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MIL-HDBK-2089

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.

3. Beneficial comments (recommendations, additions, deletions) and any pertinent data which
may be of use in improving this document should be addressed to Commander, Naval Air
Warfhre Center, Aircraft Division, Code 4141OOB120-3, Highway 547, Lakehurst, NJ 08733, by
using the Standardization Document Improvement Proposal (IID Form 1426) appearing at the
end of this document or by letter.
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1. SCOPE

1.1 Scope. This document establishes standardized definitions for aircraft nomuclear
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
requirement. If it is, the contractor does not have to comply.

1.2 Amlication. The terms and definitions contained herein should be used, insofar as they
are applicable, in all Department of Defense studies, reports, statements-of-work, and other
documentation involving nonnuclear aircraft survivability. This handbook is intended for use by
industry and government agencies engaged in any activity that involves and aspect or element of
nonnuclear aircrafl survivability. The activities and elements that comprise the survivability
discipline are described in Section 4.

1.3 Aircrfi-air vehicle. While this document was originally 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 fhlly understand the information
provided by this handbook.

2.2 Government documents.

2.2.1 S~cifications. standards and handbooks. The following specifications, standards and
handbooks form apart 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
Defense Index of Specifications and Standards (DoDISS) and supplement thereto.

DEPARTMENT OF DEFENSE

SPECIFICATIONS

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

2.2.2 Other Government documents, drawhws 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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JCS Pub]. 1 - Dictionary of United States Miliuwy Tmrns for Joint Usages,
The Joint Chielk of Staff, washh~gton, DC

(Copies of JCS publications arc available from the Superintendent of Documents, U.S.
Government Printing Office, Washington, DC 20402)

2.3 Order of Precedence. In ih~ event of a conflict between the text of this document and
the rcfcrcnccs cited herein, the text of this document takes precedence- Nothing in this
dmmrnenl, however, supersedes tippli~dblc laWS and regulations unless a specific exemption has
been obtained.

3. I)13F1NIT10NS

3.1 Dcflnitions of kev terms. These tem~s provide concise definitions (If key sumivability
ccmcep~s required for use of this handbook. In some cases, 3 detailed definition of a term is ul:;o

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

3.1.1 Aircrafi urobabili~ of kill. The probability that an aircraft will not survive a defined
damage level in specified threat engagements,

3.1.2 Aircratt Probability of w-viva!. “lhc probability that an aircraft will survive a dcllncd
damage level in specified threat engagements.

3.1.3 Aircrafi survivability assessrncnt. Systematic description, de~k=tion, quanti fication
and statistical characterization of the survivability of (anaircdk in encounters with hostile
defenses-

3.1.4 Aircmf’t Vulnerability asscssmcrm Systematic description, del irwation, and
quamiiica[ion of the vulnerability of an aircr~ft when subject to threat mechanisms,

3.1.5 Damage/kill criteria. Quantitative and qualitative data tha[ relate target response to
damage processes (penetration, blast cfiects, etc.) in tcnns or mission performance factors.

3.1.6 Deflama~ion. See department of the Air Force Technical Manual
TM9-1300-21 1/1 1A-1-34.

3.1.7 Detonation. See Department of the Air Force Technical Manual
TM9-1300-21 1/1 1A-1-34.

3.1.8
caused by

Explosion, A violent bursting or cxpansic)n as the result of great pressure. It may hc
an explosive, or in the sudden relewe of pressure M in the rupture of a pressure vessel.

2
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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
eliminating the criticality of components thru redesign or reallocation of fictions, or by the use
of materials having improved characteristics.

3.1.11 High explosive. See Department of the Air Force Technical Manual
TM9-1300-21 1/11A-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., infhred, radar, visual, etc.) that are used by threat systems for acquisition,
tracking, and warhead guidancelhoming.

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

3.1.16 Survivability enhancement tradeoffs. The process of examining and quanti~ing ~
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 cotilguration or utilization for defined mission roles.

3.1.17 Suscet)tibilitv. 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 resnonse. 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 lethalitv 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 fictions 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 fimctioning of or to destroy) a target component or the
target itself (see 5.1.1.3).

3.1.22 Threat negation. To render a threat ineffective through the use of countermeasures,
tactics, or suppressive fire.

3.1.23 Vulnerability. The characteristics of a system which causes it to suffer a definite
degradation (incapability to perform the designated mission) as a result of having been subjected
to a certain level of effects in an unnatural (manmade) hostile environment.

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

4. GENERAL REQUIREMENTS (Overview and breakdown of survivability disciplined into
topical fields)

4.1 Categorization of the survivability disci~line. The total nonnuclear aircraft
survivabilityhulnerability 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 impac\ the
development of analytical assessment procedures, analysis of combat &@ 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,
respective y.

4
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TABLE I. Survivability To~ical 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

survivabilityhulnerability

System Response (3) System/subsystem response to threat impact;
lethal criteria data; kill levels; kill
mechanisms

Survivability Enhancement (4) Vulnerability reduction; hardening; self
defense; electronic countermeasures; reduction
of detection

Survivability Enhancement Tradeoffs (5) Benefits and penalties Iiom survivability
enhancement; tradeoffs

Survivability Test and Combat Data (6) Test dam experimental methods; combat &ta
analysis

m
I

5.1.1

,m, ‘

5.1.2 5.1.3
Threat Threat Threat

Characteristics Operations Lethality

1
I +

5.1.1.1 5.1.1.2 5.1.3.1 5.1.3.2 5.1.1
Threat Warheadand FireControl Trajectory Terminal
Types Laser Factors Factors Effects

Descriptors ParametersJ

1

5.1.1.3
Threat

Mechanisms

I

5.1.2.1
Environmental

Factors u5.1.2.2
Firing/
Launch

Capabilities

FIGURE 1. Threats tot)ical field and subfield categorization.

5
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n5.2
Assessment

Methodology

1
5.2.1 5.2.2

Encounter Encounter
Descriptors Results

Assessment

I

~ ,~ ,,

5.2.1.3 5.2.2.1 5.2.2.2
Encounter Vulnerability Survivability
Frequency Assessment Assessment

Methodology Methodology

Encounter H Threat
Conditions Actions

Fm!I BB.mB
FIGURE 2. Assessment methodology tot)ical field and subfield cate~orization.

6
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D
5.5

System
Response

I
5.3.1 5.3.2 5.3.3

Damage Target Response
Processes Lethality Measures

Criteria/
I

I
5.3.1.1 5.3.1.2 5.3.1.3 5.3.1.4

Blast Thermal
Penetration Effects Ignition Effects

s

I (
5.3.3.1 5.3.3.2

Kill Kill
Processes Levels

I v
5.3.2.1 5.3.2.2

4 “ L
5.3.2.3

Damage/ Physical Subsystem
Kill Descriptors Descriptors

Criteria
I
I

1>
5.3.2.1.1 5.3.2.1.2 5.3.2.1.3 5.3.2.1.4

Damage& Materials Subsystem Personnel
Failure Response Response Response
Modes

FIGURE 3. System resnonse topical field and subfield categorization.
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5.4
Survivability
Enhancement

3
5.4.1

Aircraft
Design

Enhancement

I

5.4.2
Aircraft

Utilization
Enhancement

1 1

r I r 1 I
v

5.4.1.1 5.4.1.2 5.4.2.1 5.4.2.2
Reductionof Vulnerability Counter

Detection Reduction Tactics Measures

\

3
5.4.1.2.1.1
Component
Elimination

5.4.1.2.2
System/Subsystem

Design
Enhaxicement

I

5.4.2.3
Self-

Defense
Swtems

0’ “5.4.1.2.1 5.4.1.2.2.1 5.4.1.2.2.2 5.4.1.2.2.3
Active Passive

Hardening Redundancy Darnage Damage
Suppression Suppression

Component II Component
II

Component
Relocation Shielding Material

II I 1 Inmrovement

FIGURE 4. Survivability enhancement to~ical field and subfield categorization.
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5.5
Survivability
Enhancement

Tradeoffs

I

5.5.1
Figures-of-Merit

(FOM)

5.2.2
Merit Rating

System
m)

FIGURE 5. Survivability enhancement tradeoffs topical field and subfield cate~orization.

5.6
Survivability
supporting

Data

Combatand
Test Data

5.6.2
Accidentand

Flight
SafetvData

FIGURE 6. Survivabili~ SUDDOrtimz data to~ical field and subfield cate~orization.
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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
relocation) provide increasingly detailed disclosures of the survivability activities initiated to
achieve survivability enhancement.) In addition to these topical field and subfield terms, there is
a large number of terms that are used to describe specific da@ methodology, measures, and so
forth. This body of specific terms is integrated into the topical field and subfield structure at the
lowest level of subfield categorization. These terms, then, are specific descriptors of each
survivability activity.

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 example, “projectile”, a term relating to “threat types”, has
the sequence number 5.1.1.1.2 since it is the second term in this subfield.

The following procedure can be utilized to facilitate the location of standardized terms for known
concepts, items, or activities:

a. From table I, identi~ the appropriate topical field by comparing the mture of the
activities and elements of each topical field to the known concept.

b. Examine the respective figure (figures 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 organizational 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
format containing the following entries: term, sequence or identification number, definition, and
explanatory notes. Information in the explanatory notes relates the term to the topical field
organization, provides further subfield categorization, and descriptive comments to eliminate
confhsion with other terms, and delineates standardized usage for the term.

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 meaningfid
fashion to preserve appropriate comparisons. The deftition, sequence or identification number,
and explanatory notes are compiled in a narrative manner.

4.4 Use of the standardized terms and definitions. The terms contained in this document
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 fiarnework 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 carefilly and filly 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 To~ical field term: Threats.

Definition: Those elements of a man-made environment designed to reduce the ability of an
aircraft to perform mission-related fimctions by inflicting damaging effects, forcing undesirable
maneuvers or degrading systems effectiveness.

11
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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 firing platform (e.g., interceptor, launcher, etc.) The non-terminal threats do not possess a
firing capability but provide an integrated detectionhacking system, which enhances the
capability of the terminal threat units in an engagement with an aircrafl. Only terminal threats
will be considered in this Topical Field Term. The “Threats” topical field is subdivided as shown
in figure 7.

u5.1

Threats

1

t I I
5.1.1 5.1.2 5.1.3

Threat Threat l%reat
Characteristics 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.

Explanatory Notes: The distinction between the three major subfields of “Threat Characteristics”
and example terms for each subfield are shown in figure 8. Note that only generic terms are
used; specific designations (e.g., SA-2) are not defined entries.

12
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5.1.1
Threat Characteristics

4

r I
J

1

5.1.1.1
Threat Types

● Projectile
● Artillery
● Mksile

‘1
I ..

,
5.1.1.2

Warhead
Descriptors

● Armor Piercing
● Incendiary
● Shaped Charge

I

5.1.1.3
Threat

Mechankms
● Penetrator
● Fragment
● Blast

●

FIGURE8. ~hreatcharactens~
. .

.

5.1.1.1 Subfield term .. Threat types .

Definition: A general characterization of the threat unit in terms of firing platform and site type,

the entity containing the threat mechanism, and similar descriptors.

5.1.1.1.1 Conven~l weap~. Non-nuclear weapons. Excludes all biological weapons,
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 ~ojectil~. 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 represent the device containing the warhead and threat mechanism associated with small
arms and anti-aircraft artillery. A sketch of a projectile is shown in figure 9.

13
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PROJECTILE

/

‘ETONATO”~
‘FIRING CHARGE-.

FIGURE 9. P-. .

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

5.1.1 .1.4 ~ti-aircraft tirv (&J& . Gun-fired projectiles greater than 20mm in size that
are designed to operate against airborne targets. They are generally of calibers 23mrn, 30m.m,
37mm, 57mm, 85mm, and 10Omm, although there are some older types with calibers greater
than 10Omm. The projectiles are usually high-explosive but may be armor-piercing. Either may

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
differing configurations (i.e., single bamel, two barrel, four bamel, etc.).

5.1.1.1.5 a. An aerospace vehicle, with varying guidance capabilities, which is
self-propelled through space for the purpose of inflicting damage on a designated target. These
vehicles are fabricated for air-to-air, surface-to-air, air-to-surface, or sutiace-to-surface roles.
They contain a propulsion system, warhead section, guidance system and sensor (or antennae for
receiving remote guidance signals), and control surfaces. The guidance capabilities of the
different missiles vary from self-guided to complete dependence on the launch equipment for
guidance signals. A sketch of a missile is shown in figure 10.

14
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PROPULSION SECTION

GUIDANCE SECTION

SENSOR

.. .
CONTROL SURFACES

FIGURE1O. wile.

5.1.1 .1.6 Air-to-airm issile (AAM\ . A missile launched from an airborne vehicle at a target

above the surface. Anexample ofan AAMlaunch envelope isshowninfigure 11.
(See 5.1.2.2.2 for the definition of “launch envelope”).

I TARGET AI RCRA”FT

LAUNCH ENVELOPE

FIGURE 11. Laun ch envelot)e.

5.1.1 .1.7 Surface-to-air missile (SAM]. A surface-launched missile designed to operate

against atarget above the surface. Anexample ofa SAMlaunch. envelope isshown in figure 12.

15
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/7) /n-RCRAF
)\\\, LAUNCH ENVELOPE

FIGURE 12. MM launch envel~. .

5.1.1 .1.8 SAM Iauxh and Wldance eq~. .
. Equipment which is used to launch and

guide SAMS to an intercept point. “SAM launch and guidance equipment” generally represents
systems capable of launching the different SAMS, and vary 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 the launch tube) and radar tracking in conjunction
with a special missile tracking and guidance mode for the equipment complexes. The missiles
launched by these systems contain warheads that are of the high-explosive, shaped-charge or
continuous-rod type.

5.1.1 .1.9 Airborne interceptor ~. High-performance and normally highly maneuverable
aircrafi designed to engage and destroy aircraft targets. Weapon systems consist of air-to-air
cannon, air-to-air missiles, and associated equipments for the purpose of identifying and tracking
aircraft and firing weapons. These interceptors may be limited to visual flight conditions (i.e., a
day fighter) or maybe configured to operate under all weather conditions (i.e., and all-weather
interceptor).

5.1.1.1.10 Warhead. That part of a missile, projectile, torpedo, rocket, or other munitions
which contains either the nuclear or thermonuclem system, high-explosive system, chemical or
biological agents or inert materials intended to inflict damage. (Refer to sketches under terms
“projectile” and “missile”.)

16
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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, se% 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., itiormation to the terminal or active
threat units.

5.1.1.1.12 HiEhenerE Ylaser [HEL). A weapons system which produces a collimated beam
of electromagnetic radiation with an intensity suillcient to melt or thermally degrade a portion of
the target. It may also be used to damage electromagnetic subsystems of the target saturating the
avionics.

5.1.1.2

Definition:

Subfield term: Warhead (or laser) descriptors.

Descriptors characterizing the basic cofilguration and ingredients of the warhead
and the activation methods/devices which collectively generate the threat mechanisms.

Explanatory Notes: Typical warhead elements are shown in figure 13. These elements can be
combined to obtain a specific type of projectile/missile (e.g., armor-piercing projectile,
armor-piercing incendiary projectiles, high-explosive projectile) that ultimately results in the
generation of threat mechanisms. Some terms frequently used in this section to describe
warheads, such as penetrator, fragment, tracer, and incendiary, are defined in Section 5.1.1.3
(Threat Mechanisms).
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I I
I Core/Filler I

● High Explosive Charge
● Armor-Piercing
. Ball
● Incendiary Material

I● Tracer Material
I

I
/

Case

. Fragmenting

● Continuous Rod

● Shaped Charge

Fuzing

● Contact
● Fixed Time

● Variable Time

● Proximity

● None

FIGURE 13. ~roiec tile missile warhead.

5.1.1 .2.1 Warhead fuze. That element of a warhead which initiates the detonation of the
explosive charge. Proximity fuzing (i.e., initiation within a predetermined distance to a target) is
normally used for missile warheads and some large AAA projectiles. Contact fizing (i.e.,
initiation on impact) is normally used for AAA projectile and may be delayed or instantaneous.

5.1:1 .2.2 ~~h-exDlo sive cha r~e. 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 fill 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 modi~ (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 char~e. Acharge shaped soastoconcentrate itsexplosive force ina
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

around the warhead.

5.1.1 .2.4 J3an-type projectile. A passive projectile with a relatively sofi metal interior or
core which is typically associated with small arms. These warheads are primarily intended for
use against persomel and unarmored targets. In practical application (e.g., reports, articles), the
full term should be used initially. In subsequent references to the term “ball” maybe used.

5.1.1 .2.5 /hm or=t)iercin~ Droiectile (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 -“eci i 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 projectiles are normally associated with small arms and
anti-aircraft artillery. A sketch of a typical armor-piercing incendiary projectile is shown in
figure 14.

HARD PEN ET RATOR CORE, INCENDIARY
MIXTURE

METAL JACKET

FIGURE 14. &mor-piercin~ incendiaw r)roiectile.
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5.1.1.2.7 j-Iiqh 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 (/lAA).
A typical high-explosive projectile sketch is shown in figure 15.

..

BAUD{ CHARGE’ OETONATOR’

FIGURE 15. ~gh-explos ive rxojgctil~.

5.1.1 .2.8 ~gh explos ive incendiary m-oiectile (HF~. 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 fize, either delay or super quick, on the nose. Delay-fhzed 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 ~h explos ive incendiary tracer m-oiectile @E-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 men ngcasti e. 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.

5.1.1.2.12 Delivered enern distribution (DED]. The distribution of energyh.rea delivered
to a target (i.e., through a plane normal to the incident laser beam at the target location). The
DED includes both a description of the energy pile (time integral of the intensity that has passed
through each point of the incident plane) and a probability distribution of energy piles about the
desired aimpoint.

5.1.1.3 Subfield term: Threat mechanisms.

Definition: Mechanisms, embodied in or employed as a threat, which are designed to damage
(i.e., to degrade the t%.nctioningof or to destroy) a target component or the target itself.

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 11clarifies the content of this term as distinguished
horn terms and meanings with which it might be confbsed.

TABLE II. Threat mechanisms.

Subfield Key Factors of Definition Example Terms I

5.1.1.3 Threat mechanisms Nature of the warhead output ● Blast
. Penetrator
. Fragment
. Incendiary
. Electromagnetic Flux

5.1.3.3 Terminal effects Intensity of the threat . Projectile caliber
parameters mechanisms output ● Equivalent weight of TNT

. Incendiary flash duration

. Fragment Density
5.3.1 Damage processes Interactions between threat . Blast effects

mechanisms and target ~ Blast loading
. Ignition

~ Explosion
. Penetration

~ Ballistic impact
. Thermal effects

~ Impulse loading
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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-aircrfi
artillery (20mm and larger) or surface-to -air and air-to-air missiles. Depending on the warhead
and fkzing, the blast may be external or internal to the target.

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

penetrate to the interior of a target. Penetrators are threat mechanisms associated with small
arms and anti-aircraft artillery.

5.1.1.3.3 FraRment. Metal particles of varying weight, size, and velocity that are produced
by ballistic impact and the detonation associated with anti-aircraft artillery and surface-to-air and
air-to-air missile warheads. Depending on the warhead fig, initial fragment impact maybe
external (proximity &d) or internal (contact-fhzed) to the aircraft. In addition to being directly
produced by the detonation of a warhead, fragments can be the result of a ballistic impact on a
target. In this case, fragments area by-product of material response such as span.

5.1.1.3.4 Tracer. An active bright-burning material typically used with a projectile to make
the flight of the projectile visible both by day and by night. Tracers are primarily used as an
aiming aid with small arms, W, 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”.

5.1.1.3.5 Incendiary. Any chemical agent designed to cause combustion; used especially as
a filling for certain bombs, shells, projectiles, or the like. A typical application of an incendiary
material is in a small arms or contact-fbzed 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.

5.1.2 Subfield term: Threat o~erations.

Definition: Those inherent capabilities and environmental factors which relate to the ability of a
threat to pefiorm its basic firing/launch functions.
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Explanatory Notes: “Threat operations” has been subdivided nto “environmental factors” and

“firing/launch capabilities”, which contain several terms each, as indicated in figure 16.

5.1.2
Threat Operations

5.1.2.1
Environmental

Factors . -.

● Threat Mobility
. Locational Adaptability’
● Weather Capability

F
......”’ ‘i., ...., :,::...,.:..,.. .

,. :.’:“. . .;.’.”., ‘.

ty’~$l{ff!’

5.1.2.2
Firin~g/Launch

Capabilities

. Slew Rate
● Rate of Fire
. Intercept Envelope

FIGURE 16. meat oper-
.

.
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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 admtability. 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 ca~ability. 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: FirinMaunch 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. Firindlaunch capabilities.

Subfield Key Factors of Definition Example Terms

5.1.2.2 Firing/Launch Inherent threat firinghaunch . Initial reaction time
Capabilities capability . Firing/launch envelope

. Slew rate

. Rate of fire

. Threat firing modes

5.2.1.1 Encounter conditions Encounter characteristics . Open-fMe range
● Target offset
. Target angle off

5.2.1.2.1 Firing opportunities Logical use of weapon in an . Allowable firing sector
encounter ● Unmask rang

. Number of rounds fired

5.2.1.2.2 Firing doctrine Use of firing opportunities ● Barrage fire
. Fire-while-track
● 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 filly operational and the time the threat is ready to begin its normal
operational mode against target aircraft. The fimctions, 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 Firindaunch envelo~e. A locus of points which represents the position of an
aircrafi target when a projectile/missile can be firedllaunched 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 required before a launch can feasibly be accomplished.
(Refer to sketches under terms “air-to-air missile” and “surface-to-air missile”.)

5.1.2.2.3 InterceDt envelo~e. A locus of points within the launch envelope which defines
the maximum range at which an intercept could be made by a projectile or missile under
operational conditions.
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5.1.2.2.4 Maximum effective range. The maximum distance at which a weapon maybe
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.

5.1.2.2.5 Muzzle velocity. The velocity of the projectile with respect to the muzzle at the
instant the projectile leaves the weapon. This velocity is a fhnction of the projectile weight,
firing charge of the projectile, barrel characteristics, etc. The weapon can be either small arms or
AAA.

5.1.2.2.6 Maximum slew rate. The maximum angular velocity, in both azimuth and
elevation, at which the firing/launch carriage of the threat can be rotated in order to begin
tracking and engaging a target that was in a different section of the sky than the weapon had been
initially pointing. The parameters which determine these velocities include mass or weight of the
equipment to be rotated, the electrical/mechanicaUhydraulic power available to rotate the
equipment, etc.

5.1.2.2.7 Maximum tracking rate. Maximum rates in azimuth or in elevation that the firing
or launch mechanism can be rotated while position vs. time is measured and used in the
prediction of target fhture position. (Slewing rate denotes “clutch disengaged” or “uncoupled”
rotation of fting 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 bound~. Area projected on the ground plane wherein the missile
seeker can automatically track (lock-on) to the target’s radar or infi=aredsignature.

5.1.2.2.11 Kinematic boundary. Area projected on the ground plane wherein the missile
reaches flight speed and can maneuver, and its warhead is armed (inner Kinematic boundary) or
the area projected on the ground within which an intercept can be made due to limitations on
missile on both propellant (maximum range capability, outer Kinematic boundary).
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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)
until the target responds to IFF interrogation, or until several seconds have elapsed, indicating no
response. In general, the elapsed time between acquisition and determination as to hostile,
friendly, or unknown.

5.1.2.2.16 En~a~ement time. Elapsed time during which the air-ground interaction is
actively taking place (open fire, until breakoff).

5.1.3 Subfield term: Threat lethality.

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 collection 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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5.1.3
Threat Lethality

I I

5.1.3.1
Fire Control

Factors

● Aiming Angle
● Lead Angle Prediction
● Tracking Error

-.

5.1.3.2

Trajectory

Factors

B Ballistic Dispersion
B Gravity Drop
) Thermal Blooming

5. I.3.3
Terminal Effects

Parameters

● Projectile Caliber
● Controlled

Fragmentation
● Fragment Density

I

FIGURE 17. Threat lethality.

5.1.3.1 Sub~~. Flr
.. e control factors.

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 control factors” is used to represent that collection 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.

I 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

A
5.1.3.2 Trajectory factors Transit error and other factors ● Gravity drop

. Ballistic dispersion

. Thermal blooming

5.2.1.2 Vulnerability Exclusive of error; impact is . Penetration impact
Assessment Techniques assumed . Conditions

. Grid size

. Attack aspect

. Equivalent density

5.2.2.2.2 Survivability Final errors and other factors . Hit distribution
Assessment Techniques . Total weapons system

. Dispersion

. Dynamic fragment
● Spray angles

5.1.3.1.1 Acquisition limit. Maximum unobscured range at which an aircraft can be
acquired (or detected) by threat sensors (e.g., radar, visual, infhred).

5.1.3.1.2 Tracking error. Errors introduced into the firing or launching operations of threats
by the inability of the tracking system (i.e., optical, radar, etc.) to provide an exact record of an
aircraft flight path. Tracking data is utilized by the enemy defenses for many purposes - alerting
appropriate threat units, establishing threat tactics, establishing lead angle information for
weapon firing, etc. Therefore, the source and magnitude 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 Aimirw error. Errors introduced into the firing or launching operations of threats
from the inability 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 fi=oma human interface (or human operator), horn a machine, or born 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.
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5.1.3.1.4 Lead angle predicti on. That process used toestablish desired weapon positioning
or aiming information. All weapons employing ballistic projectiles must be provided with some
means of solving the fire control problem illustrated in figure 18. From measurement of current
target position and velocity, future target position must be established, weapon aim angles (e.g.,

azimuth and elevation) determined, and the weapon positioned and fired so that the projectiles
and target will arrive at same point simultaneously. This process is referred to as “lead angle
prediction”. The equipment used to measure current target position and velocity, and the logic

used to predict the intercept point depends upon specific systems.

.-
CURRENT TARGET
POSITION

\
\

\
\ PREDICTED

\xCOURSE

\
\

\
\

LEAD ANGLE

WEAPON
SITE

FIGURE 18. J.ead angle pred ictio~.

PREDICTED
INTERCEPT
POIN,T

5.1.3.1.5 ~ediction bias. A bias (or miss distance) resulting from errors in the prediction of
the target flight path. “Prediction bias” en-ors maybe the result of unexpected or evasive target
maneuvers (i.e., jinking) during the flight time of the projectile or from limitations inherent in the
extrapolation process used to predict future target position. The “prediction bias” for any firing
situation is normally defined as the minimum distance from the predicted intercept point to the
target as shown in figure 19.
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CURRENT

ACTUAL TARGET
FLIGHT PATH =

INTERCEPT
POINT

BIAS

WEAPON SITE

FIGURE 19. ~redictionbia~.

5.1.3.1.6 Jock-on. Signifies thatatracking ortarget seeking system iscontinuously 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) which cause HEL beam to move about on the target
surface.

5.1.3.2 Subfield term: Trajectory factor~.

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” represents the transit errors and related factors
that are incurred in the flight of the threat propagation device during an aircrafi.hhreat encounter.
Table V clarifies the content of this group of terms with respect to similar terms in other
subfields.
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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-. Exclusive of error; impact is ● Penetration impact
assessment techniques . assumed . Conditions

. Grid size

. Attack aspect

. Equivalent density
5.2.2.2.2 Survivability Final errors and other factors . Hit distribution
Assessment Techniques . Total \veapons 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 g?, where g is the gravitational force an t is the
time of flight.

WEAPON IDEAL TRAJECTORY

GRAVITY DROP

ACTUAL TRAJECTORY

FIGURE 20. Gravity drop. ~
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5.1.3.2.2 Ballistic dis~ersion. The scatter of impact points of projectiles about a mean point
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, VP,can be obtained from

Vp=
Via R

exp(a R) – 1

Where

VO= muzzle velocity
R = range
cc= 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
temperature rise will force the gas particles away from the beam until the particle density has
been reduced to the proper level for that particular temperature and pressure. If the beam is
non-uniform (i.e., more intense at the center than at its edges), the resultant 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 Atmos~heric 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 m.m.rneters.

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 te%s and
meanings with which it might be confhsed.

TABLE VI. Terminal effects mmmeters.

Subfield Key factors of definition Example terms
5.1.1.3 Threat Nature of the warhead c Blast
mechanisms output ● Penetrator

. Fragment

. Incendiary

. Electromagnetic Flux

5.1.3.3 Terminal Intensity of the threat . Projectile caliber
effects parameters mechanisms output ● Equivalent weight of TNT

. Incendiary flash duration

. Fragment density

5.3.1 Damage Interactions between ● Blast effects
processes threat mechanisms and ~ Blast loading

target . Ignition
~ Explosion

● Penetration
~ Ballistic impact

. Thermal effects
tl Impulse loading

5.1.3.3.1 Projectile caliber. A standard measurement for the diameter of a projectile. This
diameter can also be expressed in other linear units of measurement (i.e., millimeters, inches,
etc.).
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5.1.3.3.2 Ecwivalent 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 Cha.me-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 fi-a~mentation. A desired combination of fragmentation pattern and
mass distribution which is derived from the design of the explosive charge, casing, burning
pattern, etc.

5.1.3.3.5 Incendi arv flash duration. An interval of time over which the incendiary filler in a
projectile will bum following initiation.

5.1.3.3.6 Critical im~act veloci~. A minimum striking velocity between a projectile and

target at which a projectile fhze will initiate.

5.1.3.3.7 Fra~ment density. The number of fragments per unit area which is normally

measured in terms of the distance from the point of warhead detonation.

5.1.3.3.8 Static fia~ment sm-zwaruzles. An angular field-of-view in which fi=agments are
emitted following the static detonation of a controlled fragmentation warhead.

5.1.3.3.9 Initial fia~ment velocitv. A fragment velocity attributable solely to the detonation

of the warhead.

5.1.3.3.10 Total fia~ment 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 Couding. 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 Aim~oint. A pre-selected position on the target at which a HEL beam is to be
directed.

5.1.3.3.14 EnerEv ~ile. 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.
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FIGURE 21. ~nergypil~.

5.1.3.3.15 Spotti. This defines the effective size of an HEL beam upon a target, it is
found by considering a plane intersecting the energy pile normal to the beam direction. The spot
size is then the diameter of the circle formed by the intersection. (When the energy pile is not
symmetrical about a point, an average diameter is used.) Note, any use of spot size is
meaningless unless the total energy in the pile and the total energy contained in the spot size are
also stated.

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

5.1.3.3.17 AveraW Deak intens ity. This is the maximum intensity Qoules/cm -see) that
develops in the energy pile of an HEL beam, divided by the accumulation time of the pile.

5.1.3.3.18 ~vera~e intensitv. This is the average intensity Qoules/cm2-see) 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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Average Intensity =
Total Energy w/in Spot

(f@of Area) (EngagementTime)

It must be noted that the term average intensity is meaningless unless the
defined (see 5.1.3.3-15).

5.2 Topical field term: Assessment methodolo~v.

spot size is completely

Definition: Those evaluation techniques and measures that are usefil in the systematic
quantification and evaluation of the vulnerability and survivability of an aircraft during
operations in a man-made hostile environment.

Explanatory Notes: The topical field “Assessment Methodology” contains terms which provide

descriptive material on the threatitircrti encounter situation and the resultant 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/mlnerability measures and
techniques.

5.2
Assessment

Methodology

I

I I\
5.2.1 5.2.2

Encounter Encounter

Descriptors Results
Assessment

FIGURE 22. Assessment methodology.

5.2.1 Subfield term: Encounter descri~tors.

Definition: Those mission parameters that characterize an engagement between aircraft and
hostile defensive or offensive forces.
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Explanatory Notes: The term “encounter descriptors” is used to represent that set of term which
best describes the prevailing conditions associated with an aircraftfthreat 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,
“enco~ter descriptors” has been subdivided as shown in figure 23.

L=l
5.2.1

Encounter
Descriptors

I
5.2.1.1 5.2.1.2 5.2.1.3

Encounter Threat Encounter
Conditions Actions Frequency

● Firing
Opportunities

● Firing
Doctrine

FIGURE 23. Encounter descri~tors.

5.2.1.1 Subfield term: Encounter conditions.

Definition: Descriptors that characterize features of an encounter environment where these
features are not necessarily inherent to either the aircraft or the hostile force, although they could
derive from tactical considerations or from operational limitations.

Explanatory Notes: The “encounter conditions” subfield represents those terms which are
descriptors of the weather conditions, terrain, geometry, range, threat deployment, flight path,
and similar factors. Table VII clarifies the content of this group of terms with respect to similar
terms in other subfields.
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TABLE VII. Encounter conditions.

Subfield Key factors of definition Example terms

5.1.2.2 Firing/Launch Inherent threathing launch ● Initial reaction time

Capabilities capability . Firing/launch envelope
. Slew rate
. Rate of fire
. Threat firing modes

5.2.1.1 Encounter conditions Encounter characteristic ● Open-fire range
. Target offset
. 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 . Barrage fire
. 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.

5.2.1.1.2 O~en fire range. That aircraflhhreat separation range at which the threat
commences firing. The “open-fire range” is not necessarily the maximum effective range of the
weapon. The open fire range is a function of threat tactics, aircraft flight conditions, terrain
features, weather conditions, ECM environment, etc., as well as maximum effective range of the
threat.

5.2.1.1.3 Target offset.
ground- or sea-based threat.

The minimum horizontal separation distance from the aircraft to a
“Target offset” is illustrated in figure 24.
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THREAT SITE

.-

FIGURE 24. Target offset.

5.2.1 .1.4 Tar~et ande off. An angle between the velocity vector of the aircraft and the
line-of-sight between the target and threat. “Tmget angle off’ is illustrated in figure 25.
(See 5.2.2 .1.2.5 for attack parameter definitions relative to the target.)

AIRCRAFT

ANGLE OFF

44”THREAT

FIGURE 25. Target anele off. “

40

Downloaded from http://www.everyspec.com



MIL-HDBK-2089

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.

u5.2.1.2
Threat
Actions

n5.2.1 .2.1
Firiig

Opportunities n5.2.1.2.2
Firing

Doctrine

FIGURE 26. Threat actions.

5.2.1.2.1 Subfield term: Firhm omortunities.

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 threatitarget
encounter. Table VIII clarifies the content of this group of terms with respect to similar terms in
other subfields.
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TABLE VII1. ~irin~opD ortunitie~.

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

● S1e\v rate
● Rate of fire
. Threat firing modes

5.2.1.1 Encounter conditions Encounter characteristics . Open-fire range

. Target offset
-.

● Target angle off

5.2.1 .2.1 Firing opportunities Logical use of weapon in an . Allowable firing sector
encounter . Unmask range

I . Number of rounds fired
I5.2.1 .2.2 Firing doctrine Use of firing opportunities

● Banage fire
. Fire-\~hile-track
● . Shoot-look-shoot

5.2.1 .2.1.1 ~owable firing sector. A defined geographical or physical area into which a
threat is permitted to fire. The “allo\vable firing 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
attributable to potential hazards to friendly troops, aircrafi, etc.

5.2.1 .2.1.2 IJnmask range . An aircraftltkeat separation range at which the line-of-sight is
unobstructed. The “unmask range” defines that separation range at which the threat-associated

acquisition, detection, and tracking systems (visual, radar, IR, etc.) can freely view the aircraft.
A sketch of this range is shown in figure 27.

UNMASK RANGE

LOCAL TERRAIN

FIGURE 27. Unmask range. ~
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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 aircrafl
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
of criteria employed by the force in structuring its

to use) their firing opportunities;
plan.

also, the set

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 . Firing/Launch envelope
. Slew rate
● Rate of f~e
● Threat firing modes

5.2.1.1 Encounter conditions Encounter characteristics ● Open-fire range
. Target offset
● 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 f~ed
A

5.2.1.2.2 Firing doctrine Use of firing opportunities . 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 aircrafl 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 fues 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 continuously 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.

5.2.1 .2.2.3 Shoot-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 normally 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.

5.2.1.3 Subfield term: Encounter freauencv.

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
unit in relative terms.

5.2.2 Subfield term: Encounter results assessment.

Definition: Systematic description, delineation, and quantification of the expected results of an
engagement between aircraft and hostile forces.

Explanatory Notes: The assessment of an encounter between an aircraft and hostile forces
requires knowledge of both aircraft vulnerability 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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o

5.2.2
Encounter

Results
Assessment

5.2.2.1
Vulnerability
Assessment

Methodology

Vulnerability
Measures
Vulnerability
Assessment
Techniques

5.2.2.2
Survivability
Assessment

Methodology

● Survivability
measures

. Survivability
Assessment
Techniques

FIGURE 28. Encounter results assessment.

5.2.2.1 Subfield term: Vulnerability assessment methodolon.

Deftition: Those measures and techniques employed in the systematic description, delineation,
and quantification of the vulnerability of an aircraft when subjected to threat mechanisms.

Explanatory Notes: The “vulnerability assessment methodology” subfield contains those terms
which are used to identi$ 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.

5.2.2.1
Vulnerability
Assessment

Methodology

35.2.2.1.1

r

5.2.2.1.2
Vulnerability Vulnerability

Measures Assessment
Techniques

FIGURE 29. Vulnerability assessment methodolo~.
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5.2.2.1.1 Subfield term: Vulnerability measures.

Definition: Terms used to define, describe, delineate, distinguish, and quanti~ 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
independent, and the choice of which measure to use depends on the particular application -
aircraft type, aircraft design status (predesign, detailed design, or design retrofit), threat type,
associated threat mechanisms, and so forth.

5.2.2 .1.1.1 Ballistic vulnerability. Measure of the vulnerability of an aircraft to threat
mechanisms associated with ballistic impacts. Typical measures of “ballistic vulnerability”
include vulnerable area, probabilities of occurrence of various damage and failure modes,
times-to-failure, etc. Each of these measures must be referenced to a specific kill level.

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 fee~ square meters, etc.).
Typically, the “vulnerable area” of a target or target element is computed as the product of the
presented area of that target in a plane normal 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 Com~onent 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 Commment 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 To tal tawet vulnerable a rea. 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
(or view), etc.

5.~.2.l.l.6

stated per threat type (e.g., 23mm HE-I), impact velocity, kill level, attack aspect

External blast vulnerability. A measure of the vulnerability of an aircraft to
externally-detonated-blast threat mechanisms. In general, lethal blast en~’elopes, as shown in

figure 30, are used to describe the vulnerability of aircrafi to externally-detonated-blast threat
mechanisms. These envelopes represent a synthesis of the damaging effects attributable to
external blast waves {i.e., catastrophic structural failure, stability/control loss, and critical
subsystem failure) and present the critical ranges from the aircraft within which a detonation of a
particular explosive weight could yield damaging effects. Normally, these envelopes are
prepared as functions of altitude and standardized charge weight.

‘2 “

i

‘1

FIGURE 30. External blast vulnerability.

5.2.2 .1.1.7 Jnt erdeDend ent com~onent~ . 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 compartment containing
an ignition source (e.g., hot surface) and (2) in a compartment isolated from ignition sources. In
the first case, a fuel leak will result in a fire whereas in the second case no immediate fire would
result. Hence, the fuel line would be classified as interdependent. This can be contrasted to
noninterdependent components such as a computer or sensor whose inherent damage
susceptibility does not depend on the locational interface with other components.
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5.2.2 .1.1.8 Total system level redundance. Descriptors used to identi~ 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 inheren~ fictional, or
design redundancy level of each subsystem. This classification is made independent threat type
and is chosen to identi~ 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 subsystems. This term is used as a descriptor for each component
and is not a descriptor of the total subsystem. For example, a system may include four
independent, identical elements (accelerometers) to measure acceleration and only one element
(computer) to acceptor use the acceleration value. In this case, the accelerometers are quad
redundant and the computer is singly redundant (i.e., the level of redundancy equals one).

5.2.2.1.1.10 Branch level redundancy. Descriptors used to identi~ the threat-dependent
redundancy level of components and subsystems. The “actual” redundancy level of each
fictionally redundant component and subsystem is dependent upon threat type. For example,
consider a fuel feed system with two independent and separate lines each capable of supplying
engine fiel. Against a non-incendiary threa~ each line would be doubly redundant. Against an
incendiary threat, on the other hand, each line would be singly redundant since either line could
provide the source for a fiel f~e. Note also that actual redundancy depends upon kill level.

5.2.2.1.1.11 Probability of kill given a hit (’pd. The probability of obtaining a level of
damage on a target which causes sufficient performance degradation to classi~ 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

PKIH = PD/HPK/D

where

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

Pm = probability of sufficient performance degradation to classi~ the target as killed
given the specified level of damage.
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5.2.2.1.1.12 ComDo nent mobabi]itv of k ill 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”.

s.~,z.l.l.ls ~robability of kill given lock on (Pwo). The probability of obtaining a desired

level of damage on a target given lock on (as defined in 5.1.3. 1.6). In contrast to Pwl, 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 overall kill probability. Pwo is
the appropriate kill probability for aimpoint designated weapons (i.e., for those whose hit
probability is not uniform over the entire target surface), for which Pm can not be factored out
of the overall kill probability. For a HELWS, Pmo 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 Com~on dent con itional h-ill probab ilitv (pCcK). 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 Probabili~ (P~c). 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’%0probability 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°/0 of the high order detonations. Then,

P~~ = 1- (0.2) (0.7)= 0.86

or the component will ~ be critical to the target 86°/0 of the time.

5.2.2.1.1.16 SindY 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-sindY vulnerable (also called Multide vulnerable). The property
attributed to components of a set when the killing of less than c members of the set does not
result in an aircraft kill (in a specified kill category) but the killing of g or more members does
result in a kill (form> 1).

5.2.2.1.2 Subfield term: Vulnerability assessment techniques. ~

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.
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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 . Tracking error
. Aiming error
. Lead angle prediction

5.1.3.2 Trajectory factors Transit error and other factors . Gravity drop
. Ballistic dispersion
. Thermal blooming

f

5.2.2.1.2 Vulnerability Exclusive of error; impact is . Penetration impact

assessment techniques assumed conditions
. Grid size
. Attack aspect
. Equivalent density

5.2.2.2.2 Survivability Final errors and other factors . Hit distribution

assessment techniques . Total weapons system
dispersion

. Dynamic fragment spray
imzles

5.2.2 .1.2.1 Strilchw veloci~ (VS). The relative velocity between the target and the
impacting fi=agment, projectile, or other damage mechanism at the instant of impact.

5.2.2 .1.2.2 Penetration impact conditions. The characteristics of a fragment, projectile, or
similar threat mechanism at the moment of impact with a target. The impact conditions are
normally expressed in terms of the striking velocity, mass, obliquity angle, etc. for penetrators or
fragments. This data is then used to determine penetration capability, residual masshelocity,
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 plane and
extending algebraically through a mathematically described target. The shotline is normall y
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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5.2.2 .1.2.4 Grid size. The fineness of the mesh used to define the shotline locations in a
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,

5Q~.2.10~.5 Attack as Dect. Azimuth and elevation angles, measured \rith respect to a
target-located coordinate system, of the shotlines generated by a target-description program such

as MAGIC or SHOTGEN. The specific target-located coordinate system used depends upon the
particular procedure employed. An example of one such coordinate system is shown in figure
32. -.

+Z e

+X

Y

FIGURE 32. At tack asDec~.

5.2.2 .1.2.6 Obliauitv an de. The angle bet~veen a shotline through a component and the
normal vector to the component at the point of shotline intersection. The obliquity angle is
shown in figure 33.

COMPONENT

SHOTLINE k

OBLIQUITY ANGLE

NORMAL VECTOR

FIGURE 33. Obliquity angle. ”
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5.2.2 .1.2.7 Equivalent densitv. 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 technique which can be used for infernng the damage that may

be caused by a set of blast conditions from the results of a different set. For example, scaling
factors are used for converting different explosive types to equivalent weights of pentolite,

pressureiimpulse scaling with altitude, etc.

5.2.2.2 Subfield term: Suwivabilitv assessment methodolo~.

Definition: Those measures and techniques employed in the systematic description, delineation,

quantification, and statistical characterization of the survivability of an aircrti in encounters
with hostile forces.

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

5.2.2.2.1

5.2.2.2
Survivability
Assessment

Methodology

F!IE
FIGURE 34. %rvivabili~ assessment methodology.

Subfield term: Survivabili~ measures.

Deftition: Terms used to define, describe, delineate, distinguis~ and quanti& 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.

5.2.2 .2.1.1 Aircraft t)robabili~ of survival (PJ. The probability that an aircraft will survive
a defined damage level in specified threat engagements. “Aircrafl probability of survival” is a
summary measure that combines total threat system effectiveness (from initial detection and
acquisition through weapons launch to weapon impact) and target (aircraft) vulnerability. In

general, probability of survival is computed from an in-depth assessment of all factors that
influence threat effectiveness and target vulnerability. However, depending on the particular
application, aircraft probability of survival measures maybe computed for various aspects of a
complete mission such as probability of survival per encounter probability of survival per sortie,
etc.

5.2.2 .2.1.2 Probabiliw of survival ~er 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”, Pm, is shown below.

P==
{: }

(pm,) (p.) (p~ (p~) (p~m) (1 - pSSK)

where:

PLos= Probability of line-of-sight to the target

P~ = Probability of detection, given line-of-sight

PL = Probability of launch or firing, given detection

P~ = Probability of successful guidance, given launch or firing

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

n = Number of shots fired during a pass

PSSK= Single-shot kill probability
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5.2.2 .2.1.3 Probability of survival per sortie ( PSM )0 The probability that an aircraft will

survive a defined damage level in a single operational flight during which it may have multiple

engagements with the various weapons of a zone defense. PSM is calculated by the following

expression.

[

‘i ‘2Reff(1-pS/E,)
PSM =~Ps = ~exp - ~

i i i 1
L J

where:

‘SM
= Probability of mission survival over iti engagements with the zone defense weapons

mixture

A. = The area in which the weapon systems or firing units are expected to be randomly

distrib~ted

Ni = The number of i* type weapon systems in area A

R eff = me effective range of the i* type weapon system
i

D = The distance the aircraft flies through area A without significantly changing

altitude or airspeed

PS / E, = The probability of the aircraft surviving a single encounter with the i* type

weapon system at a given airspeed and altitude

‘s,
= Probability of surviving multiple engagements with the i* type weapon system.

5.2.2.1.4 Sinde-shot mobabilitv of hit (P~~J. The probability of hitting an aircraft given a
single firing from a threat. The single-shot probability of hit can be computed in many ways.
An example of one procedure applicable to AAA is shown below. (This example assumes that
the distribution of hits is circular normal.)

APex&2’2~2)
‘SSH =

2zcY2
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where:

‘P = Presented Area

b =biaserror orthedist.ance between thecentioidof
the trajectory distribution and the aim point on the
target (fair control error)

CJ = total weapon system dispersion (ballistic error)

5.2.2 .2.1.5 Sinde-shot kill t)robabilifi (P~~J. 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,”, P~~~,is

a summary measure that combines weapons system accuracy (i.e., single-shot probability of hit,
P~~J and target vulnerability (i.e., probability of kill given a hit, PA for individual shots. In

general, P~~Kis computed as shown below.

5.2.2 .2.1.6 Single burst kill ~robabili~ (Pd. The probability that an aircrafl will be killed
by a single exposure to the burst of a specific internally-detonated ro~d given a particular set of
encounter conditions. For a specific warhead and set of encounter conditions, Pm can be

obtained by means of the expression below.

Pm= l-exp(-~= l-exp(-p Av)

where:

& = the expected number of lethal hits,

AV = the aircraft vulnerable area at the aspect under consideration, and

P = the average number of fragments per unit area incident on A.

5.2.2 .2.1.7 ExRected combat lifetime. Expected number of combat sorties an aircraft can

perform before stiering 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.

5.2.2 .2.1.8 Loss rate. 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 aircrafl
with a probability of survival of 0.99 per sortie has a loss rate per 1000 sorties of 10.
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5.2.2.2.2 Subfield term: SurvivabiliW assessment techniques.

Definition: Methods and procedures usefil 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. %vivabilitv assessment techniques.

Subfield I Kev Factors of Deftition I Example Terms.

5.1.3.1 Fire Control Factors Initia~ 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

5.2.2.1.2 Vulnerability Exclusive of error; impact is . Penetration impact

Assessment Techniques assumed conditions
● Grid size
. Attack aspect
● Equivalent density

5.2.2.2.2 Survivability Final errors and other factors . Hit distribution

Assessment Techniques . Total weapons system
dispersion

. Dynamic fi-agment spray
angles

5.2.2 .2.2.1 Diffise ta.met. 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 fhnction of burst point
location, has the general form of a Gaussian probability curve symmetrical about the target
center. This “diffbse target” representation is fkquently used in the development of single-shot
probability of kill representations. The general form of the kill probability, P~(r), is shown
below.

P~ (r)= exp (-x?/2s2)
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Where r is the distance from the target center to the burst point ands 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 aircrafl in terms of the probability of n hits. An assumption is that the hit
distribution follows the Poisson distribution, i.e.,

E~-E
P(n) =

n!

Where P(n) is the probability of exactly n hits and E is the expected number of hits (per 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 wea~on system dispersion. A summary measures of the inherent accuracy
of a weapon system, exclusive of bias errors, described in terms of the standard deviation of the
burst pattern. The total system dispersion is composite measure of the error contributions of all
sources - tracking error, aiming error, ballistic dispersion, etc. For independent error sources, the
total weapon system dispersion, o, is computed below.

Where al are the individual contributors.

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)e C(At)+Ey’(t+ At)

Where Ey(t) is the error at time L Ey’ (t + At) is the raw error in y at time (t + At), and C ( A t) is
the serial correlation coefficient which relates the significance of the previous error to the present

error. As C( A t) tends toward one, the raw error is added to more and more of the previous error.

Likewise as C( A t) tends toward zero, there is less dependency between subsequent errors.

5.2.2 .2.2.5 Dynamic fia~ent s~rav angles. A skewing of the static fragment spray angles
by the velocity of the warhead at detonation.
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5.3 Tot)ical field term: Svstem 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., blastlblast effects), (2) the
inherent damage susceptibility of a target, and (3) response measures. These major subfields are
depicted below.

c5.3
System

Response

.

5.31
Damage
Process

● Penetration

. Blast effects

. Ignition

● Thermal
effects

I

1

5.3.2
Target

Lethality
Criteria

● Damage/Kill

● Criteria

● Physical

● Descriptors

. Subsystem

o Descriptors

5.3.3
Response
Measures

● Kill
mechanisms

. Kill levels

FIGURE 35. System res~onse.

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.
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5.1.3.3 Terminal effects
parameters

5.3.1 Damage processes
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TABLE XII. DamaRemocesses.

Key Factors of Definition I Example Terms

Nature of the warhead output I . Blast
. Penetrator
. Fragment
. Incendiary

I . Electromagnetic flux

Intensity of the threat ● Projectile ~aliber
mechanisms output . Equivalent weight of TNT

I . Incendiary flash duration
I . Fragment density

Interactions between threat
mechanisms and target

. Blast effects
Blast loading

. Ignition
Explosion

. Penetration
Ballistic impact

● Thermal effects
Impulse loading

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.

Explanatory Notes: Penetration is a damage process typically associated with a penetrator or
iiagment. The net effect of a penetration may be a fluid leak, a fluid pressure pulse, control
linkage severance, impact darnage, or the like.

5.3.1.1.1 Ballistic imuact. Those impacts due to hits on the target by projectiles, fragments
or other aerodynamically-effected

5.3.1 .1.2 Ballistic load. The
ballistic impact.

threat mechanisms.

transient load on a target structure which is a result of a

5.3.1.1.3 HwirodYnamic ram effect. The development, in a fluid, of shock waves of
potentially destructive intensity to tank walls and fiel 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

60

Downloaded from http://www.everyspec.com



MIL-HDBK-2089

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
stiace 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
pressure forces to impose structural degradation, geometrical deformation, or other types of
damage on a target or target element.

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 missiles. Depending on the threat and fuze type, the blast pressures may be external or
internal to the aircraft or environment.

5.3.1.2.1 Blast loading. The force on an object caused by an air blast from an explosion
striking an following around the object. It is a combination of overpressure (or diffraction) and
dynamic pressure (or drag) loading.

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

5.3.1.2.3 Face-on messure. 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 imtmlse. 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 messure. 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: Imition.

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

Explanatory Notes: “Ignition” is a damage process generally associated with incendiary-type
threats such as armor-piercing incendiaries (AP-1), high-explosive incendiaries (HE-I), and so
forth. However, additional threat mechanisms, such as thermal energy, can create conditions

(e.g., a fuel leak in a voided area) to initiate combustion.
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5.3.1 .3.1 Exdosion. 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 fhel-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 Imition 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 maybe 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 due to oxygen liberated by weapon effects, combining with
suitable material to allow ignition, and flammable material ignition from shorted electrical
equipment or cabling.

5.3.1.3.3 Va~orific flash. Incandescent metal particles or vapor generated by impact of
nonincendiary projectiles or fragments upon a target or target element.

5.3.1.3.4 Hot surface imition. A fme ignited from a hot or heated surface. “Hot surface
ignition” sources are usually categorized as hot wires, iliction or impact sparks, and extended
surfaces such as hot engine bleed air and exhaust ducts.

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

5.3.1.3.6 OuenchinR distance. The largest gap between two parallel plates that will prevent
flame propagation. This gap is influenced by type of fhel, fhel-air ratio, pressure temperature,
flame impingement velocity, etc.

5.3.1 .3.7 Flame velocitv. The velocity with which a flame front advances into a mass of
quiescent unburned reactants, or conversely, the velocity with which a moving mass of unburned
reactants approaches a stationary flame front.

5.3.1.4 Subfield term: Thermal effects.

Definition: A damage process, exclusive of ignitio~ relating to the ability of a threat mechanism

to deposit sufficient quantities of heat to impose structural degradation, geometrical deformatio~
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 HELWS, 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 stiace.

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: Tamet lethali~ 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
damage occurs.

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 identi& (1) the response of the target (i.e., aircraft) to assumed levels
of damage, and the response of materials, subsystem, and personnel to damage processes, (2)
physical descriptors of the target, and (3) other usefil terms (subsystem descriptors) which imply
the vulnerability nature of the target. The subdivision of “target lethality criteria” is shown
below.

5.3.2.1

Definition:

5.3.2
Target

Lethality
Criteria

I

I I I

3mm
FIGURE 36. Tarxet lethali~ criteria.

Subfield term: Dama~e/kill criteria.

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 fiction of damage processes, those critical components, subsystems, and systems which, if
damaged or destroyed, will yield defined aircraft kill levels. This database, 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.

0
5.3.2.1

Damage/Kill
Criteria

1

I I I I
4

5.3.2.1.1 5.3.2.1.2
Darnage and Materials

Failure Modes Response

5.3.2.1.1

Definition: A
of damage.

n

5.3.2.1.3
Subsystem
Response

FIGURE 37. DamaEe/kill criteria.

5.3.2.1.4
Personnel
Response

Subfield term: Damage and failure modes.

description that relates the response of a target or target element to assumed levels

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 fimction, 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. 50V0 reduction in roll

hydraulic reservoir, system hydraulic fluid Sys. rate

line, etc.

5.3.2 .1.1.1 Aerodw-m.mic damage. Damage which adversely affects the aerodynamic
qualities of the aircraft. Aerodynamic damage includes:

a.

b.

c.

Damage which is the result of progressive skin peeling

Damage-induced flutter

Damage resulting in degradation or loss of control, decrease of speed a.dor altitude.

5.3.2 .1.1.2 Critical components. Those aircraft components which, if damaged or
destroyed, would yield a defined or definable aircraft kill level.

5.3.2 .1.1.3 Flight essential fhnctions. Those subsystem fimctions 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
aircrti to perform its designated mission(s).

5.3.2 .1.1.5 Damage mode. A particular form, variety, state, condition, or cotilguration 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 modes on the continued controlled flight and mission completion capabilities of
the aircraft system.

5.3.2 .1.1.7 Failure mode. A subset of damage modes characterized by damage resulting in
fictional degradation of the system or system element beyond an allowable limit.

5.3.2 .1.1.8 Failure mode and effects anahsis (FMEA]. A systematic, quantified
determination of the probabilities and severities of component, subsystem and system failures
based upon assumed levels of damage and the system operating as an integral part of the aircraft.
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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 maltiction of an aircraft material, component, or system.

5.3.2.1.1.10 Prim arY 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 fiel leakage contacting a hot surface,
control linkage jamming due to blast-induced buckled skin panels, etc.

5.3.2.1.2 Subfield term: Materials res~onse.

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

Explanatory Notes: The term “materials response” represents the characteristics and reaction of
aircrti 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 material can be
described by cracking, delamination, spalling, petalling, punching, etc;

5.3.2 .1.2.1 Spalling. The detachment or delamination of a layer of material in the area
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 s~all. Delamination that remain attached around the periphery of the
hole or span area. The delamination may remain nearly in its original position or may be
subjected to various degrees of rotation. One basic characteristic of “attached span” is that the
impact face lamina remain in their pre-impact location.

5.3.2 .1.2.3 Chunk sRall. Damage of the type resulting in span and petal span where the
thickness and at least on orthogonal directional dimension are approximately the same.

5.3.2 .1.2.4 Terrace s~all. A span pattern where the area of successive span layers increases
in a series of steps, progressing from front to exit face within the target.

5.3.2.1.2.5 Crack. A complete cleavage and separation of original target material along

planes more or less perpendicular to the original target surface.

5.3.2 .1.2.6 Petalling. Plastic deformation of a ductile material when struck by an impacting
projectile or fragment, resulting in material being forced outward in leaflike or petal forms.
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5.3.2 .1.2.7 ~. 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

projectile 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.

5.3.2 .1.2.9 J3allistic resistance. A measure of the capability of a material or component to
stop or reduce the impact velocity and mass of an impacting projectile or fragment.

5.3.2.1.2.10 J3allistic limit. The average of two striking velocities; one, the highest \’elocity

giving a partial penetration; the other, the lowest velocity giving a complete penetration. There
are several measures used in rating the resistance of armor or other materials to penetration, the
three most widely used criteria are: (1) the Army, (2) “protection”, and (3) the Navy ballistic
limits, figure 38. The essential difference between these tests is the difference in the criterion
employed to define a perforation as illustrated. In the past, testing was performed 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 more

information regarding protection ballistic limit tests.

ARMY PROTECTION

BALLISTIC LIMIT BALLISTIC LIMIT

NAVY

.
BALLISTIC LIMIT”

,WITNESS PLATE

II PENETRATION
II

u-@
II .n“-’KLETE

@
&

COMPLETE

FIGURE 38. Ballistic limit. “
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5.3.2.1.2.11 ~ Ballistic limit. Any expression of ballistic limit wherein the “X” subscript
denotes probability~f complete penetration for a projectile or fkagment of striking velocity “V”.
The most commonly used VXballistic limit is V50 which is the critical velocity at which 50’%
complete penetrations and 50°/0 partial penetrations of the target material can be expected.

5.3.2.1.2.12 Impact fracture. Catastrophic iiacture upon impact of penetrator.

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
melt out of the beam path. The depth of the melt is dependent upon the time increment the beam
is placed on the target.

5.3.2.1.3 Subfield term: Subsystem response.

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 horn a
system which is caused by damage processes. The leak rate is influenced by such factors as the
hole size, intemal/extemal pressure, fluid level, etc.

5.3.2 .1.3.3 Leakage t)ath. The route, direction, or course taken by the accidental escape of
fluid from a system which is caused by damage processes.

5.3.2.1.4 Subfield term: Personnel restmnse.

Deftition: The reaction of aircrew personnel when subjected to 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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Subfield term: Physical descriptors.

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 [AP]. The area of target or target element projected on a plane
perpendicular to the attack aspe& (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 a.ircrti 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 mture of the target are included. Examples
are fly-by-wire flight control system, integral fbel tanks, emergency/back-up system,
triple-redundant control linkage, high-airflow propulsion unit, etc.

5.3.2.3.1 PvroPhoric fiel. A fiel which ignites spontaneously in air. Examples of this type
fiel are high-energy fiels 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 s~stem. 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 Flv-bwvire fli~ht control svstem. A fill-power flight control system employing
an electrical control system rather than mechanical linkage.

5.3.2.3.8 Primary structure. Elements of the aircrafl, 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 aircr~
capability and could also lead to a catastrophic kill resulting horn 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 comrmnent. 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: ResNnse measures.

Definition: Qualitative and quantitative measures of the reactio~ 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 aircrafl 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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FIGURE 39.

5.3.3.1 Subfield term: Kill mocesses.

Response measures.

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

Explanatory Notes: The term “kill processes” refers to the nature of the darnage 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
process.

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

5.3.3.1.2 Indirect kill ~rocess. The failure or degradation of a target element which results
from a damaging or degrading condition on another target element by a direct interaction with

damage process. An example of an “indirect kill process” is: the loss of a flight control
hydraulic system by action of a fiel leakage fire initiated by an incendiary projectile impact.

5.3.3.1.3 Exdosive disinte mation. Sudden rupture and destruction of components due to
high-pressure of gas or vapor within the components. This disintegration may occur as a result
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 maybe applied to the total aircraft or to
individual subsystems. Examples of aircraft kill levels include time-based attrition scales (e.g.,
K kill - loss of aircraft within 30 seconds, A kill - loss of aircraft within 5 minutes, etc.) as well
as mission-limiting measures such as mission abo~ mission available, mission completion, etc.
In general, there are two categories of kill levels: inclusive and exclusive. The requirements for
inclusive kill levels are defined so that each kill level is a subset of any less demanding kill level.
For example, K kill is a subset of A kill. Exclusive kill levels are defined in such a way that the

requirements for achieving one kill level are completely independent of the requirements for
achieving another level.

5.3.3.2.1 Attrition kill. A measure of the degree of aircraft damage which renders it
incapable of being repaired, or not economical to repair, so that it is lost from the inventory.
Examples of attrition kill levels 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 aircti to fall out of control within 30 seconds after
being hit.

c. A-kill. Damage that causes an aircrafi to fdl 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 completing its
designated mission. (This type of attrition kill is also commonly referred to as a “Mission Kill.”)

5.3.3.2.2 Catastro~hic kill. A measure of the degree of aircraft damage which causes it to
disintegrate immediately after the damage is inflicted. This type of kill is generally refened 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 fi-om 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 afier 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 To~ical 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 aircrafl 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 aircra.ii utilization enhancement. Aircra.fi
design enhancement refers to the increase of airmail survivability by a reduction in signature (IR
radar, visual) and in vulnerability (e.g., amoring). Aircti 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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Survivability enhancement.

5.4.1 Subfield term: Aircrafi design enhancement.

Definition: Enhancement made inherent to the vehicle itself 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 desire enhancement.

5.4.1.1 Subfield term: Simature sumxession.

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 observable”,” reduction of detectable”, and “signature

reduction.”

5.4.1.1.1 Observable. 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.
Infrared radiation may be used to locate and identi~ a target and point, track, and guide a missile
to that target.

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.

5.4.1 .1.6 Infrared sutmressors.

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 su~~ression. 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 sumxession (dint. dare]. Nonreflective paints and coating for structure

and glass, redesigned (flat plate) canopies and camouflage paints. In the fiture this may include
lighting techniques to reduce visual contrast.

5.4.1.2 Subfield term: VulnerabiliN reduction.

Definition: Any technique that enhances the aircrafi 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 activities and elements
that are designed to reduce inherent aircraft vulnerability. A synonym for this term is
“vulnerabili~ minimization” which aflirms that the enhancement considerations are also an

inte@ part of the initial aircraft design process. Vulnerability reduction can be achieved form
hardening (e.g., armor) or from subsystem design enhancement (e.g., redundancy). Accordingly,
“~nerability reduction” is subdivided as shown in figure 42.
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FIGURE 42. Vulnerability 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,
fi.trther, solely to reductions achieved by eliminating critical components, relocating critical
components to less vulnerable positions, physically shielding 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 illustrates the distinction between relocation
and shielding.

t

: 419MZ9
HARDENING SHIE ‘OING

? +$f’ J5 f’

~

FIGURE 43. Hardening. .
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5.4.1 .2.1.1 subfield term: c orn~onent elimination.

Definition: That type of hardening that is achieved by remo~’al of a critical component,

5.4.1 .2.1.2 Subfield term: Comoonent relocation.

Definition: That type of hardening that is achie~’ed by repositioning critical components in a
manner that reduces the probability that a damage process will produce lethal damage.

Explanator~’ 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 Co~onent separa tio~. The technique of locating or routing duplicate
(redundant) system elements independently or the repositioning of critical interdependent
components to prevent or minimize simultaneous damage from threat mechanisms.

5.4.1 .2.1.2.2 Co~onent concentra tion. 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.

5.4.1 .2.1.2.3 protect ive mas king. The protection of a critical system component (as the
pilot) by positioning less critical components betw-een it and potential hostile fire. Figure 44
il Iustrates pilot protection by masking techniques.

AVIONICS AND
EQUIPMENT

RADAR

OTHER EQUIPMENT (a.g.,
ENVIRONMENTAL EQUIPMENT,

LANDING GEAR EMERGENCY POWER, ok.)
AND EQUIPMENT

FIGURE 44. Component relocation.
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5.4.1 .2.1.3 Subfield term: Com~onent 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 maybe parasitic in the sense that it is attached to bulkheads, fia.mes, etc.,
and therefore serves only a shielding fi.mction. In this case, damage to or loss of the shielding
would not necessarily cause a degrading condition on the aircrafi. Integral shielding, on the
other hand, may be constructed and installed as a load-carrying member of the aircra.fL In this
case, damage or loss of the shielding may have a degrading effect on the mission function of the
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
fragments when inherent shielding is inadequate.

5.4.1 .2.1.3.2 Armor material. A basic material having those properties required to provide a
measure of protection against ballistic impacts.

5.4.1 .2.1.3.3 Armor 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 Homo~eneous 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 Comt)osite armor. An armor system consisting of two or more different armor
materials bonded together to form a protective unit.

5.4.1 .2.1.3.6 Solid armor. All homogeneous and composite armor materials and systems
have no air spaces between elements.

5.4.1 .2.1.3.7 Snaced armor. Armor systems having spaces between armor elements.

5.4.1 .2.1.3.8 Trammarent armor. Armor resulting fkom the lamination of commercially
available hard glass, tempered glass, chemically-strengthened glass, polyurethane, metal
methacrylates or polycarbonates.

5.4.1 .2.1.3.9 Inte~al armor. Armor material used as a part of airframe or component
construction to perform a load-carrying or other operational fhnction, in addition to ballistic
protection.
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5.4.1.2.1.3.10 Parasitic armor. Armor attached to an aircrail where the armor serves the
sole fhnction of giving ballistic protection.

5.4.1.2.1.3.11 Convertible armor. Basic aircraft structure incombination titiselected
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
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 fill 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 ballistic
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 persomel armor over
large areas of the torso.

5.4.1.2.1.3.18 Tension web s~stem. 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: Com~onent material im~rovement.

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: Svstem/subsystem desire 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
suppressiordextinguishing systems vs. reticulated foam) as well as design redundancy.
Accordingly, “systerrdsubsystem design enhancement” is subdivided as shown in figure 45.

5.4.1.2.2
System/Subsystem

Design
Enhancement

1
1

I I I
k

5.4.1 .2.2.1 5.4.1 .2.2.2 5.4.1 .2.2.3
Active Passive

Redundancy Damage Damage
Suppression Suppression

FIGURE 45. Svstemlsubsvstem desire enhancement.

5.4.1 .2.2.1 Subfield term: Redundancy.

Deftition: 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 maybe of two general types: (1) total redundancy, in which each
redundant element is fhlly capable of performing the required fiction, or (2) partial redundancy,
in which each element independently performs some percentage of the total fbnction. 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 petiormance. 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 stiace,
two identical fbel pumps to supply engine fuel, etc.

5.4.1 .2.2.1.2 Functional redundancy. The redundancy achieved through the use of different
sets of components elements, or mechanisms in which each set can pefiorm identical fhnctions.
Examples of “fictional redundancy” are: redundant roll control through ailerons or flaperons,
electrical backup to mechanical linkage from the control stick to a servo actuator, etc.

5.4.1 .2.2.2 Subfield term: Active darna~e su~~ression.

Definition: Any design technique that reduces vulnerability by incorporating a sensor or other
device which, upon the impingement of a threat mechanism, activates a fimction that 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.

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 swmression system. A method, device, or system to detect fire or ignition
resulting from combat threat effects and to extinguish the f~e in sufficient time to prevent
aircraft structural damage.

5.4.1 .2.2.2.2 Exdosion sumxession. A method, device, or system to effectively extinguish
an explosion after ignition but before the buildup of pressure to levels above the design limit of
the fhel tank or other compartment subject to explosion.

5.4.1 .2.2.3 Subfield term: Passive damage sut)txession.

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 fiel tanks; blowout panels, which reduce structural damage; and so forth. These
techniques can be contrasted to active damage suppression techniques, which fbnction 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 supmession. 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 fhel to fire and
explosion.

5.4.1 .2.2.3.4 CoaRulatin~ cell. A fiel cell containing a substance between the inner and
outer layers of the tank structure which, when exposed by damage, causes the fhel 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 inertin~ 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 ~olyure thane foam. A flexible polyurethane foam with a netlike
porous structure used in fbel 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 ~p fen ce. A design feature used to enhance survivability by preventing

leaking flammable fluid 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.

RIB OR BULKHEAD

\
ST

/1 ILIQUID-T......:..,.,,..,, SEAL

‘IGHT

DRAIN

FIGURE 46. DriD fence. -
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5.4.1.2.2.3.10 J310woutpanel. A device used to minimize internal and primary structural
damage resulting from high impulse pressures caused by internal blast. An example of a
“blowout panel” is illustrated in figure 47.

BLOWOUT

PANEL

HIGH -EXPK)SIVE
PROJECTILE ENTRY

FIGURE 47. Blowout pane[.

5.4.1.2.2.3.11 Fire resistant hydrau lic 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 Jlall istic dam age tolerant. 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 frangible materials are commonly used to
provide multi-load paths.

5.4.2 subfield term. Alrcrafi
.. utilization enhance ment.

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 detectabilitykulnerability.
Accordingly, “aircraft utilization enhancement” is subdivided as shown in figure 48.

0
5.4.2

Aircraft
Utilization

Enhancement

I

I I I
v

5.4.2.1 5.4.2.2 5.4.2.3
Tactics Counter- Self-defense

measures Systems

FIGURE 48. Aircraft utilization aircraft.

5.4.2.1 Subfield term: Tactics.

Definition: Methods of suxwivability 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 Nan-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 flYing. Flight at approximately a constant incremental altitude above the
surface (terrain and vegetation) contour.

5.4.2.1.3 Jinking. Aircrti maneuvers (i.e., random changes on flight path, altitude, speed,
etc.) designed to induce miss-producing effects on enemy-launched weapons.

5.4.2.1.4 Threat avoidance. Flight-path selection designed to fly around the effective
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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 andlor techniques
has as its objective the impairment of the operational effectiveness of enemy activity.

Explanatory Notes: “Countermeasures” have been designed to operate in all three portions of the
electromagnetic spectrum -RF, inikred, visual - and can be generally classified as active or
passive. Active countermeasures operate on or directly influence enemy radiation or radiation
reflections. Passive countermeasures do not directly influence enemy radiation but exploit it for
survival enhancement purposes. For example, an active infrared countermeasure (IRCM) is the
ejection of an infrared flare to cause an IR missile to home-on the flare instead of the aircraft. A
passive IRCM is the detection of a missile booster flash by IR surveillance equipment to provide
programming for ejecting flares at the most appropriate times. The term “countermeasures,”
therefore, describes the fill spectrum of systems, subsystems, equipments, etc., that utilize the
electromagnetic spectrum to degrade threat effectiveness.

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

5.4.2.2.3 Electronic dece~tion. The deliberate radiation, reradiation, alteration, absorption,
or reflection of electromagnetic energy in a manner intended to mislead an enemy in the
interpretation or use of information received by the enemy’s electronic systems. There are two
categories of electronic deception:

a. Manipulative electronic deception. The alternation or simulation of friendly
electromagnetic radiations to accomplish deception.

b. Imitative electronic deception. The introduction of radiations into enemy channels which
imitate his own emissions.

5.4.2.2.4 Electronic decoys.
enemy radars or other acquisition
capabilities.

Devices deployed in electronic environments to confuse
and tracking systems in order to dilute enemy defense

5.4.2.2.5 Electronic kunming. 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 electromagnetic receiving
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.

5.4.2.2.9 Electronic counter-countermeasures (ECCM). That division of electronic wari%re
involving actions taken to retain effective fkiendly use of the electromagnetic spectrum.

5.4.2.2.10 Command, control, communications countermeasures C3CM. The integrated use
of operations security, military deceptions, jamming, and physical destruction, supported by
intelligence, to deny information to, influence, degrade, or destroy adversary C3capabilities and
to protect friendly C3against such actions.

5.4.2.2.11 EW/C3CM Measures of merit. The following definitions are EW/C3CM
measures of merit:

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

b. Bum-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 (Pd. 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.
timely

Communications capability. The ability to pass required data between locations in a
manner during ECM.

88

Downloaded from http://www.everyspec.com



MIL-HDBK-2089

5.4.2.2.12 Electronic warfhre sutmox-tmeasures (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.

Definition: Any system which tends to enhance survivability by providing a real-time method of
either (1) destroying the threat propagator before initiation of the damage processor (2)
damaging the threat control system to an extent which degrades its fimctioning.

Explanatory Notes: The term “self-defense systems” describes those systems which destroy or
degrade threat operations by actively intercepting the threat mechanism in flight or by destroying
or damaging the threat prior to launch. Examples of active self-defense systems are: (1) a
bomber defense missile (BDM) for damage to or destruction of airborne interceptors; and (2) a
short-range attack missile (MUM) for damage to or destruction of surface-based threats.
“Self-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 self-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.

Definition: The process of examining and quantizing 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.

Explanatory Notes: The topical field “survivability enhancement tradeoffs” addresses the
benefits and penalties associated with aircraft utilization enhancement as well as with aircraft
design enhancement. Therefore the procedures used to petiorm these tradeoffs should integrate
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
techniques, procedures, and activities that quantifj

enhancement tradeoffs” refers to those
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.

5.5.1

5.5
Survivability
Enhancement

Tradeoffs

n5.5.1
Figures-of-merit

(FOM)

1

5.5.2
Merit Rating

Systems
(MRS)

FIGURE 49. Survivability enhancement tradeoffs.

Subfield term: Figures of merit (FOM).

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

Explanatory Notes: The deftition 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. Fimues of merit (FOM).

Type
Effectiveness
FOM

Cost and cost-effectiveness
FOM

Measure
. Weight
● Attrition
. Exchange ratio
. Combat sorties life

. Flyaway cost impact

. Attrition effects

. Support requirements

. Program effects

. Force impact

Dimensions I
. Pounds per aircraft I
● Loses per thousand sorties I
. Losses per target killed I
● Number of sorties per

aircraft lifetime I
. Cost per aircraft I
. Cost per sortie or cost per

target killed
. Cost per 10-year

operations I
. Life cycle cost per aircrafi I
. Aircraft acquired I

5.5.1.1 Effectiveness FOMS. Those figures-of-merit that quanti& benefits and penalties
primarily in units of effectiveness. Cost considerations are either excluded or held constant at
some explicit or implicit level, e.g., in a FOM quanti~ing the effectiveness achievable on a
design-to-cost basis.

5.5.1.2 Cost FOMS. Those figures-of-merit that quanti~ benefits and penalties primarily in
units of cost. Effectiveness considerations are either excluded or held constant at some explicit
or implicit level (e.g., in a FOM quanti~ing the cost level achievable on a
fixed-effectiveness-design basis).

5.5.1.3 Cost-effectiveness FOMS. Those figures-of-merit that quantifi 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 pefiormed
using the other factor.

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

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

5.5.2 ~.

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

Explanatory Notes: “Merit rating systems” provide the means for combining appropriate
figures-of-merit into singular measures that can be used to compare or rank alternatives. The
first step in this process, depending upon the particular application, may involve converting the
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 FOMS into penalty or boundary conditions without modi~
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 su~~ortin~ data.

Definition: Empirical data that quantifies, describes, characterizes, or in some other respect
provides insight into any aspect of survivability or vulnerability.

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
subdivided as shown in figure 50.
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5.6
Survivability
Supporting

Data

5.6.1
Combat and

Test Data

I
5.6.2

Accident and
Flight Safety

Data

FIGURE 50. %rvivabili~ sumo rtin~ data.

5.6.1 Subfield term: Survivability combat and test 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 &ta 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 fbrt.her 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.)
without destroying the specimen.

5.6.1.2 Redica tamets. Targets fabricated for testing which are representative of aircraft
structures, assemblies, etc. The test data on these targets can be extrapolated to establish
pertinent survivability characteristics of represented parts on an aircraft.

5.6.1.3 Fnwment simulating txoiectile. 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 fhzing; (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  Fair 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 a 0.020 inch thick 2024-t3 aluminum alloy witness
plate placed parallel to and 6 inches beyond the armor test sample.  This definition relates to a
"protection ballistic limit" (see 5.3.2.1.2.10).

5.6.1.7  Partial penetration.  Any fair impact as a result 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 hole in, or cause any part of the target to make a hole in the
0.020 inch thick 2024-T3 aluminum 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.  If 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
fires upon an aircraft.  Evidence of the threat firing can be the result of visual 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 a threat 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  Combat loss rate.  A measure of percentage of aircraft losses resulting from their
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operations in a combat environment.  This term is generally expressed in losses per thousand
sorties - i.e., a loss rate of three is used to denote three aircraft losses resulting from 1000 sorties.

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

5.6.1.16  Combat loss ratio.  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
failure, effects of stress, etc.

6.  NOTES

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

6.2  Supersession data.  This document supersedes all 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
Missile
Muzzle velocity
Neutron
Nuclear threat
Penetration
Penetrator
Projectile
Proliferation
Protron
Rad
Radioactivity
Radiological threat
Shaped charge
Shock wave
Spalling
Stealth
Surface burst
Survivability
Thermonuclear
Threats
Tracer
Vaporific
Vulnerability
Warhead
X-rays

6.5  Changes from previous issue.  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.
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