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FOREWORD

1. This handbook is approved for use by all Departments and Agencies of the Department of
Defense.

2. This handbook is for guidance only. This handbook cannot be cited as a requirement. If it is,
the contractor does not have to comply.
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1. SCOPE

1.1 Scope. This document establishes standardized definitions for aircraft nonnuclear
survivability terms so that communication problems that have confronted survivability
practitioners as well as workers in allied disciplines, both in government agencies and industry,
can be resolved. This handbook is for guidance only. This handbook cannot be cited as a

Ve 1ol = 41110 s¥iu

nonnuciear aircraft survivability.
discipline are described in Section 4.
1.3 Aircraft-air vehicle. While this document was originalily prepared for use with manned

aircraft, it is equally applicable to any other air vehicle, e.g. drones, remotely piloted vehicles,
cruise missiles, etc.

2. APPLICABLE DOCUMENTS

2.1 General. The documents listed below are not necessarily all of the documents
referenced herein, but are the ones that are needed in order to fully understand the information
provided by this handbook.

2.2 Government documents

2.2.1 Specifications, standards and handbooks. The following specifications, standards and
handbooks form a part of this document to the extent specified herein. Unless otherwise
specified, the issues of these documents are those listed in the issue of the Department of
Naf; TeaA £Q ifRrnts A Q¢+ m
Defense Index of Specifications and Standards (DoDISS) and supplement thereto

MIL-F-8785 - Flying Qualities of Piloted Airplanes
MIL-F-83300 - Flying Qualities of Piloted V/STOL Aircraft

2.2.2 Other Government documents, drawings and publications. The following other
Government documents, drawings, and publications form a part of this document to the extent
specified herein.
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ICS Publ, 1 - Dictionary of United Statcs Military Terms for Joint Usages,

The Joint Chiels of Staff, Washington, DC

ics of JCS publications arc available from the Superintendent of Documents, U. S.

iovernment Printing Office, Washington, DC 20402)

2.3 Order of precedence. In the event of a conflict between the text of this document and
¢ cs cited herein, thc text of this document takes pre(.edeme Nothmn in this

been btamed
3. DEFINITIONS

3.1 Dcfinitions of key terms. These terms provide concisc dcfinitions of key survivability
concepts required for use of this handbook. In somc cases, a detailed definition of a term is also

given in Section 5. Thesc terms arc preceded with an asterisk.

3.1.1 Aircraft probability of kill. Thc probability that an aircraft will not survive a defined
damage level in specified threat engagecments.

3.1.2 Aircraft probabilily of survival. The probability that an aircraft will survive a defincd
damage level in specified threat engagemcents.

3.1.3 Aircraft survivability assessment. Systematic description, delineation, quantification
and statistical characterization of the survivability of an aircraft in encounters with hostile
defenses.

3.1.4 Aircraft vulnerability assessment. Systematic description, delineation, and
quantification of the vulnerability of an aircraft when subjcct to threat mechanisms.

3.1.5 Damagc/kill criteria. Quantitative and qualitative data that relate targcet response to
damage proccsses (penetration, blast cffects, etc.) in terms of mission performance factors.

3.1.6 Deflagration. See department of the Air Force Technical Manual
TM9-1300-211/11A-1-34.

3.1.7 Detonatign, See Dcpartment of the Air Force Technical Manual
TM9-1300-211/11A-1-34.

3.1.8 Explosion. A violcnt bursting or cxpansion as the result of great pressure. It may be
causcd by an explosive, or in the sudden release of pressure as in the rupture of a pressure vessel.
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3.1.9 Explosive. A compound; mixture of compounds; or mixture of compounds and
elements, which on ignition or initiation are capable of causing great heat and pressure
(explosion).

3.1.10 Hardening. That type of vulnerability reduction effected by interposing less essential
components between critical components and the damage mechanisms, by reducing or
ehm_ma_tmg the crmcalltv of comoonents thru redesign or reallocation of functions, or by the use

3.1.11 High explosive. See Department of the Air Force Technical Manual
TM9-1300-211/11A-1-34

3.1.12 Passive countermeasures. Those techniques related to reduction of detection which
differ from active countermeasures in the sense that no counter-electromagnetic spectrum is
generated for defense.

3.1.13 Reduction of detection. The use of techniques that reduce the target aircraft
signatures (i.e., infrared, radar, visual, etc.) that are used by threat systems for acquisition,
tracking, and warhead guidance/homing.

3.1.14 Survivability. The capability of an aircraft to avoid or withstand a man-made hostile
environment without sustaining an impairment of its ability to accomplish its designated mission.

3.1.15 Survivability enhancement. The use of any tactic, technique, or survivability
equipment, or any combination thereof that increases the probability of survival of an aircraft

vhan anarating in ade hnactila anviranm
wnen uy\auuus il & man-maae nosiiie enyv uwuuent

3.1.16 Survivability enhancement tradeoffs. The process of examining and quantifying
both the survival benefits and the penalties associated with alternative survivability enhancement
techniques of aircraft and subsystems. The objective of this tradeoff process is to derive the
insights necessary to select the optimal configuration or utilization for defined mission roles.

3.1.17 Susceptibility. The degree to which a device, equipment, or weapons system is open
to effective attack due to one or more inherent weaknesses.

3.1.18 System response. The reactions of a system, including crew station, structure, and
subsystems, when a threat is detected or the system is subjected to a threat mechanism.

3.1.19 Target lethality criteria. Quantitative and qualitative data that collectively define (1)
the susceptibility of the target to damage processes and (2) the resultant responses of the target

given that threat induced damage occurs.

(%)
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3.1.20 Threats. Those elements of a man-made environment designed to reduce the ability
of an aircraft to perform mission related functions by inflicting damaging effects, forcing
undesirable maneuvers or degrading systems effectiveness.

3.1.21 Threat mechanisms. Mechanisms, embodied in or employed as a threat, which are
designed to damage (i.e., to degrade the functioning of or to destroy) a target component or the
target itself (see 5.1.1.3).

3.1.24 Vulnerability reduction. Any technique that enhances the aircraft design in a manner
that reduces the aircraft's vuinerability when subject to threat mechanisms

4.1 Categorization of the survivability discipline. The total nonnuclear aircraft
survivability/vulnerability discipline (hereafter referred to as the survivability discipline) spans a
large number of activities and elements such as: analysis of the inherent capability of analysis of
inherent aircraft damage susceptibility, the response of materials to threat impact, the
development of analytical assessment procedures, analysis of combat data, the development of
vulnerability reduction techniques, aircraft tradeoffs that include and interface with other
disciplines such as maintainability, reliability, etc. The survivability discipline, therefore, is
multidimensional; however, these many activities can be grouped or categorized into "topical
fields", as illustrated in which group the activities and elements of each topical field. this
subfield categorization is shown in figures 1 through 6 for each of the topical fields in table I

J1144L1U11 11U 11 111 1 weo e il (LY S pavel 22 a S8V s

respecti velv
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TABLE I. Survivability Topical Fields.

Topical Field (Fig. No.) Associated Activities/Elements
Threats (1) Threat analysis, threat characteristics data,
threat inherent lethality assessment
Assessment Methodology (2) Computation methods and measures of aircraft
survivability/vulnerability
System Response (3) System/subsystem response to threat impact;
thal ill

mecnanisms
Survivability Enhancement (4) Vulnerability reduction; hardening; self
defense; electronic countermeasures; reduction
of detection
Survivability Enhancement Tradeoffs (5) Benefits and penalities from survivability
enhancement; tradeoffs
Survivability Test and Combat Data (6) Test data, experimental methods; combat data
analysis
5.1
Threats
[ 1 ]
5.1.1 5.12 5.13
Threat Threat Threat
Characteristics Operations Lethality
— I
[ 1 1 I | I
5.1.1.1 5.1.1.2 5.1.13 5.1.3.1 5132 5.1.1
Threat Warhead and Threat Fire Control Trajectory Terminal
Types Laser Mechanisms Factors Factors Effects
Descriptors Parameters
[ 1
5.12.1 5122
Environmental Firing/
Factors Launch
Capabilities

FIGURE 1. Threats topical field and subfield categorization.
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Assessment
Methodology
1
I ]
5.2.1 522
Encounter Encounter
Descriptors Resuits
Assessment
i |
I 1 1 I ]
52.1.1 52.1.2 5213 522.1 5222
Encounter Threat Encounter Vulnerability Survivability
Conditions Actions Frequency Assessment Assessment
Methodology Methodoiogy
[ : 1 [ : 1 [ : —1
5.2.1.2.1 52122 52.2.1.1 522.1.2 52221 52222
Firing Firing Vulnerability Vulnerability Survivability Survivabil
Opportunities Doctrine Measures Assessment Measures Assessm

Techniques Techniques

FIGURE 2. Assessment 0g

5 methodology topical field and subfield categorization.

(&)
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5.5
System
Response
_ 1
[ I i
5.3.1 532 533
Damage Target Response
Processes Lethality Measures
Criteria
| [
I I I 1 [ 1
5.3.1.1 53.1.2 5.3.1.3 53.14 5331 5332
Biast Thermal Kiii Kiii
Penetration Effecis ignition Effects Processes Levels
[ 1
53.2.1 53.22 53.23
Damage/ Physical Subsystem
Kill Descriptors Descriptors
Criteria
i
A 1 i 1
53.2.1.1 53212 53.2.13 53.2.14

Damage & Materials Subsystem Personnel

Failure Response Response Response

Modes
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5.4
Survivability
Enhancement
|
I —1
54.1 542
Aircraft Aircraft
Design Utilization
Enhancement Enhancement
i |
1 J 1 r ]
54.1.1 54.12 54.2.1 5422 5423
Reduction of Vulnerability Counter Self-
Detection Reduction Tactics Measures Defense
Systems
- I
54.12.2
System/Subsystem
Design
Enhancement
f |
54.1.2.1 54.122.1 54.1222 541223
Active Passive
Hardening Redundanc) Damage Damage
Supression Suprression
I
T T T 1
54.12.1.1 54.12.1.2 54.12.13 54.12.14
Component Component Component Component
Elimination Relocation Shieiding Material
Improvement
FIGURE 4. Survivability enhancement topical field and subfield categorization.



Downloaded from http://www.everyspec.com

MIL-HDBK-2089

5.5
Survivability
Enhancement
Tradeoffs
1 l A
5.5.1 522
Figures-of-Merit Merit Rating
(FOM) System
(MRS)

FIGURE 5. Survivability enhancement tradeoffs topical field and subfield categorization.

5.6
Survivability
Supporting
Data
|
I |
5.6.1 5.6.2
Combat and Accident and
Test Data Flight
Safety Data

FIGURE 6. Survivability supporting data topical field and subfield categorization.
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The terms shown in the topical field and subfield organization of figures 1 through 6 essentially
define the activities and elements of the survivability discipline. Reference to a topical field
(e.g., survivability enhancement) represents and activity; reference to a first-level subfield(e.g.,
aircraft design enhancement) represents the approach selected to accomplish this activity; and
references to lower-level subfields (e.g., vulnerability reduction, hardening and component

i ot T st SEST TEE EE TR it wy

relocation) nrovide increasi gly detailed disclosures of the survivabilitv activities initi

sur ™

achieve survivabilitv enhancement.) In addition to these tonical field and s1 ere is
9 < va y CAaQnICCINICIL. ) 211 QUALLI0N 10 UACSe WOpical e &l skt 1115, ULCIC IS

a laroe number of termes that are uced to describe snecific data methodoloov measures and so
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farth Thic hadv af enacific terme 1 intagratad into tha tonical fiald and ecnhfield etrictnire at tha
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4.2 Location of terms and definitions. An alphabetical index is provided to facilitate the
location of the definition for each of the terms given in this document. Each term is also indexed
by a sequence number that refers to the location of that term as contained in Section 5. Two
distinctions are made:

a. Topical field and subfield terms are indexed by a section or subsection number. For
example, the term "threats" is a topical field and has the sequence number 5.1; the term "threat
lethality" is a subfield of "threats" and has the sequence number 5.1.3. -

b. Terms at the lowest order (the specific term) appearing under a topical field or subfield
term are indexed by a section or subsection number relating to their topical field or subfield
location. The last digit relates to the ordered location of the specific term with regard to other
specific terms in that subfield. For examnle. "projectile”, aterm relating to "threat types", has

The following procedure can be utilized to facilitate the location of standardized terms for known
concente itame Ar activitiac
V\Jll\l\/yw, lt\lllld’ Wi GVl Vatiwew
a Ream tahla T idantifv tha annranriata taninal fald hv camnaring tha natiira Aftha
a. 11Vi1ll lauilv 14 Uil i CPPIU A LA l;UlJl\'ﬂl diwiud U \.'\.uu},uuul Wiv ilaltul v Vil ulv
antivitiag and alamante af ansh tanical Gald ta tha bnaum sanncant
avillviiivo allu Vivliivll Ul Cauvil U l)l\-ﬂal 1ICIU WU U1V ALl 1 UUll\aCl}l
L Tormaat o _ L2 ____ PR _ LN a Y ___a_oal o __ —a_ ___ L L2 11
b. Examine the respective figure ulgures 1 through 6) to locate the appropriate subfield
(specific terms in the case of figure 6) under the topical field selected in step a.

c. Use the orgarﬁzaﬁonai index to scan the specific terms under the selected subfields
from step b.

d. Review the definitions (contained in Section 5) of selected or appropriate terms
obtained from step c.

10
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4.3 Specification of terms and definitions. Two formats are used in Section 5 for the
specification of terms and definitions:

a. The topical field and subfield terms are basically in Military handbook numbering
ing the following entries: term, sequence or identification number, definition, and

CLILLIGO. LUlill, oV

explanatory notes. Informatlon the explanatory notes relates the term to the topical field

organization, provides further subfield categorization, and descriptive comments to eliminate
confusion with other terms, and delineates standardized usage for the term.

SRl Al DY AVa sadv wadll

b. The main body of terms, indexed under the lowest order subfield, are entered

consecutively in a standard dictionary format. The terms, however, are arranged in a meaningful
Lol 4 i e wlnda A Th 3 1 1
fashion to preserve appropriate comparisons. The definition, sequence or identification number,
mnA avnlamatacs wmtac ara rnmasmilad 2 o masenadivra srasene
and explanatory notes are compiied in a narrative maniier.
PEVER'E o . 1 1 1. o mend AL el A dasens e mamtatmad fa tlis dAnrrean aee
4.4 Use of the standardized terms and definitions. The terms contained in this document

dme A 10 1 1 _L£=__° $4lmna TL

should not be used in applications that perturb or change the standardized definitions. The terms
do not constitute the total vernacular of the survivability discipline; rather they represent a key
subset of the total vernacular of terms. The terms were selected because (1) they form the
necessary framework for categorizing the activities and elements of the survivability discipline,
(2) they are representative descriptors of the specific activities and elements of the survivability
discipline, and (3) they resolve specific problems. There are a number of terms which can be
used synonymously with these standardized terms. These "related but non-standardized terms"
are necessary to allow freedom of expression and the unrestricted growth of the survivability
discipline. However, persons who utilize survivability concepts are cautioned that the terms in
this document are the only known standardized terms. Hence, it is significant that new or related

terms must be carefully and fully defined for each application.
5. DETAILED REQUIREMENTS (description of survivability topical fields)

The definitions of the survivability terms are contained in this section. They have been grouped
according to the topical fields found in table I.

5.1 Topical field term: Threats.

Definition: Those elements of a man-made environment designed to reduce the ability of an

-'--o--v LA TR A abiilyy
.

aircraft to perform mission-related functions by inflicting damaging effects, forcing undesirable

mananvare nr dagradi o t,
maneuvers or degrading systems effectiveness.

[—
i
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Explanatory Notes: A hostile environment can be made up of numerous threat elements, each
having a distinct set of characteristics and capabilities. The "threats" topical field contains terms
which are used to describe: (1) the threat elements, (2) threat operations, and (3) threat lethality.
These terms and the associated data do not reflect any interaction between the threat elements
and the aircraft or target. Rather, these descriptors relate to the inherent or possessed capabilities

of threats. In general, threat units can be grouped into two types - terminal and non-terminal.
Terminal threat units have the capability to deliver damaging effects on an aircraft, and consist of

a firino nlatform (e.o Infm-npnfnr launcher atc) The non-terminal threats do not possess 2
“ A1k 6 yl“l-xvllll \ 5 ’ IAALVAWIJ ACAVALAWAL Vl, bW } A AANW AANJAA

-
;mng capability but provide an mtegrated detection/tracking system, which enhances the

apability of the terminal threat units in an engagement with an aircraft. Only terminal threats
will be considered in this Topical Field Term. The "Threats" topical field is subdivided as shown

PO o N

in 1igurc 7.

5.1
Threats
T .
I 1 ]
5.1.1 512 5.1.3
Threat Threat Threat
Charactertistics Operations Lethality

FIGURE 7. Threats.

5.1.1 Subfield term: Threat characteristics.

Definition: The classification of threats according to generic characteristics - type, warhead, and
associated threat mechanisms.

12
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5.1.1
Threat Characteristics

|
5.1.1.1 5.1.1.2 5.1.13
Threat Types Warhead Threat
Descriptors Mechanisms
e Projectile e Armor Piercing e  Penetrator
o Artillery ¢ Incendiary e Fragment
e Missile e  Shaped Charge e Blast

A
2l

5.1.1.1

Definition: A general characterization of the threat unit in terms of fi iring platform and site ty

the entity containing the threat mechanism, and similar descriptors.

3.1.1.1.1 Conventional weapon.

Non-nuclear weanons. Excludes all biological weanons

- Wair asvewawesa '—rvnAv AdivWAVAVEN/WD WRAL unvlv&lvuA vy \iukJ\lllJ,
and generally excludes chemical weapons except for existing smoke and incendiary agents, and
agents of riot-control type. Threat mechanisms included consist of blast, penetrators, fragments,
incendiaries, and power (laser effects)

5.1.1.1.2 Projectile. Any object propelled by an applied exterior force and continuing in

motion by virtue of its own inertia, as a bullet, bomb, shell, or grenade. "Projectile” is generally
used to repr‘se"u the device containing the warh d threat

arhead and threat mechanism associated with small
1s and anti-aircraft artillery. A sketch of a projectile is shown in figure 9.

13
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FIRING CHARGE

FIGURE 9. Projectile.

5.1.1.1.3 Small arms. All arms, including automatic weapons, up to and including 20
millimeters (.787 inches).

5.1.1.1.4 Anti-aircraft artillery (AAA). Gun-fired projectiles greater than 20mm in size that
are designed to operate against airborne targets. They are generally of calibers 23mm, 30mm,
37mm, 57mm, 85mm, and 100mm, although there are some older types with calibers greater

than 100mm. The projectiles are usually high-explosive but may be armor-piercing. Either may

ailil 5. Atilld

C4
contain an incendiary and/or tracer type material. The weapons that fire these projectiles may be
ground or sea-based, employ either optical or radar tracking, or both, and be fabricated in

111 dddl tiduh Qlai

differing configurations (i.e., single barrel, two barrel, four barrel, etc.)
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different missiles vary from self-guided to complete dependence on the launch equipment for
1 1 micnila ic chaum in Saoiire 10N
guidance signals. A sketch of a missile is shown in figure 10.

14
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A}

" “conTROL SURFACES’

FIGURE 10. Missile.
5.1.1.1.6 Air-to-air missile . A missile launched from an airborne vehicle at a target

above the surface. An example of an AAM launch envelope is shown in figure 11.
(See 5.1.2.2.2 for the definition of "launch envelope").

LAUNCH ENVELOPE b""»‘

FIGURE 11. Launch envelope.

5.1.1.1.7 Surface-to-air missile (SAM). A surface-launched missile designed to operate
against a target above the surface. An example of a SAM launch.envelope is shown in figure 12.
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LAUNCH ENVELOPE

FIGURE 12. SAM launch envelone.

5.1.1.1.8 SAM launch and guidance equipment. Equipment which is used to launch and

guide SAMs to an intercept point. "SAM launch and guldanc quxpment generally represents

systems capable of launching the different SAMs, and v ary in size from a single hand-held
launch tube to a semi-permanent complex containing numerous trailers/vans and launch units

The systems employ both optical tracking (for t
with a special missile tracking and guxdan mode fo
launched bV these systems contain warheads a

se systems contain warhe
continuous-rod type.

(3.
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engage and destroy aircr af‘ targets. Weapon systems consist of air-to-air

associated equipments for the purpose of identifying and tracking
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nese interce t s may be limited to visual flight conditions (ie.,a
to operate under all weather conditions (i.e., and all-weather
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5.1.1.1.10 Warhead. That part of a missile, projectile, torpedo, rocket, or other munitions
which contains either the nuclear or thermonuclear system, high-explosive system, chemical or

mologlcal agents or inert materials intended to inflict damage. (Refer to sketches under terms
"projectile” and ’ “missile™.)
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5.1.1.1.11 Non-terminal electromagnetic threats. Electronic systems used by enemy forces
to support and aid the active (or terminal) threat units. These systems normally consist of
acquisition, detection, tracking, and communication systems. They can be land, sea, or air-based,
and are normally an integrated part of the enemy's offensive and defensive forces. Their purpose
is to supply appropriate position, velocity, heading, etc., information to the terminal or active
threat units.

5.1.1.1.12 High energy laser (HEL). A weapons system which produces a collimated beam
of electromagnetic radiation with an intensity sufficient to melt or thermally degrade a portion of

the target. It may also be used to damage electromagnetic subsystems of the target saturating the
avmmm

5.1.1.2 Subfield term: Warhead (or laser) descriptors
Definition: Descriptors characterizing the basic configuration and ingredients of the warhead
and the activation methods/devices which collectively generate the threat mechanisms.
Explanatory Notes: Typxcal head elements are shown in figure 13. These elements can be
combined to obtain a specific ty“e of projectile/missile (e.g., armor-piercing projectile,
armor-pleCiﬁg incendiary projectiles, high-explosive projectile) that ultimately results in the
generation of threat mechanisms. Some terms frequently used in this section t crib

191
warheads, such as penetrator, fragment, tracer, and incendiary, are defined in Section 5.1.1.
(Threat Mechanisms).

[
~
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~ CorefFiller Case Fuzing
e High Explosive Charge e Fragmenting e Contact
e Armor-Piercing e Continuous Rod ® Fixed Time
e Ball ¢ Shaped Charge ® Variable Time
¢ Incendiary Material ®  Proximity
e  Tracer Material e None

5.1.1.2.1 Warhead fuze. Th

sive ch . Proximity fuzing (i.e., initiation within a predetermined distance to a target) is
ly used for missile warheads and some large AAA projectiles. Contact fuzing (i.e.,

on impact) is normally used for AAA projectile and may be delayed or instantaneous.

5.1.1.2.2 High-explosive charge. Any powerful, nonatomic explosive material
characterized by extremely rapid detonation and a powerful disruptive or shattering effect. The
high-explosive charge is used to generate high-speed fragments as well as to develop potentially
damaging blast effects on the target. In practical application (e.g., reports, articles), the full term
should be used initially. In subsequent references to the term, "high explosive" or "charge" may
be used. "High-explosive charge" is normally used to modify (and describe) specific warhead
types such as high-explosive incendiary, high-explosive incendiary tracer, etc.

—
(]
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5.1.1.2.3 Shaped charge. A charge shaped so as to concentrate its explosive force in a
particular direction. In general, there are two types of shaped charges-spherical, which focuses

energy to a selected point in the warhead , and linear, which focuses the energy in a desired array

y associated with smail arms. These warheads are primarily intended for
S and unarmored targets. In practical application (e.g., reports, articles), the
full term should be used initially. In subsequent references to the term "ball” may be used.

5.1.1.2.5 Ammor-piercing projectile (AP). A projectile composed of a hardened steel core

encased in a metal jacket; the shape of the core is designed to maximize its penetrability. These
projectiles are utilized to penetrate hard or armored targets and are normally associated with
small arms and anti-aircraft artillery.

5.1.1.2.6 Ammor-piercing incendiary projectile (AP-I). A projectile utilizing a hardened

steel core with an incendiary mix in the nose, all of which is encased in a metal jacket. These
projectiles are utilized to penetrate hard or armored targets and to ignite fires or explosions with
the incendiary materials. These pro_]ectlles are normally associated with small arms and

anti-aircraft artillery. A sketch of a typical armor-piercing incendiary projectile is shown in
figure 14.

FIGURE 14. Armor-piercing incendiary projectile

19
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5.1.1.2.7 High explosive projectile (HE). A projectile composed of a hollow steel body
containing a high-explosive filler. Such projectiles normally consist of a steel outer shell with an
internal explosive charge detonated by a fuze in the nose. Fuzing may be contact, fixed time
(FT), variable time (VT), or proximity (PROX). There are two types of contact fuzes for HE
projectiles: delay and super quick. Delay-fuzed HE projectiles are designed to penetrate a target
and explode internally to cause the maximum damage from the blast effects. Super quick fuzes
will cause external detonation. Externally detonated HE projectiles rely on penetration of the
target from fragments of the exploding projectile body. Fragment size and population depend on
the specific projectile. HE projectiles are normally associated with anti-aircraft artillery (AAA).
A typical high-explosive projectile sketch is shown in figure 15.

TRACER MATERIAL B0OY
FUZE

(85 o W o SEIIRR

BAND/ CHARGE7 /

DE TONATOR

FIGURE 15. High-explosive projectile.
5.1.1.2.8 High explosive incendiary projectile (HE-I). A projectile composed of a hollow

steel body containing a high-explosive filler and an incendiary mixture. Such projectiles
normally consist of a steel outer shell with an internal explosive charge and incendiary mixture
detonated by a contact fuze, either delay or super quick, on the nose. Delay-fuzed HE-I
projectiles penetrate a target and explode internally to cause damage from blast effects as well as
with fragments and burning incendiary. Fragment size and population depend on the specific
projectile. HE-I projectiles are normally associated with anti-aircraft artillery (AAA).

5.1.1.2.9 High explosive incendiary tracer projectile (HE-I-T). A projectile composed of a
hollow steel body containing high-explosive, incendiary, and tracer materials. The incendiary
material is included to provide an ignition source on impact, and the tracer material is added to
provide a visual image of the projectile's flight path.

5.1.1.2.10 Fragmenting case. A casing designed to break into fragments upon detonation.
The fragments may be of a uniform size calculated to optimize the effectiveness of the weapon

against a particular type of target. The desired fragment dimensions can be obtained by scoring
the case or by wrapping it with wire.
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5.1.1.2.11 Continuous rod warhead. A warhead which contains a bundle of rods welded
together at alternate ends. Upon detonation of the explosive load the rod bundle expands at right
angles to the missile to a maximum radius and then breaks apart. This steel ring can knife
through skin and skeletal members of aircraft structure.

2. 2 ellvercd energy distribution (DED). The distribution of energy/area delivered
@ ugh a plane normal to the incident laser beam at the target location). The

y 1 e (ti ime mtegral of the intensity that has passed
ap

LU PRI, [, IS SIS, . At-.. A Aagtens
(i.e., to degrade the functioning of or to destroy

Definition: Mechanisms, embodied in or employed as a threat, which are designed to damage
o

Explanatory Notes: Note that "threat mechanism" refers to that which produces an effect (e.g.,

penetrator), whereas "damage process" (see Section 5.3.1) refers to the process whereby the

effect is produced (e.g., penetration). Table II ciarifies the content of this term as distinguished
from terms and meanings with which it might be confused. :

ABLE II. Threat mechanisms.

Subfield Key Factors of Definition Example Terms
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5.1.1.3.1 Blast. The brief and rapid movement of air or other fluid away from a center of
outward pressure, as in an explosion; the pressure accompanying this movement. Blast is a
threat mechanism associated with high-explosive warheads such as contained on anti-aircraft
artillery (20mm and larger) or surface-to -air and air-to-air missiles. Depending on the warhead
and fuzing, the blast may be external or internal to the target.

penetrate to the interior of a target. Penetrators are threat mechanism
arms and anti-aircraft artillery.

5.1.1.3.2 Penetrator. The core or that part of an armor-piercing

[77]
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tile visible both by day and by night. Tracers are primarily used as an
small arms, AAA, and airborne gun systems. However, tracers do have the
capability to initiate combustion and, hence, are categorized as a threat mechanism. A typical
tracer material installation is shown in the explanatory notes under "High-Explosive Projectile".

a filling for certain bombs, shells, projectiles, or the like. A typical application of an incendiary
material is in a small arms or contact-fuzed anti-aircraft artillery (AAA) projectile. For the
small-arms projectile, for example, a thermally active incendiary filler is used with a passive
core, either ball or armor-piercing material. The incendiary is located in front of the passive core
and is initiated upon contact with the target. (See sketch, paragraph 5.1.1.2-6).

5.1.1.3.6 Electromagnetic flux. Electromagnetic energy per unit time or power passing
through a surface.

5.1.1.3.7 Power. The energy per unit time which a High Energy Laser (HEL) is capable of
delivering.

Definition: Those inherent capabilities an

threat to perform its basic firing/launc

=
=
2
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Explanatory Notes: "Threat operations” has been subdivided into "environmental factors” and
"firing/launch capabilities”, which contain several terms each, as indicated in figure 16.

5.1.2
Threat Operations
. | .
| I
5.1.2.1 5122
Environmental Firing/Launch
Faciors . Capabilities
» Threat Mobility . e Slew Rate
¢ Locational Adaptability ¢ Rate of Fire

e Weather Capability Intercept Envelope

FIGURE 16. Threat operations.
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5.1.2.1 Subfield term: Environmental factors.

Definition: Those factors which relate to the inherent capability of a threat to adapt to and
function in various operational environments.

Explanatory Notes: "Environmental factors" refers to those conditions, both physical and
atmospheric, which tend to degrade the capability of the threat when it is operating in a combat
environment.

5.1.2.1.1 Threat mobility. The ease with which a threat can be moved. Factors considered
are the effort required for disassembling, loading, transporting, and setting up a new location so
that effective firing or launching can achieved. The measures of mobility are operational time at
one location or downtime required in moving form one operating site to another.

5.1.2.1.2 Locational adaptability. The ability of a threat to adapt to the sites at which its
operation is desired in a combat environment. Factors which must be considered in site selection
for threats are area required, smoothness of terrain, access to road/highway, class of highway
required for transporting threat, etc.

5.1.2.1.3 Weather capability. The ability of a threat to track and deliver the threat
mechanism to a target during specified variations in visibility, cloud cover, or light conditions.
Generic measures of tracking capability include: (1) clear day - ability to maintain track under
daylight conditions with no intervening clouds and required visibility; (2) clear night - ability to
maintain track with no cloud or visibility constraints, but with reduced light level (i.e., half
moon, quarter moon, etc.); (3) hazy - a qualifier for day or night to indicate an increased amount
of particulate matter in the air (i.e., smoke, dust, etc.) which will degrade the effectiveness of a
HEL; and (4) all weather - ability to maintain track with extremely low light levels, complete
cloud cover, or minimal visibility.

5.1.2.2 Subfield term: Firing/launch capabilities.

Definition: Physical characteristics and limitations which describe the basic operational
capabilities of a threat system in a favorable environment.

Explanatory Notes: "Firing/Launch Capabilities" represents the inherent capabilities of the threat

without regard to a specific encounter situation with an aircraft. Table III clarifies the content of
this group of terms with respect to similar terms in other subfields.
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TABLE III. Firing/launch capabilities.

Subfield Key Factors of Definition Example Terms
5.1.2.2 Firing/Launch Inherent threat firing/launch s Initial reaction time
Capabilities capability s Firing/launch envelope

e Slew rate
™ _.a e
e Rate of fire
e Threat firing modes

Open-fire range
Target offset

T Ancirnal ng

5.2.1.2.1 Firing opportunities | Logical use of weapon in an e Allowable firing secto
encounter e Unmask rang
¢ Number of rounds fired
5.2.1.2.2 Firing doctrine Use of firing opportunities e DBarrage fire
e Fire-while-track
e Shoot-look-shoot

5.1.2.2.1 Initial reaction time. The interval which elapses between the time a threat is made
aware of a need to be fully operational and the time the threat is ready to begin its normal
operational mode against target aircraft. The functions, which can be accomplished in parallel
during this time interval, consist of getting personnel in "combat ready" positions and
transferring the equipment from a standby or alert status to a fully operational status.

5.1.2.2.2 Firing/launch envelope. A locus of points which represents the position of an
aircraft target when a projectile/missile can be fired/launched with the expectation of achieving
an intercept on the aircraft. When considering ground-based (or sea-based) threats, the launch
envelope is generally depicted relative to the location of the threat. Conversely, the launch

envelope is normally shown relative to the target aircraft in the consideration of airborne threats.
This envelope considers the tracking time reamred before a launch can feasibly be accomplished.

ope conside
(Refer to sketches under terms "air-to-air mlssxle" and "surface-to-air missile".)

operational conditions.
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5.1.2.2.4 Maximum effective range. The maximum distance at which a weapon may be
expected to fire accurately to achieve the desired result. This also refers to the maximum
distance at which the delivered energy density of a HEL beam is sufficient to cause damage to
the target after an appropriate time interval is considered. This measure does not consider the
effects of such operation considerations as tracking time, projectile/missile time of flight,
probability of hit, etc.

1stant the projec eaves the weapon. This velocity is a function of the proje weight,
firing charge of the prOJectlle barrel characteristics, etc. The weapon can be clther smal arms or
AAA.

™M anga a
Uill aliguial v

elevation, at which the firing/launch ¢ amage of the threat can be rotated in order to begin
tracking and engaging a target that w: dxfferent section of
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equipment to be rotat
equipment, etc.

5.1.2.2.7 Maximum tracking rate. Maximum rates in azimuth or in eievation that the firing
or launch mechanism can be rotated while position vs. time is measured and used in the
prediction of target future position. (Slewing rate denotes "clutch disengaged" or "uncoupled”
rotation of firing mechanism.)

5.1.2.2.8 Rate of fire. The number of rounds fired per weapon per minute. This term is
primarily used as a measure for small arms and AAA. Launch rate is a similar term which is
used in connection with number of missiles per unit time which can be launched by a SAM site.

5.1.2.2.9 Threat firing modes. A set of operational usage options possessed by a threat
which are attributable to the associated equipment (i.e., fire control system, sensors, etc.). The
different modes are normally defined in terms of the sensors used for obtaining the ranging and
tracking information required to predict lead angle information. Examples are: optical/optical
(i.e., optical ranging and optical tracking), radar/(i.e., radar ranging and radar tracking),
radar/optical (i.e., radar ranging and optical tracking), etc.

5.1.2.2.10 Lock-on boundary. Area projected on the

e or W
seeker can automatically track (lock-on) to the target's radar or infrared signature.

’ I
the area projected on the ground within which an intercept can be made due to limitations on
. . o

tne I e arantin )
LCI lllCllldllb UUU.llU Y
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5.1.2.2.12 Dead space. The volume of space about and around a gun or guided missile
system into which it cannot fire because of mechanical or electronic limitations.

5.1.2.2.13 Detection time. Time from break mask (unmask) until presence of a target is
discerned.

5.1.2.2.14 Acquisition time. Time from detection until some sighting or tracking device has
been brought to bear.

5.1.2.2.15 Identification time. In air defense missile sites, the time from acquisition (track)
the tar t

et responds to IFF interrogation, or until several seconds have elapsed, indicating no

cquisition and determination as to hostile,

Definition: A delineation of those factors which relate to the fire control, trajectory, and terminal
effects inherent to a threat in the process of directing, projecting, and activating threat
mechanisms designed to cause damage to a target.

Explanatory Notes: The term "threat lethality" is used to refer to that coliection of data which
defines the threat's fire control, trajectory, and terminal effects parameters. Accordingly, "threat
lethality" has been subdivided into three subfields for the categorization of terms. The subfields
are depicted in figure 17 on essentially a time-sequenced basis. Example entries illustrate the
general content of each of these subfields and the distinctions which are to be preserved.

[\
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5.13
Threat Lethality

l

l

i
5.1.3.1 5.1.3.2
Fire Control Trajectory
Factors Factors
e Aiming Angle e Ballistic Dispersion
¢ Lead Angle Prediction ¢ Gravity Drop
¢ Tracking Error ) ¢  Thermai Biooming

5.13.3
Terminal Effects
Parameters

Projectile Caliber
Controlled

Fragmentation
e Fragment Density

FIGU

E 17. Threat lethalitv
2/ AAreal jeinailitly.

5.1.3.1 Subfield term: Fire control factors,

...... H

Definition: Those descriptors which portray the mode, usage, and accuracy capabilities
associated with the pointing, directing, firing, or launching phase of the threat sequence of
operations.

Explanatory Notes The term "fire conirol factors" is used to represent that coliection of terms
which relate to initial error sources and other factors that are incurred in the firing or launching
phase of an aircraft/threat encounter. Table IV below clarifies the content of this group of terms
with respect to terms in other subfields.
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TABLE IV. Fire control factors.

Subfield Key Factors of Definition Example Terms
5.1.3.1 Fire control factors Initial error and other factors | e Tracking error
e Aiming error
e Lead angle prediction
5.1.3.2 Trajectory factors Transit error and other factors | ¢  Gravity drop
o Ballistic dispersion
e Thermal blooming
5.2.1.2 Vulnerability Exclusive of error; impact is e Penetration impact
Assessment Techniques assumed s Conditions
e QGrid size
e Attack aspect
e Equivalent density
5.2.2.2.2 Survivability Final errors and other factors | e Hit distribution
Assessment Techniques e Total weapons system
e Dispersion
e Dynamic fragment
e Spray angles
5.1.3.1 ,l Acauisition limit. Maximum unobscured range at which an aircraft can be
acquired (or detected) by threat sensors (e.g., radar, visual, infrared).
5.13.1L ac nto the firing or launching operations of threats
by the inability of the tracking system (i.e,, optic.l, radar, etc.) to provide an exact record of an
aircraft flight path. Jﬂf‘klp d ta is utilized by thee e enemy dcfenses for many purposes - alerting

weapon firing, etc. Therefore, the source and magmh"*e of tracking errors are significant
considerations in assessing defense effectiveness. The term "tracking error” is used to represent
the net effect of all contributors or sources in specifying target position data; hence, specific error
distributions or measures (i.e., bias, dispersion, etc.) are dependent upon specific systems.
5.1.3.1.3 Aiming error. Errors introduced into the firing or launching operations of threats

from the 1nab1hty to correctly position or aim the appropriate equipment at a desired location.
"Aiming errors” are used to represent those errors involved in pointing or positioning a device
such as a weapon or weapon platform at a desired point as computed from a fire control system.
These errors may stem from a human interface (or human operator), from a machine, or from a
combination of both. As an example, pilot aiming error (or positioning error) results from an
inter-action between the pilot and the response of the aircraft. Specific error distributions (i.e.,
biases, dispersion, etc.) depend upon the specific system being considered.

N
o)




Downloaded from http://www.everyspec.com

All weap

5.1.3.1.4 Lead angle prediction. That process used to establish desired wea

(o]

or aiming information.

)t

k)

target position and velocity, future target position must be established, weapon aim angles (e

1

ity, and the logic

osition and veloc

r~

L

PREDICTED

INTERCrEDTY
usionaLver

POINT

"prediction bias" for any firing

1

5o

10N
L %) .

1

1Yo
fod

A

9

T ead anole nredict

1

pends upon specific systems.

he minimum distance from the predicted intercept point to the

.
ae

CURRENT TARGET
POSITION

ast

LEAD ANGLE

target as shown in figur



Downloaded from http://www.everyspec.com

MIL-HDBK-2089

T~ TARGET
POSITION ACTUAL TARGET

FLIGHT PATH
<< —

d .

/ PREDICTED \ \PREOICTION BIAS
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’///’//, FLIGHT PATH “\\\ !
A LEAD
PREDICTED
,////Q\ANGLE : INTERCEPT
> POINT
WEAPON SITE

FIGURE 19. Prediction bias.

5.1.3.1.6 Lock-on. Signifies that a tracking or target seeking system is continuously and
automatically tracking a target in one or more coordinates (e.g. range, bearing, elevation).

5.1.3.1.7 Jitter. This is a combination of aiming and tracking errors produced by the system
and atmospheric effects (turbulent jitter ) _high_ cause HEL beam to move about on the target
surface.

5.1.3.2 Subfield term: Traiectorv factare

5.1.3.2 Subfield term: Trajectory factors.
Definition: Those factors which relate to the warhead flight path or to any analogous
propagation path of the threat mechanism
Explanatory Notes: The term "trajectory factors" represemb the transit errors and related factors
that are incurred in the flight of the threat propagation device during an aircrafvthreat encounter.

Table V clarifies the content of this group of terms with respect to similar terms in other
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TABLE V. Trajectory factors.

Subfield

Key factors of definition

Example terms

5.1.3.1 Fire control factors

Initial error and other factors

Tracking error
Aiming error
Lead angle prediction

5.1.3.2 Trajectory factors

Transit error and other factors

Gravity drop
Ballistic dispersion
Thermal blooming

5.2.1.2 Vulnerability-.
assessment techniques

Exclusive of error; impact is
assumed

Penetration impact
Conditions

Grid size

Attack aspect
Equivalent density

5.2.2.2.2 Survivability
Assessment Techniques

Final errors and other factors

Hit distribution
Total weapons system

. Dispersion

Dynamic fragment
Spray angles

5.1.3.2.1 Gravity drop. A measure of the deviation in the flight path of a projectile
attributable to gravitational force. "Gravity drop" is used to describe the displacement in the
ideal trajectory of a projectile due to gravity, figure 20. The gravity drop is proportional to the
time of flight and has been approximated as 1/2 gt*, where g is the gravitational force an t is the

time of flight.

WEAPON

IDEAL TRAJECTORY

ACTUAL TRAJECTORY

FIGURE 20. Gravity drop.

32

GRAVITY DROP
1/2 q?z




Downloaded from http://www.everyspec.com

MIL-HDBK-2089

on the target under fixed firing conditions and exclusive of aiming and installation factors.
"Ballistic dispersion" refers to those variations in the impact point attributable only to gun and
ammunition characteristics. Causes of ballistic dispersion are weight and surface variations
between projectiles, variations in muzzle velocity due to propellant weight differences, variation
in burning efficiencies, etc., and variations in the aerodynamic forces. These latter factors (lift,
pitching force, increased drag with yaw, etc.) result from differences in barrel exit conditions for
each projectile.

5.1.3.2.3 Ballistic coefficient. A parameter or measure which is used to represent or
account for the attenuation of the velocity of a projectile or fragment in transit from the hiring
mechanism to the target. "Ballistic coefficients" are normally used in approximate formulations
of determine average speed or times-of-flight for a projectile. For example, average projectile
speed, V,, can be obtained from
VoaR
V?= PR
exp(a R)-1
Where
V, = muzzle velocity
R =range
o, = ballistic coefficient
5.1.3.2.4 Thermal blooming. A non-linear dispersion of electromagnetic radiation due to
atmospheric-index-of refraction changes caused by molecular absorption of the propagating
energy. When electromagnetic radiation (i.e., a beam) passes through a gas, some of its radiant
energy will be absorbed by the gas molecules and transformed into kinetic energy. The resultant
> s

- =
o
2

rce the gas particles away fr
L 4 —dl 4

been reduced to the proper level for that particular temperature
non-uniform (i.e., more intense at the center than at its edges), the resuitant density will be less at
the center than at the edges and, hence, the atmospheric index of refraction (proportional to
density) will vary across the beam. Since light rays are bent away from areas of low index of
refraction, a beam dispersion results. The magnitude of this dispersive effect depends on many
factors - wavelength, beam intensity, atmospheric conditions, etc. - and may not degrade all
threat types.

5.1.3.2.5 Atmospheric attenuation. The attenuation of electromagnetic radiation due to
absorption (by gases) and scattering (by particles) by the atmosphere.
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5.1.3.2.6 Tumbling. The rolling (propellering) about the trajectory axis, and yawing and
pitching about the other two axes, which a projectile or fragment in flight experience.

5.1.3.3 Subfield term: Terminal effects parameters.

Definition: Those factors which relate to the inherent capability of the warhead (or any
analogous component) of a threat to generate its associated threat mechanisms.

Explanatory Notes: "Terminal effects parameters" are descriptors of the inherent ability of the
threat-delivered "warhead" (in terms of intensities, velocities, distances, etc.) to generate threat
mechanisms. Table VI clarifies the content of this term as distinguished from terms and
meanings wi i

11 5 2
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5.3.1 Damage
processes

Interactions between
threat mechanisms and
target

Blast effects

v Blast loading
Ignition

v Explosion
Penetration

v Ballistic impact
Thermal effects

v Impulse loading

5.1.3.3.1 Projectile caliber. A standard measurement for

diameter can also be expressed
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5.1.3.3.2 Equivalent weight of TNT. The total energy of any given high-explosive shell
divided by the chemical energy of one pound of TNT. With this criterion, the results of firings of
bare charges of TNT can be used to estimate the damage caused by the impact of a
high-explosive shell at any striking velocity.

5.1.3.3.3 Charge-to-total-weight ratio. A ratio of explosive-charge weight to total-projectile
weight which is normally used in empirical formulas to estimate initial fragment velocities.

5.1.3.3.4 Controlled fragmentation. A desired combination of fragmentation pattern and
mass distribution which is derived from the design of the explosive charge, casing, burning

. . .
projectile will burn following initiation.

£112°2 KL (eitinal 3 + 1 1 A inimum otrile alarity 1 1

Jeldd IV LiitiCail impact VCioCity. minimuim S0 u\lng ‘v’vnuvnu]’ bet‘vlv'een a prcjectlle al‘.d

target at which a projectile fuze will initiate.

5.1.3.3.7 Fragment density. The number of fragments per unit area which is normally

measured in terms of the distance from the poini of warhead detonation.
5.1.3.3.8 Static fragment spray angies. An angular field-of-view in which fragments are
emitted following the static detonation of a controlled fragmentation warhead.

5.1.3.3.9 Initial fragment velocity. A fragment velocity attributable solely to the detonation
of the warhead.

5.1.3.3.10 Total fragment initial velocity. A fragment velocity attributable to both the
detonation of the warhead and the velocity of the warhead at the time of detonation.

5.1.3.3.11 Coupling. The deposition of energy from an HEL beam into the target surface.

5.1.3.3.12 Flash blinding. The brilliant illumination caused by an HEL beam interacting
with the target in an area such that the personnel in the target are temporarily blinded.

5.1.3.3.13 Aimpoint. A pre-selected position on the target at which a HEL beam is to be
directed.

5.1.3.3.14 Energy pile. For an HEL, this is the time integral of the intensity that has passed
through each point of the incident plane at the target taken during a specified time increment as
depicted in figure 21

W
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FIGURE 21. Energy pile.

. . . e
5.1.3.3.15 Spot size. This defines the effective size of an HEL beam upon a target, it is

1 1 th il rral A th - inm Tha cmnt

found by considerin lane intersecting the energy pile normal to the 1€ spot

H verage diameter i< 11ce Nate any ice of ann
symmetrical about a point, an average diameter is used ) Note, any use ot spot size is
1 al anargy im tho mila and tha $a6a] amacoe, amedato o 2 al oo e o
meaningless unless the total energy in the pile and the total energy contained in the spot size are
aloen gtatad
aiso siaicda.

5.1.3.3.16 Peak intensity. The highest intensity occurring within a HEL beam, an
instantaneous quantity.

5.1.3.3.17 Average peak intensity. This is the maximum intensity (joules/cm -sec) that

develops in the energy pile of an HEL beam, divided by the accumulation time of the pile.
5.1.3.3.18 Average intensity. This is the average intensity (joules/cmz-sec) delivered by an

HEL upon a target during a given time increment. It is the total energy delivered within a spot
size, divided by the product of the spot size area and the engagement item.
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Total Energy w_/ in Spot

Average Intensity =

~

. .
Spot Area) (Engagement Time)

It must be noted that the term average intensity is meaningless unless the spot size is completely

P

defined (see 5.1.3.3-15).

5.2 Topical field term: Assessment methodology.

Definition: Those evaluation techniques and measures that are useful in the s} /stematic

y
quantification and evaluation of the vulnerability and survivability o ircra i
operations in a man-made hostile environment.

Explanatory Notes: The topical field "Assessment Methodology" contains terms which provide
descriptive material on the threat/aircraft encounter situation and the resuitant quantitative values
for vulnerability and survivability of the aircraft. Accordingly, this topical field is subdivided
into "Encounter Descriptors" and "Encounter Results Assessment", figure 22. The "Encounter
descriptor" subfield contains terms which are used to describe the geometry of the encounter,
weather conditions, and threat type and response. The "Encounter results assessment" subfield
contains terms which are used to describe aircraft survivability/vulnerability measures and

techniques.

52
Assessment
Methodology
|
! !
5.2.1 522
Encounter Encounter
Descriptors Results
Assessment

5.2.1 Subfieid term: Encounter descriptors.

Definition: Those mission parameters that characterize an engagement between aircraft and
hostile defensive or offensive forces.
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N



Downloaded from http://www.everyspec.com 7

MIL-HDBK-2089

Explanatory Notes: The term "encounter descriptors" is used to represent that set of term which

best describes the prevailing conditions associated with an aircraft/threat encounter. These terms

are used to describe environmental conditions, relative geometry’s between the aircraft and

threat, time lines for the different encounter events, threat types, threat deployment/location and

threat responses to variations in environmental conditions and aircraft tactics. Accordingly,
"encounter descriptors" has been subdivided as shown in figure 23.

5.2.1
Encounter
Descrintors
Descriptors
[ 1
5.2.1.1 52.1.2 5213
Encounter Threat Encounter
Conditions Actions Frequency
® Firing
Ninnnrhinitiac
VP A AULLILIGD
a Firing
- i I u|5
Doctrine

5.2.1.1 Subfield term: Encounter conditions.

deployment, flight path,
f terms with respect to similar

a
=
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TABLE VII. Encounter conditions.

Subfield Key factors of definition Example terms
5.1.2.2 Firing/Launch Inherent threat/firing launch e Initial reaction time
Capabilities capability e Firing/launch envelope

e Slew rate
e Rate of fire
e Threat firing modes

5.2.1.1 Encounter conditions | Encounter characteristic e Open-fire range

e Target offset

o Target angle off
5.2.1.2.1 Firing opportunities | Logical use of weapon in an e Allowable firing sector
encounter ¢ Unmask range

¢ Number of rounds fired
5.2.1.2.2 Firing doctrine Use of firing opportunities e Barrage fire

e Fire-while-track

¢ Shoot-look-shoot

5.2.1.1.1 Threat environment. Identification and specification of the types of enemy threats
to be encountered, their number, their deployment enroute to an around target sites, and the type
warheads to be used.

______ R IR T
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THREAT SITE @ yd QUND
\/ /TRACK
TARGET
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FIGURE 24. Target offset.

5.2.1.1.4 Target angle off. An angle between the velocity vector of the aircraft and the
line-of-sight between the target and threat. "Target angle off" is illustrated in figure 25.
(See 5.2.2.1.2.5 for attack parameter definitions relative to the target.)

AIRCRAFT _—

A/C VELOCITY
/W/Vscron

ANGLE OFFY /
-/

/

v,/ THREAT

FIGURE 25. Target angle off.
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5.2.1.1.5 Distance to cross-over. If a perpendicular line is drawn from the ground gun or
missile position to the closest point of approach of the target (in a fly-by), or to the closest point
of approach projected (turn-away), the aircraft's distance from this point projected onto the
ground plane is its distance from crossover.

5.2.1.2 Subfield term: Threat actions.

Definition: Actions directly connected with the use of weapons by hostile forces under specified
encounter conditions.

Explanatory Notes: The term "threat actions" represents those descriptors which define the
capabilities and employment of threats in reaction to engagements with aircraft. The descriptive
data associated with these threat reactions include the logical firing of weapons when the target
can be impacted and the firing tactics employed during these potential impact periods.
Accordingly, "threat actions" has been subdivided as shown in figure 26.

52.1.2
Threat
Actions
Jd l i |
52.1.2.1 52.1.22
Firing Firing
Opportunities Doctrine

FIGURE 26. Threat actions.

5.2.1.2.1 Subfield term: Firing opportunities.

Definition: Those events in the sequence of an encounter during which hostile forces can
logically use weapons against aircraft, defined in terms of number, nature, order, times,
firing-mode feasibility, operational constraints, and similar descriptors.

Explanatory Notes: The "firing opportunities" subfield represents the firing/launch capabilities
as constrained by the operational environment and the geometry associated with the threat/target

encounter. Table VIII clarifies the content of this group of terms with respect to similar terms in
other subfields.
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TABLE VI Firing opportuniiies.

Subfield Key factors of definition Example terms
5.1.2.2 Firing/launch Inherent threat/firing launch e Initial reaction time
capabilities capability * Firing/launch envelope

e Slewrate

e Rate of fire

» Threat firing modes
5.2.1.1 Encounter conditions | Encounter characteristics e Open-fire range

o Target offset

e Target angle off
5.2.1.2.1 Firing opportunities Logical use of weapon in an ¢ Allowable firing sector

encounter ¢ Unmask range

® Number of rounds fired
5.2.1.2.2 Firing doctrine Use of firing opportunities ¢ Bairage fire

e Fire-while-track

¢ . Shooi-look-shoot

52.1.2.1.1 Allowable firing sector. A defined geographical or physical area into which a
threat is permitted to fire. The "allowable ﬂrmg sector” is that area in which a threat may take

offensive action against an aircraft target. Limits on the threat' s basic capability may be
& e
attributable to potential hazards to friendly troops, aircraft, etc.
52.121.2 Llnmg_sk_[gngg An aircraft/threat separation range at which the line- -of-sight is
unobstructed. The "unmask range" defines that separation range at which the threat-associated

acquisition, detection, an traCng systems (visual, radar, IR, etc.) can freely view the aircraft.
A o
D

this range is shown in figure 27.

\_ A/C FLIGHT PATH
LOCAL TERRAIN \}

FIGURE 27. Unmask ranee.




Downloaded from http://www.everyspec.com

MIL-HDBK-2089

5.2.1.2.1.3 Intervisibility. Intervisibility exists, between air and ground, when the aircraft
reaches a point where there is no intervening terrain or vegetation. Essentially, this is the
location where line-of-sight is unobstructed between aircraft and the ground observer, sighting
device, or ground target in question.

5.2.1.2.1.4 Number of rounds fired. The number of rounds each threat type at each aircraft
target. The number of rounds depends upon firing doctrine, terrain features, ECM, tactics, etc.

5.2.1.2.2 Subfield term: Firing doctrine
Definition: The manner in which forces use (plan to use) their firing opportunities; also, the set
of criteria employed by the force in structuring its plan.
Explanatory Notes: The "firing doctrine" subfield represents the usage of the weapon-firing
opportunities dictated by tactics. Table IX clarifies the content of this group of terms with
respect to similar terms in other subfields
TABLE IX. Firing doctrine.

Subfield Key factors of definition - Example terms
5.1.2.2 Firing/launch Inherent threat firing launch ¢ Initial reaction time
capabilities capability e Firing/Launch envelope

e Slew rate
e Rate of fire
e Threat firing modes
5.2.1.1 Encounter conditions | Encounter characteristics e Open-fire range
e Taroet offee
A A evﬁ VaALDWE
a Tarnpf anole n
- E\II- u.uslv Vik
5.2.1.2.1 Firing opportunities | Logical use of weapon in an s Allowable firing sector
encounter e Unmask range
_ T ____ 1 Y o . Y .S |
® INUmoer o1 roundas I1Iirca
5.2.1.2.2 Firing doctrine Use of firing opportunities e Barrage fire
Fire-while-track
Shoot-look-shoot
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5.2.1.2.2.1 Barrage fire. Fire which is designed to fill a volume of space or area rather than
aimed specifically at a given target. "Barrage fire" has been used by defenses when (1)
insufficient time is available to establish a tracking solution, (2) aircraft penetration tactics or
ECM environment prohibits use of a fire-while-track-mode, or (3) the penetrating aircraft flight
path or penetration corridor is known such that the defense can optimize its effectiveness by
massing threats in a localized area.

5.2.1.2.2.2 Fire-while-track. A firing doctrine, or mode, typically associated with
antiaircraft artillery, in which the threat continuously tracks and fires at an aircraft within its
allowable fining sector. The "fire-while-track" firing mode is normally utilized by weapons
systems that have an integrated capability to continucusly predict lead angles, position (aim), and
fire at aircraft. The effectiveness of this firing doctrine depends upon such factors as the threat
slew rate, rate-of-fire, range effectiveness, lead angle prediction capability, etc.

ot-look-shoot. A firing doctrine normally used by surface-to-air gun and
missile sites in which miss distance or damage assessment is made between successive bursts of
fire or launchings. The "shoot-look-shoot" doctrine is normaily used by long range systems with
guided weapons (i.e., SAMs) that have a relatively high single-shot kill probability as a means of
optimizing total system effectiveness.

Ry | P, 3L Y o)

5.2.1.3 Subfield term: Encounter frequency.

Definition: A measure giving the repetition factor expected to apply to specific encounter
conditions.

Explanatory Notes: This measure is normally expressed in terms of expected encounters per
sortie (per unit distance, per unit time, per target, or other similar unit), thus providing
quantification of the significance of the specific encounter condition in the total mission
environment. Weighting or scaling factors may also be used to determine expected sorties per

5.2.2 Subfield term: Encounter results assessment
3 Cuqt. tin A 43 dels 43~ d auantification ofthe avnacted racnltc AfFan
Definition oYSsiemauc aescription, aelineation, ana quantiricalion o1 ui€ exXpeciea resuits o1 an
encasement hetwween aireraf and hoctile forces
figagement oCiweeil aircraiil anda nosiiic 10rces

Explanatory Notes: The assessment of an encounter between an aircraft and hostile forces
requires knowledge of both aircraft vuinerability and those factors that influence the probability
of receiving a hit. Accordingly, "encounter results assessment" is subdivided into the following
subfields of figure 28.
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522
Encounter
Results
Assessmerit
1
. I 1
5.2.2.1 5222
Vulnerability Survivability
Assessment Assessment
Methodology Methodology
e  Vulnerability e  Survivability
Measures measures
¢  Vulnerability e  Survivability
Assessment Assessment
Techniques Techniques
FIGURE 28. Encounter results assessment
5.2.2.1 Subfield term: Vulnerability assessment methodology.
Definition: Those measures and techniques employed in the systematic description, delineation

and quantification of the vulnerability of an

Explanatory Notes:

b S S

aircraft when subjected to threat mechanisms.

The "vuinerability assessment methodology" subfield contains those terms

okt dle o 4 asamm o

which are used to identify both the vulnerability measures and the assessment techniques
employed in quantitatively measuring and analyzing the response of an aircraft when subjected
to threat mechanisms. Accordingly, "vulnerability assessment methodology" has been
subdivided as shown in figure 29.

L
ot
Vulnerability

Assessment
Methodology

7721
eradas 1
ar

5.2.2.1.1
Vulnerability

Meacureg
Measures

1

2~

52212
Vulnerability

Acsecssment

Fa i o i § 1Y

Techniques

FIGURE 29. Vulnerabilitvy assessment methodology.
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5.2.2.1.1 Subfield term: Vulnerability measures.

Definition: Terms used to define, describe, delineate, distinguish, and quantify the vulnerability
of an aircraft in encounters with hostile forces.

Explanatory Notes: Numerous descriptors and summary "vulnerability measures" have been
used to describe the response of components, subsystems, and systems when subjected to threat
mechanisms. In general, these summary measures can be categorized into one of the following
classes: (1) time-to-failure, (2) probability of occurrence (of a particular damage and failure
mode), (3) vulnerable area, and (4) composite loss factor that is normally the vulnerable area of
probability or occurrence weighted by threat encounter frequency. These measures are not
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5.2.2.1.1.2 Vulnerable area (AV). A quantitative measure of the ballistic vulnerability of a
target or target element expressed in areal dimensions (square feet, square meters, etc.).
Typically, the "vuinerable area" of a target or target element is computed as the product of the
presented area of that target in a plane normai to the trajectory of the ballistic threat mechanism,
and the probability of kill of that component given a hit on the target or target element by the

ballistic threat mechanism.
5.2.2.1.1.3 Component vulnerable area. A vulnerable area calculated for each component
that is independent of any interfacing effects with other critical components other than shielding.
"Component vulnerable area" is a measure of each component's inherent vulnerability without
considering any mitigating or interfacing effects, other than shielding, with other critical
components that may comprise the total target. Hence, component vulnerable area is computed
as though that component were the only critical component in the target.

5.2.2.1.1.4 Component incremental vulnerable area. A vulnerable area calculated in such a
way that the vulnerability interface with other critical components in the target is maintained.
"Component incremental vulnerable area" is a measure of each component's inherent
vulnerability including any mitigating or interfacing effects with other critical components that
may comprise the total target.
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5.2.2.1.1.5 Total target vulnerable area. The sum of component incremental vulnerable
areas. The "total target vulnerable area” is a summary vulnerability measure, usually expressed
in square feet, that appropriately synthesizes individual component vulnerable areas. Typically,

these values are stated per threat type (e.g., 23mm HE-I), impact velocity, kill level, attack aspect
(or view), etc.

5.2.2.1.1.6 External blast vulnerabilitv. A measure of the vuln
externally-detonated-blast threat mechanisms. In 1

figure 30, are used to describe the vulnerabili ility of airgr

mechanisms. These envelopes represen
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FIGURE 30. External blast vulnerability.

5.2.2.1.1.7 Interdependent components. A component whose vulnerability contribution to
its subsystem and the total weapon system, exclusive of shielding, is influenced by its locational
interface with other components and subsystems. The term "interdependent" is used to describe
components whose locational interface with other components can significantly influence total
aircraft vulnerability. For example, consider a fuel line located (1) in a compartmen

1 TULC re
.

an ignition source (e.g., hot surface) and (2) in a compartment 1<nlated

willpgi il

the first case, a fuel leak will result in a fire whereas in the se
result. Hence, the fuel line would be classified as i
noninterdependent components such as a com
suscentibility does not de
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5.2.2.1.1.8 Total system level redundancy. Descriptors used to identify the functional or
inherent redundancy level of a subsystem as measured at the total system level. These
descriptors (dual redundant, quad redundant, etc.) are used to define the inherent, functional, or
design redundancy level of each subsystem. This classification is made independent threat type
and is chosen to identify the maximum redundancy level of each of the included components.
For example, a hydraulic system with two separated power supplies would be termed dual even
though both systems interfaced at a single actuator.

5.2.2.1.1.9 Component redundancy level. A number of similar components, devices,
structural elements, parts, or mechanisms used to support the functional redundancy of a system
or subsystem. The level of redundancy refers to the number of similar elements (components,

etc ) used to create redundant subhsvstems, Thig term is used as a descrintor far each comnanant
€1C. ) useq 10 orealf réqundgani suossysiems. 2us erm1is as & GesCripior Ior €acn ¢component

and is not a descriptor of the total subsystem. For example, a system may include four

nAda ndant idanticral alamante ala ata maagira annalaratin nd A alamant
uluuyvuuyut, lu\wlltl\val Ul\vlll‘rllw \a\/wlblulll‘vt‘al D} LU Hvasui v auwu.«lauuu auu UluJ Ull\-ﬁ Ul\illl\vlll

(computer) to accept or use the acceleration value. In this case, the accelerometers are quad

Amond nan A~ mmeaasazadae 2o creemler wa a 1.a-.-1 PPN PR

redundant and the COIMpPUIer is bulgly’ redundant (i.e., the level of redundancy €quais onc).
5.2.2.1.1.10 Branch level redundancy. Descriptors used to identify the threat-depende
redundancy level of components and subsystems. The "actual" redundancy level of each
functionaily redundant componeni and subsysiem is dependeni upon threat type. For exampie,
consider a fuel feed system with two independent and separate lines each capable of supplying
engine fuel. Against a non-incendiary threat, each iine wouid be doubiy redundant. Against an
incendiary threat, on the other hand, each line would be singly redundant since either line could
provide the source for a fuel fire. Note also that actual redundancy depends upon kill level.

t

5.2.2.1.1.11 Probability of kill given a hit (Px,). The probability of obtaining a level of
damage on a target which causes sufficient performance degradation to classify the target as
killed given a hit on the target by a threat mechanism. (See Subfield 5.3.3 for discussion of the
term "kill"). The probability of kill given a hit can be expressed as

Px/u = Ppo/uPx/p

where

Py = probability of obtaining a specified level of damage on a target given a hit on the
target and

Pup = probablllty of sufficient performance degradation to classify the target as killed

iven the spnecified level of damage.
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5.2.2.1.1.12 Component probability of kill given a hit. The probability of obtaining a level
of damage on a component which causes sufficient performance degradation to classify the
component as killed given a hit on the component by a threat mechanism. This probability term

is also used to quantitatively describe the response of a component when subjected to a threat
mechanism, such as "the probability of obtaining a fuel cell fire given fuel cell penetration and
incendiary function"
§27911 Do L _Lilae. ~C1U 211, —— /D A e ol NP I I EPUIRY oS PO S SN B S
J.£.4.1.1.10 I1ODADIILY O Kl ZIVEN 1OCK ON \F'ppy o). 111€ Provdillily Ol UUldlIllIlg a UCberU
ievel of damage on a target given lock on (as defined in 5.1.3.1.6). In contrast to Py, the

probability of hit at each point on the target is incorporated with the probability of target kill
given a hit at that point and integrated over the target to give an overaili kiii probabiiity. Py, is
the appropriate kill probablhty for aimpoint designated weapons (i.e., for those whose hit
probability is not uniform over the entire target surface), for which Py, can not be factored out
of the overall kill probability. Fora HELWS, Py, o should also include probability of
component failure as a function of delivered energy density, spot size, etc. The probability of a
kill at each point on the target can be subdivided into the product of the probability of damaging

the critical component and one minus the component noncriticality probability given that damage
to the component has been achieved.

5.2.2.1.1.14 Component conditional Kill probability (Pccx). The probability of obtaining a
desired level of damage on a critical component. This probability arises from the fact that

identical components do not always fail at the same absorbed energy density, but over a range of
energy densities, as shown in figure 31.
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FIGURE 31. Accumulated energy density.
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5.2.2.1.1.15 Component non-criticality probability (Pyc). The probability that, given
enough damage to have killed a supposedly critical component, the target will not sustain the

desired level of kill. An example would be the interaction of a HEL beam and an externally
attached bomb. Assume that, for a given irradiation, there is a 20% probability that the bomb
will undergo a high order detonation, burn, be released, etc. Further, assume that the target will
sustain killing damage in only 70% of the high order detonations. Then,

Pyc=1-(0.2) (0.7)=0.86

or the component will not be critical to the target 86% of the time.

5.2.2.1.1.16 Singly vulnerable. The property attributed to a component if the killing of that
component is sufficient to result in an aircraft kill in a specified kill category.

5.2.2.1.1.17 Non-singly vulnerable (also called Multiple vulnerable). The property
attributed to components of a set when the killing of less than n members of the set does not

1 i 3 3 : ; alilling afm Ar maoen maamabane oo

result in an aircraft kill (in a specified kill category) but the killing of n or more members does
result in a kill (for m > 1).

€919 Qulfiald sacn. Weilao L4, —concamammd danlhat~ oo

J.2.2.1.2 puviieid term: v uineraoiity nent tecnniques.

Definition: Methods and procedures useful in the systematic delineation and quantification of
the vulnerability of an aircraft in encounters with hostile forces.

Explanatory Notes: This subfield represents the data and methodologies required to determine
the vulnerability of an aircraft, or parts thereof, assuming an impact (i.e., no threat error sources
are present) in the encounter. The delineation and quantification of vulnerability may be in terms
of degrees of severity, probabilities, or other descriptors that provide statistical or categorical
content. Table X clarifies the content of this group of terms with respect to similar terms in other
subfields.

W
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TABLE X. Vulnerability assessment techniques.

Subfield Key factors of definition Example terms
5.1.3.1 Fire control factors Initial error and other factors | e Tracking error
e Aiming error
e Lead angle prediction
5.1.3.2 Trajectory factors Transit error and other factors | ¢ Gravity drop
s Ballistic dispersion
¢ Thermal blooming
5.2.2.1.2 Vulnerability Exclusive of error; impact is e Penetration impact
assessment techniques assumed conditions
Grid size
Attack aspect
Equivalent density
5.2.2.2.2 Survivability Final errors and other factors | e Hit distribution
assessment techniques e Total weapons system
dispersion
e Dynamic fragment spray
angles
5.2.2.1.2.1 Striking velocity (Vs). The rela tween the target and the

impacting fragment, projectile, or other damage mechanism at the instant npact.
o) PGS Py Iy LS PN Th 3ot om iecti
5.2.2.1.2.2 Penetration impact conditions. The characteristics of a fragment, projectile, or
PR PR Lo cnn minnncad Af Jinnmnnd uxr n tanagat Tha feee 1t1
similar threat mechanism at the moment of impact thh a target. The impact conditions are
Lo 1 o ALY fd. naanla atn FAe svasa At o A
normally expressed in terms of the striking velocity, mass, obliquity angle, etc. for penetrators or

a 4

fragments. This data is then used to determine penetr tiOn capability, residual mass/velocity,
etc., for use in the assessment of target vulnerability.

5.2.2.1.2.3 Shotline. A mathematical line originating at some point on a grid piane and
extending algebraically through a mathematically described target. The shotline is normaliy
designed to predict the possible trajectory of some threat through a target. Each shotline is
typically used to predict thickness and angle of every intersection made with elements of the
target being described. Since each shotline originates in a small grid cell on a plane, it is
intended to be a typical representation of all other possible shotlines that could be drawn through
that grid cell. The shotline intersection information is normally computer-generated by programs
such as SHOTGEN or MAGIC.
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ray-tracking program. The area of one grid cell is normally represented by one shotline in a
ray-tracing routine. The typical assumption made is that all rays originating in one grid cell
would pass through roughly the same elements of the target. The best accuracy but longest
computational time are obtained with the smallest possible grid size.

5.22.1.2.5 Attack aspect. Azimuth and elevation angles, measured with res

nresp
I
n

target-located coordinate system, of the shotlines generated by a target-descriptio
d

as MAGIC or SHOTGEN. The specific target-located coordinate system use
32.

+Z

w

+X

5.2.2.1.2.6 Obliquity angle. The angle between a shotline through a component and the
normal vector to the component at the point of shotline intersection. The obliquity angle is
shown 1in figure 33.
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5.2.2.1.2.7 Equivalent density. The value of density resulting when the actual measured
density of a component is reduced analytically to that density of aluminum (or equivalent plate
thickness) required to produce the correct ballistic resistance for penetration computations.

5.2.2.1.2.8 Blast scaling. A techmque which can be used for inferring the damage that may
be caused bv a set of blast tions from the results of a different set. For example, scaling

rent explosive types to equivalent weights of pentolite,
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Definition: Those measures and techniques employed in the systematic description, delineation,

L VLIS TR TR LU o) S i J) |- SR o SRR 29v AT~ fana

quantification, and statistical characterization of the survivability of an aircraft in encounters

with hostile forces.

Explanatory Notes: The “survivability assessment methodoiogy" subfield contains those terms
which are used to identify both the survivability measures and assessment techniques
quantitatively employed in measuring and analyzing aircraft survivability. Accordingly,
"survivability assessment methodology" has been subdivided as shown in figure 34.

5222
Survivability
Assessment
Methodology

]

[ A |
52221 52222
Survivability Survivability
Measures Assessment

Techniques

5.2.2.2.1 Subfieid term: Survivability measures.

Definition: Terms used to define, describe, delineate, distinguish, and quantify the survivability
of an aircraft in encounters with hostile forces.
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Explanatory Notes: Numerous descriptors and summary measures have been used to define the
result of engagements between aircraft and hostile forces. In general, these measures address the
probability of survival per shot, or shots, site, sortie or other unit measure. Once the probability
of survival has been determined, other summary and comparative measures are used. Some of
these are: losses per 1000 sorties, expected combat lifetime (in sorties), and so forth. It is
important to note that all of these survivability measures are referenced to specific kill levels.
For example, probability of surviving for 5 minutes following threat impact, etc.

=22 pAaVLGLUAIY) REAGs Qi WaGas VVaii Sua v

rvival (Pg). The probability that an aircraft will survive

5.2.2.2.1.2 Probability of survival per encounter. The probability that an aircraft will

|

survive a defined damage level in a single encounter with a specified threat. An example of
those factors that are normally considered in determining the "probability of survival per
encounter”, Py, is shown beiow.

Py = (Puos) (Bo) (B) (Po) (Pogr) { ~(1-Psst) }

P os = Probability of line-of-sight to the target
—_— e mle ~ L ST2a . At 10 L
P, = Probability of detection, given line-of-sight

P, = Probability of launch or firing, given detection
P; = Probability of successful guidance, given launch or firing

= Probability of warhead detonation (fuzed warheads), given successful guidance

i~
=}

n = Number of shots fired during a pass

Py = Single-shot kill probability

(9]
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5.2.2.2.1.3 Probability of survival per sortie (P, ,). The probability that an aircraft will
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where:

AP = Presented Area

b = bias error or the distance between the centroid of
the trajectory distribution and the aim point on the
target (fair control error)

o = total weapon system dispersion (ballistic error)

5.2.2.2.1.5 Single-shot kill probability (Pgs). The probability that an aircraft will be killed
to a defined kill level by a single firing from a threat. The "single-shot kill probability,", Pg, is
a summary measure that combines weapons system accuracy (i.e., single-shot probability of hit,
Pssiy) and target vulnerability (i.e., probability of kill given a hit, Py,,) for individual shots. In
general, Py is computed as shown below.

Pssk = Pssu Peu

5.2.2.2.1.6 Single burst kill probability (Pyg). The probability that an aircraft will be killed
by a single exposure to the burst of a specific internally-detonated round given a particular set of
encounter conditions. For a specific warhead and set of encounter conditions, Py, can be
obtained by means of the expression below.

Pye=1-exp(-Ex)=1-exp(-pAy)

where:
Ex = the expected number of lethal hits,
Ay = the aircraft vulnerable area at the aspect under consideration, and
p = the average number of fragments per unit area incident on A

cnNnnn

5.2.2.2.1.7 Expected combat lifetime. Expected number of combat sorties an aircraft can
perform before suffering an attrition kill. Normally, this lifetime is computed as the probability
of survival divided by the probability of kill, where these probabilities are referenced to the same
kill level.

5.22.2.1.8 Lossrate. A predicted measure of the sortie survivability of aircraft. This rate is
normally measured in terms of expected losses per designated number of sorties; i.e., an aircraft
with a probability of survival of 0.99 per sortie has a loss rate per 1000 sorties of 10.

w
(@,
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5.2.2.2.2 Subfield term: Survivability assessment techniques.
Definition: Methods and procedures useful in the systematic delineation and quantification - in

terms of degrees of severity, probabilities, and other descriptors which provide statistical or
categorical content - of the survivability of an aircraft in encounters with hostile forces.

Explanatory Notes: The "survivability assessment techniques” subfield represents the data and
methodologies required to combine the final errors of the weapon firing and the aircraft
vulnerability so as to determine the aircraft survivability in a threat encounter. Table XI clarifies
the content of this group of terms with respect to similar terms in other subfields
TABLE XI. Survivability assessment techniques.
Subfieid Key Factors of Definition Exampie Terms
5.1.3.1 Fire Control Factors Initial Error and other factors | e Tracking error
e Aiming error
e Lead angle prediction
5.1.3.2 Trajectory factors Transit error and other factors | ¢ Gravity drop
e Ballistic dispersion
e Thermal blooming
5.2.2.1.2 Vulnerability Exclusive of error; impact is e Penetration impact
Assessment Techniques assumed conditions
e Grid size
Attack aspect
¢ Equivalent density
5.2.2.2.2 Survivability Final errors and other factors | e Hit distribution
Assessment Techniques e Total weapons system
dispersion
¢ Dynamic fragment spray
angles

5.2.2.2.2.1 Diffuse target. A mathematical representation of a target which assumes that the
kill probability is unity for a burst occurring at the target center and is zero for burst points
infinitely remote from the target center. The kill probability, as a function of burst point
location, has the general form of a Gaussian probability curve symmetrical about the target
center. This "diffuse target" representation is frequently used in the development of single-shot
probability of kill representations. The general form of the kill probability, Py(r), is shown
below.

Py (1) = exp (-r*/2s?)
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Where r is the distance from the target center to the burst point and s is defined as the vulnerable
radius or lethal radius of the target for the particular threat type.

5.2.2.2.2.2 Hit distribution. A mathematical representation that defines the results of a
firing pass on an aircraft in terms of the probability of n hits. An assumption is that the hit
distribution follows the Poisson distribution, i.e.,

=N =
ET—-E
(Y= _¢€
1)

n!

Where P(n) is the probability of exactly n hits and E is the expected number of hits (p (‘ r firing
pass). The value of E is normally computed from an assessment of the total errors involved in
the firing pass.

5.2.2.2.2.3 Total weapon system dispersion

1111 L i R i i AW ARiiAVaANwAA

of a weapon system, exclusw of b ias errors, described in terms of the standard deviation
burst pattern. The total system disp ite m a

l
sources - tracking error, aiming error b

total weapon system dispersion, o

ASPVES

5.2.2.2.2.4 Round-to-round correlation. Error analysis procedures that take into account the
serial correlation between successive rounds. Subsequent events (e.g., component errors) are
made to be appropriately dependent on preceding ones. For example, the error in parameter y at
time (t + At) is related to the error at time t by

Ey(t+ At) Ey(t)cC(At)+Ey' (t+ At)

Where Ey(t) is the error at time t, Ey' (t + At) is the raw error in y at time (t + At), and C (At) is
the serial correlation coefficient wh1ch relates the significance of the previo

us error to the present
t

cewise as C( A t) tends toward zero, there is less dependency between subsequent errors
3 grnant ameau nmalac A clbasriteme Al el o qdoal o Lo o _ 1
5.2.2.2.2.5 Dynamic fragment spray angles. A skewing of the static fragment spray angles

Ch
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5.3 Topical field term: System response.

Definition: The reactions of a system, including crew station, structure, and subsystems and the
environment, when a threat is detected or the system is subjected to a threat mechanism.

Explanatory Notes: The "system response" topical field contains those elements which are used

to describe (1) the interactions of threat mechanisms and a target (e.g., blast/blast effects), (2) the
inherent damage susceptibility of a target, and (3) response measures. These major subfields are
depicted below.

53
System
Response
i |
5.31 532 533
Damage Target Response
Process Lethality Measures
Criteria
®  Penetration e Damage/Kill e Kill
e Blast effects e (Criteria mechanisms
e Ignition e Physical ¢ Killlevels
¢ Thermal ® Descriptors
effects e  Subsystem
® Descriptors

FIGURE 35. System response.

5.3.1 Subfield term: Damage processes.

Definition: Descriptors of the nature, type, form, or state of the interaction between the threat
mechanism and the target or target element.

Explanatory Notes: The "damage processes" subfield consists of descriptors of the interactions
between threat mechanisms and the target. Accordingly, this subfield is divided into four
lower-order subfields: penetration, blast effects, ignition, and thermal effects. The table below
clarifies the content of this term as distinguished from terms and meanings with which it might
be confused.

A
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TABLE XII. Damage processes.

Subfield Key Factors of Definition Example Terms
5.1.1.3 Threat mechanisms Nature of the warhead output | e Blast
e Penetrator
e Fragment
e Incendiary
e Electromagnetic flux
5.1.3.3 Terminal effects Intensity of the threat e Projectile caliber
naramatarc marhanicma Antrmnt - Chanivalant tarmiaht A8 TANIT
ycucuuv\\,xa 1IN 11alliollin Uul}]ul - uql.u alClit wo 511‘- Ul 11IN1
2 TenpmAdlam: Haale dicand e
A4 HICCLIdIal y 1lasil dulativlnl
e Fragment density
5.3.1 Damage processes Interactions between threat o Blast effects
mechanisms and target Blast loading
e Ignition
[ =t
Explosion

;
!

5.3.1.1 Subfield term: Penetration.

Definition: A damage process relating to the ability of a threat mechanism to force a way into or
through a target or target element.

Ex 1at S 11S a ape nrocess tvpicallv associated with a nenetrator or
ry S netrat a damage process typically associated with a penetrator o

fragment. The net effect of a penetration may be a fluid leak, a fluid pressure pulse, control

linkaoe caverance imnact damaoe ar the like

lxlu\“bv M ¥ vlmnvv, ulnyu\i\. uuulxuev, Wi Uiiw 1AW

nnn~nderos inally, Affantad thannt smmankhamicms
Ol Uu_yu uuauy-cucutcu uucat 1iculiallidsgiily.

5.3.1.1.2 Ballistic load. The transient load on a target structure which is a result of a
ballistic impact.

5.3.1.1.3 Hydrodynamic ram effect. The development, in a fluid, of shock waves of
potentially destructive intensity to tank walls and fuel lines caused by a ballistic penetrator
passing through the fluid. The kinetic energy of the penetrator is converted to hydrodynamic
pressure energy in the fluid as the penetrator is slowed by viscous drag. This hydrodynamic
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pressure energy can occur in the form of fluid-pressure surges or pulses.

5.3.1.1.4 Burn through. The penetration of a surface by burning or melting through the
surface material, as by a HEL beam.

5.3.1.2 Subfield term: Blast effects.

Definition: A damage process relating to the ability of a threat mechanism to produce sufficient
ressure forces to impose su'u tuxa_l degradation, geometrical deformation, or other types of

Explanatory Notes: "Blast effects" are damage processes typically associated with
high-explosive warheads such as contained in large AAA projectiles or surface-to-air and
air-to-air 1ssﬂes Depending on the threat and fuze type, the blast pressures may be external or
fenbanzanl ¢4 ¢l ~enft nyuirAnmMmant

..... Tl n £aen an

5.3.1.2.1 Blast loading. The force on ar
striking an following around the object. Itisa
dynamic pressure (or drag) loading.

5.3.1.2.2 Face-on impuise. The impuise experienced by a target surface as the shock wave
from an explosion is reflected from it.

5.3.1.2.3 Face-on pressure. The pressure experienced by a target surface as the shock wave
from an explosion is reflected from it.

5.3.1.2.4 Side-on impulse. The impulse which a target surface would experience as the
shock wave from an explosion moves parallel to it.

5.3.1.2.5 Side-on pressure. The pressure which a target surface would experience as the
shock wave from an explosion moves parallel to it.

5.3.1.3 Subfield term: Ignition.

Definition: A damage process relating to the ability of a threat-mechanism to create a condition
suitable for the combustion of flammable materials.

[— a4 o T

Explanatory Notes: "Ignition" is a damage process generally associated with incendiary-type
threats such as armor-piercing incendiaries (AP-I), h_igh-explosive incendiaries (HE-I), and so

ailivo 4

forth. However, addltlonal eat me chamsms such as thermal energy, can create conditions
) to 1

CN
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5.3.1.3.1 Explosion. A specific form of a fire where rapid burning of flammable vapors
causes high gas pressures to be generated within a confined space. The conditions governing the
occurrence of a fuel-tank explosion are of particular interest in assessing target response and
measuring target vulnerability. Some conditions to be considered are temperature, pressure,
fuel-air mixture, ullage mixture, path of ignition source, etc.

5.3.1.3.2 Ignition source. A mechanism that increases the temperature of combustible
material to the temperature at which ignition occurs. "Ignition sources" may be directly related
to or contained within the impacting threat mechanism, or may be the result of weapon effects on
the target. An example of the former type is burning incendiary and flash effects due to
penetration of metallic materials by high velocity projectiles or fragments. Examples of the latter
type are spontaneous combustion du xygen liberated by weapon effects, combining with
e .y

,
~
T

y

w
o
12}

5.3.1.3.3 Vaporific flash. Incandescent metal particies or vapor generated by impact of
nonincendiary projectiles or fragments upon a target or target element.

5.3.1.3.4 Hot surface ignition. A fire ignited from a hot or heated surface. "Hot surface
ignition" sources are usually categorized as hot wires, friction or impact sparks, and extended
surfaces such as hot engine bleed air and exhaust ducts.

5.3.1.3.5 Hot gas ignition. A fire ignited form a hot gas. Pilot flames, hot gas jets,
adiabatic compression and shock wave compression are the categories of mechanism for ignition
independent of surfaces.

Definition: A damage process, exclusive of ignition, relating to the ability of a threat mechanism
to deposit sufficient quantities of heat to impose structural degradation, geometrical deformation,
or other types of damage on the target or target element.

Explanatory Notes: Thermal effects are damage processes related to nonnuclear radiation-type
threats, typically HEL WS, that are capable of delivering a critical energy density on targets.
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5.3.1.4.1 Impulse loading. The ejection of a high-velocity vapor from an irradiated surface
resulting in an intense wave propagating through the material with spallation on the back surface.

5.3.1.4.2 Thermal shock. Thermally-induced stresses resulting from a rapid local heating or
cooling of a metal. Rupture may occur if the induced stresses exceed the material's ultimate

strength.

5.3.2 Subfield term: Target lethality criteria.

Definition: Quantitative and qualitative data that collectively define (1) the susceptibility of the
target to damage processes and (2) the resultant responses of the target, given that threat-induced

Explanatory Notes: The term "target lethality criteria" is used to represent that collection of data
which taken together describe the target in sufficient details such that vulnerability assessment to
any type of threat can be made. In general, target lethality criteria data are independent of
specific threat types but relate to the nature of damage processes. Accordingly, terms are
included which are used to identify (1) the response of the target (i.e., aircraft) to assumed levels
of aamage, and the response of materials, subsystem, and personnel to damage processes, (2)
physical descriptors of the target, and (3) other useful terms (subsystem descriptors) which imply
the vulnerability nature of the target. The subdivision of "target lethality criteria" is shown
below.
53.2
larget
Lethality
Criteria

| I

53.2.1 5322 5323
Damage/Kill Physical Subsystem
Criteria Descriptors Descriptors

FIGURE 36. Target lethality criteria.
5.3.2.1 Subfield term: Damage/kill criteria.

Definition: Quantitative and qualitative data that relate target response to damage processes
(penetration, blast effects, etc.) in terms of mission performance factors.

(@)
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Explanatory Notes: The "damage/kill criteria" subfield contains those terms which are used to
describe the levels of threat-induced damage required to effect various levels of aircraft kill.
Hence, the term "damage/kill criteria" is used to represent that collection of data that identifies,
as a function of damage processes, those critical components, subsystems, and systems which, if
damaged or destroyed, will yield defined aircraft kill levels. This data base, in effect, synthesizes
the physical response of target elements and the net effect of this response on the mission
accomplishment or mission performance of the aircraft. The subdivision of "damage/kill
criteria" is shown in figure 37.

5.3.2.1
Damage/Kill
Criteria
I
| I l l

532.1.1 532.1.2 53213 53.2.14
Damage and Materials Subsystem Personnel
Failure Modes Response Response Response

FIGURE 37. Damage/kill criteria.

5.3.2.1.1 Subfield term: Damage and failure modes.

Definition: A description that relates the response of a target or target element to assumed levels
of damage.

Explanatory Notes: The term "damage and failure modes" is used to represent that collection of
data which taken together describes the inherent susceptibility of a target to damage which
results in a performance degradation, loss of function, or similar effect. In general, damage and
failure modes are independent of specific threat types but relate to assumed levels of damage
attributable to damage processes. The response to the target can be measured (or stated) at the
component, subsystem, or system level. An example of damage and failure modes for a
hypothetical dual hydraulic system is shown in table XIII.
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TABLE XIII. Damage and failure modes.

Assumed Damage Component Level Subsystem Level System Level
Level Response Response Response
Penetration of Loss of primary Loss of primary Hyd. | 50% reduction in roll
hydraulic reservoir, system hydraulic fluid | Sys. rate
line, etc.

§.3.2.1.1.1 Aerodvnamic damage nnmagew 1 rse odynamlc
. dynamic damage. Dama h1 av ariects the aerodynamic

qualities of the aircraft. Aerodynamic damage i ncludes

)
vl

b. Damage-induced flutter
c. Damage resulting in degradation or loss of control, decrease of speed and/or altitude.

5.3.2.1.1.2 Critical components. Those aircraft components which, if damaged or
destroyed, would yield a defined or definabie aircraft kil ievel.

5.3.2.1.1.3 Flight essential functions. Those subsystem functions required to enable an
aircraft to sustain controlled flight with qualities of no less than 3 as defined by MIL-F-8785 or
MIL-F-83300.

5.3.2.1.1.4 Mission essential functions. Those subsystem functions required to enable an
aircraft to perform its designated mission(s).

5.3.2.1.1.5 Damage mode. A particular form, variety, state, condition, or configuration of
damage upon a portion or element of an aircraft system.

5.3.2.1.1.6 Damage mode and effects analysis. The analysis of an aircraft system conducted
to determine the flight and mission essential components, extent of damage sustained from given
levels of hostile weapon damage mechanisms (nonnuclear, or high energy lasers), and the effects
of such damage modgs on the continued controlled flight and mission completion capabilities of

Aotarminatinm Af tha meclahilies n 143

determination of the probabilities and severities of component, subsystem and system failures
Lacad 11mmm acarimiad latrala A€ damsancs and tha ctrctam Anarating na an sntageral ot A n atrrra
DA>CA UpuIl ddSUILICU ICVELS Ul UdllldRT alll UIT SYJICI Upciallily ad> 11 ltch 1 P -t Uf thC aiiol ft
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5.3.2.1.1.9 Failure threshold. The minimum level of weapon effects that is capable of
causing the failure or malfunction of an aircraft material, component, or system.

5.3.2.1.1.10 Primary damage effects. Damage directly resulting from damage processes.
Examples of "primary damage effects" are incendiary caused fire, control linkage severance, etc.

5.3.2.1.1.11 Secondary damage effects. Damage indirectly caused by the interaction of a
damage process with a component, subsystem, or system. Examples of "secondary damage
effects" are fire which results from a penetrator-caused fuel leakage contacting a hot surface,
control linkage jamming due to blast-induced buckled skin panels, etc.

AR aAsY JAalllllLS VUL U DIASLm1AIRLLLE DRLARIEU ofllL Palltls 5 v

5.3.2.1
Definition: The reaction of target materials when subjected to damage processes
Explanatory Notes: The term "materials response"” represents the characteristics and reaction of
PSSR o SRR I U SRR Sy PR S S . mcmcmmm eem o mml Lt b 4 at_
aircraft materials impacted or impinged upon by damage mechanisms. The characteristics of
these materials under such conditions are revealed by such descriptors as damage tolerance,

fracture toughness, impact resistance, ballistic limit, etc. The reactions of the materiai can be
described by cracking, delamination, spalling, petalling, punching, etc.

surrounding the location of impact with the damage process. "Spalling" can occur on both the
front and rear surfaces.

5.3.2.1.2.2 Attached spall. Delaminations that remain attached around the periphery of the
hole or spall area. The delamination may remain nearly in its original position or may be
subjected to various degrees of rotation. One basic characteristic of "attached spall" is that the
impact face lamina remain in their pre-impact location.

5.3.2.1.2.6 Petalling. Plastic deformation of a ductile material when struck by an impacting
projectile or fragment, resuiting in material being forced outward in leaflike or petal forms.
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5.3.2.1.2.7 Punching. A material failure in shear evidenced by a circular plug the presented
size of the attacking projectile or fragment being forced out of the material.

5.3.2.1.2.8 Perforation. The formation of a hole or holes in material struck by an impacting
rojectile or fragment. A portion of the material is accelerated ahead of the projectile or
fragment and exits at the rear as a plug or as a number of secondary fragments.

ability of a material or component to
g projectile or fragment.

5.3.2.1.2.10 Ballistic limit. The average of two striking velocities; one, the highest velocity
gwmg a part1al penetratlon the other, the lowest velocity giving a complete penetration. There

of armor or other materials to penetration, the

Viiivl jnale VU opeaib g

1
three most widely used criteria are: (1) the Army, (2) "protection”, and (3) the Navy balhstlc
limits, figure 38. The esseniial unfference between these tests is the difference in the criterion

employed to define a perforation as illustrated. In the past, t sting was perfonned using the
Army or the Navy criterion for defining penetration, while the most recent firings have
emphasized the protection criterion. See definitions 5.6.1.6, 5.6.1.7, and 5.6.1.8 for

information regarding protection bailistic limit tests.

ARMY PROTECTION NAVY
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5.3.2.1.2.11 V, Ballistic limit. Any expression of ballistic limit wherein the "X" subscript
denotes probability of complete penetration for a projectile or fragment of striking velocity "V".
The most commonly used Vy, ballistic limit is V50 which is the critical velocity at which 50%
complete penetrations and 50% partial penetrations of the target material can be expected.

5.3.2.1.2.13 Melting. The primary response of metal materials subjected to a HEL is to

become extremely hot due to the thermal energy generated in them by the HEL beam and to then
1 - 1 ttha h

melt out of the beam path. The depth of the melt is dependent upon the time increment the beam
1¢ nlarad An tha targat
1D platiu vil uiv ECL.

9" 1 o__ L0 110 o __ o .1 __ a4 __ - S

D.I.L. 1. DUDIICIA 1CTIII. DUDSYSICIT T€Sponsc

1

Definition: The reaction of target subsystems when subjected to damage processes.

Explanatory Notes: The "subsystem response” subfield is generally used to represent subsystem
reactions to threat impingement such as leakage rate, leak path, damage effects (both primary and
secondary), progressive damage, electrical short circuits, limited movement of control surfaces,
fuel starvation, alternate operating mode, etc.

5.3.2.1.3.1 Leakage. The accidental escape of fluid from a system which is caused by
damage processes.

5.3.2.1.3.2 Leak rate. The speed or rate-of-flow of the accidental escape of fluid from a
system whlch is caused by damage processes. The leak rate is influenced by such factors as the

,,olc size, internal/external pressure, fluid level, etc.
5.3.2.1.3.3 Leakage path. The route, direction, or course taken by the accidental escape of
fluid from a system which is caused by damage processes

Explanatory Notes: "Personnel response” includes discomfort, incapacitation, or fatality that
may be experienced from exposure to primary or secondary damage effects. The primary effects
include penetration (by projectiles, fragments, or spallation), high-explosive blast effects, and
exposure to chemical agents. Secondary effects are those created by primary damage effects and
include such factors as loss of pressurization, breathing oxygen, cooling, or ventilation, and the
presence of fire, toxic gases, and smoke.
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5.3.2.2 Subfield term: Physical descriptors.
Definition: Quantitative measures of the physical properties of the target or target element.
Explanatory Notes: These measures include such descriptive information as presented area,
inherent shielding, component material, material thickness, etc. This information is required

ultimately to determine vulnerable areas, penetration probabilities, residual velocities, etc., that
are used in an aircraft vulnerability assessment.

5.3.2.2.1 Presented area (Ay). The area of target or target element projected on a plane
perpendicular to the attack aspect (i.e., shot line).

5.3.2.2.2 Inherent shielding. The amount of shielding a component possesses due to its
location within the airframe. Normally, this shielding is measured along a shot line in terms of
equivalent inches of aluminum in order to facilitate penetration computations.

5.3.2.2.3 Skin-to-component distance. The minimum distance between the aircraft outer
skin and a component of interest. Normally, this distance is measured along a shot line normal to
one of the six cardinal aircraft aspects (i.e., front, side, top, bottom, etc.)

5.3.2.3 Subfield term: Subsystem descriptors.

Definition: Descriptions or identifications relating to the type, nature, use, operating conditions
and limitations of the subsystems which comprise the target or target element.

Explanatory Notes: These descriptors are terms or data which relate to or influence the damage
susceptibility of subsystems. Terms or data descriptive of the operating temperature, pressure, or
other factors useful in describing the vulnerability nature of the target are included. Examples
are fly-by-wire flight control system, integral fuel tanks, emergency/back-up system,
triple-redundant control linkage, high-airflow propulsion unit, etc.

5.3.2.3.1 Pyrophoric fuel. A fuel which ignites spontaneously in air. Examples of this type
fuel are high-energy fuels and propellants for air vehicles.

5.3.2.3.2 Lean limit. (lower flammability limit) The lowest percent concentration by
volume of a flammable vapor or gas mixed with air that will ignite and burn.

5.3.2.3.3 Rich limit. (upper flammability limit) The highest percent concentration by
volume of flammable vapor or gas that will ignite and burn.
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5.3.2.3.4 Power-booster flight control system. A reversible control system in which pilot
effort is exerted through a mechanical linkage and, at some point, is boosted by a power source
(usually hydraulic). The response for this type system is the same as the mechanical system for
the linkage portion.

5.3.2.3.5 Mechanical flight control system. A flight control system which consists of a
reversible mechanical linkage between the pilot and control surface.

5.3.2.3.6 Full power flight control system. An irreversible control system in which the pilot
actuates a power-control servo-mechanism, through a mechanical linkage or electrical, hydraulic,
or pneumatic system, which positions the aircraft control surfaces.

5.3.2.3.7 Fly-by-wire flight control system. A full-power flight control system employing
an electrical control system rather than mechanical linkage.

5.3.2.3.8 Primary structure. Elements of the aircraft, subsystem, etc., which provide the
load paths for maintaining the basic structural integrity of the aircraft. Damage to any of these
elements which would disrupt or sever any of the primary load paths could result in a
catastrophic kill on the aircraft. Lesser damage to these elements would degrade the aircraft
capability and could also lead to a catastrophic kill resulting from the secondary damage effects.

5.3.2.3.9 Secondary structure. Elements of the aircraft, subsystems, etc., which provide the
load paths for supporting ancillary equipment on the aircraft. Damage to any of these elements
would degrade the capability of the aircraft and could also lead to a catastrophic kill resulting
from secondary damage effects.

5.3.2.3.10 Nonhomogeneous component. A component that is not constructed primarily of
one material, but instead is made of a combination of materials of differing density and type.
Examples are wiring bundles, avionic modules and flexible hydraulic lines.

5.3.3 Subfield term: Response measures.

Definition: Qualitative and quantitative measures of the reaction, in terms of mission
performance factors, of a target or target element from exposure to damage processes.

Explanatory Notes: Response measures are used to define the result of the interaction between
threat mechanisms and an aircraft target. This definition includes both an identification of the
nature of the damage, i.e., kill process, as well as the resultant aircraft response. This response or
result is usually measured in terms of mission performance factors such as immediate loss, loss
in ten minutes, etc. (i.e., kill levels). "Response measures" is subdivided as shown in figure 39.
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5.3.3.1 Subfield term: Kill processes.

Definition: The reaction and interaction between damage processes and the target or target
element which results in mission performance degradation.

Explanatory Notes: The term "kill processes" refers to the nature of the damage that results in a
definable performance degradation. The difference between the terms "kill processes" and
"damage processes" is whether a mission performance degradation results from the damage
process. Therefore a kill process is a subset of a damage process. For example, blast effects may
or may not have a detrimental effect on mission performance. If they have a detrimental effect,
blast effects would constitute a kill process; if not, blast effects would not constitute a kill

nrocess
process

5.3.3.1.1 Direct kill process. The failure or degradation of a target or target element caused
by direct interaction with a damage process

£122 19 Teds + L1311 Th
5.3.3.1.2 Indirect kill process. The failure or degradation of a target element which results
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damage process. An example of an "indirect kill process" is: the loss of a flight control
hydraulic system by action of a fuel leakage fire initiated by an incendiary projectile impact.

high-pressure of gas or vapor within the components. This disintegration may occur as a resuit
of high-temperature or fire conditions causing excessive internal pressure buildup, or where
highly-pressurized gaseous containers are struck by a projectile or fragment.
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5.3.3.2 Subfield term: Kill levels.

Definition: Measures of the degree to which a target or target element suffers performance
degradation due to damage processes.

Explanatory Notes: The specification form of "kill levels" will vary, depending on the particular
application, aircraft type, etc. Hence, a number of criteria have been developed to measure the
degree of performance degradation. These criteria may be applied to the total aircraft or t
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5.3.3.2.1 Attrition kill. A measure of the degree of aircraft damage which renders it

incapable of being repaired, or not economicai to repair, so that it is lost from the inventory.
Exampies of attrition kil ievels that have been used are:

a. KK-kill. Damage that will cause an aircraft to disintegrate immediately upon being hit.

b. K-kill. Damage that will cause an aircraft to fall out of control within 30 seconds after
being hit.

c. A-kill. Damage that causes an aircraft to fall out of control within 5 minutes after being
hit.

d. B-kill. Damage that causes an aircraft to fall out of control within 30 minutes after being
hit.

e. C-kill. Damage that causes an aircraft to fall out of control before compl
designated mission. (This type of attrition kill is also co

c,hsi-_tcgr_- 1m..rne..ia..,ly after t..c damage is inflicted. This type ef kill is generally referred to as
a KK-kill. See explanatory notes under "Attrition Kill."

5.3.3.2.3 Mission available kill. A measure of a degree of aircraft damage which does not
prevent the aircraft from completing its designated mission, but necessitates before the next
scheduled mission.
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5.3.3.2.4 Mission abort kill. A measure of the degree of aircraft damage which prevents the
aircraft from completing its designated mission, but is not sufficient to cause a loss of the aircraft
to the inventory.

5.3.3.2.5 Forced landing kill. A helicopter kill category in which damage to the helicopter
or a warning indication causes the pilot to land, powered or unpowered. The extent of damage
may be such that very little repair is required to fly the helicopter back to base; however, if the
pilot continues to fly, the aircraft will be destroyed. The forced landing kill category includes a
forced landing at any time after damage occurs but before the expenditure of the aircraft fuel
load. '

5.3.3.2.6 Repair time kill. A measure of the degree of aircraft damage which will be
sufficient to cause the aircraft to miss its next scheduled mission.

5.3.3.2.7 Mission limiting condition. A measure of a degree of aircraft damage which
prevents an aircraft from completing a portion of its assigned mission. An example would be the
loss of one engine on a supersonic fighter, which would inhibit its ability to engage supersonic
targets.

5.3.3.2.8 E-Kill. A measure of the degree of damage that will cause an aircraft to be
structurally damaged upon landing given it survives to the point of landing (e.g., a tire blown).

5.3.3.2.9 V-Kill. A measure of the degree of damage that will cause a vertical takeoff or
landing (VTOL) aircraft to be incapable of vertical flight, vertical takeoff, or vertical landing.

5.4 Topical field term: Survivability enhancement.

Definition: The use of any tactic, technique, or survivability equipment, or combination of
techniques that increases the probability of survival of an aircraft when operating in a man-made
hostile environment.

Explanatory Notes: Aircraft survivability enhancement can be accomplished by (1) reducing the
damage susceptibility of the aircraft given an exposure to threat mechanisms and (2) reducing the
probability of an exposure to threat mechanisms. In practice, these two objectives can be
achieved through either aircraft design enhancement or aircraft utilization enhancement. Aircraft
design enhancement refers to the increase of aircraft survivability by a reduction in signature (IR,
radar, visual) and in vulnerability (e.g., armoring). Aircraft utilization enhancement, on the other
hand, refers to survivability enhancement derived from threat avoidance (tactics and
countermeasures) and active self-defense systems. The term "survivability enhancement,"
therefore, refers to the total spectrum of defense concepts and techniques. Accordingly, the
"survivability enhancement" topical field is categorized as shown in figure 40.
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54.1 54.2
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Enhancement Enhancement
s Signature ®  Survivability
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5.4.1 Subfield term: Aircraft design enhancement.

Definition: Enhancement made inherent to the vehicle itseif that tends to reduce detectability
and vulnerability.

Explanatory Notes: The term "aircraft design enhancement" represents those design activities
and elements directed toward increasing aircraft survivability. It does not include those elements
and activities that are related to survivability enhancement derived activities that are related to
survivability enhancement derived from threat-degrading subsystem functions (e.g., ECM) or
from the ways that the aircraft can be utilized in a hostile environment. These elements are
included under "aircraft utilization enhancement". Accordingly, "aircraft design enhancement” is
subdivided as shown in figure 41.
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FIGURE 41. Aircraft design enhancement.

5.4.1.1 Subfield term: Signature suppression.

Definition: The use of techniques that reduce the target aircraft signatures (i.e., infrared, radar,
visual, etc.) that are used for guidance by a man-made threat mechanism.

Explanatory Notes: The term "signature suppression" represents that collection of terms that
describe techniques or methods used to reduce aircraft inherent detectability. Signature
suppression can be effected by basic design (e.g., shape) or by add-on materials such as radar
absorbent material. This reduction in detectability can benefit survivability by inducing a delay
in the threat's reaction or response time (e.g., shorter AAA open-fire ranges and hence fewer
shots fired) or by completely denying the enemy knowledge of the aircraft's position. Synonyms
for this term are "reduction of observables", "reduction of detectables", and "signature
reduction.”

5.4.1.1.1 Observables. Detectable emissions from an aircraft, such as radar, infrared,
smoke, acoustical, optical, and ultraviolet characteristics.
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5.4.1.1.2 Radar-absorbent material. Materials used to reduce aircraft radar cross sections by
attenuating and minimizing reflections of incident energy.

5.4.1.1.3 Radar cross-section reduction. Techniques and devices such as radar-absorbent
materials and radar camouflage designed to reduce the radar signature of aircraft.

5.4.1.1.4 Infrared radiation. Electromagnetic radiation in the 0.7 to 300 micron band.
ide

ared radiation may be used to locate and identify a target and point, track, and guide a missile

5.4.1.1.5 Infrared signature. The amplitude, bandwidth, and modulation of a signal emitting
or reflecting energy in the 0.7 to 300 micron band. This includes radiation from hot engine parts,
gas exhaust, ram air temperature rise and other aircraft hot spots. It also includes solar
reflections

Crreasmma oo A o

a. Passive. Methods or techniques to preclude detection of the IR source resulting from the
design of the exhaust system.

b. Active. Action taken, after detection has been made, in an effort to break lock the threat
system. This action could include flares, maneuvers, etc.

5.4.1.1.7 Acoustic suppression. Refers to engine mufflers, sound absorbent materials,
redesigned (or increased numbers of) rotor blades, etc., to reduce the noise produced by an
aircraft in the audible range.

5.4.1.1.8 Visual suppression (glint, glare). Nonreflective paints and coating for structure
and glass, redesigned (flat plate) canopies and camouflage paints. In the future this may include
lighting techniques to reduce visual contrast.

5.4.1.2 Subfield term: Vulnerability reduction.

Definition: Any technique that enhances the aircraft design in a manner that reduces the aircraft's
susceptibility to damage when subjected to threat mechanisms.

Explanatory Notes: The term "vulnerability reduction" refers to those actlvmes and elements
that are designed to reduce inherent aircraft vulnerability. A svnonym for this term i

S
ULolIElIcU W Icauce 1HICICI 19130 .+ ¢ Sy0Ly1a 29 Siiil iS
a

ty.
"vulnerability minimization" which affirms that the enhance

integral part of the initial aircraft dcsigp process. Vulnerability reduction can be achieved form
hardening (e.g., armor) or from subsystem design enhancement (e.g., redundancy). Accordingly,
"vulnerability reduction" is subdivided as shown in figure 42.
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FIGURE 42. Vulnerabilitv reduction.

5.4.1.2.1 Subfield term: Hardening.

Definition: That type of vulnerability reduction effected by interposing less essential

components between critical components and the threat mechanisms, by eliminating critical
components, or by the use of materials having improved characteristics.
Explanatory Notes: The term "hardening" is restricted solely to vulnerability reduction, and,
Firvtlne oanlales ¢4 radiintinne nnhiavad lher alimminating ,...' AA| Anmarmamante ralanating Aritinnal
1UILICL, DUITLY LU 1TUULUUID aLllITyveld VY Clrillllllallyg Ll al COULLIPULITIILS, 1T1ULatllllyg Lildval
components to less vulnerable positions, physically s hleldl ng critical components with an
armor-type material, or improving the materials' characteristics, e.g., strength ductility,
reflectivity, etc. Accordingly, "hardening” has been subdivided into "elimination”, “"relocation”,
"shielding"”, and "material improvement”. Figure 43 iliustrates the distinction between relocation
and shielding.
1 Py
e = > ( §
l - u . . L . N
— HARDENING ————— SHIELDING ~———————— RELGCATION
U S - W P
WITH = g L>' (\IO )

FIGURE 43. Hardening.
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Definition: That type of hardening that is achieved by repositioning critical components in a
manner that reduces the probability that a damage process will produce lethal damage.

Explanatory Notes: The term "component relocation” refers to those repositioning techniques or
design actions that are used to (1) enhance component shielding by taking advantage of shielding
offered by less critical components, (2) reduce the vulnerability of interdependent components,

and (3) ensure that redundant components are sufficiently separated to maintain true single-hit
redundancy.

5.4.1.2.1.2.1 Component separation. The technique of locating or routi

(redundant) system elements independen ly or the repositioning of critical interdependent
cnmno_n_cn_t_s to prevent or minimize simultaneous damage from threat mechanisms

5.4.1.2.1.2.2 Component concentration. The technique of compactly grouping critical
components to reduce the overall vulnerable area of vehicle subsystems so that they may be more
effectively shielded, or located to present the least vulnerable aspect to a threat mechanism.
A1 D Detnndlcen e o -~ PO o . PO I R, . SO SRS J
J.e4.1.L.1.£.0 Vv 1 1 111C prowccCuorsl 01 a Criucdl Sysiem component (as e
pilot) by positioning less critical components between it and potential hostile fire. Figure 44
iifustrates pilot protection by masking techniques.
AVIONICS AND
EQUIPMENT

N\
N\ \AvIONICS AND

\|  EQUIPMENT \OTHER EQUIPMENT (e.g.,

\ ENVIRONMENTAL EQUIPMENT,
LANDING GEAR EMERGENCY POWER, stc)
AND EQUIPMENT
FIGURE 44, Component relocation.
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5.4.1.2.1.3 Subfield term: Component shielding.

Definition: That type of hardening that is achieved with the use of plates, coatings, or other
materials that tend to resist or absorb damage processes.

Explanatory Notes: The shielding material may or may not be an integral or load-bearing part of
the aircraft structure. It may be parasitic in the sense that it is attached to bulkheads, frames, etc.,

ily cause a degrading condition on the aircraft. Integral shielding, on the
d 1 i mber of the aircraft. In this

case, damage or loss of the shieldin: g may have a degrading effect on the mission function of the
M " " T M

aircraft. The term "component shielding" applies to both of these applications.
5.4.1.2.1.3.1 Armor. A shielding material provided for ballistic defect of projectiles or
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5.4.1.2.1.3.2 Armor material. A basic material having those properties required to provide

measure of protection against ballistic impacts.

5.4.1.2.1.3.3 Armmor system. A combination of one or more elements made of basic armor
material(s) to form an effective ballistic-protection device.

5.4.1.2.1.3.4 Homogeneous armor. An armor made from a single material that is consistent
throughout in terms of chemical composition, physical properties, and degree of hardness.

5.4.1.2.1.3.5 Composite armor. An armor system consisting of two or more different armor
materials bonded together to form a protective unit.

5.4.1.2.1.3.9 Integral armor. Armor material used as a part of airframe or component
construction to perform a load-carrying or other operational function, in addition to ballistic
protection.
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5.4.1.2.1.3.10 Parasitic armor. Armor attached to an aircraft where the armor serves the
sole function of giving ballistic protection.

5.4.1.2.1.3.11 Convertible armor. Basic aircraft structure in combination with selected
lightweight armor materials that could be easily installed or "buttoned on" an aircraft depending
on mission requirements.

5.4.1.2.1.3.12 Impact overmatch armor material. A term, used primarily in association with
steel armor, which indicates that the diameter of the impacting projectile is larger than the
thickness of the armor plate.

5.4.1.2.1.3.13 Impact undermatch armor material. A term, used primarily in association
with steel armor, which indicates that the diameter of the impacting projectile is less than the
thickness of the armor plate.

5.4.1.2.1.3.14 Full multi-hit capability. The ability of an armor to sustain two or more hits

1t A iiw uvnnap_] Vi Gax Gaass

within a distance of three calibers without loss in ballistic performance.

5.4.1.2.1.3.15 Limited multi-hit capability. A lesser degree of armor protective ability than
that provided by armor having full multi-hit capability.

5.4.1.2.1.3.16 Armor material merit rating. The protection capability of candidate armor
material related to the known protection capability of a standard steel armor. Normally, this
rating is made on the basis of weight for the same ballistic protection level or in terms of bailistic
protection level for the same areal density

5.4.1.2.1.3.17 Rachel net. A type of net mesh used in aircrew personnel equipment to
provide maximum mobility and comfort. It is used to distribute the load of personnel armor over
large areas of the torso.

5.4.1.2.1.3.18 Tension web system. A web system that integrates rachel net with other
fabric elements of a body armor suspension system.

5.4.1.2.1.3.19 Areal density. A measure of the weight per unit area of armor material. It is
expressed in pounds per square foot of area.

5.4.1.2.1.4 Subfield term: Component material improvement.

Definition: The type of hardening achieved by improving material characteristics that reduces
the probability that a damage process will produce lethal damage.
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Explanatory Notes: The term "component material improvement" refers to the continuing
research and development of new or improved materials which can replace existing component
material to reduce the vulnerability of the component or underlying components to a threat
mechanism. An example would be the replacement of a transmission's steel housing with a
steel-titanium alloy which is more impervious to ballistic or HEL penetration.

5.4.1.2.2 Subfield term: System/subsystem design enhancement.

Definition: Any type of vulnerability reduction, exclusive of hardening, that is effected in the
design of a system or subsystem.

Explanatory Notes: The term "system/subsystem design enhancement" refers to all techniques,
methods, and design actions used to reduce the inherent vulnerability of a system or subsystem.
These techniques consist of both active and passive damage suppression (e.g., fire
suppression/extinguishing systems vs. reticulated foam) as well as design redundancy.
Accordingly, "system/subsystem design enhancement" is subdivided as shown in figure 45.

54.1.2.2
System/Subsystem
Design
Enhancement

| |

54.122.1 541222 541223
Active Passive
Redundancy Damage Damage
Suppression Suppression

FIGURE 45. System/subsystem design enhancement.
5.4.1.2.2.1 Subfield term: Redundancy.

Definition: The employment of multiple devices, structural elements, parts, or mechanisms in
combination for the purpose of enhancing survivability.

Explanatory Notes: Redundancy can be employed at the component, subsystem, or system level.
The extent of redundancy may be of two general types: (1) total redundancy, in which each
redundant element is fully capable of performing the required function, or (2) partial redundancy,
in which each element independently performs some percentage of the total function. The
difference between these modes of redundancy is in their response to threat-induced damage.

For example, the loss of one channel of a totally redundant flight control system will have no
detrimental effects on flight control performance. On the other hand, the loss of one channel on a
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partially redundant flight control system may restrict the flight envelope of the aircraft.

5.4.1.2.2.1.1 Actual redundancy. The redundancy achieved through the use of similar sets
of components, elements, or mechanisms in which each set performs identical functions.

Examples of "actual redundancy" are: two identical actuators to move the same control surface,
two identical fuel pumps to supply engine fuel, etc.

I
avina pwrhiale  taiee e La n Zoamcmfon v moee ooa ~L em
device which, upon the uupmgcmcm of :

Armedazen dlan Jmean o e e mmrdts aiclhaa

conuain wi€ aamage U €., reduce or negate suosequem effects ) and thus reduces the prooabmty
that the impingement will lead to the disablement of the system or subsystem.

Explanatory Notes: Active damage suppression techniques are designed to activate after threat
impact and, therefore, make use of a sensor(s) as well as a suppressive device. For example, a
fire detection/extinguishing system uses a heat detector to sense high-temperature areas
attributable to incendiaries, sparks, etc. Following detection the system may, depending upon the
design, automatically dispense an inerting fluid or gas or may alert the pilot to the presence of a
hazardous situation. At his option, then, the extinguishant may be released. These techniques
can be contrasted to passive damage suppression techniques which operate independently of a
sensing or threat assessment function.

5.4.1.2.2.2.1 Fire suppression system. A method, device, or system to detect fire or ignition
resulting from combat threat effects and to extinguish the fire in sufficient time to prevent
aircraft structural damage.

5.4.1.2.2.2.2 Explosion suppression. A method, device, or system to effectively extinguish
an explosion after ignition but before the buildup of pressure to levels above the desi gn limit of
the fuel tank or other compartment subject to explosion.

Definition: Any design technique that reduces vulnerability by incorporating a substance which,
after the impingement of a threat mechanism, tends to contain the damage (i.e., reduce or negate
subsequent effects) and thus reduces the probability that the impingement will lead to the
disablement of the system or subsystem.
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Explanatory Notes: "Passive damage suppression" techniques are independent of sensing or
assessing functions and, hence, are integral techniques whose response to threat impact serves to
minimize damage. Examples of such techniques are polyurethane foam, which prevents internal
tank explosion; continuous exhaust gas inerting, which eliminates combustible mixtures from
inside fuel tanks; blowout panels, which reduce structural damage; and so forth. These
techniques can be contrasted to active damage suppression techniques, which function only after
sensing threat impact.

5.4.1.2.2.3.1 Leakage control. A technique used to handle and direct liberated fluids or
vapors in such a manner that danger to the aircraft and crew is minimized. This technique
includes sealing of sensitive or ignition-producing areas, drainage provisions, flow diverters, and
venting features.

5.4.1.2.2.3.2 Leakage suppression. A technique that uses self-sealing materials designed to
accept a degree of ballistic damage and seal the damaged area with little or no leakage from the
fluid container.

5.4.1.2.2.3.3 Anti-misting additive. A substance added to regular fuel which gelatinizes and
increases its viscosity, and reduces vaporization and susceptibility of the fuel to fire and
explosion. :

5.4.1.2.2.3.4 Coagulating cell. A fuel cell containing a substance between the inner and
outer layers of the tank structure which, when exposed by damage, causes the fuel to become a
soft, semisolid mass or clot resulting in sealing.

5.4.1.2.2.3.5 Fuel tank inerting. A method or system utilizing noncombustible gases such
as nitrogen or haloginated organics to preclude combustible fuel and air mixtures, and thus
prevent fire and explosion.

5.4.1.2.2.3.6 Nitrogen inerting system. An inerting system which utilizes nitrogen inside
fuel tanks to reduce the oxygen concentration to levels that will not support combustion.

5.4.1.2.2.3.7 Void filler materials. Flexible and rigid closed cells polymeric foam materials
for filling voids around fuel cell extensions and other airframe compartments in order to reduce
the probability of fire or explosion. Nonpolymeric materials such as the expanded metal foil
marketed under the trade name "Explosafe" are also included.

5.4.1.2.2.3.8 Reticulated polyurethane foam. A flexible polyurethane foam with a netlike
porous structure used in fuel cell interiors to prevent fire and explosion. Two mechanisms by
which reticulated foam is believed to suppress the combustion reaction are: (1) removal of
energy from the combustion process by absorption of heat, (2) removal of energy from the
combustion process by mechanical interference.
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5.4.1.2.2.3.9 Drip fence. A design feature used to enhance survivability by preventing
leaking flammable fiuid from contacting electrical equipment, wiring, or other ignition source.
One type of drip fence that makes use of existing structural members is illustrated in figure 46.
In effect, the addition of drain holes on both sides of structural members such as stringers enables
those members to act as drip fences.
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FIGURE 46. Drip fence.
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5.4.1.2.2.3.10 Blowout panei. A device used to minimize internal and primary structural
damage resulting from high impuise pressures caused by internal blast. An example of a
"blowout panel" is illustrated in figure 47.

HIGH-EXPLOSIVE
PROJECTILE ENTRY

FIGURE 47. Blowout panel.
LA 1T AN 11 e L e a1 1 __ 1 M TY 1 1 01 Ly PR 10 P b T
5.4.1.2.2.3.11 FEire resistant hydraulic fluid. Hydraulic fluid that is self-extinguishing or
that will not support combustion when the flame source is removed.

5.4.1.2.2.3.12 Ballistic damage tojerant. A component or system that will allow perforation
by an impacting projectile or fragment with minimum energy transfer and minimum structural
damage, thereby retaining structural integrity for at least short duration operation following
ballistic impact. Composite components or redundant frangibile materials are commonly used to
provide multi-load paths.

5.4.2 Subfield term: Aircraft utilization enhancement.

Definition: Survivability enhancement that derives either from threat-degrading system or

subsystem functions or from the ways in which the aircraft can be utilized in a hostile
environment.

Explanatory Notes: "Aircraft utilization enhancement” serves to reduce the probability of a hit
and the expected number of impacts from a threat encounter. The term "aircraft utilization
enhancement" represents those elements and activities that relate to tactics, countermeasures, and
self-defense systems. These techniques can be contrasted to aircraft design enhancements that
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are made inherent to the aircraft itself and that tend to reduce inherent detectability/vulnerability.
Accordingly, "aircraft utilization enhancement" is subdivided as shown in figure 48.

542
Aircraft
Utilization
Enhancement

54.2.1 5422

Tactics Counter- Se
measures

W

.T'.,Ln
n_ pNy ——

fense
stems

7]
3

5.4.2.1 Subfield term:
Definition: Methods of survivability enhancement that derive from the use of mission
implementation techniques which are judiciously selected from the set of options provided by the
aircraft in the context of the hostile environment and mission objectives.

Explanatory Notes: The term "tactics" is used to describe those activities, flight and mission
planning, flight profiles, formations, etc., that are designed to minimize aircraft exposure to
threats. These tactics exploit the aircraft's performance and weapon delivery capabilities with the
objective of limiting threat response. Examples are high-speed, low-altitude penetration, jinking
maneuvers, known threat site avoidance, standoff weapon delivery, nap-of-the-earth flight, and
so forth.

5.4.2.1.1 Nap-of-the-earth flight. Flight (generally associated with helicopters) as close to
the earth's surface as vegetation or obstacles will permit, while generally following the contours
of the earth. Airspeed and altitude are varied as influenced by the terrain, weather, ambient light,
and enemy situation.

5.4.2.1.2 Contour flving. Fligh_t at ,pp_gx_imatel a constant incremental altitude above the
e a1 .
.3 Jinking. Aircraft maneuvers (i.e., random changes on flight path, altitude, speed,

roducing effects on enemy-launched weapons
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coverage of known threat locations in order to minimize threat encounters.

5.4.2.2 Subfield term: Countermeasures.

Definition: That form of military science which by the employment of devices and/or techniques
has as its objective the impairment of the operational effectiveness of enemy activity.
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passive IRCM is

programming for ejecting flares at the most appropriate times. The term "countermeasures,"
therefore, describes the full spectrum of systems, subsystems, equipments, etc., that utilize the
electromagnetic spectrum to degrade threat effectiveness.

5.4.2.2.1 Electronic warfare (EW). Military action involving the use of electromagnetic
energy to determine, exploit, reduce, or prevent hostile use of the electromagnetic spectrum and
action which retains friendly use of the electromagnetic spectrum.

5.4.2.2.2 Electronic countermeasures (ECM). That division of electronic warfare involving
actions taken to prevent or reduce an enemy's effective use of the electromagnetic spectrum.

lectronic deception. The deliberate radiation, reradiation, alteration, absorption,
netic energy in a manner intended to mislead an enemy in the
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interpretation or use of information received by the enemy's electronic systems. There are two

......... CILLAIVIAAL oy oRl2lY LA S2 A
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. .
categories of electronic deception
LV § 1 1 rrati 1
a. Manipulative electronic deception. The alternation or simulation of friendly
lante onrat: dints + liah A 13
electromagnetic radiations to accomplish deception.

5.4.2.2.4 Electronic decoys. Devices depioyed in electronic environments to confuse
enemy radars or other acquisition and tracking systems in order to dilute enemy defense
capabilities.

5.4.2.2.5 Electronic jamming. The deliberate radiation, reradiation, or reflection of
electromagnetic energy with the object of impairing the use of electronic devices, equipment, or
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systems being used by an enemy.

5.4.2.2.6 Stealth. The reduction of the observable properties of an aircraft by the
synergistic employment of observable reduction techniques in the IR, EO, acoustic and radar
cross section. It is referred to as "Spectrally Quiet Operation".

5.4.2.2.7 Radar homing and warning (RHAW). Aircraft electro .
equipment used to indicate direction and range to radar signals sufficient for targeting with
antiradiation or hard munitions.

5.4.2.2.8 Radar warning receiver (RWR). Aircraft electromagnetic receiving equipment
used to provide warning and indication of relative direction and range to active radar systems.

. :
Al
vo!v;ng actmm taken to retain effective friendly use o

P B U PPy S U Y 3 g

itrol, communications countermeasures C'CM. The integrated use
deceptions, jamming, and phys1cal destruction, supported by

i

deny information to, influence, degrade, or destroy aaversary C? capabilities and

)

5.4.2.2.11 EW/C’CM Measures of merit. The following definitions are EW/C’CM
measures of merit:

a. Jamming to signal ratio (J/S). This is the ratio of jamming power to signal power
required at burn-through (radar and communications) for a prescribed probability of
detection/communication.

b. Burn-through range. The distance at which a specific radar can discern targets through
the external interference being received.

c. Miss distance. The difference in the location of the target and a threat missile/projectile
fire at the target at missile/projectile detonation or at closest point of proximity to the target.

d. Probability of kill (P). The probability of the destructive capability of a specific weapon
(SAM, AAM, SSM, ASM, etc.) against a target.

e. Exposure time. The time period during which targets/emissions are in composite area of
radar/ESM system coverage.

f. Comm ,.mca ions capability. The ability to pass required data between locations in a
timely manner during ECM
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5.4.2.2.12 Electronic warfare support measures (ESM). Electronic Warfare Support
Measures is that division of Electronic Warfare (EW) involving actions taken to search for,
intercept, locate, record and analyze radiated electromagnetic energy for the purpose of
exploiting such radiations in support of military operations. Thus, electronic warfare support
measures provide a source of electronic warfare information required to conduct electronic
countermeasures, electronic counter-countermeasures, threat detection, warning, avoidance,
target acquisition and homing.

5.4.2.3 Subfield term: Self-defense systems.

oviding a real-time method of

222 vvallelld US> U LA 14dll ulviva L AU 1 S a

.
=
g=]

bomber defense missile (BDM) for damage to or destruction of airbo
short-range attack missile (SRAM) for damage to or destruction of surface-based threats.
"Seif-defense systems” can be contrasted to active countermeasures which relate to the use of
portions of the electromagnetic spectrum to degrade threat effectiveness by jamming or
deception. It is pointed out, according to the above definition, passive seif-defense systems
cannot be included under "self-defense systems". These systems are included under the subfields

"tactics" and "countermeasures".

5.4.2.3.1 Active self-defense. A method of self-protection by use of armament to destroy
the enemy threat or to suppress his activity so that he cannot fire or launch a weapon.

5.5 Topical field term: Survivability enhancement tradeoffs.

amining and quantifying both the survival benefits and the

Definition: The process of examinin
nent techniques of aircraft and

el EYe U2

ghts necessary to select the

esign enhancement. Therefore the procedures used
penalties such as increased weight, reduced payload, reduced performance, increased cost, etc.
with benefits measured in terms of increased probability of survival, reduced force requirements,
reduced attrition cost, etc. The term "survivability enhancement tradeoffs" refers to those

techniques, procedures, and activities that quantify and relate benefits and penalties. Therefore,
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this topical field contains terms that define both the benefits and penalties (figures-of-merit) and
the procedures used to integrate the benefits and penalties (merit rating systems), figure 49.

5.5
Survivability
Enhancement

Tradeoffs

1 |

5.5.1 552
Figures-of-merit Merit Rating
(FOM) Systems
(MRS)

FIGURE 49. Survivability enhancement tradeoffs.

5.5.1 Subfield term: Figures of merit (FOM).

Definition: Parameters used to define the benefits and penalties associated with aircraft design or
usage alternatives.

Explanatory Notes: The definition of a figure-of-merit involves the identification of the measure
as well as the specification of the associated units or dimensions used with the measure.
"Figures-of-merit" can be developed as measures of effectiveness, cost, or cost-effectiveness and
are normally used to rank or compare aircraft design or usage alternatives. Examples of
"figures-of-merit" are shown on table XIV.

90



Downloaded from http://www.everyspec.com

MIL-HDBK-2089

TABLE XIV. Figures of merit (FOM).

Type Measure Dimensions
Effectiveness e Weight Pounds per aircraft
FOM e Attrition e Loses per thousand sorties
e Exchange ratio e Losses per target killed
¢ Combat sorties life ¢ Number of sorties per
aircraft lifetime
Cost and cost-effectiveness e Flyaway cost impact e (Cost per aircraft
FOM e Attrition effects ¢ Cost per sortie or cost per
e Support requirements target killed
e Program effects e Cost per 10-year
e Force impact operations
Life cycle cost per aircraft
Aircraft acquired

l

imarily in unit ffectiveness. Cost considerations are either excluded or held constant at
ifvi g the effe tlvene3§ achievable on a

5.5.1.1 Effectiveness FOMs. Those figures-of-merit that quantify benefits and penalties
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5.5.1.3 Cost-effectiveness FOMs. Those figures-of-merit that quantify overall benefits and
penalties in units that include both cost and effectiveness, where both of these factors vary as
functions of the specifics being evaluated. Except within a relatively narrow range of variation,
one or the other of the variable forces is usually held constant and optimization is performed
using the other factor.

5.5.1.4 Survivability trade parameters. Those pertinent factors to be assessed in tradeoffs
and selection of vulnerability reduction fixes, such as weight, cost, modification manhours,
performance changes, maintainability, and reliability.

5.5.1.5 Survivability trade benefits. Those improvements in aircraft survivability or
vulnerability w h ch are the result of resources expended, or alterations to the aircraft or its
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5.5.1.6 Survivability trade penalties. Those resources which must be expended or
undesirable alterations to the aircraft or associated characteristics which are required to obtain
survivability enhancement.

5.5.2 Subfield term: Merit rating system (MRS).

Definition: Methodologies, including concepts, techniques, and procedures, for quantifying,
combining. and internretino fioures-of-merit
combining, and interpreting figures-of-merit

" f ot " aravide the means for cambining annrontiate
Explanatory Notes: "Merit rating systems" provide the means for combini 1g appropriate
Sanrac.Af mmarit inta aingiilar mmangiieag can ko ttoad ¢4 Anisimnen A maml Aléaaa et L T o
figures-of-merit into amgulcu measures that can be used to compare or rank alternatives. The
£t cdnem 22a ¢laZn e nnnn Ao A e ) VL. PIGTRp | SR S FI R SUEIY S SR B
first step in this process, depending upon the particular application, may involve converting th
TN NA L ot 2t % a o L Ve L % O . g i Vo)
FOMs into intermediate measures such as penalty or benefit factors. These factors are then

combined in some manner (added, multiplied, etc.) to yield a merit rating of an aircraft design or
usage alternative. The conversion of FOM:s into penaity or boundary conditions without modify
or perturbing the basic design or usage-related FOMs.

5.5.2.1 Effectiveness MRSs. MRSs that center on effectiveness figures-of-merit.

5.5.2.2 Cost MRSs. MRSs that center on cost figures-of-merit.
5.5.2.3 Cost-effectiveness MRSs. MRSs that center on cost-effectiveness figures-of-merit.

5.6 Topical field term: Survivability supporting data.

Definition: Empirical data that quantifies, describes, characterizes, or in some other respect
provides insight into any aspect of survivahllltv r i

15 v ally U1 SUlY L L3

Explanatory Notes: The data itself may provide the desired insight into the survivability aspects
of interest, or results from the analysis of such data may be required. This topical field is
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& £
2.0
Survivability
Supporting
Data
i
i i
5.6.1 5.6.2
Combat and Accident and
Test Data Flight Safety
Data

Definition: Empirical data derived from observation of planned experiments, combat activities,
or post-combat operations.

Explanatory Notes: These data come from a wide variety of sources and situations. It is
essential to establish procedures ensuring that the pertinent data are obtained expeditiously and
analyzed thoroughly. Though proper collection and analysis, the various survivability test and
combat results can be defined, described, delineated, distinguished, quantified, and statistically
characterized for further use.

5.6.1.1 Controlled-damage tests. Tests designed to determine a basis for estimating the
damage and failure modes of a test specimen (component, subsystem, configuration, etc.)

thout destroying the specimen.

5.6.1.2 Replica targets. Targets fabricated for testing which are representative of aircraft
structures, assemblies, etc. The test data on these targets can be c..trapola-ec_l to establish
pertinent survivability characteristics of represented parts on an aircraft.

5.6.1.3 Fragment simulating projectile. A projectile designed with special shape and size
for ballistic test firings so that the effect of typical fragments can be simulated

5.6.1.4 Function plate. A plate, of varying thickness and material, placed in front of the test

specimen at different distances, and is the first object impacted by a test-fired projectile. The
plate may be: (1) designed to test the sensitivity of the projectile fuzing; (2) placed to determine
the effect of spacing between the skin and an internal unit; or (3) used to detonate a projectile to
determine the effect of damage mechanisms on an internal unit.
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5.6.1.5 Far impact. The result when an unyawed projectile strikes an unsupported area of a
ballistic test sample at an undamaged location which is at least three calibers away from a
previous impact, hole, crack, edge of sample, or spalled area. Only fair impacts are permitted for
rounds used in determining the ballistic limit.

5.6.1.6 Complete penetration. Any fair impact as a result of which the projectile or fragment
of the projectile of fragment of the armor test sample or target is thrown beyond the rear of the
sample with sufficient energy to make a hole in a0.020 inch thick 2024-t3 aluminum aloy witness
plate placed parald to and 6 inches beyond the armor test sample. This definition relatesto a
"protection ballistic l[imit" (see 5.3.2.1.2.10).

5.6.1.7 Partial penetration. Any fair impact as aresult of which the projectile rebounds from
the armor test sample or target, remains imbedded in the target, or passes through the target but
with insufficient energy to make a holein, or cause any part of the target to make aholein the
0.020 inch thick 2024-T3 auminum alloy witness plate. This definition relates to a "protection
ballistic limit" (see 5.3.2.1.2.10).

5.6.1.8 Witness plate. A plate located behind a test sample to determine the extent of
penetration by a projectile. 1f the witness plate evidences any damage, complete penetration (see
5.6.1-6) of the sample is accomplished; if no damage to the witness plate can be observed, only
partial penetration (see 5.6.1-7) of the sample has occurred. Witness plates are also used in
explosive tests to help determine degree and nature of detonation or deflagration.

5.6.1.9 Test simulation accuracy. A qualitative assessment of the degree of similarity
between the test sample and the test environment as compared to the element installed on the
aircraft and the combat environment.

5.6.1.10 Extrapolation validity. The degree of confidence which must be exercised in
estimating the survivability characteristics of an aircraft element based on the test results obtained
from the test unit.

5.6.1.11 Combat incident. An encounter in a combat environment during which a threat
firesupon an aircraft. Evidence of the threat firing can be the result of visua observations of
firing or impacts noticed by the aircraft crew during the encounter.

5.6.1.12 Combat hit. A combat incident that results in damage to the aircraft involved,
caused by athreat mechanism.

5.6.1.13 Combat hit rate. The percentage of encounters with threats firing in which the
aircraft is hit.

5.6.1.14 Combeat lossrate. A measure of percentage of aircraft losses resulting from their
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operationsin acombat environment. Thisterm is generally expressed in losses per thousand
sorties - i.e., aloss rate of three is used to denote three aircraft |osses resulting from 1000 sorties.

5.6.1.15 Combat repair time. The total time, in manhours and/or clock hours, required to
repair atarget or component that is damaged by athreat.

5.6.1.16 Combat lossratio. The number of targets killed per aircraft loss.

5.6.2 Subfield term: Accident and flight safety data.

Definition: Empirical data derived from reports of non-combat related accidents.

Explanatory Notes. Accident and flight safety data are those data gleaned from accident and
flight safety reports which provide information about strengths of materials, causes of component
fallure, effects of stress, etc.

6. NOTES

6.1 Intended use. Thisdocument is used for the standardization of definitions for aircraft
nonnuclear survivability terms.

6.2 Supersession data. This document supersedes al prior issues, revisions and change
notices to MIL-STD-2089.

6.3 Cross reference. Paragraph titles and numbering in MIL-STD-2089 have been retained.

6.4 Subject term (key word) listing.
Aimpoint
Air burst
Armor
Blast
Blast wave
Blowout
Burnout
Chemical threat
Crater
Deflagration
Detonation
Explosion
Failure mode
Fallout
Fireball
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6.4 Subject term (key word) listing - Continued.
Fission
Fragment
Fusion
Hardening
Impulse
Incendiary
Infrared radiation
Intervisibility
Jinking
Jitter
Kill
Lock-on
Melting
Missle
Muzzle velocity
Neutron
Nuclear threat
Penetration
Penetrator
Projectile
Proliferation
Protron
Rad
Radioactivity
Radiological threat
Shaped charge
Shock wave
Spadlling
Stedlth
Surface burst
Survivability
Thermonuclear
Threats
Tracer
Vaporific
Vulnerability
Warhead
X-rays

6.5 Changes from previousissue. Marginal notations are not used in this revision to identify
changes with respect to the previous issue due to the extent of the changes. The changes
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involve converting a military standard to a military handbook in compliance with the military
specification reform program.

97



Downloaded from http://www.everyspec.com

MIL-HDBK-2089
INDEX
PARAGRAPH
A COUSLIC SUPPIESSION. ....ceeivieeeiiieeeiieeeieeeesieeeesseeeesseeesseeens 54.1.1.7
ACQUISITION TIMIT ... 51311
ACUISITION TIME ... 512214
Active self-defense ... 54.231
Actual redundancy..........cooceeeiieeeiriie e 5412211
AerodynamiC damage........c.eeeeueeeiriiieeiie e 532111
ATMING BITON ...t eree e 51313
ATMPOINT ... 5.1.3.3.13
AIr-to-air MISSIE .....oiiiiieiiie e 51116
Airborne interceptor (Al) ....ooo e 51119
Aircraft probability of Kill ........cccoooiiiiiiee 311
Aircraft probability of survival ... 3.1.2
Aircraft probability of survival (Ps).......ccccoveeiiiiiiiiiiieiiennns 522211
Aircraft survivability assessment..........ccccoveeeiiiennien s 3.1.3
Aircraft vulnerability assessment..........ccccovveeeiiienniieenieenns 3.14
Aircraft-air VENICIE .......eeveiiieceeee e 1.3
Allowable firing SECLON ........evviieieiie e 521211
Armor-piercing incendiary projectile (AP-1)........ccccceeenenn. 51126
Anti-aircraft artillery (AAA) .. 51114
Anti-misting additiVe...........coooiieiiiie e 5412233
Applicable doCUMENLS .........cooiieieiiie e 2
APPIICAION. ...t 12
ATEal deNSILY .....oooiiiiiii e 54.1.2.1.3.19
ATINON <. 5412131
ATMOr MELENTEl .......eeeiiiiieiiii e 5412132
Armor material Merit rating.........oocoeeeiieinie e 54.12.1.3.16
ATMOT SYSEOIM....ciiiiei e 5412133
Armor-piercing projectile (AP) ......c.ee e 51125
Atmospheric attenuation..............coceeeiiie e 5.1.3.25
Attached Spall ......c.eovii 5.3.21.22
ATEACK @SPECE ..ot 522125
ATHTON KIll o 53321
AVErage INTENSITY.....oiiiiiie e 5.1.3.3.18
Average peak INENSILY ......ceeeeieeeiiie e 5.1.3.3.17
Ball-type projectile.........oooveeiiiieeie e 51124
BallistiC COBfTICIONT ........eeeiiieeiiee e 5.1.3.2.3
Ballistic damage tolerant ............coooeeeeiieeeniiieeniee e 54122312
BallistiC diSPErSION.....cceeeeiiiieeiie e 5.13.2.2

98



Downloaded from http://www.everyspec.com

MIL-HDBK-2089
INDEX
PARAGRAPH
BalliStiC IMPACL........ceiiiieeiee e 53111
BalistiC liMit.....cccoeeieiiiece e 5.3.21.2.10
BalistiC 10a0 .....ccvveeieieece e 53.1.1.2
BalliStiC reSIStANCE.....cceveeeeiee e 532129
Balistic vulnerability .........cceeviiieiiiieie e 522111
Barrage fire. ... 521221
BIaSt ..o s 51131
Blast 10ading ......ccoieieiiieiee e 53121
Blast SCAliNG .....veeeiiiieeiee e 522128
BIOWOUL PANEL .......eeiiiiiiieiie e 5.4.1.2.2.3.10
Branch level redundancy...........ccccooveeeiieiiiiienie e 52.2.1.1.10
BUrN through.........cceiee e 53114
CatastrophiC Kill .........cooiieii e 5.3.3.2.2
Categorization of the survivability discipline............ccce...... 4.1
Changes from PrevioUS ISSUE ........ccovveeeiieeeriie e 6.5
Charge-to-total-weight ratio..........cccceeiiieriiiie e, 5.1.3.3.3
Chunk Spall ... 5.3.21.23
Coagulating Call ........ooeiieeie e 5412234
Combat Nit..........ooiiie 5.6.1.12
Combat hit rae .........coeiiiieiie e 5.6.1.13
Combat INCIAENE ........ooeiiiieeiiee e 5.6.1.11
Combat [0SSFate .......eeeiviieeiiie s 5.6.1.14
Combat [0SS Fatio ......ccevveeeiiiie e 5.6.1.16
Combat repair tIME..........eeeeiiieiiee e 5.6.1.15
Command, control, communications countermeasures C*M . 5.4.2.2.10
Complete Penetration ...........ccoeeceeeireeeeniee e 5.6.1.6
Component CONCENLIatiON..........cueerreeeerieeeeiee e 5412122
Component conditional kill probability (Pccik) «.oooveereeeeneene. 5221114
Component incremental vulnerable area.............ccceevveeenneen. 522114
Component non-criticality probability (Pyc) ....ceoooveeeriveeennnn. 5.2.2.1.1.15
Component probability of kill givenahit ...........ccccoeeeeennee. 5221112
Component redundancy level...........ccccoveeiienniie e, 522119
ComponNent SEPAratiON..........eveerueeearieeeerieeeeieeeseeeeseee e 5412121
Component vulnerable area...........cocveeeiieeiiee e, 522113
COMPOSITE @IMNON......eeieiiieeeiiee ettt e e eeeas 5412135
Continuous rod warhead ............cccooeeeiiiieeniie e 511211
(@009 110U g 11771 0o H RS 54212
Controlled fragmentation............cccoeceeeiiiienniie e 5.13.34

99

PAGE

60
67
60
67
46

22
61
53
85
48
61
72

96
35
66
83
94
94
94
94
95
95
88
94
78
49
46
50
49
48
78
46
79
21
86
35



Downloaded from http://www.everyspec.com

MIL-HDBK-2089
INDEX
PARAGRAPH
Controlled-damage testS.........oouveririeeiriie e 56.1.1
Conventional WEPON. .........c.eeeiiieeaiiie e 51111
Convertiblearmor............ccocvi . 9.4.1.2.1.3.11
COSE FOMS. ..o e et 55.1.2
COSt MRSS. ...t s 55.2.2
Cost-effectivenesS FOMS... ... o 55.1.3
Cost-effectivenesS MRSS. ... c.cooviieiiiiee e 55.2.3
(@018 o] 115 o TR USRS 513311
(O o RS 5.3.21.25
Critical COMPONENES...... .oooiiiiiiiee e 532112
Critical Impact VEIOCITY .......ccueeeiiiieiiiee e 5.1.3.3.6
CrOSS IEfEIENCE ... 6.3
Damage MOUE.........eeeeeiieeiiee et 5.3.21.15
Damage mode and effects analySiS........ccceevveeeiiininiieenieenns 532116
Damage/Kill Criteria........cooueeiiiieiiieeee e 3.15
DA SPACE. ... eeee ettt 512212
DEfINITIONS....coiieie e 3
Definitions of key terms...........ccceviiieiiie e 31
Deflagration ..........cceeiiiieiiiee e 3.1.6
Delivered energy distribution (DED) .........ccccoevieeeiiiieeniennns 51.1.212
Detailed requIremMents...........cooiveeeiiee e 5
DEteCtioN tIME......cveieiiiie e 5.1.2.2.13
(D= 00T i o] o H SR UROPRRTI 3.1.7
DIffUSBIAIgEL .....cooeeieeeee e 522221
DireCt Kill PrOCESS .....covvieiiiie e 53311
DiStanCe tO CrOSS-OVEY ......ccueeeiireeeiiieeesieeeesieeeesieeeseeeeseeee s 52115
DIIP FENCE ... 54.1.2.2.39
Dynamic fragment spray anglesS.........cooceeeieeeniieneniieeesieeenns 5.2.2.2.25
S SRR 5.3.3.28
EffectivenesS FOMS .......ooiiiiieeee e 5511
EffectiVeNeSS MRSS.......ooiiiieiie e 5521
Electromagnetic fIUX .........ccoeiiiiiiieee e 51136
Electronic counter-countermeasures (ECCM)...........ccccuee.. 54.2.29
Electronic countermeasures (ECM) ........coovveeeiieeniieneniiennns 54222
Electronic deception...........c.coovveeiiieeeiiie e 54.2.2.3
EleCtroniC deCOYS. .....cocueeeiiiie e 54224
ElectroniC Jamming..........cooueeerieeiniee e 54.2.25
Electronic warfare (EW) ......coovveeiiiieiniie e 54221

100

PAGE

93
13
80
91
92
91
92
35
66
65
35
95
65
65

27

21
11
27

57
71
41

58
73
91
92
22
88
87
87
87
87
87



Downloaded from http://www.everyspec.com

MIL-HDBK-2089
INDEX
PARAGRAPH
Electronic warfare support measures (ESM)...........ccceeeveees 5.4.2.2.12
ENErgy Pile. .o 513314
ENgagement timMe ........c.cooiiiiiiiie e 5.1.2.2.16
Equivalent denSity .........coooveeriiieeiie e 522127
Equivalent weight of TNT ......ccciiiiiiieeeee e 5.1.3.3.2
EW/C’CM Measures of MENit..........ocvveeeeeeeeeeieinisnnenen. 5.4.2.2.11
Expected combat [ifetime..........cccooeeeeiiiiinieeee e 522217
EXPIOSION.....ooiiieie e 3.1.8
EXPIOSION.....ooiiiiie e 53131
EXPIOSION SUPPrESSION ...t 5412222
EXPIOSIVE ... 3.19
Explosive diSintegration ...........ccccoeveeeiieeenieeesiee e 5.3.3.1.3
Extrapolation validity .........cccooveeiiiiiiiie e 5.6.1.10
External blast vulnerability..........coooeeeiiiiiiiiieiees 522116
Face-0n iMPUISE.......oooiiiee e 53122
FaCE-0N PrESSUIE.........ceiiiiiiieee e 5.3.1.2.3
Falure MOde.......cccueiiiiee e 532117
Failure mode and effects analysis (FMEA).........ccccocoeenieens 532118
Faillure thresnold..........ceeeiiiiiiiee e 5.3.21.19
Falr IMPACE ... 5.6.15
Fireresistant hydraulic fluid............cccooviiiiiiies 54122311
Fire sUppression SYSteM........cooiveeiiiee e 5412221
Fire-while-track.........oooveiii e 521222
Firing/launch enVElOpe..........cooiieeiiiieee e 51222
Flame VEIOCITY ..o 5.3.1.3.7
Flash DliNding........coveiiii e 5.13.3.12
Flight essential fUNCLIONS..........cccoiiiiiiiiieee e 5.3.21.13
Fly-by-wire flight control system ..........ccccooeeiiiiinieenennns 5.3.2.3.7
Forced l[anding Kill ...........cooueiiiinie e 5.3.3.25
Fragment.........ooooiiiii e 51133
Fragment density .......ooceeeiiie i 5.1.3.3.7
Fragment simulating projectile...........coooeeiiieeniininiieeneens 5.6.1.3
Fragmenting Case ......cccueeiieeiiiie e 5.1.1.2.10
Fuel tank INerting ........cceooviee e 5412235
Full multi-hit capability .........ccoooeeiiiei e 54121314
Full power flight control System ...........ccccoveeeiienniieeniennns 5.3.2.3.6
FUNCLION PIALE ... 56.14
Functional redundancCy..........ccoocveeiieeiniee e 5412212

101

PAGE

89
35
27
53
35
88
56

62
82

71
94
47
61
61
65
65
66
94
85
82

25
62
35
65
70
73
22
35
93
20
83
80
70
93
82



Downloaded from http://www.everyspec.com

MIL-HDBK-2089
INDEX
PARAGRAPH
GENEYE ... 21
General reqUIreMENES.........cooiueeeiiiee e 4
Government dOCUMENES. .......c.ueverieeeiiiie e 2.2
Gravity drop....ccoceeeeiiieeeiie e 51321
(€0 I P RPR 522124
Hardening ........ooooeeeiiie e 3.1.10
High energy laser (HEL) ......oooiiieiiiieeieeieeee e 511112
High eXPlOSIVE ... 3.111
High explosive incendiary projectile (HE-I) ......ccccooceeenneees 51128
High explosive incendiary tracer projectile (HE-1-T)............5.1.1.2.9
High explosive projectile (HE) .......c.coovieiiiiiiieecieeeieens 51127
High-explosive charge.........c.cooveeiiiie i 51122
Hit diStriDULION ... 522222
HOMOQGENEOUS @IMOT .......eeiiiiieiieeiiiiie e 5412134
HO gas ignitioN........ccoiiiiiiie e 5.3.1.35
HoOt sUrface IgnitioN...........cueeiiiie e 5.3.1.34
Hydrodynamic ram effect ...........cooeeiiieiniieeeees 5.3.113
[dentifiCation tHIME .........coiiiieiiee e 5.1.2.2.15
[GNITION SOUICE ......eeieiiiie ettt 5.3.1.3.2
IMPACE FraCtUre........oooeiiee e 5.3.21.212
Impact overmatch armor material ..........ccooeveeeiieeiiiiieeniennns 54121312
Impact undermatch armor material ..........c.coceevvieeiiieiniennns 54121313
IMPUISE 10AdING ... .ceiiiiieiiie e 53141
INCENAIANY ..o 51135
Incendiary flash duration ............cocceeeiiiieiiiie e 5.1.3.35
INAireCt Kill ProCESS.......ooiiiieiiieieeee e 5.33.1.2
INfrared radiation............cooueeiiiienieee e 54114
INfrared SIgNAIUIE.........eeiiiie e 54115
INfrared SUPPrESSOIS. .....cceiueieerieeesieeeeieee et e e seee e e e seeee s 54116
Inherent ShiElding .........c.oooiiiiiiii e 53222
Initial fragment VEIOCITY .......coovuiieiiieeee e 5.1.3.39
INitial reaction tIME........cooiviiiiiie e 51221
INtEGral @IMON ... 5412139
INtENdEd USE......cooieiiiiie e 6.1
INtErcept ENVEIOPE. ......eeee et 51223
Interdependent COMPONENTS.........ccceeerieeeiiee e 522117
INEEVISIDHITY ..o 521.2.1.3
JINKING cee e 54213

102

PAGE

Wk NP



Downloaded from http://www.everyspec.com

MIL-HDBK-2089
INDEX

PARAGRAPH
N L0 PRSP 51317
Kinematic bBouNdary ..........ccccooveeiiiieniiee e 512211
Lead angle prediClion ...........cooveeeeee e 51314
LEAK FaLB.....eie ettt 5.3.21.32
LEAKAGE ... .eieieeee et 532131
Leakage CONMIOl ........coceiiiiiieeiee e 5412231
Leakage Path........oceee i 5.3.21.33
Leakage SUPPrESSION ......ccccveeeiiieeeiieieesiieeesieeeesieeeseeeeseeeens 54.1.2232
Lean lMIt.. ..o 5.3.2.3.2
Limited multi-hit capability ..........coooeeeiiiriiiee e, 54.1.21.3.15
Location of terms and definitions............cooceeevcieeniieeniennns 4.2
Locational adaptability ..........cccceeiiiiiiiiierie e 51212
LOCK=0N ..ttt 51316
LOCK-0N DOUNAIY ..o 5.1.2.2.10
LOSSTALE .....euieeeeieeeee ettt e e 522218
Maximum effective range.........cccoeeveeeiieeeniie e 51224
MaXimUM SIBW FaE@.......eeeiiieeiiiee e 51.2.2.6
Maximum tracking rate ...........ccceeereeeinieeeeniee e siee e 51227
Mechanical flight control system...........ccccovceiiiieiniieeniennns 5.3.2.35
IMEITING et 5.3.21.2.13
IMISSIHE . 51.1.15
MisSioN @Ot Kill.......cocueieiiieiiie e 5.3.3.24
Misson avalableKill ... 5.3.3.2.3
Mission essential fTUNCLIONS .........ccooveeiiiiiiniieeiee e 532114
Mission limiting CONAItION ..........coovveeiiieeiie e 5.3.3.2.7
MUZZIE VEIOCITY ... 51225
Nap-of-the-earth flight ..., 54211
Nitrogen inerting SySteM..........cceeeiieeenieeeree e 5.4.1.2.2.3.6
Non-singly vulnerable (also called Multiple vulnerable)........5.2.2.1.1.17
Non-terminal electromagnetic threats...........cccccceeeveeenieenns 511111
NOoNhomOgeNneous COMPONENT .........eeerueeereererieeenieeeseeens 5.3.2.3.10
Number of rounds fired..........oocoeeiieinie e 521214
Obliquity aNgIe.......cccueieiieeie e 522126
ODBSEVADIES. ... 54111
OPEN fIrE TANGE .....ee e 52112
Order of precedence..........coooveeeeieiiiiiieeee e 2.3
Other Government documents, drawings and publications... 2.2.2
ParasSitiC @O ........eeeiiiie et 54.1.2.1.3.10

103

PAGE

31
26
30
68
68
83
68
83
69
80
10
24
31
26
56
26
26
26
70
68
14
73
72
65
73
26
86
83
50
17
70
43
52
75
39

80



Downloaded from http://www.everyspec.com

MIL-HDBK-2089
INDEX
PARAGRAPH
Partial Penetration ............oocueeiiiieiiiie e 5.6.1.7
PassiVe COUNTEMEBSUIES ...........ueeeiieeeiieeeeiee e seee e 3.1.12
Peak INTENSITY ..o 5.1.3.3.16
Penetration impact CONditions............cooceeeiieeniiieeniieenieenns 522122
PENELIALON ......eeeiiiieeeeeee e 51132
PErfOralioN ........eee e 5.3.21.28
PEtalliNg .....eeeeieee e 5.3.21.26
POWET ... 5.1.1.3.7
Power-booster flight control system ...........cccevceeeviienniiennns 53234
Prediction DI@S..........ooiiiiiiie e 51315
Presented area (Ap) «.oooceeeeeee et 53221
Primary damage effectS.........ooooeeeiiieinieeeee e 5.3.21.1.10
Primary StTUCKUNE.......coveieiiee e 5.3.2.3.8
Probability of kill given ahit (Pam) «.oovvvveveeiiiiieiiecee 5221111
Probability of kill given 10CK 0N (Pc/Lo) ««eeeevveeerveeenieereniinnns 5.2.21.1.13
Probability of survival per encounter............cccevceeerveeeniennnns 522212
Probability of survival per Sortie (Psy) «...ccooveeereeeeniereniennns 522213
ProjeCtile.....cooeeeeeeeee e 51112
Projectile CaliDer ... 51331
ProteCtive Masking .........cooveeeerieeeiiie e seee e 5412123
PUNCRING ..o 5.3.21.27
Pyrophoric fUE.........oooiie e 5.3.231
Quenching diStaNCe ...........eeiiiieeiiiee e 5.3.1.36
RaChEl NEL ... 54.1.2.1.3.17
Radar cross-section reduction.............oocveeeveeeenieeesiienesiennns 54.1.1.3
Radar homing and warning (RHAW).........cccoriiiiiniienieenns 54.2.2.7
Radar warning receiver (RWR) ........coovveieiinnniieenieenieenns 54.2.2.8
Radar-absorbent material..........cccooooveeiiieiiiieeneeeeeecens 54112
RAE OF FIr€...ceeeie e 51228
Reduction of detection ............cccceevveeiiieeeniie e 3.1.13
Repair timeKill ..o 5.3.3.2.6
REPIICATAIGELS ... 5.6.1.2
Reticulated polyurethane foam ...........ccccevveeniienncieeneenn, 54.1.2.2.3.8
RICh TIMIT . 5.3.2.33
Round-to-round correlation............ccccoveeeerieeencieeesiiieesieenns 522224
SAM launch and guidance equipment ...........occeeeeveeerveeenne 51118
SCOPIE. ...ttt ettt e e e ennneeas 1
SCOPI. ...ttt ettt e e e e ennaee s 11

104

PAGE
94

36
51
22
67
66
22
70
30
69
66
70
48
49

55
13

78
67
69
62
80
76
88
88
76
26

72
93
83
69
58
16



Downloaded from http://www.everyspec.com

MIL-HDBK-2089
INDEX
PARAGRAPH
Secondary damage effectS........coocveiieeiiiiie 5321111
SeCONaArY SLIUCLUIE.......ceveeeieieeeiee et 5.3.2.39
Shaped Charge........oooueeiie e 51123
ShoOt-100K-SNOOL ........coiiiiiiiie e 521223
SNOUNE. ... 522123
SIde-ON IMPUISE. ..o 5.31.24
SIOE-0N PIrESSUIE.....ueeieeiiieeeiee ettt ee e 5.3.1.25
Single burst kill probability (Pcg) ... eeeoeeeveereeeiieiienieeniens 522216
Single-shot kill probability (Pssi) .«eeeeoveeeereeeemreeeiniieenieeenne 522215
Single-shot probability of hit (Psgr)....ccveerveeriiiriiiieiiieenne 522214
Singly VUINErabIe.........coovveiiiieee e 5221116
Skin-to-component diStancCe..........ccoovveeiieeenriee e 5.3.2.2.3
SMAll @MS ... 51113
0] 110 1= 1 0 1 To USRS 5412136
SPACEA @MDY ...ttt 54.1.2.1.3.7
SPAIING .. 532121
Specification of terms and definitions.............cccceevveeiiieennne. 4.3
Specifications, standards and handbooks...............cccccceuuee. 2.2.1
SPOL SIZE e 5.1.3.3.15
Static fragment Spray anglesS.........eveeveeeirieeeiiee e 5.1.3.3.8
SEEAIN. ..o 54.2.2.6
SIKING VEIOCILY (V'S) weveeirieiiiieeiiiee e 522121
Subfield term: Accident and flight safety data..................... 5.6.2
Subfield term: Active damage SUPPression...........ceeeeeeeennee. 541222
Subfield term: Aircraft design enhancement ........................ 54.1
Subfield term: Aircraft utilization enhancement................... 54.2
Subfield term: Blast effectS........cooovevieiiieieccieeeceen 53.1.2
Subfield term: Component eimination............cccocceeeveeennne. 541211
Subfield term: Component material improvement ...............5.4.1.2.1.4
Subfield term: Component relocation.............ccccovveeereeennne. 541212
Subfield term: Component shielding ..........ccocceeivieiiiennne 541213
Subfield term: CouNterMEASUIES..........ccovvveerrieeeerieeereeeenne 54.2.2
Subfield term: Damage and failure modes............ccceeeuneee. 53211
Subfield term: Damage PrOCESSES .......cceeveeeerireeereeeereeeenns 53.1
Subfield term: Damage/kill criteria.........coovvviiiiiiiiniennne 5321
Subfield term: Encounter conditions...........ccccceeevveeerieenne. 5211
Subfield term: Encounter frequency.........ccccoveeeiveeenieeenne 5.2.1.3
Subfield term: Encounter results assessment ............cc.ee...... 522

105

PAGE

66
70
19

51
61
61
56
56
55
50
69
14
79
79
66
11

36
35
88
51
95
82
74
85
61
78
80
78
79
87

59
63
38



Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfidd term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:
Subfield term:

Downloaded from http://www.everyspec.com

MIL-HDBK-2089
INDEX
PARAGRAPH
Environmental factors.........ccccoeeeeeieeeiinenne 5121
Figures of merit (FOM) .....cceevviiiiiiieeiienne 551
Fire control factors.........ccccovceeevceiencieeenen. 5131
Firing doCtring........coovveeeeiiie e 52122
Firing opportunities..........ccccovceeevieeenieenne 52121
Firing/launch capabilities..............ccceeeieenne. 5122
Hardening........ccceeveeeeiiieeeiie e 54121
[ONITION. .. 5.3.1.3
Kill [eVEIS.....ooieieee e 5.3.3.2
Kill ProCeSSES .....oovvvveiiiiie e 5331
MaterialS reSPONSe........cevvveeerieeeiee e 53212
Merit rating system (MRS) .......ccccceeevieennee 5.5.2
Passive damage suppression............ccceeeeeeens 541223
Penetration .........cccvveeeiiee e 5311
Personnel response.........occeveveeeeiieeesieeene 53214
Physical desCriptorS........cooceeeeiveeenieeeniennns 5.3.2.2
RedundanCy .........cooceeeveeiiie e 541221
ReSpONSE MEASUNES........coeeeeeiiiiiiiieeeeee e 5.3.3
Self-defense systems........cceeeeieeiiiiniciennne 54.2.3
Signature SUPPreSSION ......cocueeeereeeeeneeeeseeenns 54.1.1
Subsystem desCriptors ........c.ceevveeerveeerieeenns 5.3.2.3
Survivability assessment methodology.......... 5.2.2.2
Survivability assessment techniques............. 5.22.2.2
Survivability combat and test data................ 56.1
Survivability measures..........cccceevceeeniennnne 52221
SUDSYSIEM rESPONSE.......veeeieeee e 5.3.2.1.3
System/subsystem design enhancement ........ 5.4.1.2.2
TACHCS. e ovie e 54.2.1
Target lethality criteria.........cocoevceviiieennnnen. 5.3.2
Terminal effects parameters...........cccocuveee.e. 5.1.3.3
Thermal effects.......ooovivceiiie, 53.14
Threat actions.........cccoovceeiiiieeiieeceeece 5212
Threat characteristics..........cocvvveiiiiieeniieenns 511
Threat lethality .......coooeeeiiiiii 51.3
Threat mechanisms...........ccccoveveniieeiiennne 5113
Threat Operations..........cccoovveeeiieeeiciieesieenns 512
Threat types.......covveiee e 5111
Trajectory factors........ccoceeveeeeicieeiiieesieenns 5.1.3.2

106

PAGE

24
90
28
43
41
24
77
61
72
71
66
92
82
60
68
69
81
70
89
75
69
53
57
93
53
68
81
86
63

62

12
27
21
22
13
31



Downloaded from http://www.everyspec.com

MIL-HDBK-2089
INDEX
PARAGRAPH
Subfield term: Vulnerability assessment methodology ......... 5.2.2.1
Subfield term: Vulnerability assessment techniques............. 52212
Subfield term: Vulnerability measures............cccovveeeiieennne. 52211
Subfield term: Vulnerability reduction ...........ccccocceeeviennnne 54.1.2
Subfield term: Warhead (or laser) descriptors..................... 51.1.2
Subject term (key word) liSting.........ccceveiieeeiiiieiniie e 6.4
Subfield term: Encounter desCriptors.........coovveeereeeeneenenne 521
SUPErSESSION AALA. ... .eeeiieieeiiiee et 6.2
Surface-to-air MISSIle.........coviiiiiii e 51.1.17
SUNVIVADITITY ..o 3.1.14
Survivability enhancement ...........cccooceeeiiienne e 3.1.15
Survivability enhancement tradeoffs............ccoceeiiieniiennne 3.1.16
Survivability trade benefitS ... 55.15
Survivability trade parameters.........ocvevveeniiee e 5514
Survivability trade penalties..........cccooceeeiiiiiiiie e 55.1.6
SUSCEPLDITITY ..o 3.1.17
SYSLEM FEPONSE. .....eeeieeeiiiiee et e et e e e e e e e e eneeeas 3.1.18
Target angle Off ... 52114
Target lethality Criteria.......ccocoveeiieeiiie e 3.1.19
Target Off St ..o 52113
TensoN WED SYStemM ... 54.12.1.3.18
Terrace SPal.....cooeeeeiee 532124
Test SIMUIELioN @CCUIACY ....coocvveeeiiieesiiie e 5.6.1.9
Thermal BloomiNg ........ccooiiiiie e 51324
Thermal ShoCK........coocuiiiiiii e 53142
Threat avoidanCe..........cooceiiiiiiieee e 54314
Threat envIiroONMENt .........ccoeiiiiiiiee e 52111
Threat firiNg MOUES.......cocviiiiie e 51229
Threat MechaniSMS..........cceeiiieiiie e 3.1.21
Threat MObIlITY .......cooiiieee e 51211
Threat NEgatioN .......cccuie i 3.1.22
TRMEALS......eeeeee e 3.1.20
Topical field term: Assessment methodology ............c.ee...... 5.2
Topical field term: Survivability enhancement..................... 54
Topical field term: Survivability enhancement tradeoffs...... 55
Topical field term: Survivability supporting data................. 5.6
Topical field term: System reSponse.........cceevveeeeieeenieeenne 5.3
Topical field term: ThreatS........ccoeevieeiiieeee e 51

107

PAGE

45
50
46
76
17
95
37
95
15

91
91
92

40

39
80
66
94
33
63
86
39
26

24

37
73
89
92
59
11



Downloaded from http://www.everyspec.com

MIL-HDBK-2089
INDEX
PARAGRAPH
Total fragment initial VEIOCILY ........ceevvvieiiiiiiiieeceeeee 5.1.3.3.10
Total system level redundancy ............ccceveeeiiieinciieenieeene 5221138
Total target vulnerable area..........cccoeveeeveeiiie e 522115
Total weapon system diSpersion .........cceeeveeeevieeescieeesieeene 522223
TTBOEL ..t 51134
TraCKiNg ©ITON ......eeiiiiie et 51312
TranSParent @O ........cceeeeiiieiiiiree e 5412138
TUMDIING. .. 5.1.3.2.6
UNMBESK FANGE ....eeivieeeiieeetiee e siiee et seee e stee e e e snee e 521212
Use of the standardized terms and definitions...................... 4.4
LY 1| S PRURRRR 5.3.3.29
Vaporific flash........cooiei 5.3.1.33
Visual suppression (ghint, glare)..........ccceeveeeiieeeniieeeseeeene 54.1.1.8
Void filler materials.......coooeeiiiiiee e 54.1.2.2.3.7
VUINEIaDHItY....cooiiie e 3.1.23
Vulnerability reduction...........cccoveeeiiiie e 3.1.24
Vulnerable area (AV) ..o 522112
Vx BaliSiC IIMIt ... 53.21.211
Warh@ad........c.oeeiieiiiece s 5.1.1.1.10
Warhead fUZE..........oooiiiieee e 51121
Weather capability.........ccoooeiiiiiiiiiiie e 51213
WINESS PIALE. ...ttt 5.6.1.8
CONCLUDING MATERIAL
Custodians: Preparing Activity:
Navy - AS Navy - AS
Air Force- 11 (Project 15GP-0006)

Army - AV

108

PAGE

35
48
47
58
22
29
79

42
11
73
62
76
83

46
68
16
18
24
94



