impulse on a presented

surface area, it is possible to determine the distance from that surface at

which the detonation of an uncased spherical charge of TNT will result in the

threshold defeat levels of pressure and impulse on the surface. This is accom-

plished by employing blast scaling values similar to those shown in Figure 5-31.

For the example shown, where a peak incident overpressure (AP7z) of 1.0 psi, at
90,000-foot altitude, would cause structural failure.

To illustrate the use of the graph drawn in Figure 5-31, the following steps
were taken based on an example of a 1.0 psi overpressure at 90,000 ft altitude.
The warhead charge weight was 8 pounds;

a. Draw a horizontal line from the peak overpressure (1.0 psi)

"b. Find the intersection of the aircraft altitude under consideration
(90,000 ft)

~~

c. Draw a vertical iine to the scaling factor ! (15 ft/lbs
d. Draw a line through the warhead charge weight (8.0 1bs)

e. The intersection is the separation distance within which damage
will occur (55 ft)

5.5.8.3.4 Summarizing results. The principal results of a blast vulner-
ability assessment are the calculated data points for failure levels in all
planes around the aircraft. Each data point represents the distance from the
aircraft surface at which the detonation of a specified charge weight of un-
cased spherical pentolite will result in a required level of aircraft kill at
a given encounter altitude. Mathematically, within a given plane of interest,
the distance from the aircraft surface (R) represented by each data point can
be expressea as a function of three PQLQHICLCL: ;hang‘é eigh

altitude (h), and kill level (k). That is,

R = £(W, h, k)

Hence, it is possible to summarize the data in a number of ways, depending on
which parameters are treated as constants and which as variables in any one
presentation. Also, the summaries can be presented as graphs, or the data
merely tabulated. Two graphical formats which have been used previously are
discussed below; however, they do not exhaust all possible formats.

a. The first graphical presentation which has been found useful in the
past is that of charge weight (W) versus distance (R) for a constant
kill level (k). Several curves can be drawn on the same graph, one
for each altitude (h) of interest. For example, let k = K kill
level and h = sea level. Then the graphical presentation might
appear as shown in Figure 5-32. It should be noted that a similar
graph is required at each azimuth and elevation angle of interest
about the aircraft.

5-58
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b. The second graphical method which has been found to be useful is to
construct iso-charge weight (W) contours for a given aircraft kiil
level (k) and altitude (h) in all planes of interest through
aircraft. The envelope of all such contours about the aircraft is
thus the blast vulnerability envelope of the aircraft to a speci-
fied charge weight at a given encounter altitude and aircraft kill
level. Figures 5-33 through 5-35 are three examples of this graph-
ical formal illustrating aircraft kill (such as A kill for these
examples) resulting from the detonation of 100 and 200 pound
charges of uncased pentclite at sea level. The use of this format
is also illustrated in Appendix A of Reference 185.

-1
Liie
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FIGURE 5-32. External blast vulnerability measure (charge weight vs distance).
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5.6 Vulnerability assessment computer models. An extensive number o
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(020311

puter models have been developed by the military and industry for assessing
aircratt vulnerability to nonnuclear weapon effects. A listing of those com-
puter programs recognized and endorsed by the JTCG/AS is contained in this

section.

tha haocdan
wi€ 0asic

applicable target

P

A brief description of each is provided to acquaint the reader with
Aanahs1d4edan ~AF Annlh s maenm DAatlh halldaed~ 3 Lo L B .
Layau;;;u;ca OI eacn program. DULIl DA1115t01C and nign-energy laser
ity assessment models are contained in the listing along with the
-de scription programs. A generalized flow diagram dg cribing

with the
g &£ 1
e Ue dL
a.

b.

Sponsoring Agency: U.S. Army Ballistic Research Laboratory,
Aberdeen Proving Ground, Maryland.

Use: Target geometric description model.

Negerintinn:« Tha nrimarvyv inniitr +#A +tha OTET ~Ade {a tavaatr dacardna
LCSLiLApLAUiL. Ll pridiail y LlipuUL LU LT Uil Luut, 4> Lalypttti ucsiliLaAp™
—_—_— . . .

tion” data which defines the three-dimensional shape and spacial

1
location of the components of a target A target may be a tank,
truck, building or any other physical structure. To prepare target
description data, englneerlng drawings, photographs, technical and
reference manuals and/or any other data which describe the three-

Aimancinnal chaoma and crana ~AE Amme e o e AE smlin hasemmd mma  ammas $amnd
U liiiciid iviial dSilapc allu dpadie UL LUIHPUHCHLD 0L LIlE Ldripgel 4alce quU.Ll ea.
With only the prepared target description data as input, the GIFT

code can output the following:

(1) An illustration of the components of the target (as modeled by
the target description data) from the front, top, side or any
view of the target.

9\ Cdomest mbenAd e d o nnne mm Amesd . AL el o _a . € ol s

\&) S4HidldLed Cllgj.llt:tl.lls ardwililgd O1L Llie Componencs oI Lne carget
described in the target description data

(3) The projected area of the components of the target from the

front, top, side or any view of the target
(4) The centroids of area and perimeter of the target from any view
(5) The volume of the components of the target

{6) The angular and spacial values between the components of the
targatr (canmetrir datra an t-ha O-—;v-na'-\ ranuirad ae {nn--f- k“
\—ﬂl.bct— \BC\J MO LA A Haswa v LSRR = “.a LECL[ LC\.{ULLC\J o LitppuUuc J
the different 'target energy effects'" simulation codes when,

in addition to the target description data, the densities
of the components of the target are provided as input, the
GIFT code can output the following:

{(7) The moments of inertia of the target from any view of the
target

(8) The center of gravity of the target

(9) The weight of the components of the target

The GIFT code can compute many of the Physical properties of
a target much cheaper and faster than they can be measured
via empirical test procedures. For the different target

....... ffects simulation codes tha OTET ~Andes cdimislatac +ha
clicL gy errects simuiracion COUCDO cne uviri1l C04aeé sSimuidieés Tne
paths of different energy sources and co tes and outputs

mpu t
thousands of angular and spatial values between the compo-
nents of the target. The vulnerability analysis and the
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FIGURE 5-33. Typical external blast contours for A/C kill, side view.
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FIGURE 5-35. Typical external blast contours for A/C kill, front view.
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target-signature codes are two examples of target-energy-
effect simulation codes. For the AVVAM-1 and other vulner-
ability analysis codes, the GIFT code simulates the paths of
prOJGCLLch and Llasmcuub (cuchy sources) through the target,
and computes and outputs the following for each simulated
projectile and fragment path:

(10) A list of the components of the target as they are encountered
by the sirulated projectile or fragment

(11) A thickness value for each component that the simulated pro-
jectile or fragment must penetrate

(12) The angle of incidence between the simulated projectile and
fragment paths and the surfaces of the encountered components
for the group of target-energy effects simulation codes re-
ferred to as target signatures codes, the GIFT code simulates
the path of signature-energy sources and computes and outputs
the angular and spatial values of the components of the target
that the different target signature codes require as input.

An example of a target-signature code is the ETHM code. The

signature-energy source for the ETHM code is a beam of laser
energy. The GIFT code simulates the paths of laser energy
from an external source to the target, and outputs the follow-
ing data:

(13) The components of the target encountered components by each
laser path

(14) The angle of incidence between the encountered components and
the laser path

(15) Data to determine the angles of scattering between the laser
paths, the target and detectors
Using the GIFT-code data as input, the ETHM code simulates
the laser semiactive terminal homing situation and outputs
intensity-versus time data for each laser pulse and for each
quadrant of a four-quadrant detector. The amount of computer
core memory required to run the GIFT code varies with the
amount of input data.

The GIFT code consists of approximately 7,000 cards or lines
of coding and 3,000 lines containing comments (comment cards)
which document the GIFT code. (An analyst manual of the GIFT
code is also planned.) Because of the large number of lines
(about 10,000) in the GIFT code, a listing or printout of the
GIFT code is not contained within this report. BRLESC (a BRL-
built computer), CDC, UNIVAC and IBM FORTRAN versions of the
GIFT code are available. Each version of the GIFT code is
slightly different because of the differences between the
computer systems; however, the input requirements of the

GIFT code, presented in this report, are the same for every
rnmnnrpr cvgrpm_

d. Documentation: No formal report available
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5.6.2 MAGIC. MAGIC Computer Simulation.

a.

Sponsoring Agency: Department of the Army, Ballistic Research
Laboratories.

Use: The MAGIC computer simulation generates target-description
data with the detail and completeness required for vulnerability
studies. A combinatorial-geometry technique is used in the simu-

lation to represent a complex target structure. A large number
of parallel rays, randomly located in grid cells, are traced
through the target structure to produce item-by-item listings of

- A Aade mnmamnso
the components and air spaces.

Description: The combinatorial-geometry technique has been devel-~

oped to produce a model that is both accurate and suitable for a

ray-tracing analysis program. The basic technique for a geometry
description requires defining the locations and shapes of the

various physical regions (wall, equipment, etc), utilizing the
intersections and unions of the volumes of 12 simple bodies.
The geometric bodies are as follows:

(1) Rectangular parallelepiped

(2) Box

(3) Sphere

(4) Right circular cylinder

(5) Right elliptical cylinder

(6) Truncated right angle cone

(7) Ellipsoid
(8) Right angle wedge
(9) Arbitrary convex polyhedron of four, five, or six sides

(10) Truncated elliptic cone
(11) Arbitrary surface
(12) Torus

A special operator notation uses the symbols (+), (-), and (OR) to
describe the intersections and unions. These symbols are used by
the program to construct tables used in the ray-tracing portion

of the problem. If a body appears in a region description with a
(+) operator, the region being described is wholly contained in
the body. If a body appears in a region description with a (-)

operator, the region bélng described is wholly outside the body.
A region may be described in terms of several subregions lumped
together by (OR) statements.

Variants: GIFT - A combination of SHOTGEN and MAGIC methods into
a very efficient code that also provides a number of computer-
generated graphic-display outputs.

Documentation: MAGIC Computer Simulation
(1) Volume I, User Manual 61 JTCG/ME-71-7-1, July 1970

(Reference 7).

(2) Volume II-1, Analyst Manual 61 JTCG/ME-71-7-2-1, May 1971
(Reference 8).

(3) Vclume II-2, Analyst Manual 61 JTCG/ME-71-7-2-2, ay 1971
(Reference 9).

-
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SHOTGEN. Shot G

Sponsoring Agency: Warhead Analysis Branch, Naval Weapons Center,
China Lake, Calif.

Use: Accepts geometrical-model data and produces a series of par-
allel line penetration descriptions of the target commonly called
"shot line' or "line of sight" (LOS) descriptions.

Description: The SHOTGEN provides a detailéd—target description by
developing detailed item-by-item listings of the components and
airspaces encountered by a large number of uniformly distributed
parallel rays emanating from any attack aspect and passing through
any type of target.

The method used to obtain the basic input data for the description
of any target is based on the fact that the surfaces, flat or
curved, exterior or interior, of the individual components of that
target may be approximated by a group of flat surface segments and,
therefore, may be described as a series of consecutively adjacent
triangles whose points (vertices) may then be located in space.

The computer routine transforms the target triangle points relative
to the attack aspect being considered and super-imposes a grid over
the surface of the target as viewed from the attack aspect. Any
grid size can be specified. Parallel rays are randomly located in
each grid cell and the routine checks for ray-encounters with com-
ponent surfaces as it passes through the target. Each ray-surface
the component identification, the surface thickness, entrance and
exit obliquity angles, the airspaces encountered, and the distance
between the components. Basic input data consists of:
) The coordinate measurements from a given origin in space
y The code number, which is composed of the plate mode or influ-
ence mode symbol (when applicable), a normal thickness (when
applicable), a space identification code number, and a com-
ponent identification code number
(3) The sequence number. These data are required for each and
every target point of the complete target. The geometrical
target model utilized is based on several simple truisms.
These are:
(4) A target is composed of a group of components.
(5) Each of these real components is a volume of material.
(6) Each of these components has interior and exterior surfaces.
(7) Components can be geometrically described if the components'
surfaces can be represented.

1
2

(
(

(8) A sequential group of triangles which completely covers the
outside and inside of a component defines the surface of the
component.

(9) A triangle is composed of a group of three distinct points in
terms of Cartesian coordinates which are acceptable computer
input. This model offers the following:

I\
[ep)
oo
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(10) The triang

quickly learned rules.

(11) The rules are universal from one target type to another with-
out change.

(12) All degrees of approximation are available depending on the
shape of the surface and the desired detail.

(13) Simple and rapid computer computations yield the desired output.

The output of this program consists of line-of-sight data for each
ray. The data is output in binary format on magnetic tape and
printed on paper or 35-MM film. The medium to be used for the
printed output is specified by the input parameter IMED.

In addition to line-of-sight data, various lines of data and infor-
mation are printed du__lpo execution of the program.

____________ the progr
The program is written in FORTRAN IV language and requires a large-
scale digital computer. The running time to compile the program
and execute a simple target is 1.33 minutes on a Univac 1108 com-
puter.

Variant: FASTGEN - An optimized version of SHOTGEN with several of
the MAGIC geometric shapes added.

Documentation: Shot Generator Computer Program.

(1) Volume I, User Manual 61 JTCG/ME-71-5-1, July 1970
(Reference 10).

(2) Volume II, Analyst Manual 61 JTCG/ME-71-5-2, July 1970
(Reference 11).

VAREA. ~ VAREA Computer Program.

Sponsoring Agency: Weapons Analysis Divisions, Weapons Development
Department, Naval Weapons Center, China Lake, Calif.

Use: Computes vulnerable area for appropriately described targets.
“Used in conjunction with SHOTGEN, FASTGEN, MAGIC.

Description: The VAREA computer program computes target vulner-
ability data in terms of vulnerable area for specified penetrators.
The modeling and methodology involves positioning all vulnerable
components and shielding elements of a target in their correct
positions in space and evaluating damage to these components. The
program accepts as input a series of shotlines randomly distributed
over the target and alined with a specified attack azimuth and
elevation angle. The shotline description is generated using the
SHOTGEN Program and is input to VAREA by means of a magnetic tape.
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The program treats the target attack aspect in terms of views,
where a view is defined as the geometric location of a series
of shotlines relative to a set of orthogonal axes centered

on the target. The target has a grid overlay imposed on it
such that the grid is perpendicular to the view shotlines.
Each grid cell is small enough so that a single shotline may
be considered representative for the cell. The shotline de-
scriptions prepared by the Shot Generator Program are input
to VAREA from a binary magnetic tape and include the azimuth,
elevation, target number, component code numbers, space code
numbers, obliquity angles, and line ofsight and normal thick-
nesses for each component which is intersected by a given
shotline.

The program treats the target/penetrator interaction in a

realistic manner by allowing the penetrators weight and vel-
ocity to decay as it penetrates successive components along
a shotline as defined by the THOR penetration relationships.

The THOR penetration relationships are used to define a pene-
trator's residual weight and velocity changes as it penetrates
successive components along a shotline. These relationships
require certain penetrator and component parameters to be
adjusted by 10 experimentally developed penetration constants
to account for penetrator weight and velocity decays as the
penetrator penetrates material. The penetrator parameters
that must be adjusted include its striking velocity, weight,

- +ad
and presented area. The component parameter which is adjusted

is the thickness.

The kill contribution of each vulnerable component is computed
using either a curve or a step-function which relates a pene-
trater's striking weight and velocity to a conditional kill
probability. The kill contribution of each vulnerable com-
ponent is computed from vulnerability data read from card in-
put records used in conjunction with the striking weight and
velocity of the penetrator being considered. The program
offers three options in the form of the component-vulnerability
data to be used. These are a closed-form solution, a two-step
function, or a four-step function. The closed-form solution
requires the input from card records of seven constants pecu-

liar to the component. The step functions are comprised of a

velocity and Px/u pair for each step of a given fragment
weight class.

Once the PK/H for a shotline is developed, the vulnerable area
for that shotline is found by taking the product of the Py /g
and the grid cell area. Summing all the shotline vulnerable
areas in a given region defines the vulnerable area of the
target for the view. The program also computes target-vulner-
able areas averaged over all views (eight azimuths) at a given
elevation as well as an average vulnerable area over all views
contained in the three elevations: 0, + 30, and +60 degrees.
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ilized as headlngs for the rows and columns, respectively.
Each of the tabular output titles contains a description of
the target in terms of the attack aspect as well as the ex-

pedient and thorough repair time Vulnerable area tables

M
-

Far tha tareatr anmnd d+cs dnmddudidiial ss:lmarakla ~mAamoA~Amant-e Ao
LVL LUT LaiLpgTiL alld 4Alo lhiulviluuadld vuldliciauvilc componeunls aile
presented for a selected combination of penetrator weights,
velocities, and attack aspects.

Summary tables are also presented which average the results

of all selected azimuth angles for each selected elevation
ancle ae wall ac averacimo a1l amdmure anolaae FfAr N_ 1N_
“llb*‘— L= XS] Wi A 4 a0 QAVvVel nsails L= S & QAL Al il alls.l.t:a LU L v s DAV £ )

and 60-degree elevation angles combined.

d. Variants: COVART - A simulation program for: Computation of
. Vulnerable Areas and Repair Times.

e. Documentation: VAREA Computer Program
(1) Varea Computer Program, Volume I - User's Manual, JTCG,
February 1971, (U) (Reference 12)
(2) Varea Computer Program, Volume II - Analyst Manual, JTCG,
February 1971, (U) (Reference 13)

W
(o))
W
(@

OVART

\ie

a. Sponsoring Agency: JTCG/ME/ATV Computer Programs Modification and
Standardization Panel, Aberdeen Proving Ground, Md.

1 TTnm o A PR I [ £ oee D e =2 NL YT T maL 1 . Amm o = PR |
D. usSe. A S1MUldili0n progrdm LOI LOmputdtilon UL vulnerdole Areds d4dnda
Repair Times. The program is used to determine the vulnerabl

areas and estimated repair times for specific levels of damage

caused by single penetrators (fragments and projectiles) against
various target types.

-~ TN momomoam S PO TL . AAITADT o A mam e e PRSI H I U [P R

Co UﬂbLLLELLUn- e LUVARL Ccomputlel progrdai compines two models,
VAREAO2 (an optimized version of VAREA), and HART which provides
single-round expected repair times. The COVART program has been

written to accept information generated by tracing parallel shot
lines through a geometric description of the target. Program
ART accepts shot line information which has been generated by
gr

am CUNTATN Devncgram MANTOH +h A s1dvrala Thic nrAacram
alll oNV1IuLiy,y, L1 LUKLall vty UL LIIC C\.lU.LVd.LClLLo 10118 yLUsLGIIl

was designed primarily for aerial targets, including helicopters.
However, it can also be applied to ground targets as long as the
damage definitions are consistent.

Vulnerable areas and repair efforts are determined for penetrators
impacting the target within a pre-selected weight and speed matrix.
Each penetrator is evaluated along each shot line, and the contri-
butions made along that trajectory to the target vulnerable area
and repair effort are determined. Target vulnerable area is a
function of the target presented area, the weight and speed of the

impacting penetrator, the target components encountered by the
neanotrrarnar and the recictance tn nenetratinn enconuntered hv the
penetratcer, and the resistance to penetration encountered by the
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penetrator. Target repair effort is a function of the target
presented area, the probability tuat the target survives the
damage sufficiently to return to a repair area, and the accessi-

bility of a specific component for replacement or repair.

The majority of the program data are entered by card input. The
shot line description data are entered by card input or tape
however, when a target description is entered via card input, a

tape is produced in Program COVART format which thereafter may be

used for the target description - input. Program output can be

divided into four types: a record of major input items, input

diagnostlcs, run/error diagnostics, and program results. The out-
1. -t

PR, [P - - - - ~ vy
put is dependent upon the options specified within the input.

Program COVART allows a number of options, when exercised properly,
will allow most targets to be evaluated. The major options avail-
able are defeat definition, type of component vulnerable area, re-
pair time selection, and type of iine-of-sight data input. Other
options available include type of output units, type of weapons,
type of slowdown equations, and line-of-sight data trace.

Laser Vulnerability Code
a. Sponsoring Agency: U.S. Army Ballistic Research Laboratories
Aberdeen Proving Ground, Maryland

b. Use: Generates a plot of probability of kill given 'lock on"
versus time for the target vehicle, identifies contributing
critical components and the kill criteria.

c. Description: Geometric figures are used to model the target, and

O
the coordinates of those figures are evaluated in order to best
describe the actual target. The LV uses either COMGEOM (combina-
torial geometry i.e., MAGIC or GIFT) descriptions, which are
Boolean combinations of solid figures to describe the target; or
TRIANGULATION (SHOTGEN) descriptions, which describe the target
as a collection of triangles. Since the use of such target descrip-
tions is becgming quite common within DOD and since COMGEOM and
TRIANGULATION are by far the most often used methods, it is anti-
cipated that off-the-shelf geometric descriptions will be available

for LV analysis.

on chniques, combina-
nece tated two

e
[]

H- 0

»m m

t u
i ry (COMGEOM an ha s
versi f the LV code, hereln referred to as LV/COMGEOM and LV
TRIANGLE, respectively. These versions differ only in the geom-
etry preprocessing and ray-trace techniques; the 1aser-effects por-
tions of the two versions are basically the same.

version

moentsg
menLs.

i ~=a/;

tracing about 50 rays per second through an average (350
target. The LV version of TRIANGULATION was completely rewritten
to incorporate particularly efficient sorting and searching rou-

tines. The result is a fast-ray trace, tracing up to 30 rays per
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seccend through an average (300 component) target. Thie input con-
trol card is read by the master program. Source iaput is unchanged
frem the original TRIANGULATION, except that the sequence number
is ignored, and the last source card must indicate END-OF-FILZ.

escribe th

rst define the incident plane % Lo
am and fixed to the closest corner of an imagi inarv box that con-
ins the target. Describing the beam requires information on the

oral and spatial behavior of the flow of energy through thlS
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no attempt is made to 1 D 1
of one particular shot. Rather, the probable
cumulated energy density (the integral of the flux that has passed
through each point on the incident plane from start of shot unit
time t), is used to deccribe the laser DED.

As in conventional analyses, it is necessary to specify the desire
kill category, i.e., the desired level of incapacitation of the

target. Next, one identifies those components of the target,
called critical components, whose destruction would satisfy the

kill category. The remaining components are defined as shields.
The target response is thus divided into describing the penetra-
tion of shields, and the failure of critical components.

Care was taken in LV to preserve two of the main advantages of
parameterization, viz, ease-of-update and case-of-sensitivity
analysis. The modular construction of LV makes it a simple matter
rms used in the code. T
m

+h
al ple, or the res

Ease-of-sensitivity analysis is accompllshed by prov1d1 ng an e
cient and straightforward method of repeating the calculation many
times, making predetermined changes in selected parameters, in
order to span the parameter ranges of interest.

At present the LV code is oriented

1 tow JNIVAC 1108 computer
under EXEC 8 control. To use the code on another computer will

1

Hr
lb
]
(=%

require translation and rearrangement of some of the control state-

ments. Such statements, however, should primarily be confined to

file handling and 1/0 functions which tend to be machi oriented,
and would most likely require local programmer attention anvway.
Control of the calculational portions of the program are relatively
machine-independent. The source language is UNIVAC FORTRAN V,

with liberal use of comment statements to aid in the program flow.
The Edgewood Arsenal UNIVAC 1108 computer, on which the LV code

was originally resident, is a fast-access, mass-storage oriented
system. Thus, the current files for LV are FASTRAND-type files
however, because I/0 is minimized, tape files would be an effic

substitute.
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Finally, it should be noted that the LV code was specifically
designed to be flexible, allowing easy change of the parametric
forms as required by future data, and creating different outputs

as needed. Thcrefore, updates and future versions of the LV code
are anticipated.

Documentation: LV Methodology and Code-User's Manual BRL R 1779,
April 1975 (Reference 14).

Additional information regarding the application of LV methodology
is available in references 183 and 184.

5.6.8 FASTGEN II -~ FASTGEN II Computer Program

a.

b

Cc.

Sponsoring Agency: AF Aeronautical Systems Divis

l
Development Planning, Mission Analysis Directora te (ASD/XRM,

AAas] n NI
WPAFB, OH)

Use: Accepts geometrical model data and produces a series of par-
“allel line penetration descriptions of the target. These descrip-
tions are usually referred to as shot line or line of sight (LOS)
data and are used as inputs to fragment or projectile vulnerability

assessment programs, such as COVART.

Description: FASTGEN II provides a detailed target description by
developing detailed item by item listings of the components and
air spaces encountered by uniformly distributed parallel rays

emanating from any attack aspect and passing through any type ot

target. The information saved for each component consists of
intercept coordinates, entrance and exit obliquity angles, and
distance. FASTGEN allows representation of the target components

using right truncated cones, spheres, rods, as well as the tri-
angular approximations as used in SHOTGEN. The added bodies allow
faster, easier, and more flexible representations of targets than
with SHOTGEN. Another program feature is the use of tables of

|

allowable 1ntérféféﬁces which permit targets to have components
interfering with each other without generating errors in shotline
processing. This allows quicker target preparation and input by

relaxing the accuracies required for modelling closely fitting and
irregularly shaped components for which small interferences would
not affect the vulnerability usage of the data. Target model

envelopes can be specified in the input deck to process only a
portion of the target or to eliminate the evaluation of shotlines
which cannot intercept target ¢ onents.

FASTGEN II is coded in ANSI FORTRAN to facilitate operation on a
wide variety of computers. The computer program requlres approx-
imately 33,000 decimel words of core storage

bl
devices, and nine sequential files of which two normally are mag-
netic tape devices for permanent data storage. The program can
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un SHOTGEN target descriptions as well as those prepared
for FASTGEN
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The program outputs are directly compatible with
T program and can be easily processed to become compati-
other existing vulnerability programs including VAREA.
d. Documentation:

FASTGEN II Target Description Computer Program,
January 1980. (Reference 195).
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6. THREAT SYSTEM DESCRIPTION

6.1 Hostile Weapon Systems. All equipment and structures in any airborne
weapons system are sensitive to the kill mechanisms resulting from hostile non-
nuclear threat interaction with the target system. In manned target systems,
the aircrew is also sensitive to the same kill mechanism effects. Assurance
that the threats and their contiguous effects are adequately considered in
operational systems design where a nonnuclear protection requirement exists,
necessitates the definition of those nonnuclear threat characteristics that
can have an impact on the system design. The nonnuclear threats addressed in
this handbook are conventional ballistic threats and high-energy laser threats.
Classified information is presented in volume 4. The potential enemy systems
described in this handbook, and the resultant threat effects are those of
Communist and Communist-controlled countries.

The deployment and usage of specific weapon systems, which could be a potential
target for threat systems, are contingent on operational strategies and tactics.
Comparison of operational scenarios with threat deployment strategies show the
nonnuclear ballistic threat deployments are variable across the range of oper-
ational scenarios. This requires consideration of the system design related

to only those threat systems considered to be pertinent to the operational
scenario considered. The nonnuclear threat parameters will vary depending on
what adversary is involved in the operational encounter.

The gross kill mechanisms with ballistic nonnuclear threats include:

a. Impact and penetration
(1) Projectiles
(Z) Fragments
(3) Spallation

b. Incendiary particles (fire initiation)

c. Blast effects
(1) Overpressure
(2) Heat

The adversary threat systems are defined in this handbook to be those existing
in Communist and Communist-controlled and supplied hostile forces. Their
offensive and defensive forces and weapon systems are deployed in predictable
combinations for types and levels of hostile actions.

Information concerning the defensive orders of conflict for their threat sys-
tems are contained in a number of military documents. Review cf that data
indicates defensive weapon deployment is contingent upon the specific battle
scenario. This data has been reviewed and a set of summary information tabu-
lated for combat scenario versus general types of weapon system encounters.
This summary for hostile ballistic weapons is shown in Table 6-I. For design
of aircraft systems that are expected to encounter hostile missile systems,
refer to ASD-TR~77-16 "Generic Missile Warheads', for preliminary threat char-

acteristics information reference.
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6.1.1 Ballistic weapon systems. The advers ary nonnuclear threat systems
that use ballistic kill mechanism include small arms, antiaircraft artillery
(AAA), ground-to-air missiles (SAM), and Naval Unrface-to—air missiles (SAN).

Weapon systems carried on airborne platforms include air-to-air rockets (AAR),
air-to-air missiles (AAM), and airborne cannon. The nonexplosive threat kill
mechanisms are impact and penetration forces, which generate heet, structural
damage stresses, and tissue damage and shock for crew members. The explosive
threat damage mechanism uses a high explosive cnarge trlggered by target prox-

imi ot Amnact A A1 oAt Fdma Fiiman PRSP P S S
4l tyy ilipacuey commandac DLSLAG.L’ Cr sel timé 1fuZzes. Lur:. u!:LUlldL.LUU OL Lhe iyi-—
explosive charge shatters the carrying projectile (warhead) into mJltlple high-
velocity fragments and generates extremely high-pressure blast wave sheck
waves, and high temperature thermal environments.

6.1.1.1 Surface systems. The ballistic threats that originate in surface
systems can be either nondetonating (projectiles) or detonating {projectile
and missile warheads) Nondetonating threats include small arms threat and
threats of small caliber AAA. Threat systems using detonation as a terminal

effect include AAA systems larger than 14.5-mm and SAMs, SANs and AAMs. The

threat system detects, locates and tracks the target, aims the threat in the

direction of the target nd provides the locomotion or the initiation of the

propelling forces nec reat to reach the vicinity of the target
nla +ha &L

r)hprn 1 r W

T

platforms from which the threat is
launched can be caCegorlzed as fixed, mobile or waterborne (Naval). The
ground-fixed threat system equipment from which the threat is launched toward
the target processes characteristics that significantly impact the efficiency
of the threat during its flight and terminal phase (impact or detonation).

These characteristics are related to the detection

T ct

, acquisition, tracking,

Adimineg AF amAd AEEfane Fmmttarn +liamm s ammm PO T NP S

aliu aimilig U1 LHC LULcaL ana arrect LLb cLLcLLch Lhredt rdnge 4dnd 11imitcts,
fusing, and terminal accuracy. Incendiary components may be added to both

nondetonating and detonating threats during their manufacturing process. This
additive enhances the destructive effect of the threat, where flammable mate-
rials are contained in the target. The ‘presence of the incendiary componernt
is identified in the threat designator i.e., AP-I, HE-I are armor piercing -

r ulgu-expLUvac - LuucuuLaTy, respectively.

S Aavy anA
J.ll\.,cll 44l y 4auu

6.1.1.1.1 Parameters.

6.1.1.1.1.1 Specific threat system parameters. The specific threat system
parameters that affect the threat range and its accuracy in the terminal phases
include the following:

a. Threat system to target slant range.
b. Target detection range.

c. Target tracking rate limits.

limits and arming accuracy.

e. Threat launch velocity, i.e., for guns-muzzle velocity.
f. Brightness, light level, or illumination for day vs night

mode
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£.1.1.1.1.2 Environmental parameters. Environmental parameters that affect
the terminal threat efficiency include air density, wind velocities, wind di-

rection, visibility, cloud cover and moisture. Intrinsic projectile and frag-
ment threat parameters that affect its flight accuracy and terminal efficiency
include:

b. Ballistic drag - (aerodynamic shape)

c. Stability

d. Projectile weight
e. Ogive design (penetration capability)

f. Projectile material strength properties

6.1.1.1.1.3 Design and construction parameters. Several design and construc-
tion pavameters that affect the terminal efficiency of the detonating threat
include:
a. Method of detonation initiation
b. Detonation delay times
c. Weight size and shape of primary HE charge

d. Type of HE
e. Weight and thickness of warhead casing

ace 00
ase scoring

rh

g. Terminal guidance mode

. 1.

6.1.1.1.1.4 Ballistic parameters. Pure ballistic factors affecting the
efficiency are:

a Warhead drag characteristics prior to detonation

b. Fragment shape, weight, drag characteristics, and peak velocities
after detonation

6.1.1.1.2 Small arms. Small arms are defined as weapons which fire projec-
tiles up to and including 14.5 mm in size. The 14.5 mm weapons bave in some
publications, been considered to be antiaircraft artillery threats. In this

handbook the 14.5 mm threat will be considered to be small arms and appropri-
ately cross-referes:ed in paragraph 6.1.1.1.3 antiaircraft artillery. A
general greakdcwn can be made as follows:

a. and held: pistols

b. Shoulder fired: submachine guns, carbines, rifles, assault rifles
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andard weapon calibers defined as small arms and avail-

t

ountries are, 7.62 mm, 12.7 mm, and 14.5 mm. Weapon

1 countries are limited in the interest of standard-
-

6.1.1.1.2.2 Types. The types of small arms weapons available are as shown
in Table 6-II, with capabilities for each category shown in Table 6-III.

ADY T r's TT o .11 3 .
ADLL D-=11. cmall=arms weapons and slzes.

Type 7.62 mm 12.7 mm 14,5 mm
Submachine guns X
Carbines X
Amemmes 1o w1 A~ r
AODO AULL L1l LED A
Company machine guns X
Light machine guns X
Heavy machine guns X
Heavy antiaircraft
machine guns hd X
Naval installations,
i.e., ships X X
ships X
a. Submachine Guns - Submachine guns use the same ammunition as 7.62-
mm pistols, although tracer~type ammunition may also be used.
ThAaca vrnAamacmos o= eann Aee memm oLl SO | N DR TA..— £2.._13 | S,
LilToCT WCdl.JUIl‘J’ D.LllL,C LHCV diEe liledviel dliU silioulider L Lfeu, nave
two to four times the effective range of pistols. Typical 7.62-mm
submachine guns include the 1941 Shpagin (PPSh), type 50, and 1943

(PPS). These are the only shoulder-fired weapons that use pistol
ammunition. All 7.62-mm weapons, with the exception of pistols,
are chambered to accept

submachine guns, and heavy machine guns,

Ane Nnf +wun 7 A2-mm carvtryidoan ~Aanfiguirariane - <SntFarmaddaea /T\T’T‘\

wiice i [N A% o Al \Gl. \_L .Lusc stk AsuLaLLU 1> dilLCcL iU lalcLc \4Liviy

or standard (STD). The intermediate is somewhat smaller than the
standard with respect to weight and is used with lighter 7.62-mm
guns.

b. Carbines - Carbines in general use are chambered for 7.62-mm inter-
madiats Aar 7 f') mm ctrandard ammimitrian Thace rhamhayad far 7 7
mediate or 7.62-mm standard ammunition. Those chambered for 7.62
mm intermediate include the SKS and type 56 carbines. Those

chambered for 7.62-mm standard ammunition include the M1944 and
the type 53 carbine. These weapons may be used against slow and
low-flying aircraft.

c. Assault Rifles - Assault rifles, being designed for lightness and
portability, are chambered only for the 7.62-mm intermediate ammu-
nition. This weapon has a higher practical firing rate, due to
larger size magazines. This is considered a threat to slow and
low-tlying aircraft. Models typical of this weapon are the AKM
AK=-47.
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d. Light Machine Guns - The lightest 7.62-mm mounted machine gun is
chambered for the intermediate and standard ammunition. These guns
are bipod-mounted, have a good practical rate of fire and are always
a threat to slow and low-flying aircraft within range. Typical of
this weapon are the DPM and RPK light machine guns using standard
ammunition.

e. Company Machine Guns - These guns may be heavier than the light
machine guns and have a larger capacity as well. They are bipod-
mounted guns. These guns are chambered for the 7.62-mm standard
ammunition round. Typical weapon is the RP-46.

f. Heavy Machine Gun - This is a battalion-level gun, mounted o

tripod or a wheeled carriage and chambered for 7.62-mm sta
ammunition. Typical is the SGM gun.

g. 12.7 MM Antilaircraft Heavy Machine Gun - The antiaircraft function
of this gun is becoming obsolete, although it is still used against
aircraft by guerrilla and irregular forces. This weapon is effec-
tive against slow and low-flying aircraft. Typical are the model
28/46DSHK and the Quad 12.7 antiaircraft heavy machine gun.

h. 14.5-MM Heavy Antiaircraft Machine Gun - This weapon is a standard
antiaircraft defense for Communist Bloc countries in single and
multiple carriage. This weapon is quite effective against slow
and low-flying aircraft and also effective against aircraft fly-
ing at moderate subsonic speeds. Typical are the Dual ZPU-2 and
the Quad ZPU-4.

6.1.1.1.3 Antiaircraft artillery (AAA). Antiaircraft artillery are found
in land-fixed and mobile installation and aboard ships as Naval weapons.
Weapon bore sizes range from 14.5 mm up to and including 130 mm. Weapons
through 57 mm are found in land mobile systems. Larger weapons are located in
fixed installations. Weapons larger than 85 mm are deployed in limited num-
ber with frequency of deployment decreasing. A summary of the installation

options for the various weapons are shown in table 6-1IV.

TABLE 6-IV. AAA installation options.

Bore Sizes

Land Mobile Land Fixed Naval
(MM)

* 14.5
23
37
57
85

100
130

el o]
]

Rl ]

*The 14.5 mm weapon may be categorized as either a smali-arm or
antiaircraft artillery
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The descriptive data for antiaircraft artillery threat systems are classifiad
and are located in Volume 4. Typical threat system data found therein include
deployment usage and physical characteristics. Threat information includes
flight and terminal ballistics data.

6.1.1.1.4 Surface-To-Air Missile.

§.1.1.1.4.1 Land Based. Land-based SAM's are found in both fixed and
mobile installations. Shown in table 6-V are the installation options for
1and based SAM's. Almost all information on land-based surface-teo-air mis-
ciles is classified. The desc rlptlve data will be found in Volume & of this
handbock. Additional information is also contained in Reference 15 and 166.

1.

TABLE 6-V. SAM installation options.

Land Mobile Land Fixed

SAl X

v
»
™~
>

SA9
Sal0

w
s
es
o = Rl B

SAll

P

6.1.1.1.4.2 Sea based. Sea-based surtace to- air missiles are found installed
on various tvpes of ships and are mobile only in the sense of the mobiiity of
the ship on which installed. Descriptive data for these threat system are
classified and are to be found in Volume 4 Included are the following threat
systems
SA-N-1
SA-N-2
SA-N-3
SA-N=4
6.1.1.1. Airborne systems. Airborne threat systems are defined as those

that use air vehicles as firing or launching platforms. These airborne sys-
tems may be classified by their combat roles as follows:

6-R8

LIMA Il ACEtI 9~ )
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wWweapon Platform Role

Fighter/interceptecr Strategic defense
Fighter bomber
Ground support aircraft
Tactical fighter
Attack bombers
Helicopters

Ground troop support

omber QOffense

The airborne threat systems carried by these aircraft include cannon, rockets
and missiles. The details of threat complements, and description of airborne
threat systems are classified and are contained in volume 4, of this handbook.

These threat systems include:

Airborne Rockets Airborne Missiles Airborne Canncn

5-3 AA-1 23 mm

5-5 AA-2 30 mm

S-21 AA-3 37 mm

S-24 AA-4
AA-6
AA-7
AA-8

6.1.2 High-energy laser weapons. In the advanced weaponry field, a new

threat system is evolving that is of considerable concern to military system
survivability. This 1is the high-energy laser (HEL) weapon. The term LASER

is an acronym for Light Amplification by Stimulated Emission of Radiation.

The basic damage mechanism for these weapons is the concentration of a high
level of heat energy, as a beam, on a target for a relatively short duration.
The descriptions of postulated hostile high-energy laser systems are highly
classified and restricted. Such 1nformat10n is not considered appropriate for
inclusion in this design handbook. Any information on the threat system will

be supplied by the military on a need-to-know basis for each specific program.
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6.2 Terminal weapon effect characteristics - The damage produced by the
threat is the result of kinetic energy transferred into the target during the
terminal phase. These kinetic energies are threat inherent and related,
for projectiles and fragments, to mass and velocity, i.e., KE = 1/2 mv

Designers use both passive and active methods to improve projectile aamage
capability. Size limitations at present preclude the use of bighe P 3
is

avnl
fillers and fuzing mechanisms in small arms projectiles. Thus, active
arms projectiles are limited to incendiary and tracer fillers. The functlon
of incendlary mixtures which develop thermal kinetic energies is to generate
h icles which, in the presence of flammable materials, will
tiate fires, Tracer m sometimes added to aid in aim accuracy
improvement by burning with visible light radiation through the flight of the
projectile. Larger projectiles may contain a high-explosive filler. In this
configuration, the projectile is referred to as a warhead. This high-explosive
filler is the source of a large amount of energy in the form of stored potential

T

-temperature par
a

matdanas A1 o L2

(2] Hr

energy. Upon detonation this potential energy is converted into thermal and
high-pressure energies The function of the high pressure energy is to cause

(1) structural breakup of the threat casing and acceleration of the breakup
residue (fragments) and (2) generation of overpressure and shock waves that
generate abnormal stresses in the target resulting in structural damage. Most
projectile and warhead threats have auxiliary identifiers that denote their

s

ific function. The primary ones for aircraft targets are as follows:

-

pect

fb
ot
[V
b
"
>
D

a. Ball (B) - a passive projectile with a relativel
rior (core) (used against personnel and lightly ar

b. Armor-piercing (AP) - a passive projectile with a hard, tough core
which has a shape designed to maximize its penetrability.

f the re,

c. Tracer (T) - an active bright-burning subelement o e co
either ball or

always used with a primary core, which may be
armor-piercing material.

AnnAdd o £ -t R P e . a YRR 5 .
d Incendiary (I) - a thermally active projectile filler used with a
passive core, either ball or armor-piercing material. The active

nOY a
filler is located in front of the passive core. The passive core
penetrates the exterior structure, driving and shattering the iucen-
diary filler aliead into the interior of the target. Incendiary
fillers are also used as an adjunct to high-explosive fillers with
ey AAs Tee 4 oanvem P . ) R

the Spf%&d Ci Lae LllLLllldLLy active J.ng,LCUJ.eHLS aone by tne ex-

plosive detonation.

e. High-explosive (HE) - an active filler used in place of a passive

core and detonated using various fuzing techniques to:

(1) Cause fragmentation of the projectile and accelerate the re-
sulting fragments to high velocities

(2) Generate blast and shock phenomena whose purpose is to
stress and breakup structural elements in the vicinity
explosion.

(3) Generate thermal phenomena whose purpose is to initiate fires

in flammable materials.

(@)}
]
p—

[



Downloaded from http://www.everyspec.com

MIL-HDBEK-336-!

Threat physical characteristics and characteristics related to the projectile
and missile threat terminal phases can be translated using vulnerability anal-
ysis techniques into target damage potentials and target protection require-
ments. These assessment and analysis techniques are found in volume 2.

6.2.1 Projectiles

6.2.1.1 Small arms Projectiles. A summary of terminal phase threat char-
acteristics for the various small-arms ammunition used by hostile forces are
presented in volume 2. Data with more detail are classified and shown in
volume 4., The impact velocity of the small-arms threat at impact with the
target determines, along with the weight of projectile, the energy available
to produce damage. Range-Velocity curves for characteristic small arms pro-
jectiles are shown in Figure 6~1. This can also be determined from knowing the
muzzle velocity, the slant range from gun to target and the ballistic drag of
the projectile. Penetration characteristics are determined from application
of the mathematical methods presented in volume 2.

6.2.2 Missiles and rockets.

6.2.2.1 Surface-to-air missiles. The physical and terminal phase ballistic
characteristics of SAM and SAN are classified. This data is contained in
volume 4 and includes the following threats:

Lanq:based Sea-based

SAl SA-N-
SA2 SA-N
SA3 SA
Sid SA-ui-
SAS

Sa6

SA7

SA8

SA9

5A10

SAll

£.2.2.2 Airborne cannon and antiaircraft artillery projectiles (gun systems).
Projectile threats originating from gun systems with caliber sizes larger than
small arms, i.e., greater than 14.5 mm, are seen in airborme guns (cannon) and
in surface based guns (antiaircraft artillery). Terminal phase damage mech-
anisms include projectile penetration incendiary action and high-explosive
fragmentation and blast. A listing of the various gun system threats are pre-
sented in volume 2. The physical and terminal phase ballistic characteristics
are, in general, classified and are contained in volume 4.

6.2.2.3 Missile warheads. Warheads included are associated with airborne
rockets and missiles and surface-to-air missiles (which may be ground or ship-
launched). The identification of these missiles is presented in paragraph
5.2.1.1. The terminal characteristics of these weapons are classified and
are contained in volume 4.
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6.2.3 Hich en ergy laser wearnon effectsgs HEL weanon effects are hioh v denen-

6.2.3 High energy laser weapon effects, HEL weapon effectsg ! D
dent on the characterlstlcs of the propagation medium between target and weapo
which, in the case of the atmosphere, are in turn dependent on a number of
linear properties including humidity, aerosol content, and turbulence and the
Thermal

blooming {(the degradation due to atmospheric heating) can be mitigated by beam
motion or slewing, while kinetic cooling affects only COp HEL propagation and
is generally not significant at low altitudes. HEL weapon effects can be de-

<

fined in terms of beam duration, size, and intensity incident on the target.
Beam duration on the target is largely determined by the engagement scenario

and firing doctrine, while the target plane beam size and intensity are primar-
ily functions of HEL weapon and propagation medium characteristics. HEL weapon
effects are sensitive to many system parameters other than those of the propa-
gation medium. These include HEL weapon characteristics, engagement scenario,

firing doctrine and geometry, and target characteristics including counter-
measures. In general a detailed engagement simulation model, such as ESP-III

(reference 4), is required to perform a sensitivity analysis and to defrermine
HEL weapon system requirements and effectiveness.

6.2.3.1 Propagation medium. The interrelationship between HEL weapon sys-
tems and propagation medium characteristics and the resulting target plane beam
intensity and size 1s complex and best illustrated using a computerized model,
such as COMBO, which was developed by the Air Force Weapons Laboratory (refer-
ence 24). This model incorporates the major phenomena important to the propa-
gation of high-power, continuous wave laser beams and calculates the intensity

Savwalil LI Llagt pPowel;; LUNLaNLTES waVve a=¢cl1 bedlls 4lld tLtalt.dlalttes

and size of a focused or collimated laser beam by dividing the propagation
path into a large number of increments and examining the atmosphere's effect
within each increment. COMBO program inputs are summarized in volume 4.

6.2.4 Low energy luser weapons effects. Low energy lasers may alsc be a
potential threat to an air vehicle system. Sensitive items, (i.e., aircrew
eyes, infrared detectors, T.V. scanners, etc. ) may be permanently or tempor-

arily "blinded" by the low energy laser beam.
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7. SURVIVADILITY ASSESSMENT
7.1 General. As indicated by the definition of survivability, it is the

capability of an aircraft svstem to avoid and to withstand a manmade hostile
environment without sustaining an impairment of its ability to accomplish its
designated missions. The capability of the aircraft to avoid hostile weapon

systems is affected by a large number of variables. Each of these must be
considered and evaluated in a survivabilityv assessment. These are defined
as combat encounter parameters and are listed in a subparagraph of this sec-
tion. Also included is a listing and brief description of a number of surviv

ability assessment computer programs endorsed by the JTCG/AS as acceptable
for use in evaluation of military aircraft. Survivability assessments are

conducted for a variety of combat mission conditions. These range from single-
shot kill probabilities to entire mission scenarios. Each are used to provide
the military and/or the aircraft system designer with an evaluation of the
effectiveness of that particular system in a given combat situation. The

majority of survivability assessment methods and procedures descriptions are
unclassified. This information is presented in this section. All classified
information on the subject is contained in volume &4 of this publication. It

ed in the text of this sectlon and identified in the same paragraph
s
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7 Combat encounter parameters. Survivability assessments of military
ircraft systems require careful consideraticn of all the variables that can
e ' an encounter with a hostile weapon complex.

ho osaetahlichad 4n +ao < -
e E5.aCilsned 1INl TeLation

an effect upon the ocutcom
............. 1 LSt

ship to the encounter conditions. The basic elerents of the hostile weapon
system capabilities, for both surface based and airtorne systems, are:

=] a
2 weapon systems my
n

a. Target Detection/Acquisition/Identification
IR V4igiial
\ky vaouad
{2) Electro-optical
(3) Radar
(4) Infrared
(5) Aural

s N

{6) Electronic Warfare Support Measures (ESM)
b. Target Tracking

(1) Visual

(2) Electro-optical

(3) Radar
(4) Infrared

c. Threat Launch envelope
(1) Position

(2) Range
(3) Velocity
(4) Aspect Angle

d. Terminal Guidance
(1) Radar
(2) Infrared
(3) Electro-optical

e. Weapcen Fuzing
(1) Proximity
(2) Contact
(2) Command
(4) Time

f. Weapon Effects
(1) Penetrators
(2) Blast
(3) Incendiaries

7.2.1 Terrain parameters. The terrain characteristics of the combat en-
counter site can have a significant contribution to the survivability capabil-
ity of an aircraft system. This is especially significant for attack tvpe
aircraft, either fixed or rotary wing, where terrain masking is used for
"sneak-and-peak' type of tactics. The basic parameters that should be evalu-

ated are:

a. Surface Contours
(1) Hills
(2) Flat lands
{3) ©Sea Surface

7-3
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b. Vegetation
(1) Brush
(2) Trees
(3) Jungles

c. Man-mede Features
(1) Roads
(2) Wires, towers, dykes
(3) Cities, built-up areas

7.2.2 Climatic conditions. The climatic conditions can have an effect
upon the capability of a hostile threat system to detect and track an aircraft
system. Conversely. it also affeccs the capability of an aircraft system to
dete:t, identify and avoid or destroy a hostile threat system. The major
environmental parameters that can be of concern in a survivability assessment
are:

a. Light (day/night)
b. Cloudiness
c. Humidity level
d. Precipitation
e. Winds
f. Temperature
g. Visibility
7.2.3 Aircraft system parameters. For an aircraft system, there are many
of its characteristics that can significantly affect its probability of sur-

vival (Pg) in a combat encounter. Each must be considered in proper relation-
ship to the total encounter condition. These parameters are:

a. Detectables

(1) Visual
(2) Radar
(3) Infrared
(4) Aural

(5) Electronic emissions

b. Performance
(1) Speed, altitude
(2) Maneuverability (agility)
(3) Acceleration/deceleration
(4) Handling qualities

c. Threat Countermeasures

(1) ECM
(2) Chaff/Aerosols/Flares
(3) Decoys

7-4
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(1) Guns
(2) Missiles
(3) Rockets

A § 790 ISR S I S

vulnerability

(1) Flioht occecantial ~amnAanante
N4/ +44piit Coociiviax COMPONLIENILS
(2) Mission essential components

Crew Performance
(1) Endurance

(2) Reaction time
/) MTacl, 1TAanddms
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7.3 Survivability assessment methods/procedures. In this section, the
basic survivability assessment analytical methods are described. Theyv include
the encounter survival assessments for single-shot and multiple-shot conditions.
The two basic encounter categories are engagements with surface based (ground

or water) hostile systems, and with airborne hostile weapon systems. Each of
these may employ gun, missile, or high-energy laser weapons. The major por-
tion of survivability assessment methodology to date has been concerned with
gun systems.

7.3.1 Encounter survival A hostile weapon system's effectiveness is
measured by its ability to defeat a target. For any type of antlalrcraft
system, & number of essential functions must be performed in sequence during
an encounter for the system to be effective, The omission of any one step
could seriously degrade or completely nullify the effectiveness of the system.

The essential steps are summarized in Figure 7-1. First, a radar or visual

line-of-sight to the target must exist before any engagement can take place.
Next, the target aircraft must be detected ized, and identified as an
or missile launch can
e 1

(2) ancular-rate

W 1ge, (2) angular-rate 1i ati
llmlts of the defense weapon. Successful guidanc
of the defense system type, the launched projectile or missile associated with
the defense system (i.e., free flight projectile, radar or IR guided, etc),
and kinetic aspects of the target. The degree of sophistication employed in

nse system effectiveness aevenas upon the intended use of
1"

d
d

o sliati~ Meno1
uts. Realistic reas.-

3
r m
T M
) m

H-
R

confidence level

n O
L4iUClUlT 4TVl p Li
o

e

W o
wm =

o du e i

| r e the inclusion n ameters. This necessarily
involves a dynam simulation of the defe ystem and target aircraft encoun-
ter. Operational constraints such as aircraft maneuvers, weather conditions,

mass penetrations, intelligence data, and terrain variances must be simulated.

1l

-

qu
1
1cC

Based on these considerations the probability of target kill per defense weapon
encounter, or convercsely probability of survival per encounter, can be obtained
as a function of the vulnerable areas, or blast and fragmentation envelopes of
the target, depending upon the kill mechanisms of the particular weapon and
weapon system accuracy (i.e., dispersion, miss distance). The probability of
survival per encounter (PS/E) can be determined as follows:
[n ]
= -P 1
Ps/e = (Prog? (Fp) (PL) (Pe) (Pppp) IL” (1 SS")_j
where:
PLOS = Probability of line-of-sight to the target
P, = Probability of detection, given line-of-sight
P, = Probability of launch or firing, given detection
L
PC = Probability to successful guidance, given launch or firing
PDET = Probability of warhead detonation (fuzed warheads), given
successful guidance
n = Number of shots fired during a pass
pSSK = Single~shot kill probability

7-17



Downloaded from http://www.everyspec.com

above does not explicitly include terms for degradation due to

The equation ve does no U er
ECM which can affect both the probability that a launch or firlng will occur,
as well as miss distance or dispersion, g , and single-shot kill probability

given launch or firing.

TEDAMIMAL
~

THREAT SYSTEM EFFECTIVENESS VULNERABILITY

smosasiiTy | raos::uurv | . nos;:u.nv | | erosasiLiTy
70F"°“ -;; SUCCESSFUL Q SUCCESSFUL _ ?A-_gf
DETEC [ WEAPONS LAUNCH l GUIDANCE l ARCET RiLL

® OPTICAL LINE ® ANGULAR RATE e RADAR e VULNERABLE
OF SIGHT LIMTATIONS CONTROL AREAS
e BADAR LINE e WEAPON ® IR GUIDANCE ® FRAGMENTATION
OF SIGHT RELIABILITY KILL
® FREE-FLIGHT
@ TERRAIN PROJECTILE ® BLAST
MASKING ENVELOPES

® BLAST KiILL

FIGURE 7-1. Encounter sequence.

7.3.1.1 Single-shot kill probability. Analytical methods are used for
estimating the single-shot kill probabilities, Pggy, for free-flight contact
fuzed rounds and for externally detonated rounds. For externally detonated
s or warheads) which use blast, fragments, or both as tar-

rounds (projectile

get kill mechanisms, the methods are based on the procedures defined in Refer-
ence 5. It is s iggested that this document be used for a more general treat-
ment of the methodology.

7.3.1.1.1 sSingle-shot probability by contact fuzed projectiles. The
method for calculation of single-shot kill probability for a contact fuzed
high-explosive projectile is contained in volume 4.

.3.1.1.2 shot kill probabilit tonated warheads.
The method used for estimating single- shot kill probabilities for externally

detonated rounds assumes that the intercepting missile approaches the target
along a trajectory parallel to the target velocity vector. The distribution

7.3.1.1.2 Si ng‘lv shot kill nrnhnhﬂﬂ'v by g_xte_rna_l]_y de

The value of Pggy thus obtained is a mean target kill probability for a single
weapon encounter in which it is assumed that all components of the weapon
system have functioned as designed to deliver the warhead to the vicinity of

< .

the target. The mean value of PQQV is obtained as the statistical sum of the
kill probability due to blast (Pb) and the kill probability due to fragments
(Pg¢) considered as independent events. That is,

) R

1 n

AT I
Jll—-r )
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A method for calculating P is presented next and this is followed by a method
for computing Py.

tion, the region, V, can be subdivided into three regions
.
t

Pf = Pf(vl) + Pf(vz) + Pf(VB)

The areas (Vi) are determined by the intersection of the blast vulnerability
envelope and the half-cones bounding the fragment vulnerable volume. The inte-
grals over these regions are evaluated by means of the expressions presented

in figures 7-2, 7-3, and 7-4.

7.3.1.1.2.1 warbn:(} hnrer nn‘int dis

X2 is aloft, and X3 to the pilot's right. The origin of the system is located
along the target longitudinal axis; the target center of gravity (CG) will
be used in this presentation. The warhead burst points are assumed to be nor-

mally distributed along each of the three axes with variances 0X1 » 0X2%,
ox32i and the mean at the origin or aircraft CG. Errors in the X; direction
will be referred to as range errors (o 2 = 0;2) which are principally due

X1
to fuzing uncertainties. The distribut ion of bursts along X, and X3 are de-
noted as guidance errors and can generally be assumed equal (°X2 = Oqu =
"g‘/ or else some average value assigned. For example, -

or

& .
(Reference 173), where r is defined as the distance of closest approach between
warhead and target centers of gravity. The Rayleigh distribution function is

The miss distance r = V_Xq-z + _x,,z is assumed to be Rayleigh distributed,

given by
||
f(r) = X expl =1 (r> 0)
o f T2 2
g | og
- -

It represents the distribution of radial error in a plane where the errors in
each axis are independent and normally distributed with equal variance and

zero mean.

~
I
o
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L(AiUIK )
r o) s o5
Pg 1 .’ w
- - — -Z—|d
Pf(vl) p— exp | 2] - — exp 7| 9w
o VHITD L - -w ven - ]
where:
2
Pg = ——
ST 7, 2
a + dg
A = tan ¢1 N ;
! nn2 Pa nz
aog” Pg a
b e L
a2
N
5w
| A!+8
2
) hI Al B
) Ai + B
L(AIUIKI) = /A] +B (K] - U‘)
K, = y coordinate of the iIntersection of the blast
: vulnerability envelope and V

h. = y coordinate of the center of vulnerability (CV)

FIGURE 7-2. Expressions for evaluating Pe(V]).
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222
P (V) = ——2— 2] : rwz]d
A e L
f 2 L(AiUK.)
where: -
2
a
Pg — >
a” + oa
-
2
tan ¢2 1
A, —=3.t 3
2 g2 Pg a2
b= ——
=2
of
“=H2ll]
v +
2 A2 B
hZAB
C w2
2 A2 + B
LA uK)=vVA +8 (K -U)
222 2 2 2

K, = y coordinate of the intersection of the blast
vulnerability envelope and V3

[YAY

o ) s s at - a - I e . i~
h, = y coordinate of the center of vuinerabiiity (CV)

£2
[}

2€ NA
k) A

1"

FIGURE 7-3. Expressions for evaluating Pf(Vz).
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Plv) = — o r- 5-3-1 HA;UBK,)
= p l J j enp
Lla,U,K,)

b

—

N |'L,

where

b4

"
N\
N

-4
r
Q|3
g
&
*
QN' -

K, = coordingts of !the interssction of the blost vulnsrebility ond W

h, = y coordinate of the center of vuinerabiiity { CV)
hp = y intercept of the line approximating the boundary between the

blast vulnerability envelope and Vo

ton ¢ 3 - slope of the line opproximoting the boundary between the blast
vuinerability envelope and V,

TCTAUDT T_/ Cwnvaacainane far svaluatine P.(V.).

FLOUURLD /77%. LAPLEDSOLVIID 4iVL Tyvaaduataup -t\v ’, s
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|
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7.3.1.1.2.2 3Blast vulnerability. Blast vuln nerability data express target
kill as a function of charge weight, altitude, and distance of burst from var-
ious stations on the target. BRased on this infermation, a vulnerable envelope
can be defined about the target. The probability of blast kill (P,) is prac-

tically 1.0 for a burst occurring within the envelope and outside ?he envelope
it is 0. For evaluation purposes, the blast envelope can be approximated by

one or more ellipsoids. The number of ellipsoids used will depend on the
accuracy desired. The shape of the envelope will approximate the actual shape
of the target for small warheads and grow to a spherical volume for the larger

warheads. The ellipsoids considered will be nonintersecting so that the prob-
abilities of bursting in the individual ellipsoids can be summed to obtain the

total chance of blast kill, Pyp. Figure 7-5 shows an example of a single approx-

dmatdens hlame ~1T12___ 213 _ 2o 3

imating viast ellipsoid and its describing equation.

(5 , by + a3, 0) X3

/

'___------------‘----—*:---- -~ e
- ’, . ~o
e 4 l -~
Ld ’ -~
4 ~
s ’ 1

4

. ’ M D) LY

,,1 “’1-‘2"3)\' l// / r— \\
/) I\ P yd / / \
. 7 —
LR QR A S . // ‘,
. ! I '
'-. !&i ‘-'Qi.L‘ .=s} ) / H ’\ ,i

. : s ca /

.. , .

R .l/ / ’I ‘rf

FIGURE 7-5. Blast vulnerability ellipsoid approximation
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7.3.1.1.2.3 Blast kills. The probability of a blast kil
alent to the probability of a warhead burst within one of t
ellipsoids which define the vulnerable blast envelcpe of th
be expressed mathematically for the jth ellipsoid as

r~ . \ 2-1
ENCEANE
e |V ]

Pb. r ot 2
: =1 (%) J

-l

and Py, is summed over the k ellipsoids to yield Py, i.e., Py =2‘I = 1 Ppy-
A methdd for evaluating the probability of a warhead bursting within one of
the k ellipsoids is summarized below:

1. e e e mwmm o~ -
nonintersecting
a

et. Thism

1 (Py) is equiv-
A
I

For the jth ellipsoid

P, = P_ = <1 =rP_(Q@<D =P (t<t)
o] L FA
j |i=1 Oi I
| -
where:
t is approximately normally distributed, N(0, 1)

and

2

“

3
Q = 2, V, (U +AD
=1 07

X,
11 = 1
°i
ox,
i
by
A, =
Py
oxi
2
oxi
Vi T 2
° 3
3V Tm = (1-v/9m°)
tr\ =
\/v/9m/'
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3
2
m = E(Q = 3. V,(l+A4,)
i=1 * *
3
2 2
v = E(Q-m)z = 2 2: Vi (1 + 2Ai )
i=]
Required inputs are the parameters which define the blast ellipsoid (bi and aj)
and the warhead variances in range and guidance errors (of and o ‘)
By means of transformation parameters, the value of Py, may be evaluated as the
area under the normal distribution curve from - oo to o . That is,
o

[

t

I's

P =P (tgt) = j (—t2/202)dt
b r o

va2mo

i =5
where:
(l/m)l/3 /1 —-X:\
\ _om")
to = 1/2
/ v\
\on?)
3
m o= 5 v (1441
b it 1’
i=1
3
vo=2 3 i (11—2Ai>
i=1
b
A, =1 (i=1,2,
1
0y,
1
2
ag
xi
Vi = ; (i=1, 2, 3)
a,
1

An example which illustrates the blast kill methodology is presented in
Figure 7-6.

7.3.1.1.2.4 Fragment vulnerability. The target will be defeated by frag-
ments 1f at least one fragment strikes one of the designated vulnerable areas

of the target. For simplicity, these areas are considered grouped into one
or more points or centers of vulnerability (CV) centered on the target axis.
For any such target grouping, as shown in Figure 7-7. there is an earliest

/=15
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B ACY F£11 1DCNIN DARAMETCOC: . WARME AD DISPERSION PARAMETESL S
[S 1SN T+ bl VW T IR TN IS TVIiGe f TV -~ - -
.' : -6t 0, = 29 f#t a' H oll H 10 £t
by = O 0, s 3 ft
2 2 o9 - £ : Og = 10 #t
by O o3 = 25 2 3

b; -6
A = __J_] A, = — = -0.6 A, = O Ay = O
i [-’l, 1 0 2 3
rﬂ..z'l 102 o 102 I 10? _
\J z y V, = = 0119 v : = 1V Vg I — 16
|
: 0; 2 292 2 32 3 252

3
m o Y viea? s 0ono(1-0612 + 1.am? s 16 = 271
v =zt vZ(re2a?) = 2(019%072) 4+ N1 e16) = 758

is

' /mV3- 01 - vomd) 0.333 -(1-00992) -
° T a2 (0.0992)V2 '

. < Obtained by integrotion or reference to
SRy Rt S : 00446 o toble of oreos under the standard
normal distribution curve.

FIGURE 7-6. Probability of blast kill example.

FRAGMENT

Ami P mAm, &
VULNWNERADLE

BURST POINT #1 BURST POINT #2

FIGURE 7-7. Fragment vulnerable volume (target invulnerable to blast).

7-16



Downloaded from http://www.everyspec.com

MIL-HDBK-336-1

burst point (No. 1) and a latest burst point (No. 2) which will contain the CV
The enclosed area when rotated about the

within the fragment spray pattern.

CV forms what is termed the fragment vulnerable volume.
within this volume will contain the CV in the fragment spray.
least

the spray, the probability of at
ing) the vulnerable area is

Pf =1 - P (zero hits) =

where (Eyg)
of this Volume. For computational ease,
173), to Eg is used:
2 2 .
. d d i
"= <% *" 7532
- Za.. - o AIAV b../v"\.v
where:
2
a = 1.25 NAV for good fit
d = distance of fragment travel to target
N = fragment density (frag/steradian)
2
p = area fragment density = N/d“.
7.3.1.1.2.5 Fragmentation kills.
is obtained by integrating the burst probability at each point

one fragment

1 - exp (—EK)

PR

Only bursts occurring

If the CV is in

The fragmentation kill probability, Py,

S Taw:

P aiivy

the kill probability at that point, over the fragment vulnerable volume.

waiohtad hey

wehigiieel Uy

This

three-dimensional problem can be solved in two dimensions due to symmetry

about the target axis.
V, in the r, y space (y = Xl)

’
ao
<5

.
area, V, begins outboard of the int
ope with V., as indicated in Figure

where:

&)
~
~
N
il

f |
f 2
exp (-E)) = exp(—:é—-)
2
\ 28"

The volume, in Xj, Xj, X3

space, reduces to the area,
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A>\\‘§A ™ LINE APPROXIMATING THE
AN Ve BOUNDARY BETWEEN THE BLAST

VULNERABILITY ENVELOPE ¢

V,
4, - N ¢ Vo DESCRIBED BY (rsy ton®yehy)
L vm i ¥ U—’" Vm
L = y coordinate of the intersection of the blast vulnerability envelope and V;
h, = y coordinate of the center-of-vulnerability (CV)

h. = y intercept of the line approximating the boundary between the blast
vulnerability envelope and V,

— 1 1 e f 1
i i

@, = irogmeniciion dynamic spray angulor Himits { i = 1,2)

.

¢4 = slope of the line opproximating the boundory between the blast
vuinerability enveiope ond V,

CG = orgin of (r, y) coordincte system, taken to be the aircraft
center-of-gravity in this presentation

FIGURE 7-8. Fragment vulnerable volume (general case) .
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Given: O : 100 N M
N, 0.0
NTTTE:
2Rg¢t. = 20 N Mi
i'ﬁ/E. : 0003
Then:
Number of Encounters, NE = 20
%' = 094

FIGURE 7-10. Multiple engagement survival example.

b. Increase the expo;ure of the formation by multiplying the distance
flown by a factor of 1 S/ZRA;;. where S is the breadth of the
formation and Reff is the effective range of the weapon. The

following restrictions apply to the factor 1 + S/ZRpF :

JERY

(1) 1If S is greater than ZReff, the formation must bé divided

into smaller groups such that S is not greater than ZR eff"
Each such group is evaluated separately.
(2) If all of the smaller groups are of equal size, the probability

of survival will be the same for each aircraft in all groups.
(3) 1If the _groups are of unequal size, the weighted average of the
group’'s survival probabilities can be taken as an approxima-

tion.

c. The probability of multiple engagement survival, Pc,, obtained by

the procedure is the probability of survival for each aircraft in
the formation for the particular weapon considered.

PPN S : A COE GO e
Vi

7.3.3 Survivability assessment computer programs. A selected number of
survivability assessment computer programs are described in this section.
They are applicable to fixed and rotary wing aircraft as defined in their

descriptions. Each program is identified by its proper nomenclature and acro-
nym, where a proprlate. The source agency is identified and the intended use
An overali description of each program is included to provide

i
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latest version of the c mpu er programs and to acquire the P
specific applications.
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Source agency: Braddock, Dunn and McDonald, Inc, 5301 Central Ave
NE, Albuquerque, New Mexico 87108.

Use: Large scale air attack/air defense engagement simulation.

DescriEtion: The tactical Air Defense Computer Operational Simula-

tion (TACOS II) represents interactions which occur between a large

P adeas A

cep.t.oymeru of air defe
penetrator vehicles in tional setting over a field

The deployment may consist of virtually a ixture of various

SAM (Surface-to-Air Missile) systems and AAA (Anti-aircraft Artil-

lery) gun systems. The attack may consist of aircraft and missiles.

Each air defense fire unit and each serial generator vehicle is
represented separately. TACOS II output is composed of both the
history listing and summaries of outcomes of all engagements
cross-referenced several ways.

The TACOS IT utilizes a detailed, digitized terrain file to pro-
vide a realistic environment for the air attack/defense battle.
TACOS II not only portrays the interactions between attack air-
ns he
ain
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rain following f1li
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i ollo ligl aths are represented. The
ECM representation includes the effects of stand off barrage and
spot noise jamming, self-screening barrage and spot jamming, and
various types of self-screening deception jamming. The operations
resulting from processes are simulated rather than the processe

themselves. A "critical event" technigue conserves computer time
over a "time step'" technique. TACOS Monte Carlos randomizes
decisions rather than aggregating probabilities.

Any System/360 possessing at least 512K bytes of core memory and
capable of supporting the Operating System may be used for TACOS.
A complete run occupies between 1/4 and 6 computer hours on a

riim 15 ner-—

[e X

e T
3

ions of a given situati
T

1 run 15 per
the first replication. The TACOS
has been cons : :
detailed submodels to be added with relatively little effort. It
is written primarily on FORTRAN IV (H) with some Assembler code
to aid in storage utilization and running time efficiency.

e e abstracted into dominant
mask n rrain on the offense is de-
scribed in the detailed flight paths. The interaction between
the two effects or the effect of the terrain on engagements is

des:ribved (along with sensors and ECM) in the environment events.
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Geometric events are those that, if they are to occur, will occur
at a completely predictable time. The FRAG3 is the replicative
portion of TACOS. It produces a complete battle history and a
summary of important statistics concerning the battle.
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The TACOS II is the fourteenth distinct evolution of a family of
tactical air attack/ground based air defense models whose develop-
ment dates back to 1962. A version of TACOS II called TACOS-C?
has been developed which simulates command control of the air
defense deployment to the extent of individual messages and their
interactions with the battle presently simulated by TACOS II. The
TACOS-EW, a version of TACOS II in which the ECM submodel is ex-
tended to include support jamming, expendable jammers, and chaff
is being planned. For further information about TACOS II, TACOS-
C2, TACOS-EW, other BDM simulations, and related services, please
contact any of the people listed in the foreword of this report.

Variants:

(1) TACOS VIA IDM. The intelligent Data Module (IDM) was devel-
oped to simplify and automate TACOS input data requirements.
Analysts, employing TACOS via IDM, supply only a minimum
number of input parameters for TACOS execution. The IDM
supplies default values for optional variables not supplied
bv the analysts, and generates values for the remaining TACOS
variables via assumptions and deductions.

(2) QR - TACOS. For a quick response analysis of a mix of air
defense systems, the degree of realism afforded by such
attention to detail may not be desired. To reduce to a min-

imum the time and amount of input data required to define

the scenario for a TACOS run, the Quick Response Scenario

Generator (QRSG) was developed. The QRSG entirely replaces
FRAG! and utilizes minimal input data to develop scenario
information suitable for input to FRAG2.

ntation:

O

II - Air Penetration/Ground Based Air Defense Operational
Simulation - BDM/W-193-73-TR, January 1972 (Reference 16).

(2) TACOS II VIA - A Simplified Input Scheme - BDM/H-74-015TR,
May 1974 (Reference 17).

(3) QR-TACOS - Quick Response Tactical Air Defense Computer
Operational Simulation - BDM/W-73/0025, September 1973
(Reference 18).

SIMFIND2. Digital Simulation for Aircraft Survivability.

Sponsoring agency: Institute for Defense Analysis.

Use: Simulates engagements between aircraft and an antiaircraft

weapon site.

Description: The SIMFIND2 computer program is a FORTRAN IV lan-

guage program which simulates an anti-aircraft weapon system
firing at an aircraft.

model is useful for determining: (1) the relative attrition
of aircraft which can be achieved by various types of guns, (2)
the relative attrition which a given type gun can exact from
various types of aircraft or from one type of aircraft flying
various maneuvers and (3) the relative attrition attained by guns

™~
1llc
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at various locations relative te an aircraft flight path. This
information may find application in a wide range of studies, such
as: (1) evaluation of the reducticn in aircraft losses to be
expected from reducing aircraft vulnerability, (2) comparison of
aircraft types, (3) comparison of gun types, (4) development of
aircraft maneuvers, (5) selection of aircraft attack headings, and
(6) selection of sites for anti-aircraft gun systems.

SIMFIND2 is apvlicable gpecifically to weapon sites with either
(1) optical-mechanical computing sights or (2) central fire
directors. The model simulates an aircraft flight path in three
dimensions, computes range and tracking angles relative to a gun
location, finds the gun pointing angles with the appropriate lead
angle, determines the distance between the true center of impact
and aircrait position, and assesses the probability of damaging
the aircraft.

(1) The optical-mechanical computing sight simulated by SIMFIND2
uses crew inputs of aircraft range, speed, course angle and
climb angle.

(2) The fire director simulated by SIMFIND2 uses continuous inputs
of range, azimuth and elevation. Both systems and their
simulations use straight line extrapolation of aircraft posi-
tion to determine the aimpoint.

The SIMFIND2 model is essentially a Monte Carlo simulation, i.e.,

random variables are sampled repeatedly and the values in the
sample are used to simulate numerous engagements. The overall
engagement result (engagement Py) is the average of the results
of the engagements.

d. Documentaticn: No formal report available.

7.3.3.3 TAC AVENGER, Tactical Air Capabilities, Avionics, Energy Maneuver-
ability Evaluation and Research.

Assistant Chief of Staff, Studies and Analysis,

a. Sponsoring
rt

b. Use: Simulates two aircraft in a close-in maneuvering air duel.

c. Description: The TAC AVENGER Model is a digital computer simula-

tion of two aircraft in a close-in maneuvering air duel. In this
simulation, each aircraft maneuvers in three dimensions; each

pilot reacts on a second-by-second basis to the maneuvers of the
opponent; and each pilot expends ordnance against the other air-
craft as opportunities occur. The aircraft and weapons perform-
ance are described in detailed engineering data. The individual
aircraft tactics are selected from a range of reasonable choices
based upon the tactical situation, the relative performance capa-
bility of the aircraft, and pilot preferences. These individual
pilet preferences were originally derived from empirical, real-
world data and are selected using a random selection method within
the mccel. The model measures the contribution of avionics,

energy maneuverability, and weapons-to-fighter effectiveness.
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The TAC AVENGER was written for the IBM 7094, IBSYS 13, FORTRAN IV
Map and has since been converted to the G-635, GECOS III, FORTRAN
IV, GMAP, and MULTEX. The model uses 32K words of core with 74
routines having 9,000 source statements. The average 7094 run

time is 5 minutes for each 5 minutes of simulation.

d. Documentation: No formal report available.

7.3.3.4 POOl. Antiaircraft Artillery Simulation Computer Program.

a. Sponsoring agency: Air Force Armament Laboratory, Weapons Systems
Analysis Division, Eglin AFB.

b. Use: Generates single-shot probability of kill of a target aircraft
encountering an anti-aircraft artillery site.

c. Description: The Antiaircraft Artillery Simulation Computer Pro-
gram, AFATL Program POOI, computes the single-shot probability
of kill of a target aircraft flying a predefined flight path.

ThQ mndeino nnd mnfhnﬂn'lr\ay ‘fn‘volxvre t e prGCESSES by W‘lich thC
antiaircraft artillery system computes an aim point for the air-

craft, the analyses which lead to quantifications of the various

errors to which these processes are subject, the mathematical

techniques used to simulate the firing process with inherent errors,
i

'

e oy

and the computation of the probab lity that a given shot yields
an aircraft "kill" based on the vulnerable area presented to the
projectile.

d. Aircraft flight path profile history: The flight path profile
history of the aircraft is entered by milestones, or major coor-
dinates along the flight path, which are given in terms of a fiight
path coordinate system. The distance between any two successive
milestones forms a straight-line flight path leg. Flight path
coordinate data are then computed by linear interpolation for each
increment of the flight path based on a given interval rate, and
these data are converted and stored in relation to the ground
weapon coordinate system.

(1) The ground weapon complex coordinates are entered with res
to the general reference coordinate system and can consis
of one or more ground weapons. If there is more than one
ground weapon in the ground weapon complex, the ground wea-
pons are equally spaced on a circle of a given radius (depend-

Adematraa ha ornitm
ing on cable length) around the coordinates of the ground

weapon complex. The program considers each ground weapon in
the complex separately. If the coordinates of the ground
weapon complex are known, the flight path attrition is com-
puted against that given position. However, if the flight

ot
eCl

n
r
t

path is over an area within which the position of the ground
weapon complex is not known, the program computes the P for
the assumed location of the weapon complex, applies a density
factcr, and sums the flight path attrition against all user-

specified locations of the ground weapon complex. The term

"density factor' is the probability that the weapon complex

-~ 1 A_AAJ 30 e

is at the specified location and firing.
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Aircraft vulnerable area data are input to the program in the
form of a three-dimensional array as a function of impact
latitude and longitude, and the magnitude of the relative
striking, or closing, velocity. Aircraft latitude is mea-

sured from the bottom of the éircraft (0 degrees) to the top
of the aircraft (180 degrees), and aircraft longitude is
measured counterclockwise from the rear (0 degrees) when

viewing the aircraft from the. top. The increment of angle

in latitude or longitude can be varied to correspond to the
degree of fineness of the available data. However, present
program methodology is such that 26 aircraft vulnerable areas
must be input, corresponding to a view of the aircraft at

every 45 degree increment in both latitude and longitude.

Aircraft attitude with respect to the projectile at the time

of mean intercept determines the latitude and 1ong1tude of
the 1mpact, which are then used together with

dinate system, called the alrcraft coordinate system, such
that one axis points out the nose of the aircraft, one out the
left wing, and the third axis out the top of the aircraft.

1

The closing velocity vector, which is readily available 1n
el i o ntmeand mmmvmdlmata suvotam Aarm +than kA nA -
tne gun-centeéreda Ccooraingdte Syscem, Can wnen o€ exXxpresseda 1in
the aircraft coordinate system by use of a linear transfor-
mation which describes the relationship between the two coor-

dinate systems. The components of the.closing velocity vector,
therefore, completely specify the impact latitude, longitude,
and speed.

The amount of vulnerable area presented to the projectile at
the time of mean intercept is determined by linearly inter-
polating within a table which presents the given aircraft
vulnerable area as a function of both aircraft aspect with

respect to the given projectile and striking velocity.
Relative aspect is fully determined once the aircraft's
course with respect to the ground weapon, its dive angle, and
its roll angle are known. The roll angle is part of the in-
put flight path profile history.

L

. Due to the nature and flex

(a3
)=
[e]
3
ﬂ
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Computer Program, there are a number of op

bility of the AFATL POO1
tions available to the

user depending upon his study requirements. Following is a list
of possible uses:

(1)

~~
N
~~

~
(W
Nt

(4)

Study the effects of a given ground weapon site against various

types of aircraft flying identical Illgnt paths.
Study the effects of a ground weapon site against an aircraft
at various altitudes and offset distances.
Studv thp effects of various ground weapon parameters against

Study the effects of an aircraft flylng over an area where the
location of one or more ground weapon sites is only probabi-
listically known.

~J
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(5) Determine the aircraft sectors most vulnerable to ground fire
from a known or only probabilistically known ground weapon

site.

(6) Determine the P, versus time along the flight path.

(7) Study the effects of terrain masking by use of the flight path
time intervals (only time interval Pk's and not final cumula-
tive Pb's would have any meaning for this use).

AFATL Progra” P00l - Volume I: User Manual, TN - 4565-16-73,
September 1973, (Reference 19).

7.3.3.5 MASKPAS. MASKPAS Programs, Digitized Terrain, Flight Path Gener-
ator, Intervisibility for Evaluation of Air Defense Effectiveness (EVADE).

a. Sponsoring agency: Army Materiel Systems Analysis Agency, Aberdeen
Proving Ground, Maryland.

b. Use: Generation of three-dimensional aircraft flight path profile
and masking status between the aircraft along that profile and a
ground based weapon site. Primarily used with EVADE II.

c. Description: The MASKPAS portion of the EVADE simulation is used
to generate information which reflects the influence of terrain
and vezetation on air-ground encounters. The infg:mation thus

EVADE. The variation in elevation of terrain is usually obtained

from standard 1/50, OO Universal Transverse Mercator (UTM) maps.
Elevation data are ''read" from these maps at regular intervals and
stored on magnetic tape for subsequent use. ‘

MASKPAS consists of a set of three computer programs: (1) Flight
Path Track and Weapon Site Heights Program, (2) Terrain Following
Program, and (3) Intervisibility Program. These programs, written

in FORTRAN IV, are executed sequentially to generate a three-
dimensional aircraft flight path profile and the mask status between
the aircraft along that profile and up to 50 independent ground
weapon sites.

In the EVADE II simulation, extensive use is made of digitized
terrain information generally obtained from standard 1/50,000
Universal Transverse Mercator (UTM) maps. This terrain informa-
tion, stored on magnetic tapes, is currently available through the
Defense Mapping Agency Topographic Center. The Topographic Center

produces terrain elevation data at very small map grid sizes,
approximately 0.01 inch by 0.01 inch on standard 1/50,000 maps.
Thus, elevation for grids that are 12.7 meters square on the real

ground are available. The '"bare earth" terrain data have addi-
tional heights, superimposed where appropriate, to represent
vegetation and built-up areas (cities and towns). Helicopter map-

of-the-earth (NOE) flights may require detail to the level of 12.7
meters.

7-27
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reduced by utilizing a coarser grid interval (by skipping tc every
second, fifth, or tenth data file, etc) when reading the terrain
tape. Many segments of digitized terrain are currently available
through the Topographic Center.

When less detail is required, time consuming calculations may be

Documentation:

(1) MASKPAS Programs

(2) Volume I: User Manual, September 1975

(3) Volume II: Analyst Manual, September 1975

(4) JTCG/ME - (No report number assigned to. date.)

ft Flighr Path Generator Computer prggram

182 8 1ottt ialLs WOl 1S40 RS ST SRS 14

Sponsoring agency: Strike Process Studies Branch, Weapon System
Analysis Division, Air Force Armament Laboratory, Eglin AFB.

Use Generates three-dimensional flight path trajectories for
fighter escorts or close support aircraft for use in antiaircraft
attrition/aircraft survivability simulation models.

Description: The FLYGEN was created to generate three-dimensional
“flight path trajectories as a function of time for fixed wing

aircraft operating in the fighter escort or close air support
mode. The trajectories generated by the program are used in
conducting aircraft attrition/survivability studies in conjunction
with other computer programs.

Input data for the program fall into three categories that can be
entered from elther punched cards or magnetic tape. The fir
EerECl dlILdeL ue t

iy

Cl
ten for detailed ai

parame n ICY cetallied ail

lesser amounts of performance data. Data pertaining to phy51ca1
characteristics of the aircraft, external stores configurations,
as well as thrust, llft, and drag characteristics are in this

category aircraft aerooynamlc limits and maximum

f on used to specify the tvpe of input medium, a list of

tolerances for various maneuver termination conditions, and out-
put time intervals for both hard (printed) copy and magnetic tape
output. The third or last category of input da which is in a
condense

.
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is this complexity that provides FLYGEN with the versatility that
is its forte. Maneuver segments, or specifications, are used to
compile a basic maneuver string that can consist of as many as 99

.
ed

45 LT fl
and

segments. A continuation option allows subsequent runs to begin
from the state in which the last run ended. No break occurs in
the tape output under this option, and hence maneuver strings of
arbitrary length can be simulated.
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There are four basic maneuvers used in the program, and each maneu-
ver specification can have diffarent meanings depending upon the
parametric values entered from punched card or magnetic tape.

Each of the maneuver specifications in the maneuver string is exe-
cuted in sequence. Termination of each segment is dependent upon
parametric values entered into the program. Trajectory variable
values are saved and printed and/or written on magnetic tape as
specified on one of the program control 1nformation records.

After all maneuvers of the maneuver string have been executed,
another data set, if one or more exists, is entered into the pro-
gram and execution of the program using the new input data occurs.

The v»rocess is renaated until an end

<4 - e &=
SUT pEVLCCOO AwpTaLCTU Ullk4dl all (5
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L= i€ 185 endouricere
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(4] P'h
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inat

which time program execution is term

Three different output lists can be generated by FLYGEN depending
upon the control cards entered upon program execution. Two of the

printed output (hard copy), while the tnlra is written
~ wavafer abbwmdedacm [ aiemeata —
~

+tanas and 11and Fasx A4

g Ltapc anu iS uSTu LuUL a;LLLaLL nLLLLLLUU/buL\LVdULLLLy
ing using other computer programs. The primary printed out-
put contains a summary of the aircraft descriptive parameters, a
listing of the maneuver specifications that make up the maneuver

able v s based on an inertial reference system. A second
printed cutput contains a time history of flight path trajectory
se

4
ed on the aircraft body axis system. The mag-
netic tape output is designed for use in aircraft attrition/surviv-
ability studies in conjunction with antiaircraft simulation models.
Items recorded on the tape include: time along the flight path,
aircraft positions in meters, aircraft velocity and its components
in meters/second, acceleration components in meters/second, air-
craft normal load factor, and aircraft attitude angles.

Execution of the FLYGEN program requires a large scale digital
computer with a standard FORTRAN IV capability. Approximately
15,000 (or 36,000) words of computer memory are required for

nroeram execution. Two software packaoesg for date and time of

F=vp=%ie Tattilsallls YVaiLrwaa rpa-sagc (SR LC R S -

execution are unique to the CDC 6600 installation at Eglin AFB.
The use of these packages and the AlO format used for reading and
writing some of the program input/output information may require
program modifications prior to use at other computer facilities.
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(1) Volume I: User Manual April 1976
(2) Volume II: Analyst Manual, April 1976
(3) JTCG/ME - (No report number assigned to date).

Sponsoring agency:. AFATL/DLYD. Air Force Armament Laboratory,
Eglin AFB.

imuliation model for use in the evaliuation
+*- o
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Description: The Dynamic Air-to-air Model (DATAM-I) is a digital

computer program developed and utilized by the Gun Effectiveness
Analysis Team of the Weapon System Analysis Division in the Air
Force Armament Laboratory. The DATAM-I is a digital expected-

value simulation of the air-to-air gunnery created to fill a void
in aerial gunnery terminal effectiveness analysis.

The target aircraft is modeled as a rectangular parallelepiped
whose faces correspond in area to the presented areas for the
side, and top views of the aircraft. This area description

........... Wb

»
he target along with the fi s geometry permits the
t ta
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rea presented to the incoming

e
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. Target vulnerable area values are derived from tabu-
lar vulnerable area data which are defined as functions of the
azimuth and elevation angles of the projectile with respect to the
target at impact. The three-dimensional fire control err

described by a circular normal distribution about a pred i
point. The bias point is a function of the type of sight mechani
zation, target maneuvers, and gun performance. All effects of

gravity on the projectile are accounted for in the fire control
system.

G o

The distribution of the bullet stream in space is treated as a
pilot-controlled fire line, and is examined about each possible
aim point within the fire control circular normal distribution.
The positions of the individual bullets within the fire line are
dependent upon the rate of motion along the line (introduced by

the pilot) and the rate of fire for a given butst. Ballistic dis-

1N
the possible

)

)

™
Ph

The gun system characteristics that are evaluated by this program
include muzzle velocity, rate of fire, number of rounds, caliber

of the round, external ballistics, projectile lethality, and gun
system weights. These characteristics all affect the performance
of the gun system in a given encounter. This program allows the
influence of each of these characteristics on the gun system effec-
tiveness to be examined.

A number of firing bursts comprise a firing pass. The hit and kill
probabllltles for the entire firing pass, commencing at an initial
range and continuing for a selected neriod

v ~EE AanA open -F
=4 nge and CONLinillng a seglecled

angle-off and ope ire ¢

are determined. In addition, the number of expected hits is deter-
mined, and is compared with predetermined hit levels. The percent-
age of the points that equal or exceed each level is printed.
Finally, range-weighted kill probabilities are computed based on

A

percentage distributions from actual aerial combat data.
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Execution of the DATAM-I program requires a large scale digital
computer with a standard FORTRAN IV capability. App'o imately
20,000 (or 47,000) words of computer memory are required for exe-
cution. Optimal plotting routines have been included in the
source program. These are written for the CDC 6600 installation

at Eglin AFB, and will require modifications for use at other

computer facilities.

t amic r-

Volum User Manual,
(Reference 20).

(2) Volume II: Analyst Manual, 61 JTCG/ME-75-6, March 1975,
(Reference 21).
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EVADE II

Sponsoring agency: Army Materiel Systems Analysis Agency,
Aberdeen Proving Ground, Maryland.

Ty

se: Simulation of two-sided engagement between aircraft and
ground based weapons systems.

Description: This program calculates the time history of prob-
ability of kill for each participant in multiaircraft versus multi-
ground weapon encounters.

Up to 20 simultaneous independent flight path tracks against as
many as 50 individual ground weapon sites can be simulated. More
than one aircraft can be played on a given track, and more than

one ''barrel' can be located at one ground position. Thirteen
different combinations of ground gun and fire control system
Aircraft can fire

7.62 mm, 12.7 mm or 30 mm gun systems or the TOW missile system,
as appropriate. The IR missile systems {surface-to-air) are
played in conjunction with, but excernal to, the model. Seven
different weather and five different lighting conditions can be

superimposed on the model scenario. These conditions affect visual
target detection and acquisition from ground to air.

Extensive use is made of digitized terrain maps, with small grid
izes. A 12.7-meter grid, minimum, is presently being utillzed.

13 million individual terrain heights is stored on magnetlc tape
for use with the program's intervisibility subroutine. This ''bare
earth' data with superimposed vegetation is used in conjunction
£
L

with detailed three=dimensional ﬂa'p"ux—t.ut:—uax tn LJ.igut pPro iles.
From this information, a realistic time history of intervisibility
between all weapon sites and all aircraft is obtained. This ''mask"

history is then 1nput to the base engagement model. Each engage-
ment within the scenario follows a time-dependent sequence of

events, such as: target detection; either visual, acoustic, infrared,
or RF; acquisition; unmasking; weapon system reaction time; target
moving into maximum effective range; projectile or missile time of



Downloaded from http://www.everyspec.com

MIL-HDBK-336-1

flight; arrival at the first intercept point; and subsequent accumu-
lation of attrition or probability of kill. This process continues
until the target becomes masked, goes into a dead zone, is suppressed
Six different criteria for rules of engagement and target selection
can be employed. Weapons can be burst-fired, using any desired
firing criterion with both dependent and independent methods of
attrition calculation. Up to 13 levels of component damage or kill

taneously evaluated.

The EVADE II is not a dvnamic simulation. Flight profiles and wea-
pon locations must be preplanned. This model is an expected values
simulation, In the one-aircraft-versus-one-ground-weapon case it
reduces to the Markov-type solution., Where there are more than

two participants, as in its normal usage, classic caveats associ-
ated with all expected value models must be kept in mind. Primar-
ily this means that the expected value resulting might not corres-
pond to the average case which would be predicted by expanded
Markov chains or by Monte Carlo solutions, could the former be

mechanized or the latter be afforded.

£ A
i

Program output consists of the time history of air and g
systems suppressed or destroyed, ammunition expenditure, and the
time history of all major events which transpire. The location

of these events, detect, unmask, fire, remask, reload, re-acquire,

etc., along each flight path track are also available.

This program is useful as a means of obtaining a first-order esti-
mate of the practicality of flight paths; adequacy of weapon de-
ployments; or as a relative survivability indicator when investi-
gating tactics, techniques, equipments, environmental variations,
and other systematic variations of input parameters to the engage-
ment problem.

Other organizations and installations presently using or considering
the use of the EVADE II Model are the Air Force Foreign Technology
Division at Wright-Patterson Air Force Base, the Army Aviation
Systems Command at St. Louis, and the Army Electronic Command at

Fort Monmouth.

The EVADE II (Evaluation of Air Defense Effectiveness) computer
program was written in FORTRAN IV for the U.S. Army Ballistics
Research Laboratory BRLESC computer. It has been rewritten for the
CDC 6600. It is being rewritten for the IBM 360 system. Programs
that have a FORTRAN IV compiler with minor changes. The memory
requirement for the EVADE II MAIN program is 73,C00 computer
words.l) See reference Number 21 for further details concerning
BRLESC FORTRAN 1IV.

b Experience has shown that double precision is required for approximately
19,000 of these words on an IBM 360 system.
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(1) Volume I:
(2) Volume II - 1,2: Analyst Manual, December 1974
(3) JTCG/ME (No report numbers assigned to date).

BLUE MAX. The V

Sponsoring agency: Assistant Chief of Staff, Studies and Analysis
(ACS/SA), Headquarters USAF.

Use: Generates three
vAsimAd Aase 1y wmd
'S ANy n -

.
ULl

—-dimensional fiight path trajectories primarily

i
4 An
i

FAar
LOT

Description: The BLUE MAX provides variable speed flight path

descriptions which were suitable as input to AAA and SAM attrition

models. The aircraft modeled were limited to fixed-wing subsonic
types operating between sea level and 20,000 feet altitude. A
flight path is synthesized from a series of flight path maneuver
segments specified by the user. There are five different types
of maneuvers modeled:

(1) Navigation

(2) Base-leg

(3) Roll-in-and-attack

(4) Pull-out

N7/

(5) Recovery

The roll~-in-and-attack maneuver may be used only once in the flight
path, but the other maneuver types are limited only by array dimen-

sions in the program (currently limited to a total of 30 flight
path segments). They can be entered and/or repeated in any combi-
nation. Hard copy output results can be used in conjunction with

= -
=3
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t ulating the quick, hard maneuvers of air

more sui able for
combat.

an K p
ets Other simulations. such as FLYGEN
im

age and consists
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on a wide range of computers. Running time to produce the sample
problem is 14 seconds on a CDC 6400 computer.

Documentation: Variable Airspeed Fiight Path Generator Computer

Program (BLUE MAX), October 1975 (No report number assigned to
date) , ACS/Studies and Analysis, Headaquarters United States Air

Force.
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7.3.3.10 AMEGS . Aberdeen Blast-Fragmentation, Fixed-Angle Fuze-Missile,

End-Game Simulation.

a. Sponsoring

Aberdeen Prov g Ground, mafylaﬁd.

b. Use: Primary use is to determine lethality of missiles with blast/
“fr. agmentation warheads and conical fuzes. Can be applied to other
missiles.

c. Description: The purpose of the Aberdeen Missile End Game Simula-
tion (AMEGS) is to predict the probability that a single round
fired from a given surface-to-air missile system will kill a given

target (aircraft or missile) under a given set of assumptions. By

modifying or adding certain features, AMEGS can be applied to a

wide range of missiles. For example, if the intercept arming fea-
tion can be applied to any

el 2

ture is removed or bypassed, the simula
missile with
(1) A semiactive, continuous guidance system,

[¢]

(2) A semiactive or active fixed-angle fuze, of n beams with or
without range gates.

(3) A warhead that has a fragment spray which is symmetrical or
nonsymmetrical to the longitudinal axis of the missile.

The radar reflectivity of the target is represented by a number
of fixed points called "glitter points." These points are
positioned as light backscatter areas on the target. In the

end game, the glitter points represent the target as soon by
the receiver dish of the missile. Prior to the end game, the
missile sees the reflective areas as one large area, and it

guides on the centroid of this area. The individual glitter
points become discernible only as the missile approaches close

to the target. At such close range, the time remaining until
intercept is too short to allow significant change in the

guidance point.

hen used to compute Py as a function of a constant miss distance,
the program resets the missile homing point at the target's cg.
This is done to facilitate the conversion of miss distance

into radar miss distance. Miss distance is the distance measured
from the warhead cg to the target cg at the point of closest

tance is the distance measured from the

is Ll - LS% ¥ 3= A A B WD e A s
warhead to the r

When

(=%

use

_______ Dadar m
13

dpruauu. naaa s
S

ol

is
......... the nearest radar reflector at the point of closest
approach to the reflector. When computing Pgey as a function of
a constant miss distance, the guidance errors are chosen from a
uniform distribution. In the original program, the errors were

weighted to include a greater number of small vertical errors.

The machine simulation the end game engagement of an interceptor
missile and its target may be considered as being composed cf the

following sections:
(a) Tnput This section reads information copcerning the

o]
[aa}
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(b) Guidance and Fuzing. Using the input, random or fixed angles
n be determined for the azimuth and elevation. An inter-
or aim point is chosen on or near the target. Random

miss distances and a random fuzing error are drawn. A burst
point is found by solving the intercept geometry.

(c) Blast. The probability of killing the target by blast is
determined in this section.

(d) Perforation. The probability that the interceptor will
perforate is determined in this section.

(e) Fragmentation., The probabilities of kill on the vulnerable
components by fragments are computed here.

(f) Combinatorials. The desired combinations of the various
probabilities are made here. Running sums of the probability
combinations are kept. The sums are printed as output

upon completion of a predetermined number of engagements.

d. Documentation: Aberdeen Blast - Fragmentation, Fixed-Angle, Fuze-
Missile, End-Game Simulation (AMEGS), Technical Report No. 66,
April 1973, U.S. Army Material Systems Analysis Agency.

tion Model.

a. Sponsoring agency: Army Material Systems Analysis Agency, Aberdeen
Proving Ground, Maryland.

c. Description: The AMSAA EVADE Sustained Operations Performance
Simulation (AESOPS) model simulates the continuous operations of a
small helicopter unit over a period of several days of combat and
introduces the impact of routine maintenance and the repair of

combat damage on helicopter availability during such operations.
This model has been developed to supplement the survivabllity
results from the EVADE computer model in order to better evaluate
the priority characteristics of the Advanced Attack Helicopter
(AAH) candidates. The operations of the small helicopter unit de-

scribed by the Stanford Research Institute in the development of

their SOM model have provided the foundation upen which the AESOPS
model was developed. However, where SOM employs Monte Carlo simu-

lation, AESOPS is based on an expected values approach. The prin-

Cipai outputs of each model are helicopters lost, targets defeated
(or any quantifiable measure of mission accomplishment), and num-
ber of missions accomplished over the time period of interest.

d. Documentation: No formal report available.

7.3.3.12 ENDGAME. The ENDGAME is a computer program for estimating Air
Intercept Missile Effectiveness

a. Sponsoring agency. Air Force Armament Laboratory, Eglin AFB.




Downloaded from http://www.everyspec.com

Use: Evaluates the effectiveness of the fuze-warhead systems
Tagainst air targets, using a unique three-dimensional target model
defined by detailed configuration of planar surfaces representing

the target exterior profile and interior vulnerable components.

ion. The ENDGAME Simulation Computer Program provides t
cal capability for evaluating warhead-fuze system lethalit
against air targets using a unique three-dimensional target model
defined by detailed configuration of planar surfaces representing

the target exterior profile and interior vulnerable components.

he

Based on Monte Carlo sampling techniques, a 1afge number of random
warhead-target encounters is generated and terminal intercept
events of fuze activation, warhead detonation, and target-damage

mechanism interaction are evaluated. Probabilities of kill due to
direct hit, blast shock wave interaction, and/or fragmentation
ef{fects based on component and structural (energy density crite-

rion) damage are computed, and the results are averaged over the
number of random engagements to give expected or single shot prob-
ability of kill (PSSK).

The ENDGAME program can be used independently as a separate simula-
tion model requiring input-designated or parameterized encounter

conditions, or used in conjunction with the missile FLYCOUT program
which generates expected interceptor/target terminal encounter
kinematics. When used independently, selected encounter/target/

warhead variables can be specified discretely or parameterized
at designated intervals until the PSSK for all desired combinations

of parameter values have been computed. For each encounter gen-
erated, the program evaluates a large ﬁulber of variables defining
the terminal engagement events. Major areas of computation are
described below with pertinent input variables designated in
parentheses where appropriate.

(1) The size, shape, and configuration of the target exterior frame
and interior components are described using a maximum of 150
discrete plar ar surfaces or faces. These surfaces are defined
in terms of sequential points whose coordinates are input, or
by specification of standard geometrical forms from which the
faces are computed.

(2) Any fragmentation/blast warhead can be accurately defined using
the input parameters available for the warhead model. Frag-
mentation characteristics are defined in up to 36 fragment

polar zones, each of which many have a maximum of 10 classes
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up 't polar zones, each with 12 roll zones about the

warhead centerline and 10 classes of fragments, for nonsym-

metrical warheads having no axis of reflection. The warhead

model has no provisions for explicitly including missile
T
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target zones for blast damage. If the relative warhead de-
tonation point is within the lethal blast radius of any face
at the shortest time of blast wave travel to any blast center,
the target is considered killed; if not, there is no target
damage due to warhead blast.

Fuzing of the interceptor warhead is simulated by determining
those target face edges visible to the approaching missile
and which interact with the fuzing surface within a designated
sensitivity range. Point of earliest intersection is defined
as the point of warhead fuzing.

Target damage is evaluated for direct hit, blast, and fragmen-
tation energy density and/or component kill effects. Result-
ing probabilities of kill for each damage mechanism are com-
bined to generate the expected kill for one sample. The entire
process is repeated numerous times with different, randomly
selected conditions for each sample, and an average value for
the probability of kill for all samples is computed to estab-
lish the single shot kill probability.

Probability of target kill due to direct hit of an undetonated
warhead 1s established by computing the intersections of the
warhead trajectory prior to detonation with those faces of
the target designated as vulnerable to direct hit damage. If
any such face is intersected by this portion of the trajec-
tory, the target is assumed killed.

Blast kill of the target is determined by first computing the
minimum time of travel for the blast wave to reach any of the
designated blast centers located throughout the target model.
I position of the detonation point relative to the target at
that time is within a specified lethal blast radius (BR) to
any target face vulnerable to blast, kill of the target is
assumed.

Fragmentation damage is basically computed by mapping fragments
projected from discrete sectors about the warhead from the
point of detonation onto the target. First, a projection of
the target model is made to determine those surfaces or por-
tions thereof which are exposed to the warhead at detonation.
Subsequently, each exposed target face is evaluated for frag-
ment impact. Based on the fragmentation definition of the
warhead, fragment sectors are mapped (drag included) from the
point of detonation onto the infinite face plane. Fractional
coverage of the impacting fragment pattern over the actual
face is determined, and the resulting number of hits, impact-
ing density, and strike kinematics are computed. Based on
the energy density damage criterion, striking energy density
of the fragment pattern is compared to input threshold values
(EDFM) for each face to ascertain probability of structural
kill. If the impacting energy density exceeds the threshold
value and sufficient fragment hits are inflicted, energy den-
sity structural kill is assumed.

7-37
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(9) Probability of achieving component kill of the target is a
function of the target charaCtevlsclcs, fragment s
agﬁu‘:m mass, and °e tat‘““ of
nt vt
conditlonal probablllty of klll (PKC) data (component kill
given a random fragment impact over the component presented
area from a given direction).

(11) Once the number of fragment impacts, NHITS, on the vulnerable
component is determined and the appropriate PKC value is estab-
lished, the probability of component kill for fragment impact
(PKF) is given by the relationship:

PKF = { - o NHITS (PKC)

Resulting probabilities of killing each component and group
of components are computed, and the total probabilitv of

nror

target kill based on component damage, PKFG, is determined.

d. Documentation: ENDGAME is a computer program for estimating Air
Intercept Missile Effectiveness.
(1) Volume I: User Manual, AFATL TR-75-13, May 1975, (Reference
188) .
(2) Volume II: Analyst Manual, AFATL TR-75-13, May 1975, (Ref-
erence 188)
(3) Volume III: Data Manual AFATL TR-75-13, Classified Report,
May 1975, (Reference 188).
7-38
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7.3.3.13 SCAN. SCAN is a computer program for estimating aircraft
survivability.

a. Sponsoring agency: Developed at Pacific Missile Test Center.

b. Use: Predicts the probability that an aircraft will survive an
Tattack by a missile armed with a fragmentation wa:head, The pro-
gram simulates the encounter and computes the expected target
damage.

c. escription: SCAN is a digital computer program developed at the
Pacific Missile Test Center to predict the probability that an air-
craft will survive an attack by a missile armed with a fragmenta-

tion warhead. The program simulates the encounter between a
m13511e and its airborne target mathematically and computes the

expected target damage. The geometric encounter conditions can be
obtalned from missile flight simulations, from missile performance
data or s user sup?lied 3rame+nr1»ad values. The program can

generate a random sample of missile trajectories which satisfyv
specified distributions of encounter parameters. The program re-
ports hit and survival probability computation results at specified
component, subsystems, system and total aircraft levels. Various
levels of udmasc severity, LHLLUULHS Caiascropnlc failure and mission
kills can be defined by the analyst. This program gives the analyst
several options in defining individual aircraft components and in
using vulnerability criteria to compute the expected damage level.
These options allow the analyst to construct efficient models com-
mensurate with time, effort and cost constraints. In addition, the
model is contructed to allow adaptability to other damage mechanisms;
fragmpnr vp]noiripq. dpnqiripcA masses; etc., are available to the

damage computation submodels. The ba51c features of the model are:
(1) Aircraft geometric representation - The size, shape, and posi-
tion of each of the internal and external aircraft components
are represented by geometric shapes such as polygons, rectan-
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trajectory or may require the computer to genera
trajectories with specified statistical properti
standard deviations).

{3) Missile fuzing computation - The analyst may seiect from sev-
eral missile fuze simulaticns tc allow the computer to deter-
mine the detonation point along the trajectory. Models are

provided for infrared, microwave, and active optical fuzes.
If the analyst elects to specify the encounter trajectories,
the detonation points may te determined by the fuze simula-
tion or may be specified. The fuze simulation must be used

if the traijectories are computer generated,
1r the tra i ge te

LAdjuLiLvLiac ai T LUl (SRS 4

P
(4) Damage mechanisms - The program reports target damage which
results from (1) Direct hit - damage resulting from a colli-
sion between the body of the missile and designated target
components. - {(2) Blast damage - crushing the aircrart due tc
the effects QL over-preéssure on tne aircraft structure. (3
Fragment demage to the aircraft structure due to impact ~nd

penetration of components or by warhead fragments.
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single fragment effects characterized by a given Py ,y func-
tion or by multiple fragment damage which can be evaluated
using either an energy density or area removal criteria

(5) Target system configuration - The user may specify aircraft
systems for which survival probabilities are to be reported
for each simulated encounter. Such system descriptions (e.g.,

fuel, power, or control systems)'represent the functional
relationships or components as determined by failure analysis
of the aircraft target. Reports of the causes of damage

(e.g., fuel, fire, structure kill, or avionics loss) can be
obtained. System and subsystem survival probabilities are
combined in specified ways to obtain overall target survivabil-
. ity for different levels of aircraft destruction.
d. Documentation: No formal report available.
7.3.3.13.1 Aircraft geometric representation. The aircraft surfaces, in-
cluding skin and major internal and structural components, are represented in
the model as a combination of analytical equations which characterize basic

geometric shapes. The shapes which the user may employ are polygons, boxes
and quadric surfaces. The number of shapes which represent the target is
limited to 100, including a max1mum of 50 polygons (each with as many as
60 pLducb. If these
......... hey
. In addition t shape, each component is characterized
by a unique material composition and thickness which determines its resistance
to fragment damage. This allows the program to assess the damage which the
warhead may impart to each component 1ndividually Furthermore, this allows

6
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7.3.3.13.2 Missile representation. The missile is represented as a set

of points. These points are used to determine whether the missile body strikes
the aircraft. Other points specified for the missile include the position of
the proximity fuze sensors and locations of the warhead fragments prior to
"detonation. The program provides sufficient storage for a maximum of 36 frag-

ment polar zones in the warhead description. Each zone may include three dif-
ferent mass and velocity classes. At present, warhead fragmentation character-
istics are symmetric with respect to the warhead centerline (i.e., no shaped

charge or aimable warheads). The warhead description requires that th

o T sesmean nwas o wmmars Aol

ing parameters be provided:

£.11 -
L1O01L1OW—

(2]

a. polar angular region in which fragments are ejected.
b. fragment mass

c. fragment initial velocity

7-40
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d. number of fragments of this mass for each polar zone
e. initial position of fragment in the warhead
f. fragment material

5

This data is typical of that obtained from arena testing of U.S. warheads.
When the analyst is tasked to obtain survivability against foreign missiles
or for future designs for which little or no warhead data is avallable, the
above information can be estimated from the warhead's weight and
i i11 3

-+a Th '
pattern. The sample case provided in the user’'s manual ustrates thlS
method.

7.3.3.13.3 Terminal engagement geometry. The following four (right
handed) coordinate systems are employed:

‘

and oricinatineg at itg center

ato 1 1+ t
a. ystem i t t iginating its center
of grav1ty This system YT axis is along the aircraft center line
(positive forward) the X; axis is out the starboard wing and Z; is
directed upward. .

a Qxr 1: A cvetem fiwxed
o : L SY em Il¥ec

b. System 2: The missile coordinate system with its origin at the war-
head center and oriented such that the missile center .line is along

the positive Yu axis, and in level flight the Zu axis is directed
upward.

c. System 3: The reference (or inertial) system related to a stationary
flat earth with ZREF directed upward.

d. System 4: The relative velocity system in which the positive Y. axis
is directed along the closing velocity vector and the X; axis is
horizontal, i.e., lies in the XREF—YREF reference plane.

The target system is related to the reference system through roll, pitch and
vaw angles ¥, 6 and #. The missile system is related to the reference system

through elevation and azimuth angles EL and AZ. The introduction of the ref-
erence coordinate system for measuring the orientation of the missile and air-
craft is useful when the terminal engagement parameters are obtained from a

missile performance or engagement simulation of the intercept of a missile
with a maneuvering aircraft. In cases where the terminal conditions are input
relative to the aircraft, the reference and target system can be combined by

setting ¥, 6 and ¢ to zero. All rotations in a counter clockwise direction
are considered positive. Thus positive elevation angles indicate that the
aircraft or missile is climbing and negative angles indicate a dive. Positive

PR mm el Vo a2l o 10NON At C.. an orien rabdanc 4o +haAa hami~anharao
dZimucil d.[lg.LCb {iE€55 Ltldll 10U~ ) o5ligl .LL)’ d UL,Lzll\.dL.LUA 41 \_uc AREF Uil pici .
If both the aircraft and the missile have 00 azimuth orientation, the missile
will approach the target from the rear, whereas a missile with a 180° azimuth
orientation and aircraft at 0° azimuth angle (or vice versa) represents a head-

on shot.
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The ideal guidance aimpoint is specified with respect to the aircraft and is
fixed for all terminal approach conditions. The guidance miss distance vector,
5, is defined as the perpeﬁuxuuldl distance between the missile trajectcry
and the aimpoint. When Monte Carlo trajectory samples are desired and a non-
zero circular probable error (CEP) is specified, the program will calculate

the miss distance so that the probability of (|8l < CEP = .50).

7.3.3.13.4 Program output. For each simulated missile/aircraft encounter
the program prints the following information:

a. A summary of the terminal encounter including missile trajectory
and fuze performance.

b. An aircraft component damage summary.

c. Subsystem, system and total aircraft survival probabilities with

et atdard

statistica ti

B =] ~
dlLULlilal 1UlLl.

;.4

7.3.3.13.5 Summary of terminal encounter parameters. The following in-
formation is printed for each missile trajectory as a summary of the engage-
ment situation:

RPN

s distance of t

t the time of

b. The miss distance from the aimpoint measured perpendicular to the
closing velocity at the time of closest approach (the closest
point between the missile trajectory and the guidance aimpoint).

c. The elevation angle of the missile with respect to the aircraft
based coordinate system.

d. The azimuth angle of the missile measured with respect to the air-
craft or target system.

e. The range vector from the target CG to the missile warhead center at
detonation.

f. The missile closing velocity vector expressed in the target system.

g. If the missile strikes the aircraft, the name of the affected

comnonent
componentc.

........ A £ -
i

7.3.3.13.6 Aircraft component damage summary. The following information
is printed out for each aircraft component to summarize the amount of damage
sustained as a result of each missile encounter.

a. Component number
b. Component name COMNAM
c. Component material type COMMAT
d. Component vulnerability type COMTYP
e. Number of fragments which struck the
component during the encounter COMHIT
f. Total area removed from component surface TOTAL
g. Probability of component kill CKILL
The possible component vulnerability types available are: (a) energy density

vulnerable, (b) single fragment critical, (c) area removal vulnerable, (d) non-
critical, (e) non-vulnerable to direct hits, (f) non-critical IR source.
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7.3.3.13.7 Survival prcbabilities. For each aircraft system, the follow-

ing statistical information is printed:

Program Variable

a. System Name KNAME
b, Probability of system survival during
the last encounter simulated P(12)
c. Mean system probability of survival over
all encounters ) APK
d. Standard deviation of system survival
probabilities SSD
e. Standard errcr of the mean SEM
f. 907% confidence interval PLOWER, UPPER
g. No. of kills of this system NKILL

In addition,

The data is read

in the ‘n11nu1ng order (]\

nitions, (3) warhead data, (4) fuzing data,
(6) limiting parameters, and (7) engagement

engagement parameters may be changed during

the blast and direct hit survival probabilities are printed.

defi-
em gell

.

envelope dimensions,
parameters. However, only the
subsequent executions.

The program uses an iterative time-step procedure in two situations. In the
first -instance, time stepping is used to move the missile along its trajectory
to determine the positions at which fuzing and warhead detonation occur. 1In

the second case, the fragments' trajectories are produced by an iterative pro-
cess to account for effects of aerodynamic drag and target motion. These tra-
jectories are followed until the fragments strike the target or pass beyond

it entirely.

7.3.3.14 SESTEM II. SESTEM II is a computer program to evaluate the ter-
minal effectiveness of nonnuclear missiles against aerial targets.

USAF/ASD/KROT Wright-Patterson AFB, Ohio.

a. Sponsoring agency:

Use: Assists in preliminary warhead design and fuze optimization
“for short range missiles. Used to formulate tactics and electronic

countermeasures. Used in air-to-air duels and missile launches.

b.

AAAAAAAA e o

pproprlate table of fragment vulnerable areas as a function
of aspect and striking velocity. The program constructs the exter-
nal blast kill contour for the target, missile and altitude being
evaluated using the appropriate input data. The computer repre—
the components uy means of a 5LLU of variable side LEHgLH
scribed on the surface. A 'target point'" is generated in the
center of each grid square, represented by direction cosines, and
x, y, and z coordinates. The target point is then used to repre-
sent that grid square in subsequent fragment interaction computa-
tions. The missile warhead parameters and fuzing equations are
simulated in the program using the static input data listed below.

7-4
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Dynamic resolution of the static warhead input data for the encoun-
ter conditions being considered is done internally in the program.
Various types of fuzes; radar, contact, or proximity; may be simu-
lated. The target and the missile are assumed to fly constant
speed, straight-line trajectories during the terminal phase. They
approach along their relative trajectories until the fuzing
eguations are satisfied. After the appropriate delay time the

quaLaalilo Sl Sovac-aTlls E+ 980 8 app-opliaate ===

warhead detonates and the dynamic interaction with the vulnerable
components is computed. The probabilities (Pg) of killing the
target by blast, direct hit, and each component by fragments, are
computed and combined to predict the probabilitv of target kill.
Early or late fuzing effects may be examined by using &s many as

11 fuzing points for each trajectory.

Various means for the generation of trajectories are available to
compensate for errors and unknowns in the actual trajectory (CEP).

Other parallel trajectories may be generated randomly by assuming
various types of expected distributions or by discretely specifying
trajectories. The encounter Py is then computed as the average of

that obtained from the various trajectories.
d. Documentation: No detailed description has been written. A general

description of a somewhat earlier form of this simulation is con-
tained in: ASBES WP 67-13, "SESTEM I and II - Missile Terminal
j) i

’
Effects Models' (U), CONFIDENTIAL Report, December 1567.
7.2.3.14.1 1Input data. The program requires three general types of input
data as follows:

a. Encounter Data

(1) Termiral geometry
£ 9\
(L)

=z

1o -
1€ a
t an

ile encounter altitude

Missi
(3) Targe
b. Missile Warhead and Fuze Data
(1) Circular Error Probable (CEP)
(2) Yuzing Equations

£ 7N\ ™ ™1 - [a AT QPR
L2) ruze veiay Time
ent

(4) TFragment gprayband and frag.ent distribution
(5) Fragment average mass and initial velocity

(6) Fragment cross-sectional area and coefficient of drag

c¢. Target Data
(1) Component size and location

(2) 1Individual component fragment

712\ Tt nrem 1] 11
VA - A

~1 + L
\2/ LALTLIliayL LS S

7.3.3.14.2 Output and options. The output of the simulation is very flex-
ible and may be readily altered to conform to the usage being made of the pro-
gram. Normally the output is the probability of kill due to direct hit, blast

and fragments averaged over the 90 trajectories characterizing the encounter.

For parametric studies the probability of kill due to each mechanism; direct
hit, blast, or fragment kill of each fragment vulnerable component; may be

, Ol 1Iadiichit »r2212 U2 ©atll 1

penerated separately, as well as the averaged Py due to all of chem. These
data may be generated for as manyv as 1l different fuzing points on each tra-

jectory.

7-44
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7.3.3.14.3 Model limitations.

a. Both the missile and the ta get are assumed to be f

r 1
unaccelerated traJectories during the terminal phas
been shown to be a satisfactory assumption as long as the begin-
ning of the endgame is not greater than several hundred feet.

en

il

T
+y
S

!* o

(g I+

t used to re
___________ was dictated by co
ments in ASD s IBM 7094 computer. Since small components in close
proximity to each other may be 'lumped' together, this limjitation
has never seriously affected the accuracy of target representation

or the results

-

capabilities, this limitation could be removed if desired. This
would of course result in a penalty in increased time to run the
computer and to prepare the target for the computer.

¢. Perfect reliability for the warhead and fuze are assumed. This
assumptlon is easily removed by degrading the probabilities of

kill by the appropriate factor. Perfect reliability is assumed
because of the difficulty of obtaining the data on some systems,
and also to provide absoLuce comparisons of the relative effective-~

t'fO [ aad

nrea
assumption. Additionally, detonations in the region 1mmedi
outside of the assumed blast kill contour generally result in a
high fragment kill probability, so this assumption does not usually
affect the final engagement Py markedly.
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7.4 Analytical tools. The general procedure for conducting survivability
analysis is presented in this section along with brief descriptions of the
associated computer software.

a. Mission/threat definition

b. System and components requirements analysis

ission and threat environment. The objective of this task is
e £ on and thr fficient a ncounte
a ion 1is des mba

o}

LL

rr
77
C

ad
ai
a

0w

n -
O

an 4
Ed Py
cribe
cr e

n 0
=

icientc e
n terms of th,

R
Hh ot
‘:.
}-I.

rcr mis t
irc t mi: ib o
R operational modes, and various configuration factors (e.g., weight
center-of-gravity location, remaining fuel, payload, etc, as functions of
mission time). Definition of the threat environment includes complete descrip-
tions of all stile threats anticipated on the mission. The important para-

ho
meters which d tive to the aircraft
Q

i

= s I

escr
flight path, sight fiheug dcctgeue,

ha 1aweal Sy ~
hed down to the level that maJuL

s
are ildentified. Then, a failure

mode and effects analysis (FMEA) (reference 163) is performed to determine the
various ways in which the individual components can be damaged and the effects
produced by the damage on the rest of the system. Finally, survivability logic
is constructed combining the results of the essential functions investlgatlon

-~

with the results of the FMEA aua;ya;b. This LUglb relates failure of the en-
tire system to the survival characteristics of the individual components.
It can be expressed in many ways, as survivability logic diagrams (reference 73),
as Boolean survivability logic statements (volume I or reference 161), or sim-
ply as a list of critical and redundant components.

7.4.1.3 Vulnerability assessment. A vulnerability assessment of the indi-
vidual components in the system is performed in the third task. Vulnerable

area tables are obtained for each component damage mode of interest. These
tables express the vulnerability of the components as functions of attack di-
rection, threat type, and penetrator impact velocity. Vulnerable area is de-
fined by the equation:

A =P, A
v d/h Tp

A = Vulnerable area (areal dimensions)
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Probability of damaging the component, given that it is hit by a

P, _ Probabilit amaging the component
d/h penetrator of given mass and velocity (nondimensional)

A = Component presented area (areal dimensions)

N o boae A At e~ erd sl Ama~dEL A A eealamd b Ammeoeiamt sreilmaeen
~Given a threat penetrator with specific mass and vG;GCLLy. component vulnerable

area depends on the physical size and composition of the component, the amount
and type of shielding material surrounding the component, and the penetration
characteristics of the threat. Physical characteristics of the component and
shielding material surrounding it are obtained from engineering drawings of
the system. Penetration characteristics are obtained from experimental data.

7.4.1.4 Attrition modeling. Finally, in the last task, the results of the
three previous tasks are input to an attrition model which simulates the air-
craft/threat engagement process and calculates the probability of system sur-
vival (or alternatively the probability of system kill). Attrition models
compute the probability of hitting various locations of the aircraft with the
threat projectiles and the probability of damaging the individual components
which comprise the system. The probability of killing the system is then com-

AAAAAAAAAAAAAAAAAAAAAAAAA

puLcu U)’ L.Uluu.l.u.uls the individual uumyuu:uu Jdauiaxgc yLUUCU.L.L&L-LCD cl_\.l.u.dius to
the survivability logic established in the second task. In addition, some
attrition models also compute various parameters which measure the relative
contributions of the individual components to the overall system kill proba-
bility. These models are especially useful in performing design trade-off
studies with aircraft survivability enhancement as a goal.

7.4.2 Computer software. Table 7-1 lists some of the computer programs
which can be used to analyze survivability. 1In general, the programs perform
the last two tasks in the analysis procedure - vulnerability assessment and
attrition modeling. They are further subdivided in the table according to
their specific purpose, as follows:

a. Shot line generators
b. Vulnerable area routines

c. Kill probability routines

. ; ;
e routines in the first two subdivisions are used to construct component vul-

nerable area tables. The routines in the last subdivision simulate the air-
craft/threat engagement process and evaluate aircraft kill probabilities.
Brief descriptions of the routines within each subdivision are given in the
following paragraphs.

7.4.3 Shot line generators. These programs generate shot line descrip-
tions of aircraft targets for use in the codes which calculate vulnerable area.
The technique used in these programs involves modeling the aircraft and its
component structures with a set of geometric bodies. Shot line descriptions
arz obtained by projecting the target model onto a grid network perpendicular
to the attack direction and by passing parallel shot lines through the indi-
vidual grid cells. The programs trace the paths of the shot lines through
the aircraft, generating sequential lists of components encountered along each
shot line. This infcrmation is used in the "detailed" wulnerable area routines
to determine component shielding and impact/exit obliquities.

7.4.3.1 Program comparisons. Three shot line generator routines are
described in table 7-1, MAGIC, GIFT, and SHOTGEN. Two of these three codes,
GIFT and MAGIC, are basically the same program. GIFT 1is an improved version
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Survivability analysis tools.

PROGRAM

OPERATION
STATUS

DESCRIPTION

DOCUMENTATION

Shot Line Generators

MAGIC

GIFT

SHOTGEN

In production,
validated

In production,
validated

In production

Uses basic body shapes such as
spheres, boxes, cylinder, etc.
to model the target. Output
ray history data includes
line-of-sight thickness
through each region and
entrance obliquities.

Upgraded version of MAGIC with
simpler input and faster
(cheaper) computer run time.
Same output data as MAGIC.

Uses triangular patchwork
method to describe the target.
Output information includes
components encountered along
each shot line, entrance and
exit obliquities, and
coordinates of entrance point.

"MAGIC Computer Simulation."

Tech Note 4563-3-71, Naval

Weapons Center, May 1971.
(Ref. 7, 8, 9)

User's Manual in progress.

User's/Analyst's Manuals:

"Shot Generator Computer

Program." Tech Note 4565-

3-70,, Naval Weapons Center,

1970. (Also published as

Report 61 JTCG/ME-71-5).
(Ref. 10 & 11)

Vulnerable Area

ROUL1NES

VAREA

VAREAO2

COVART

In production,
validated

In production,
validated

In production,
validated

Needs shot line description of
target as input. The program
computes vulnerable area
tables of the target and its
vulnerable elements for user
specified penetrator masses,
velocities, and attack
aspects, THOR relations are
used to account for penetrator
mass and velocity decay as it
penetrates successive compo-
nents. Does not account for
spalling effects or ricochet.
Best suited for in-depth
analysis, too expensive for
preliminary design

estimation.

Evolved from VAREA program.
Added the air gap fire model,
the multiply vulnerable
component model, the THOR/
DRI penetration option, and
the component incremental
vulnerable area option.
and output are similar to
VAREA. Best suited for
depth analysis.

Input

in-

Combines the fixed wing vul-
nerable area routines from
VAREACG? and the bartle
damage repair time and heli-
copter vulnerable area
reutines from the HART
computer program. Accepts
shot line input data from
MAGIC and SHOTGEN, or any
other source provided it is
compatible with input for-
mat requirements. COVART

is perhaps the most versa-
tile ot the modern vul-
nerable area routines

based «n the shot line
approach.

"VAREA Computer Program," Tech
Note 4565-1-71, Naval Weapcns
Center, February 1971, (also
published as Report b1 JTCG/
ME-71-6).

(Ref. 12 & 13)

User's/Analyst's Manual:
"COVART, A Simulation
Program for Cemputation
of Vulnerable Areas and
Repair Times." Report
ITCG/ME-75~No Number,
1975,

August
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TABLE 7-1. (continued).
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of MAGIC with simpler input requirements and more efficient computation. The
third code, SHOTGEN, is similar to the other programs, but uses the triangular

patch method, a more general method of describing component geometries. The
GIFT and MAGIC codes use basic body shapes such as spheres, boxes, cylinders,
ellipsoids, etc, to describe component geometries. These three codes are
discussed in detail in paragraph 5-6. All of the shot line generators are

relatively expensive to use, as they require detailed input information and
perform many computations in generating the shot line data. Thus, these rou-

tines are only appropriate for in-depth analysis problems. Of the three,
SHOTGEN requires the least computer time for a typical problem. MAGIC requires
the mosgt time, and GIFT is in the middle.

Additional shot line generator computer programs are discussed in reference

7.4.4 Vulnerable area routines. These programs generate component vulner-
able area tables for use in the codes which calculate kill probabilities. The
vulnerable area routines listed in table VII can be divided into twoc groups:
the so-called '"detailed" routines, which use the shot line approach to compute

vulnerable area, and the "simplified" routines, which use simplified approaches
to estimate vulnerable area. The routines in the detailed group are used for
problems requiring in-depth analysis. The simplified routines are appropriate

<5 smeal 3 g

for problems in which a cursory analysis is desired.
7.4.4.1 Detailed group. Of the programs listed in table 7-I, COVART,
VAREAO2, and VAREA belong to the detailed group. Inputs to these programs

consist of shot line descriptions of the target model, conditional kill proba-
bility functions, empirical penetration relations (THOR and/or DRI equation

constants), and weapon characteristics data. Component vulnerable area data
are output in tabular form for use in the kill probability routines.

a. VAREA 1is the oldest and least comprehensive of the three routines
in this group. It was developed in 1965 to conduct vulnerability
analyses of systems subjected to fragmentating-type threats and ‘uses

b. VAREAO2, completed in 1973, evolved from the VAREA program. Its
added capabilities include (1) a projectile penetration mode,
(2) an air gap fire model, (3) a multiply vulnerable components

VAR

) an option to use DRI penetration equations instead
i

rt £

o~

no
Ulld »

c. COVART currently represents the state-of-the-art in vulnerable area
routines. It incorporates all features of the VAREAO2 program and
includes a battle damage repair time model.

The computer program COMVAT is representative of the routines which belong te
the other group, the ''simplified'" codes. These routines were developed to

fulfill the need for shortcut methods of estimating vulnerable area. They are
intended to be used in situations when use of the more sophisticated routines
is not feasible or timely, such as during preliminary design studies. The
Slmplltled routines are not as accurate as the detailed routines, but they re-
eff

nnnnnn iy i oo

ort and computer run time to use.

sdvmn A
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COMVAT was developed specifically to compute the vulnerable areas of aircraft
components to projectile threats. It is based upon the same principles as the
detailed routines, but it does not use shot line descriptions of the aircraft;
instead, it computes component vulnerable areas on the basis of input data
describing ''average' shielding conditions on the components. The THOR pene-
tration equations are used to model projectile velocity decay. Secondary
effects such as spalling, projectile yawing motions, and projectile breakup

are ignored. Additional information on the COMVAT program is contained in
reference 161. References 164 and 165 contain descriptions of similar routines
written for desk-top calculators.

7.4.5 Kill probability routines. The program in this category perform
two separate functions - they simulate the aircraft/threat engagement process,
and they compute the probability of kill for the system. The first program
listed in this category in table VII, P0OOl, combines the two functions in one
routine. The other routines cited, PKILL and SAG/FCS, perform only the second

1.1 1 PR N =

functiqn, computation of kill probability.

a. POOl computes the probability of kill of a target aircraft flying a
predefined flight path, as a result of its being fired on by ground-
based antiaircraft artillery. It is usually used in conjunction
with one of the detailed vulnerable area routines (COVART, VAREAO2,
or VAREA); however, vulnerable area tables can be input from any
source as long as they are in the correct format. A modified
version of P00l is also available which only simulates the aircraft/
threat engagement process and does not compute kill probability.
This version can be used to generate encounter history data for
routines which only compute kill probabilities such as PKILL.
Separation of the encounter simulation process from the kill proba-
bility computations is especially important in conducting concept
trade-off studies. In this application, separation of the two
functions substantially reduces analysis costs, as the aircraft/
threat engagement process only needs to be simulated once for all
concepts. (Differences between the concepts usually will not
affect the encounter results; they only affect the kill probabil-
ity results). Documentation of the changes required in POOl to
modify it to only simulate aircraft/threat encounter is contained
in Volume II of reference 161.

b. The second computer program in this group
pute kill probabilities, given a description of the aircraft/threat
encounter results. This routine is based upon a Boolean algebraic
approach to survivability analysis. Boolean algebraic statements
are used to define the combinations of component losses which re-
sult in aircraft loss. Aircraft kill probability is obtained by
evaluating the probability associated with the Boolean statements.
The evaluation procedure involves substituting the individual com-
ponent kill probabilities directly into the Boolean statements,
using the basic rules of Boolean analysis to compute the results.
In addition to computing aircraft kill probability, PKILL also
computes component criticality parameters and component sensitivity

PKILL, is used to com-

[
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parameters. Criticality parameters measure the contributions of
the individual components to the overall system kill probability.
Sensitivity parameters quantitatively measure the effect of changes
in component kill probability on system kill probability. These

parameters provide insight into the survival characteriscics of
the gystem and are particularly useful in investigating potential
methods of increasing survivability. 1In this application, the

criticality parameters can be used to single out the individual
components which need to be improved, and the sensitivity para-
meters can be used to obtain estimates of the effects of suggested

modifications. Input requirements for PKILL include component
vulnerable area tables, encounter history data, and Boolean sur-
vivability statements. The vulnerable area data requirements are

nent. Normally, these data are obtained from COMVAT; however,
the tables can be obtained from any source as long as they are in
the correct format. Encounter history data can be obtained from

or any other program which simulates aircraft/threat encoun-
on a shot- hv—qhnr basis

SO 21100 LaSios

o
" O
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e
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c. Aircraft kill probabilities can also be computed with the remaining
program in this group, SAG/FCS. Actually, this program computes
survival probability instead of kill probability, but the two are
equivalent (one is the complement of the other). SAG/FCS is also

based upon the Boolean algebraic approach to survivability anal-
ysis; however, it utilizes different methods of inputting and
evaluating survivability expressions than PKILL. SAG/FCS uses the
survivability modes of aircraft component kill (SMACK) chart tech-

nique, Figure 7-11, to input survivability logic. In this technique,
survivability logic is expressed in diagrammatical form rather than

in algebraic form. Survivability expressions are evaluated in
SAG/FCS using a truth table analysis procedure in which all possi~
ble combinations of component survivals are formed, and system

survival probability is computed from the sum of the probabilities
of those combinations resulting in aircraft survival. Input re-

[ Y -, arm A miiemmrdasakd Voo

record of the engagement process, whereas hit density dat
set of numbers summarizing the outcome of all shots.
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8. SYSTEM EFFECTIVENESS

must also be evaluated in terms of
of the system. Currently, there is no sing]e life-cycle cost assessment

method established or endorsed for triservice use by the JTCG/AS or other

service agencies. The specific method to be used on any given aircraft system
is established through negotiation between the contracting agency and the con
tractor. This section contains a compilation of ~.ethods and approaches that

are presented as examples for potential use by the reader. The major objective
of this section is to present the most significant trade-off factors that must
be considered for aircraft survivability enhancement and emphasis on the impor-
tance of their impact upon the systems lift-cycle cost. This is considered to

be one of the most important factors in the ability of the government and in-
dustry S/V Engineering Community to ensure that adequate and effective surviv-
ability of each aircraft weapon system is achieved. This process is essential

to provide the aircraft systems design management (both government and industry)
with the information necessary to enable the proper decisions on incorporation
os specxfic design features to be made This is illustrated in Figure 8-1

.

______ o 2o B UEPOS FOSR S R S S e R R SR | U I U BN T P
uu:u:u:xu.e o tnat Snows tneé aepenaence OI desSlign dadalrection upon tne resuilts
of S/V trade studies and system cost effectiveness analyses. As shown, it is

)
an iterative process that is continued throughout the design and development
program. In this section, general trade off and life-cycle cost evaluation
methods are presented. Specific classified examples of the methods are con-
tained in Volume 4 of this publication.
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8.2 Tradeoff factors. The basic tradeoff factors for survivability en-~
hancement features are related to the effect each has on the overall system
effectiveness and lifetime cycle costs, including combat and noncombat opera-

tions. They include the following areas:

- . N

a. Probability of survival (Ps)

(8

Vulnerabi]1rv

c. Safety

d. Maintenance
e. Reliability
f. Logistics
g. Performance
Cost

i. Weight

j. Operational effectiveness

Tarh Af tha ahAwtae FarntAarae miar ha Aravafiilly assalicatrad 24 doatavremdeons tha domemand
uawii VL “ilT auvuvcoc LAdAaLLULD WWUDdDL VT LGLCLU.L.I.] cvaliuawLcu LU UcLTildidilic Lilc LIHPCL.I-
of their influence upon the total system costs for each candidate survivability
enhancement feature. To evaluate the overall impact, a summary of the tradeoff

factor values can be developed, as shown in Figure 8-2. General definitions of
the trade factors are contained in subsequent subparagraphs.

¥
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ed to be improvements f \
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an oil cooler provides a greater probability of safe recovery of the aircraft
and aircrew because of a material failure or maintenance error that also results
in lubrication o0il leakage from the oil cooler and its associate lines, hoses,

n~< (1]

Aircraft crashworthiness is defined as the ability of the aircraft structure
to maintain living space for occupants throughout a crash, as well as the abil-
ity of the particular personnel seating and restraining system to adequately
support the individual against the accelerations produced during a potentially
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survivable aircraft crash. This parameter also includes the requirement for
insuring that the integrity of the aircrew station area 1s not violated through
the failure of bracketry or attachments which are used in installing passive
defense provisions. An obvious degradation to crashworthiness will involve

the effects of armor weight added to the seat or system, and also the backup
structure which ultimately carries the loads transferred from the seat-man
combination during a crash situation. In addition, weapon systems should have
fail safe operation so that if they fail (or are failed by enemy threat impacts),
they remain in an unarmed condition. The above factors should be evaluated to
determine their contribution to changes in:

a. Accidents per flying time

b. Aircrew survival per accident

8.2.2 Maintenance. Addition of survivability design features as a modifi-
atdAan A an avictrdino adrrvrafr nanarally vaciilte 4n an InAaranan AF madintanan~a
cation to an existing aircraft generally results in an increase of maintenance
man-hours, (scheduled and unscheduled) for the total system. For new designs,

the penalties can be minimized and, in some cases, may result in benefits.
Each design feature must be judged on its own merits, such as the man-hours
malfunctioning or time- inspection -limited piece of equipment. Concentration

and integration of a number of components in a subsystem, to minimize its vui-
nara

ahi 11"'\7 "r\ waanon affacrtc mav ale roanuuira lace maintananca aFFArP and tima
. uvA. GpULL TiiTlLLoy way a.Se LATyuiiT 1TSS maintenance exi Gy Lsaauc

to troubleshoot and repair. The above factors are evaluated for changes in:

a. Maintenance man-hours per flight hour (MMH/FH)

c. Mean task times (accessibility)

8.2.3 Reliability. System reliability values can be affected by surviv-
ability enhancement features. The addition of redundant subsystem circuits
may impose higher reliability requirements upon individual components within

each of the redundant svstems in order to attain the ogverall system roeliabhilirv

(=2-103 41 TULLUAUL Oyovtius aip Vaiaca [T & SN 09 § £ = (SR - SLlil LT LaAdTacat)

allocations. The above factors are evaluated for changes in:

a. Component reliability

c. Mission success reliability

8.2.4 Logistics. The operation of military aircraft requires logistic

support in order to pe rform their designated missions. The ma30r items that
& lity enhancement features include fuel consume
it

b Iy
de fuel consumed,
e a a1vpn level of
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combat effectiveness. The addition of weight to a design, for survivability
improvements, requires more fuel to be used to achieve a given level of per-

a
Q
o

formance. Increase in system complexity will affect the number of aircraft
for specific missions over a given time period. These factors are evaluated
tn dotoermine tho chancocec affartad in rfarme Af Aallav ~Amcte
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8.2.5 Performance. Aircraft performance penalties are generally expressed
in terms of mission range (or radius) loss or reduction in payload. For major
subsystem additions in the case of advanced aircraft designs, the penalties

8-5
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may be expressed in terms of aircraft growth, with performance factors remain-
ing constant. Modifications to the fuel subsystem (foam in tanks, seif-sealing
tanks, etc.), for example, will result in a dry weight penalty and a corre-

sponding reduction in fuel weight due to displacement. The combined effect of

an increase in dry weight and a decrease in internal fuel weight can result
in either decreased mission range capability or a reduced payload. Major
changes may also affect limitations on aircraft speed and maneuverability

Smaller changes and weight additions will generally have a negligible effect

on aircraft performance. Techniques which require displacement of external
store stations can alsc significantly affect aircraft performance, depending

on the particular aircraft and store configuration. Figure 8-3 shows a repre-
sentative plot of performance trade-off results for a basic mission flight pro-

Q 2 c 1 | o YUY < AL am e mmaa L £ oot mcn = £ e o AL

Oelolel rerrormance ractors. AlLCLEW periormdnce 1d4Ctors reier rto e
effects which the principal protection concepts have on the ability of the
aircraft aircrew to perform their assigned tasks such as flying the aircraft,

navigating, accurately delivering weapon/payloads, observing the terrain flown
over, etc. The parameter also includes the effect on personnel mobility during
emergency egress. Performance factors are measured for changes to those
accountability items that influence cost or effectiveness:

a. Mission range

c¢. Turnaround time

d. Radar cross-section signature
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FIGURE 8-3. Effect of survivability enhancement techniques
on aircraft performance.

8-6



Downloaded from http://www.everyspec.com

MIL-HDBK-336-1

8.2.6 Operational effectiveness. The capabillty of an aircraft to per-
form its designated missions is a measure of its operational effectiveness.
The parameters involved in this area are:

a. Combat missions accomplished.

b. Number of targets killed.

¢. Numbter of aircraft available for f1li
d. Number of training missions accomplished.

e. Utilization rate (number of hours flown per month).

ne

[o} ct
It provides a basi

8.2.7 Costs. The costs of an aircraft system is the
all trade-off study values must be ultimately related. i
upon which design management can decide what combinations of survivability en-
hancement features will be the most effective for a specific design configur-

host pectrum. Cost factors that may be influenced by
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a. Development costs (RDT&E).
(1) Aircraft design
(2) Tests
(3) Research
b. Acquisition costs
(1) Production aircraft

(2) Spares
(3) RDT&E
(4) PEMA (Planning Engineering Maintenance Ability)

c. Life cycle costs.

(1) Peacetime operations/logistics

(2) Wartime operations/logistics

(3) Peacetime attrition

(4) Wartime attrition

(5) Acquisition costs

8.2.8 Probability of survival. Survivability assessment models consider

the aircraft mission flight profiles, speed, altitudes, penetration distances,
the numbers and types of defense elements encountered exposure
ed, firing errors
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survive or, conversely, fall to accomplish its mission due to the action of

enemy defenses. These measures involve both active and passive defense cana-

bilities of the aircraft as well as the abilities of the enemy defense systems

ind, hit, aﬁu destroy the aircraft. At present, no standard generai eval-

model exists will make such an evaluation possible for the wide

ass of situations that are encountered. Vulnerability assessment models,

r example, are generally restricted to the situation where it is assumed

the aircraft huas suffered a single hit, or multiple hits to specific sub-

ms, with exposure to a specific type or hostile defense weapon. The re-
{vulnerable areas) are then integrated into more general survivability

s according to the particular situations involved. The general models

1
i
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evaluate survivability enhancement techniques in terms of increased survival
payoffs by countermeasures, decoys, lethal defense, and other specific stand-
off and evasive tactics, as well as aircraft hardening. In a sense, the gen-
eral survivability models can evaluate the outcome of the proposed offense
and defense employment tactics, or these same type data can be developed
parametrically.

8.2.8.1 Modifications. When an addition or modification is made to an
existing baseline aircraft to enhance survivability, some penalties may be
incurred due to additional costs, maintainability, reliability, logistics, or
other pertinent operational factors associated with the modification. 1If the
modification is large in terms of installation size and weight, it may also
have a significant impact on the performance of existing operational aircraft.
In the case of new aircraft designs, additional costs can result due to an
increase in aircraft overall size and gross weight necessary to accommodate
the modification assuming the basic mission performance requirements remain
constant. It is in the initial design phases where there is opportunity to
obtain the survivability benefits at the least and, in some areas, no penalty.
A classical example is the arrangement of the airframe and subsystems ro pro-
vide natural shielding of the crew or essential subsystems. Air vehicle con-
figuration analysis methods are used by the aircraft designer to evaluate the
significance of design changes and modifications on aircraft characteristics
and performance for new aircraft designs and existing designs, as required,
throughout the aircraft's life cycle. Aircraft performance characteristics
calculations include mission radius, range, speed and time, take-off and land-
ing distances, maneuver load factor, specific excess power, etc. Variable
design parameters include external shapes and areas (wing loading), thrust/
weight ratios, gross weight, fuel weight, weight and volume of equipment (sub-
systems), operating items and/or payload, etc. The sensitivity of design
changes on aircraft performance can vary considerably depending on the type
of aircraft involved, mission requirements, and the nature of the change.
Figure 8-4 shows the sensitivity of subsystem weight increases on take-off
gross weight for new aircraft designs, which in indicative of the growth fac-
tors for various classes of military aircraft. For existing operational air-
craft, modification penalties will generally show up in terms of decreased per-
formance, range, payload capability, and increased maintenance and support.

8.2.9 Survival/attrition relationships. For large numbers of repeated
sorties per aircraft, such as is common in tactical nonnuclear strike opera-
tions, successful continuation of operations is sensitive to the level of com-
bat attrition experienced per sortie. Even what appear to be relatively low
attrition rates can result in significant aircraft losses and very large com-
bat attrition costs during extended periods of operations. The data presented
in Figure 8-5 show, for example, that for a total of 300 strike sorties per
aircraft per year (an average of 25 sorties per month per aircraft) approxi-
mately 26% of the force is depleted if the average attrition rate per sortie
is 0.1%. 1If the attrition losses are caused almost entirely by projectile
impacts from small arms and automatic weapon threats, then a reduction in vul-
nerable area by 507 against these threats will reduce the attrition rate by
approximately one-half (0.05%) or 147% force depletion for an equal number of
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sorties, assuming other factors, such as tactics and payload, are constant.

Since it is generally true that a large number of total combat losses often
occur during a small percentage of the total number of sorties, the data show
that for 30 or 3 sorties (10% or 1% of 300 sorties) and an attrition rate of

1% or 10%, respectively, the fraction surviving is also 0.74 or 26% annual de-
pletion of the strike force. Survivability enhancement by vulnerability reduc-

tion methods can also reduce attrition rate and losses significantly for these
rAnmant o However, if the losses are incurred primarily

PR Ot 1= 4 L =Y VWS VYeaLy il AVSSTS cul L14

ity enhancement payoffs are obtained by (1) improvement in penetration and
attack tactics or (2) the use of countermeasures.
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9. VERIFICATION PROCEDURES

9.1 General. For each reme c
tion, a corresponding requirement in the quality assuran s
specification is provided. The intent of this section is to establish the
means by which the required level of survivability enhancement can be dem-

onstrated and verified Two basic methods are generally used, either individ-

ually or together. These are by analysis and/or test. The analysis method
is used where sufficient test data is available on similar survivability
enhancement design concepts or where the cost of testing will not significantly

increase the confidence level provided by the analysis. For example, the total
aircraft system survivability and vulnerability values are determined by anal-

ysis methods since it would be impractical to subject the total aircraft system
of tests representative of the total threat spectrum. Certain sub-
compon

aAd -
nts are cn‘\wnr\roﬁ to tests to "avLF" c»he rELlu.LLcu yrG—

LESLS LU Vel J

e ¢
been achieved An example of a comp nen
f

~-le
test requirement, for a fuel cell, from ADS-11A (Reference 2) is provided.

a. The following is the test procedure to be followed to verifv that
the fuel cell is ballistically protected against 14.5 mm API pro-
jectiles when this capability is specified:

(1) For fuel cells which are 100% protected against 14,5 mm API

projectiles, one round shall be fired for each 15 gallons of
fuel capacity. A minimum of four rounds and a maximum of ten
rounds apply to this test.

(2) For fuel cells which are only partially protected against 14.5
T ewemtan~ =41 A~ £ omcina  aaome e A 2L 11T L £d et
MM Ar L }JLUJCLL.L.LCb, LOoUur rounds snail pé 1ired.
(3) When the requirements require four rounds, twc rounds shall be
3/4 to fully tumbled and two rounds shall be fired 90 degrees
to cell surface. For additional required rounds, 40% of the

rounds shall be 3/4 to fully tumbled.
(4) At least two of the rounds shall be fired into the corner area
and all rounds shall be fired into the ballistically protected

area or for fully protected fuel cells, the rounds shall be
fired into the 1ower 1/4 portion of the cell,

(5) The fuel cell shall be filled 2/3 full with Type I fluid and
the fuel cell shall be mounted in an actual section of the
aircraft structure. There shall be no cause for rejection of

a test round (1 e., the causes for rejectlon ot test rounds
as stated in MIL-T-27422B are not applicable). All shots
shall be at service velocity. A damp seal is required in two
minutes.

(6) This requirement shall be satisfied in addition to the qualifi-
cation requirements specified in MIL-T-27422B (Reference 196)

in regard to 0.50 caliber ballistic testing and the number
€ W
i

Q

b. All fuel cell qualifications shall include at least twc rounds fired
so as to demonstrate, on a worst case basis, that the fuel cell is

protected from airframe structure flowering into the cell material
and holding the wound open.

o
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9.2 Verification tests. Verification tests are also included in the spec-
ifications for specific components and materials where given protective or per-
formance levels are required. For example, in MIL-STD-1288 Aircrew Protection
Requirements, Nonnuclear Weapons Threat, (Reference 197) test requirements and
procedures are provided in Section 6 of the document. For self-sealing fuel
tank bladders, the verification test requirements are set forth in the snecifi-
cation MIL-T-5578C (Reference 198).

For individual subsystem and component nonnuclear S/V verification require-
ments, the reader is directed to Reference 22.

Custodians: Preparing activity:
Army - AV
Navy - AS Ailr Force - 11
Air Force - 11 (Project MISC-4363)

Review activities:
Army - ME, MR, SG
Navy - MC
Air Force - 26
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