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ABSTRACT

This thesis presents four additions prepared for <the text-
book "The Puadamentals of Aizcrafr Combat Survivability
Analysis angd Desiga" by Professor Robert E. Ball. A set of
homevork problems with solutions was developed for “he text-
book to provide the user with a means of measuring student

progress. An index, a lexicon of terminology, and a formu-
lary were also developed to enhanze the useabili+y of the
textbook.
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I. INIRODUCTIDN

The textbook [Ref. 1] by Professor Robert E. Ball, NYaval
Pos-graduate School, will, when published, be <+“he €fizst
textbook in the aircraft combat survivability disciplire.
As such, it will be wused by persons in many and diverse
fields as their principal sourca document for concepts,
ta2rminology, computational technigqu2s, and moda2ling method-
ology 43in survivability. Table I presents the *table of
contents of the book. I% will be used by aeronautical engi-
neers to improve the survivability of aircrafz ia the
various design stages. Tacticians will use its concep*s to
evaluate strategies +o reduce the susceptibilic of oper-~
ating aircraft. Computer _specialists and wmathematicians
will use it t5 gain a better insight into the processes and
scenarios they are attempting to moiel.

Four additions to +th2 textbook arce presented in this
thesis. Homework problems and dztail2d solutions for each
chapter in tha2 textbook are given in Appendix A. A Lexicon
of terms is presented in Appendix B, an Index of terams is
given in Appendix C, and the important formulae and +heir
variables are presented in Appendix D for one easy referance
point.

The hcmework problems ware developed based upon a number
of criteria. Certain homework problems were developed
specifically to support ¢the stated objectives of the book.
These range froam simple definitions +to the development of
complex logical statements. In several cases, multiple
questions are used t¢ explore diffarent aspects of a single
objective. Mathematical problems wera developed for chap-
ters IV, V, VI, and VII, both to exercise the specific




TABLE I
Textbook Table of Contents

I. INTRODUCTION

A. AN OVERVIEW OF AIBCRAFT COMBAT SURVIVABILITY FUNDAMENTALS
B. HISTORICAL PERSPECTI
C. 0. S. MILITARY POLICIES PROCEEDURLS, AND ORGANIZATIONS
B. SURVIVABILITY REQUIREHSQTS POR U. MILITARY AIRCRAPT
B. SURVIVABILITY PROGEAMS
P. A TYPICAL AIRCRAFT SURVIVABILITY PROGRAH

II. AIRCRAPT ANATOMY
A. GENERAL PEATURES
B. PIXED-WING AIRCRAPT
C. ROTARY-WING AIRCRAFT

IIX. THE MISSSION, THE THREATS, AND THE THREAT EFFECTS
A. MILITARY MISSIONS
B. THREAT TERMINOLOGY
C. THREAT CHARACTERISTICS
D. THREAT OPERATIONS
E. THREAT LEATHALITY
F. SPECIFIC THREAT SYSTEMS
G. THE MISSION THREAT ANALYSIS
IV. COMBAT DATA ANALYSIS
A. TYPES OF DATA
B. COMBAT DATA INFORMATION CENTER CDIC&
C. DESCRIPTION OF SOME TYPICAL COMBAT INCIDENTS
D. IDENTIFICATION OF CRITICAL COMPONENTS AND SYSTEMS
Ve VULNERABILITY

A. WHAT IS VULNERABILITY?
B, IDENTIFICATION QP THE CRITICAL COMPONENTS AND THEIR
DAMAGE CAUSED PAILURE MODES
C. VULNERABILITY ASSESSMENT
D. VULNERABILITY REDUCTION

VI. SUSCEPTIBILITY {
A. WHAT IS SUSCEPTIBILITY?
B, IDENTIFICATION OF THE ESSENTIAL ELEMNENTS AFFECTING
SUSCEPTIBILITY
C. SUSCEPTIBILITY ASSESSMENT
D. SUSCEPTIBILITY REDUCTION

VII. SURVIVABILITY
A. THE SURVIVABILITY PROGRAM
B. SURVIVABILITY ASS ESSMENT
C. SYSTEM EFFECTIVENESS
D. SURVIVABILITY DESIGN AND THE TRADE-OFF STUDY

mathematical techniques presented and to give <the student
Tepresentative examples of aircraft survivability assassment
under realistic conditions. Multiple techniques, vhen
available, are used to solve the same problem. This is done
both to demonstrate the ejuivalence of the techniques ard to
allow +he student the opportunity to determine which

{
|
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technique best suits his/her needs. The importan% concepts
of the discipline are investigated in some gquestions, both
by asking specifically for enumeration of varicus techniquss
and by giving the student the opportunity to demonstrate
these concepts to hims2lf through calculation. In all
instzances, an attempt was made to provide questions which
ranged from simple tc quite challanging in order to provide
suitable questions for students from all backgrounds.

A Lexicon 2f terms was developel to provide definitiomns
of those terms which might pet be familiar to the studert.
It is recognized that, although the text is primarily
concerned with aviation, npot all those who use i< will be
aviators or asronautical engineers. Thrzough the use o0f a
lexicon it is possible to streamlinz the text of the book by
dispensing with 1lengthy definitisns without sacrificing
comprehension of the material.

A PFormulary was developed “0 assemble in one readily
accessable location those important formulae and equations
most ccmmonly used in the discipline. The variatles used in
these equations are assembled in alphabetical order in order
to facilitate the use of the formulary. No sample problems
are included because these were provided by the author in
the body of the text.

An Index was developed to allow rapid access to specific
information not identified by the tabla of contents. Since
the book has not yet been typeset and page numbers are not
available, the important location of sach item in the index
has been specified by chapter and paragraph number. The six
level paragraph organization of this text made this approach
guite acceptable.

The tex% in its final stages was proof read by this
student several times to assist in providing the best




possible precduct to the potential user, and a <system of
index cards was developed to prevant errors £rom craeping

into the varisus formulae in +the bodk.

Rl ot e &ty




II. SUMMARY AND CONCLOUSIONS

A properly written tex% should contain more than the
factual information of the discipline. It should provide a
means for the student to evaluate his own progress, and it
should provide a means for the rapid access to the critical
concepts and relationships wused ia the discipline. This
thesis will provide these necessacy additions to> (Ref. 1].
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APEPENDIX A

DUE TO INABILITY OF THIS DEVICE TO PRINT SUBSCRIPTS

THE POLLOWING NOTATION WILL BE USED

DESCRIPTION

Probability of hit

Probability of kill

given a hit

Probability of kill cf
the ith component

given a hit

Probability of kill

probability of

survival

Vulnerable area

Presented area

probability of
detection given one

scan by a radar

FOR THE ITH

COMPONENT

P<hid>

P<k/hi>

P<k/Hi>

p<ki>

P<si>

A<vi>

A<pi>

n

FOR THE AIRCERAFT

P<H>

P<K/HE>

P<K>

2<8>

ACY> |

A<P>

p<Lds>

. e ey i
xrtom o . a =




Cumulative probability

of detection

Cumulative probability

of detection 3i

ven S

scans by a radar

Probatility of

k21

givan a one-on-one

encounter

Probakility of

given a single

Probability of

given multiple

Probability of

kill

shot

kill

encounters

kill

given a warhead detonation

Probability a fuzed

warhead is detonated

Probability that a

propagator will be

launched/fired

the aircraf+

at
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P<CD>

p<cd>

P<K/E>

P<KSS>

P<K/M>

P<K/D>

P<E> |

p<L>




Probability the aircraft
survives a single shot

encounter

probability an aircraft

survives a sortie

P<S/E>

pP<S/sS>




HOMEWORK PROBLEMS IN SURVIVABILITY

CHAPTER I

1. Define thz followirng terms:
A. Aircraft combat survivability.
B. Aircraft susceptibility.

C. Aircraft vulnerability.
2. Lis%+ the three general categorias of susceptibility.

3. If susceptibility = 0.1 and vulnerability = 0.08, what

is the probability of kill and ¢he probability of survival?

4, Describe the goal of the aircraft combat survivability

discipline.

Se List <the six vulnerability reiuction concepts. List
specific examples of each of the vulnerability reduction
concepts you listed. If you are directly associated with a
military aircraft, attempt to list exanmples of some of the

concepts used on your aircraft.

14




6. List the six susceptibility razduction concepts. Lisz
examples of the susceptibility reduction concep<s you
listed. I£ you are directly associated with a military
aircraft, attempt 0 list examples of some of the conczpts

used on your aircraft.

7. What agency is responsible for coordinating +the indi-
vidual Service programs to increase th2 combat survivability

of aeronauticil systems in a non-nuclear eavironment?

8. Briefly describe the purpose and content of NASP.

9. Briefly describe the purpose and content of

MIL-STD~2069(AS) .

10. What is <the function of a foreward-arsa ccnitzreller

(FaC)?

11, What is the aission attainment measure (M4AY) a measure

of?

12. What does the survival rate (S) measure?

13. What is the first step in the survivability enhancement

feature selection methodology?

14, What publicaticn exists to standardize terminology in

the survivability discipline?

15




15. At what point in the 1lifs cycle of a military airc-af+

does sucvivability become an important consideration?

16. What effect on vulnerability did the +¢ransition *o
turboshaft enyines in helicopters have? What other effects

might have to be considered in this transition?

17. What is the purpose of the various £foams inserted in%o

fuel tanks?




ANSWERS (CHAPTER I)

1. A. Survivability: The capability of an aircraf+t to avoid

and/or withstand a man-made hostils environment.

B. Susceptibility: The inability of an aircraft to avoid

being damaged by the hostile environment.

C. Vulnerability: The ipability of an airccaft to with-

stand the damage caused by the hostile eavironm=2n<t.

2. The three general categories of susceptibility are:
A. Threat activity
B. Aircraft detection, identification, and trackirng.
Cc Missile launch or gun firing, propagator flyout

guidance, and warhead impact or detornation.

3. Probability of kill = 0.008

Probability of survival = 0.992

4. The goal of the ACS discipline is the early identifica-

tion and successful incorporation of those specific surviv-

ability enhancement features that increase the 2ffectiveness

of the aircraft as a weapon systen.

17




The vulznerability reduction concepts are:
A, Component redundancy

B. Component location

C. Passive damage suppression

D. Active damage suppression

E. Component shielding

F. Component elimination

Exanmples of *he vulnerability rs=duction concepts are:
A, Conponent redundancy
-Multiple engines
-Dual, isolated fligh* control systsms
B. Component location
-Widely separated redundant coamponents
C. Passive damage suppression
-Ballis+ic +tclerance
-Pajil-safe response
D. Active damage suppression
-Pir2 extinguishing systems for engine compartments
E. Component shielding
-Parasitic armor
-Integral aramoc
-By other components

F. Component elimination

18




-Fly~-by-vire vice pushrods

-Replace fuel boost pumps #ith suction f£eed systen

6. The susceptibility reduction coacepts are:
A. Threat warning
B. Electronic jammers arnd decaivers
Ce Signatura reduction
D. Expendables
E. Threat suppression

F. Tactics

Examples of the susceptibility reduction concepts are:
A. Threat Warning
-Missile laurch warning equipment
B. Electronic jam;ers,and deczivers
-IR jammers
-Radar warning receivers
C. Signature reduction
-Non~reflective paints and coa*ings

-Secure non-essential emitters prior to

erctering the battle area

D. Expendables
~Plares
~Chaff

~-Decoy missiles

19




Threat suppression
-Iron Hand

~Wild Weasel

F. Tactics

-NOE flight

7. The agency responsible for interservice coordina<ion is
the Joint Technical Coordinating Group on Airccaft

survivabilicy. (JTCG/AS) .

8. Navair Insctructior 3920.1, CH~1, "Z2s%ablishmenrt of Naval
Air Survivabili+<y Prograam (NASP)“, establishes aircraft
survivability as a design discipliae in +the Navy. 143
provides the proceedures, responsibilities and relationships

for the NASP within the Naval Air Systems Command.

9. Military standard: "Survivability, Aircratt:

Bstablishment and Conduct of Programs for."

It provides a standardized systems approach *o improve the

survivability of military aircraft.

10. The purpose of the forward air controller is to assist

the combat aircrew in rapid loca%tion of its target.

1. The Mission Attainment Measure is a measure of the
ability of +the aircraft +c accomplish its objective, without
consideration of the threat effects.

20
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12. The survival rate is the ratio of the number of aircraf:

that return to the number of aircratt launched.

13. The first ster in the survival enhancemsnt £=2ature

s2lection methodology is the mission~threat analysis.

4. Military Standard MIL-STD~2089, "Aircraft Ncnnuclear
Sucvivability Terams" standardizes +terminology for the

survivability disciplire.

15. A. Often, the first time it is shot at.
B. 1Ideally, in the early design phase, to =liamirate
the necessity of a cos+tly retzofit progranm

following production.

16. Turbosiaft engines increased the vulnerability of heli-
copters, because both the turbine eangines and their high
speed transwmissicns were more fragile +han the systems they
replaced. Turboshaft engines are 1lighter, wvhich could
result in a lower gross weight. Howaver, they burn more
fuel, which would require larger fuel tanks. .On +he other
hand, +they burn turbine fuel, which is less easily ignited

than avgas, wvhich could make the aircraft less vulnerable.

17. Poams are used in fuel tanks to suppress fires and

explosions.

21
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| CHAPTER II

1. List the five major aircraft systems. What three £light

essential functions dc¢ these systeas provide?

2. List the five other systems fcund on most aircraft.

3. What ars the major differences be+ween rotary wing

aircraf* and fixed wing aircraft?

4, What are the maip strucrural aembers in *he wing and in

the fuselage?

5. Wha* is a keel?

6. Descridbe semimonccoque construstion.

/e List functions that the <fuel must sometimes perform in

addition to its obvious function.

8. #hy are the fuel and <the armamant typically located

close to the center of mass of the airplane?

9. Carrier-based aircraft have sevaral structural penalties
that other aircraft do not have. List those you can think

of.

22




10. 1list the types of turbine engines and the spe=d ranges

you would ncrmally expect tha2m to be used in.

1. What is the function of th2 accessory drive on an

engine?
12. What is dynaamic stability?
13, What is static stability?

4. List the general types of aircraZt in decreaseing crder

of stability rtequired.

15. W®hy are fighter aircraft generally designed to te less

stable than other types of aircraft?

16. Why are *tansport aircraft generally designed +¢¢o te very

stable?

17. Can an aircraf* <hat is statically stable be dynamically

unstable? Explain your answer.
18, Define relaxed static stability. 1

19. Why is artificial fael added ¢to +he flight control

systems of aircraft with power boostad or power operated

control surfaces?
20. Lis:t the various control surfacas used on aircraf+.

21. What is a trim tab and why is it used?

23




22. Define £fly-by-wire.

23. What is the purpose of the automatic <£ligh+% cornzrol

system?

24. What is a "wet wing"? Why are wet wizngs soaetimes used?

25. Why are wet tanks seldom used in the fuselage of

aircrafc?

26. Why is the ullage of aiccraft fuel tanks usually pres-

suri zed?

27. What is the sump or feed fuel tank?

28. The oxygen subsystem is part of what system?

29. What are the major control surfaices of a helicopter?

24
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ANSWERS (CHAPTER II)

1. The major aircraft systems are:
A. Structural
| B. Propulsion
C. Fligat Control
D. Puel

E. Crewv

functicns

11}
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n
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Lift, thrust, and control are the thrae

these systems provide. 4

2. The five other systems most aircrai= have are:

A. Aviornics

’ B. Armament
C. Environmental control ]
D. Electrical

E. Launch and reccvery

3. Belicopters are very power liaited and hence must be

very lightly constructed. Thrust, lift, and control are all

provided by the rotor system in helicopters, leading <o




mechanical complexity in <he controls of the <cCotor sys=em.
Fuel tanks ia heliccpters are typically located in the
bottom of +ha fuselage, nec2ssitating pumping syst2ms %o

deliver fuel o *he engines at all timss.

4. The main structural members ars:
Wing: Spars (spanwise) and ribs (chordwiss).
Fuselage: Lorngerons (lengthwis2) and frames

or bulkheads (laterally).

5. A keel is a major fuselage beaa running lengthwise,

6. Semimonocoque ccnstruction is a construction technigue
which derives significant streng*h from +he skin of +<he

aircraft.

/e A. Puel is occassionally used as a coolant, such as of
the lubricating oil.

B. It is sometimes used as a hydraulic fluid to operate
variabls area exhaust nozzles ani/or variable inlet gquide
vanes.

C. In addition, fuel is quite often the working fluid in
the fuel control and may provide lubrication to the mechan-

ical systems of the fuel control.

26
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8. To prevent large shifts in centar of gravity (cg) during

flight as fuel and especially ordmaagce are used.

9., Carrier based aircraft generally require:
FPolding wings or rotor systeas.

More heavily constructed landing g2arand supporting
structure.

Provisions for catapault launchand arcasted landings

(fixed wiag).

10. The gerneral types of turbine zngines and their typical

usages are:

A. Turboshaft Helicopter
B. Turboprop C Low to mid subsoric
C. Turbofan Subsonic, with supersonic dash

capabili-zy whea an afterburner
is used

D. Turbojat High subsonic and supersonic

11. The accessory drive provides power for fuel pumps, elec-
tric generators, hydraulic pumps, fuel control, and variable

area exhaust nozzles and inlet gquida vanes.

12. Dynamic stability is a tendency for induced oscillationms

to damp out without ipput to the controls.

27




13. If an aircraft has the initial tendency to move in <the
direction of its original at+titude af<er displacenmen<t, it is

said tc have static stability.

4. The jeneral stability groupings of aircraft are:
A. Transpaort/cargo aircraft (most stable)
B. Attack/bomber aircraf+

C. Pighter/interceptor aircraft (lszast stable)

15. The more stable an aircraft is, the less agile it is; it
has less ability to maneuver rapidly. Consequently, fighte:

aircraft are not designed to be highly stable.

16. As statility 4is increased, ©pilot workload goes 2own,

readucing fatigue on long flights.

17. Yes, if it overshoots its original a**itude following a
disturbance by ap amcunt greater *han its initial displace-

mente.

18. Relaxed static stability is a design technique which
utilizes a flight «control computer to provide ar+tificial
stability to an aircraft which may be so naturally unstable

as to be impossible tc control without the coaputer.

19. Artificial feel is used to provide tactile warning to
th2 pilot when structural limits are being approached as the

controls are deflected.

28




20. The various control surfaces usad by aircraf+t are:
A. Eleva*ors
B. Elevons
C. Spoilers (flaperons)
D. Aileroas
E. Speed brakes
P. Rudders
G. Canards
H. Stabilators
I. Leading and trailing edge flaps
J. Leading edge slats
K. Main ro*tor blades

L. Tail rotor blades

21. A %<rim tab is a small tab located at the trailing edge
of a control surface. It is used to ra2duce the magnitudz2 of
the contrel forces required to maintain a selected aircraft

attitude.

22. Fly-by-vire is the use of electrical signals to convey
control inputs to servoactuators, eliminating major portioans

of the mechanical linkage.

23. The automatic flight control system (APCS):

A. Augmerts the aircraft's natural stability.

29
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24.

25.

26.

27.

28.

29.

main and tail rotor blades.

B. Provides automatic commands to hold a preselecred

altitude, attitude, and heaiing.

A wet wing is a fuel tank coastructed inteqrally with

tha wing skin, A wet tank maximizes the amount of fuel
which can te stored in a space, since no fuel bladder or
separat2 tank is required. In addition, a wet tank is often
the only way 3 thin wing can <carry fuel due “0 “he presencs

of irternal structure.

Wet tanks are rot used ic the fuselage because of

leakage rproblams.

The ullage of fuel tanks is usually pressureized:

A. To assist in fuel transfer.

.B. To prevent the fuel from boiling at high altitude.

The sump tank is the %*ank which feeds directly to the

engine.

The oxygen subsystem is part of the environmental

control system.

The principal ccntrol surfaces of a helicopter are its

30
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CHAPTER III

1. What are the four categories 9f terminal threat plat-

forms?

2. List the three categories of threat propagators and give

an exanple of each.

3. What is the largest qun considsred a small aram?

4. #hat is the smallest category of gun that is considesred
AAA?
5. What is the counterpart of th2 conventional warhead for

directed energy weapcns?

6. What are the +%wo basic categories of conven+ional

varheads?

7. Wha*t is arother name for a non-fuzed warhead?

8. What are the four major types of high explosive

warheads?

9. What damage processes are associated with penetrators?

31
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10. Why is depleted uranium sometimes used for denetra*or

cores?

11. ®hat would the principal damage mechanism of a2 charged
nuclear parcticle weapon be when directed against an

aircraft?

12. #®hat is the general sequence of events of threat opera-

+ions?

13. Wwhat is the definition of the maximum target detection

range?

4., What is the definition of nmaximum effective range cf a

veapon?

15. What is lead angle prediction srror?

16. What are the most common guidance systems used by %odays

nissiles?

17. Wha*t ace the three major types of homing systems used by

todays missiles?

18. What are the most commocn control laws used by missiles

for rnavigation?

19. What are the three phases of guidance?

32




20. which phase of guidance requires the highest accuracy

and fastest ra2ac+ion time?

21. Describe the ma jor parts of a typical explosive warhead.

22. What basic types of fuzing may be used on projectile and

missile warheads?

23. What ar2 the essential elemeats of a mission-threat

analysis?
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4.
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ANSWERS (CHAPTER III)

The four categories of terminal threat platforms are:
A. Guns

B. Missilss

C. Airborne interceptors

D. Directad <nergy devices

The three categories of threat propagators are:
A. Projectiles (7.62mm)
B. Fuzed aissiles (S A-6)

C. Radiation (high energy laszr)
The largest qun ccnsidered a small arm is 14.5mm.
The smallest gun considered AAA is 20nm.

The counterpart of the conventional warhead for directed

enargy weapons is the delivered energy distribution .

6.

The two basic classes of warheads are:
A. Puzed

B. Nonfuzed
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7. Nonfused warheads are referred to as penetrator warheads

or kinetic en2rgy penetrators.

8. The four major tyres of high explosive warheads arce;
A. Blast or pressure
B. Pragmenta+ion
C. Continuous rod

D. Shaped charge

9. The damage processes associated with penetratcrs are:
A. Ballistic impact
B. Penetration
C. Hydraulic ranm

D. Ignition

10. Depleted uranium is 50% more dense than lead, increasing

its ability to penetrate. Uranium 1is also pyrophoric,

making it an incendiary warhead.

11. The principal damage mechanism of a charged nuclea:
particle weapon would be incapacitation or death of crewmen-

bers.

12. The general sequence of events >f threat operations is:

A. Detection

B. Identification

C. Tracking
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D. Fire control solution
B. Launch or firing of threat propaga:zor

f. Guidance of a guided propagator

13. Maximum tazget detection rang2 is the maximum Trange a%

which a target can barely be unambpiguously discerned.

14. Maximum 2ffective range is thes maximum r2nge at which

the propaga“or can cause damage to an aircrcaf+<.

15. Lead angle prediction error is <4the projectile miss

distance resulting from errors ia the prediction of the

target flight path.

16. The most common guidance systems us2d by missiles are:
A. Command
B. Beam rider
C. Homing

D. Retransmission

17. The major types of homing systsas used today are:
A, Active
B. Semi-active

C. passive

18. The most common ccntrol laws used are:

A. Pursuit

B. Lead angle




C. Command~to~line-of-sight

D. Proportional navigation (PRONAV)

§: 19. The three phases of guidance ara:

A. Boos* phase
B. ¥idcourse phase

C. Terminal phase

20. Th2 +*erainal phase cequires the highes*t accuracy and

fastest reaction ¢ime.

21. The major parts of a typical explosive warhead are:
A. Casing

B. Explcsive core

C. Fuze S
N 22. The tasic fuzing systaas are:
[ A. Contact (superquick and delay)

B. Proximity (VT)

C. Command detonation

23. The essential elements of a mission-threat analysis are:
A. Define the operational mode raquired by

the specific mission.

o]
.

List the applicable threats and

the threat characteristics.

st At i Y

C. Analyze the aircraft operational modes and the
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threats and determine the encoun<er conditiors.
D. Use tha derived encoun=er conditions as a basis

for the required survivability assessmer: and

tradeoff studies.




CHAPTER IV

1. Wha+ are the purposes of combat data analysis?

2. If 473 :combat sorties and 27 tactics training £lights
are flown with 11 aircraft lost in combat and one desiroyed

on a training flight, what is the combat loss rate?

3. What is the best source of cataloged combat data?

4, If the combat 1lc¢ss rate is 2%, what is “he probability
of surviving 100 combat missions? If the combat loss rate
is reduced to 1%, wvwhat is the probability of surcviving 100

comba+t missions?

Sis (TRUE or FALSE) If the XJ-190 has a combat loss rate of
0.1 and the XYJ-222 has a combat loss rcatz2 of 0.45, <tha
XJ-190 must be a more survivable aircraft. Justify your

answver.

6. ¥hat are the two major efforts of the Battle Damage

Assessment and Reporting Program (BDARP)?

7. Describe a loss-cause network.

8. What is one purpose of a loss caiuse analysis?
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9, What are the Ceanter for Naval Analysis (CNA) loss-cause
categories?
10. Based on <r2cent combat data what are the «czitical

aircraft systenms, and what are the most important damage

processes?
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ANSWERS (CHAPTER IV)

1. The purposes >f combat data analysis are to:
A. Determine the effectiveness 5f enemy weapon systems
B. Ascertain the survivability of U. S. aizcraft
C. Determine the effectiveness of surviwvability

enhancement technigues.
2. (1000/473) *(11)=23.2558

The non-combat flights and losses due to non-combat

flights are not considered in the computation.

3. The best source of catalogued combat data is the Combat

Data Information Center, Wright-Pattec-son AFB, Ohio.

4, P<S> (100 £lights) =(P<S> of on2 flight)**100
(0.98) *%100= .1326 = 13.26%
(0.99) **100= ,.3660 = 36.60%

P<S> has increased by 2 factor >f 2.76.

5. PALSE
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The intensity of the thr2at must be considered aloag with
the combat loss rate before a valil comparison of aircraf:

can be made.

6. The majer efforts of the BDARP are:

A. The collection of combat damages/loss data.

B. The storage, collation, retrieval, and dissemina*ion of

the data through the CDIC.

7/ A loss-cause network is a chain of events for all inci-
dents leading to an ul-imate loss cause. It shows the
progression of failures from initial damage *o the ultimate

loss caucse.

8. A Loss-cause analysis can help in the identifica+ion of

the critical components of the aircratf«.

9. The CNA loss-cause categories are:
A. Zire iptensity
B. Pilot incapacitation
C. Pilot error
D. Explosion
E. Less of control
FP. Engine failure/loss of thrust
G. Loss of stable flight (structural)

#. Uanknown
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10. Based on combat data, the critical aircraft systems are:
A. Fuel systenm
B. Engine
C. Flight controls & hydraulic systeas

D. Lubrication system (helicoptars)

E. Main rotor (helicopters)

F. Crew

The most important damage processes are:
A. Penetration

B. Ignition
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CHAPTER V
1. Define wvulnerability.
2, Does vulnerability refer to ths aircraft z2s a whole or
tc its individual components?
3. Describe the process of vulnerability reductiocn.
4, What is the first step in a vulnsrability reductiorn
study?
S. What are the aircraft kill cat2gories?
6. What are the lavels of attrition kill and what are their
definitions? ]
é
7. Define the term critical component. Give saveral exanm- k
ples cf critical comfpcnents. ;
8. Why is a special kill 1leval (forced landing kill) ]
defined for helicopters? }1

9. What kill level wculd result from inability of an attack

aircraft to lower its landing gear?
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10. What are flight essential <functions and mission ess=zn-

+*ial functions?

11. What is a failure mode and effects analysis (FMEA)?

12. Describe two failurss of a gun subsystem on an attack
aircraft, on2 of which makes it a cri«ical comporent fcr an
attzition kill and ancther which would resul: in a mission

abort kill.

13. How does the fault tree analysis (FTA) differ from the

failure mode effects analysis ?

14, Of the FMEA and FTA, which identifies the possibility of
secondary hazards that can be caused by the primary damage

process?

15. What are the fuel system damage-caused £failure modes,
and what are some 0f th2 technigques which can be used to

prevent or minimize failure?

6. What are the failure modes of the propulsion system?

Suggest some means to prevent then.

17. What are the failure modes of the flight control systenm,

and what vulnerability reduction techniques can be used?
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18. What ate the failure modes of the power train and zo<or
Elade/propeller system? What vulnerability reduction +=2chni-

quas can be used?

19. #W®hat failure modes are associated wi*h <the structural
system and what vulnerability reduc<ion techniques can be

applied?

20. Define the terms redundant and nonredundant when used to

categorize critical ccmponents.

21. (TRUE or PALSE) An aircraft with “two components which
perform the same function (for instance two £flight control
hydraulic systems) is always r2iundant in that systen.

Explain your answer.

22. If you are associated with a ailitary aircraft, atiegpt
to 1list the «critical components for your aircraft.
Charactorize 2ach critical component as czedundant or nonre-
dundant. A+t%empt to determine any redundart components which

have failure modes which in fact make them nonredundant.
23. What is a kill tree?
24. What is the kill expression?

25. Restate the six vulnerability raduction concepts.
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26. What are +“he passive damage suppression techniques?

Give examples of sach.

27. What are the twc general types of component redundarncy?

Give an example of each.
28. How can component location reduce vulnarabilicty?

29. What are some of the techniques of active damage

suppression?

30. What is parasitic armor?

31. How can shielding of components be achieved?
32. Describe some component elimination techniques.

33. What is the difference betwe2n ballistically tolerant®
systems and ballistically resistant sys*tenms? Which is

preferred?

34. What specific vulnerability r=duction technigues can be

applied to *he crewv system?

35. 7You are flying a single seat scout helicopter which has
no redundant conmponents and no critical component overlap.

The following data is applicable from one aspect:

ccitical presented probability of kill
component: area: given a 7.62am hit:
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pilot 4 sq. ft. 1.0

fusl tank 17 sg. £=. 0.37
engine 8 sg. ft. 0.8

tail rotor

gear box 1 sq. f¢t. 0.6

main rotor

gear box 14 sq. ft. 0.15
flight control

hydraulic systen 3.2 sg. ft. 0.8

Total presented area of hslicopter is 155 sq. £t.

What is the vulnerable area of your aircraft €£or the givern
aspeck? What is the probability of kill given a hit,

P<R/H>, for your aircraft?

What 1is +the probability of kill, given a hit on <the

aircraft, for each individual compoaeat (P<k/Hi>}?

What is the probability of survival, P<S>, given one hi%?

What is the probability of survival, P<S>, given ten hits?

36. How does the additional of a redundant component alter

the coaputation of vulnerable area, given a single hit?




Consider the scout helicopter in the previous question. It
has been retrofitted to a dual 2ngine configuration to
enhance its survivability. The only <change is the addition
of another engine, also 8 sq. £f%. 1in area. There is no
component overlap. What is the probability of kill given a

single hit P<K/H> now?

37. Consider a light attack aircraft with a digital fly-by-
vire €flight con%trol system. The £ollowing da*a is available

on critical components.

critical presented probability of kill,
component: area: given a 7.62pm hit:
pilot 4.0 sq. ft. 1.0

fuel systenm 52.0 sq. ft. 0.26

engine 40.0 sq. ft. 9.6

flight control

computer 3.0 sq. ft. 0.7

The flight contrsl computer complately overlaps the fuel

tank. What is the vulnerable area of the aircraft?

38. Write a kill expression for a helicopter with

following critical components:

non-redundant reGundant

coaponents: coaponents:

49




i DRIVE TRAIN PILOT/CCPILOT

i FUEL TANK #1 ENGINE/#2 ENGINE

E HYDRAULIC PUMP #1 WIDSET/#%2 WIDGET/#3 WIDGET
l THINGUS (Kill will result if any two of
l thres widgets are killed)

1 39. Draw the kill tree for the helicopter in problem 39.

: 40. Briefly describe severazl of the techniques used to eval-

uate vulnerability to internally dstonatizg warheads.

41. What are the damage mechanisms associated with exter-

nally detonating warheads?

42. Your aircraft is subjected to an exterrnal warhead bucst,
and 87 pene*rators strike your aircraft. Zach penetrator has
a probability of kill givan a hiz of 0.02. What is yecur

probability of survival? Work <+he problem ¢two ways and

compare your answers. Assume that tha effect of each pere-

trator is independent of the others.

43. What variables must be considared in the evaluation of
externally datonating warheads %o accurately predict the !

probability of aircraft killz
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44, Wha* are the major categories of computer programs :Ior

vulnerabili+y assessupent?

45. What is an Endgame pragram?

46. What two me+hods can be used t> compute <hs probability
of kill of aa aircraft with =cedundant coampcnents, given

meléiple hitrs?

47. Given the kill transition matrix in this chapter, what
is the probability of kill given one hi%? Given zen hits?
Given twenty-five hits? (3 progzaamable calculator or

computer solution is highly recoma=nda4.)

48, Wha* are the measures of vulnerability?

49. If the XB-148 has a probability of kill given a hit of
0.1 and the XB-888 has a probability of kill given a hit of

0.17, which is more vulnerable? Explain your answer.

50. W®hat itams of information ares aecessary to conduct a

vulanerability assessaent?

S1. What are the three component kill criteria?

52. List and briefly describe the computer programs known as

shotline generators.
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$3. list and briefly describe the computer programs known as

vulnerable arza routines.

9 54. List and briefly describe the computer programs xaown as

Endgame programs.

55. Compute the vulnerability of a redundant coamponert A/C.

A. Consider 2 single engine helicopter that has five crit-
ical coaponents +that are vulnerable to a 12.7am API projec-
tils. These components are tvwo fu2l tanks, the pilot, +he
engine, the tail rotor/drive shaft. Assume that these five

components are non-redundant and have the following charac~

teristics: 4

COMPCNENT PRESENTED AREA P<K/H>

Fuel Tank #1 10 sq. f*. 0.2

Fuel Tank %2 8 sg. ft. 1.0 i
Tail Retor/Drive 10 sq. ft. 1.0 ?
Pilot 4 sq. ft. 1.0

Engine 12 sq. ft. 0.5

The total presented area of *he heliccpter is

is 200 sq. ft.

Compute the vulnerable area i

and the P<K/H> of the aircraf:.
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B. Suppose a cross-cver feed systam is added, making zhe
fuel tanks redundant components. compute the probability <hz
aircraf+ is killed after taking one hit, after *«hree hLizs,
after six hits and after ten hits. Plot the cumulative prob-

2bility of kill versus the number of hits.

C. Plot the number of aircraft saved in 1000 sorties because
of this modification. Assume each sortiz2 consists of one

hit, of three hits, of six hits, and of ter hits.

56. You are the pilot of a singls 2angine attack aircraft
which has <*wo cockpit positions. You have five critical
components vulnerable to 50 cal. API projectiles. These
components are two [pilots, the engine, flight contzol
computer, and a fuel tank which straddles the ecnginz Inlet

duct. The following data is pertinsce:

COMPONENT PRESENTED AREA PROBABILITY OF KILL,

GIVEN A HIT ON THE

COMPONENT
PILOT #1 4.0 sg. ft. 1.0
PILOT #2 4.0 sg. ft. 1.0
ENGINE 16.0 sq. ft. 0.6
FUEL TANK 22.0 s3. ft. 0.3
FLIGHT CONTROL
COMPUTER 3.0 sg. ft. 0.9
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Total presen*ed area is 185.0 sgq. ft.

Develop the +*transiticn matrixz and svaluate probabili‘y of

kill of the aircraft for one, five, and ten hits.

It has been proposed that the aircraft be operated single
piloted. Ccmment on the benefits and costs given one, five,
and “en hits. Assume that the size of the aircraft does rot

change.
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ANSWERS (CHAPTER V)

1. Vulnerability refers to the inabili+y of ar aizcraf: to

withstand one or more hits by the various damage

s

pmechanisms-to its 1liability to damags or destruction when

| hit by enemy fire.

2. Vulnerabili+y refers both to the individual componrents
and to the aircraft as a whole. Each component contributes
in some measure to the overall vulnerability of the

aircraft. s

3. Vulnerability reduction is the reduction of the likely-
hood that one or mcre of the critical componerts ¢f the

aircraft vill be killed if the aircrafs is hit.

4. The first step in a vulnerability reduction study is the
identification of those components whose damage or 1loss

could lead to an aircraft kill.

5. The aircraft kill categories are:

A. Attrition kill

B. Mission aport kill

C. Porced landing kill




The attrition kill levels are:

A. KK kill - Damage that will cause an aircraf:
t0o fall out of control immediat2ly upon being hit.

B. K kill - Damage that causes an aircraf: to fall out
of control within 30 seconds after being hit.

C. A kill - Damage that causes an aircraft zo fall out
of control within 5 minutes aftar being hit.

D. B kill - Damage that causes an aircraf+ to £fall out

of control within 30 minutes after beirg his.

7. A critical component is a component which, if damaged or
destroyed, would yield a defined or dafinable aircraft kill
level. Examples: Pilct, engire, flight control system, etc.

for an A kill.

8. The ability of a helicopter to safely 1land with a
variety of damage nmcdes which would cause a fixed wing
aircraft to ba lost requires the spacial forced landing kill
level to Le defined for helicopters. These nodes include
(but are not limited *0) loss of engine power, massive fuel
leakage, difficulty in operating controls, and slow leakage

of engine lubricaticn oil, flight control hydraulic oil,

etc.




9. The inability of an aircraft to lower its landing gsaw
would result in an attrition kill due to its inability to

land without major damage.

10. Flight essential functions are those system and
subsystem functisns required to enable an aircraft to
sustain contrclled £flight. Mission 2assential functions are
those system and subsystzm functioans required to enable ac

aircraft to perform its designated aission.

11. An FMEA is a proceedure that (1) didentifies and docu-
ments all failure modes of a component or subsystem and (2)
determines the effects of each failure mode upsn the capa-
bility of the system or subsystem to perform its essential

functions.

12. An attrition kill aight result if penetration of the
ammunitiorn drum by an API projectile caused detoration of
ammunition ia the drum, resulting 3in major structural
damage. Mission abort kill might «result if the drum was

distorted enough to prevent ammunition from feeding.

13. An FPMEA is a bottcm-~up approach. Pailure of a component

is assumed (for instance, 1loss of the £flight control
hydraulic actuator) and the consequances of that failure are

identified (loss of control).
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A fault tree analysis is a top~-down approach. The undesired
evant is defined, then the avents and/ecr combinaticas of
evernts that can result in that event are idertifisd. (Loss
of <control is defined, and loss of the flight control

hydraulic actua+or is identified as a potential cause.)

14, The FMEA identifies secondary hazards as well and

primary hazards.

15. Damage caused Vulnarability reduction
failure modes techniques:
A. Puel supply depletion ~Self sealing tanks

-Multiple isolated tanks
-Reduced presen+ted area
-Low' ullage pressurs
~Accurate fuel gageing

-Puel crossfeed and bypass

systeas
B. In-tank fire -Maintain nonexplosive
and explosion atmosphere in tank

-Inert atmosphere (nitrogen)
-Vent to remove fuel vapors
~Fire suppressing atmosphere

(HALON 1301)
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C. Void space fire

and explosion

1 D. Sustained 2xterior

fire

E. Hydraulic caa

Foams

-Use antimisting fules

-Drain holes to allow leaked
fuel to escape

-Vent voids to cemove
fuel vapors

-Active £fire extinguishing
systaas

-Use antimisting fuels

-Use powdar pack/purge mats

-Prevent leakage fronm
fuel systens
-Eliminata "flame holder"

projections

-Maximize volume of fuel
in tanks
-Provide smooth, simple

contours for fuel tank walls

-Avoid direct fuel tank/engirce

inlet interface

-yse taar resistant/energy

absorbing vall materials




16. Propulsion systen

faiiure mddes:

A. Puel ingestion

B. Foreign object

ingestion

C. Inle+ flow

distortion

D. Lubrication

starvation

Vulnerability reduction

technijues:

-Avoid direct fuel tanky/inlet

interfacse
-Use fuel from tanks near

inlets before entering combat

-Avoid diract fuel tank/inlet
interfacs

-Use ballistically tolerant ?
materials which yield little
or no 3debris to ferm ducts

-use fuel from tanks near

inlets bafore entering combat

-Prevent hydraulic ram dazxzage

to inlets

-Minimize presented area of
lubrization systea components

-Use salf sealing or
ballistically tolercant

components

-Armor or shield components
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-Use bypass lines o isola*e

or minimize leakage

17. Control system Vulnerability reduction
failure modes technigques
A. Disruption of control -Ballistically cesistant or
signal path tolerant control system

componacnts

-Redundant, separate ccntrol
signal pacths

-Minimize presented area of
control signal path (fly-by-
wire vics pushrods)

-colocate servovalves on

servoactuato:rs
f
B. Loss of control -Reduniant, separate control
powver power systems

-Backup manual control systenms

where practicable

C. Loss of aircraft -multiple seasors
motion sensor data ~-Analytic redundancy utilizing

digital filters

D. Damage to control -Damaga tolerant control
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surfaces and hinges surfaces and hinges
~Multiple hinges
~Alteznate sources of contccl
(flaps as backup roll control)
~Pail-safe surfaces
(lock to level flight

vice hardover)

E. Hydraulic fluid ~0Use ls2ss flamabla hydraulic
fires fluid
-minimize leakage
~use lower pressure systems

(less atomization of £1luigd)

~Jse z2lectrical actuators :o

replace hydraulics

18. Power train 5 propellsr/ Vulnerabili+«y reduction
rotor blade systenm tachniques

failure modes

A. Loss of lubricaticn ~Minimize vulnerable area of
lubrication systen
~self s2aling tanks and lines
~Grease lubrication systeas to

eliminate exterior lines
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B. Mecanical/structural -Ballistically tolerant drive
failure shafts, bearings, and suppcrts
~Balistically +olerant rctor
blades and propellers

-Redundant load pachs

19. The failure modes associatad with the structural system are:
A. Structural removal
B. Pressure overload
C. Thermal weakening

D. Penetration

The techniques used to minimize damage are:
A. Multiple load pa<ths
B. Pail safe design

C. Crack stoppers

20. A nonredundant component is a component, the damage or
loss of which will result in the loss of an essential func-

tion such as lif¢, +thrust, etc.

A redundant component is a component, the damage or loss of

which will not result in the loss of an essential fuanction.

21. FALSE. If, for instance, both hydraulic systems are fed

from a ccamcn reservcir, loss of one system due <to a leak
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and subsequent loss cf fluid would result in the 1loss of

botk hydraulic systeas.

22. (various)

23. A kill tree is a wvisual illustration c¢f <+he critical
components of an aircraft and the contributions of componen*

reduadancy.

24, The kill expression is a logical statement using the
logical (.AND.) and (.0OR.) stata2ments ¢o convey th2 same
critical component and cedundancy information that *he kill

tree contairmns.

25. The vulnerability reduction concepts are:
A, Compon2at redundarcy
B. Compcnent relccation
C. Passive damage suppression
D. Active damage suppression
E. Componant shielding

P. Component elimination

26. Some techniques of passive damaje suppression are:
A. Damage tolerance
B. Ballistic tolerance
C. Delayed failure

D. FPail-safe resgonse
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27. The two general types of compona2nt redundancy ace:

A. Total reduadancy, such as Jdual £light
con+trol hydraulic systens.
B. Partial redundancy, such as ase of diffecen+tial

flaps as backug roll control devices.

28. Component location c¢an reduse vulnerability in the
following ways:
A. ¥Yen-critical components can be positioned <o
shield critical componeac<s.
B. Redundant compcnents can be widely separated to
insure single hit raqdundancy.
C. Critical components can be overlapped or tightly
groupel to mipimize the presantad vulnerable acea.
D. Components can be isolated to reduce the possibilit

of cascading dmage.

29. The following are examples of active damage suppression
techniques:
A. Pire detection and extinguishing systenms.
B. Alerting systems which can warn of lov fluid levels,
etc. in time to allow securing of the systenm

wvithout damage.

C. Rydraulic fuses vhich can isolate a leaking portior
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of a system without requiring that *he entirs

system be secured.

; 30. Parasitic armor 4is armor which does no+t cont-ibhu%e to

the structural s*trength of the aircraft.

31. Ccmponents can be shielded by:
A. Parasitic armor (including body armor
for flight crew)
B. Integral armocr

C. Other components

32. Some component elimination technigques ar2:
A. Replace fue2l boos%t pumps with a suction feed systen.
B. Replacg o0il punmps and coolers with a gr-ease
lubrication systen.
E - C. Use manual flight con*rols vice power
boosted systens.
D. Use fly~by-wire or optics vice mechanical pushrods.
B. Jetison external fuel tanks prior *o antering combat

to lovwer vulnerable area and improve performance.

33. A ballistically resistant systeam is one designed to

"repel"” the damage mechanism, as armor would. A balisti-

cally tolerant system is one designad to "bend" with %he




damage and still operate. For example, large diameter, ttkin
walled control rods. Ballistic tolerance is usually %o bs
preferred, since it will often achieve the same resul% with

a sigrificantly lower weight penelty.

34, The following vulnerabili%y reduction techrigues can be
applied to The ctev system:
A. Shield the crew uéing compon2nts OrL armor.

B. Provide ventilation/oxyger %> 1inimize tane

[a]

r£fects of smoke and toxic fumes.
C. Reduce pilot workload which #ould Jdistract the pilot

from combat mission perforamiace.

35. coaponert prasented probabili+y of vulrnecable
area kill, givern area <A/vi>

a bit P<k/hi>

pilot 4.0 sq. f*. 1.0 4.0 sqg. ft.
fuel 17.0 sq. ft. J.37 6.3 sq. ft.
engine 8.0 sq. ft. 2.8 6.4 sq. ft.
TRGB 1.0 sqg. ft. J.6 0.6 sq. ft.
¥RGB .0 sq. ft. 2.15 2.1 sq. ft.
£1¢

controls 3.2 sq. ft. 0.8 2.56 sq. ft.
Vulnerable area A<V> = 21.95 sq. Et.
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Aircraf* probability of kill given a hit

P<K/H>=(21.95) / (155) =0. 1416

Component probability of kill given a hit P<k/hi>

pilot: A<vi>= 4/155 = 0.025806
fuel sys: A<vid>= 6.29/155 = 03.040580
engine: A<vid>= 6.4/155 = 0.041290
TRGB: A<vi>= 0.6/155 = 0.00387
MRGB: A<vid>= 2.1/155 = 0.01355

flt.contraols: A<vi>= 2.56/155 = 0.01652

Probability of survival given one hit

P<S>=(1-P<K>)=(1~0.1416 0) =0.8584

Probability of survival, given 10 hits:

P<S> = (1-P<K>) **10=0.21722

'36. The redundant components do not contribute to the vuln-

erable area for a single hit if there is noc overlap of

redundant components.

Probability of kill given a hit PKK/H>= (21.95-6.4) /155 =

0.1003
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37. A<vi>(pilot) = 4.0%1.0 = 4.0 sg. ft.
A<vi>(ergine) = 40.0%0.6 = 24.0 sq. ft.

A<vi>(fuel tank) = (52.0-3.0)*0.26 = 12.74 sq. f+.

The area of the flight control computer is subrtacted frona
the area the fuel tark, since any shotline through this area
will result in kill due t2 the vulaercability of the fligh«

control computer.

38. The kill expression is:

(PILOT .AND. COPILOT) .OR. (DRIVE TRAIN) .OR.

(FUEL TANK) .OR. (%Y ENGINE .AND. #2 ENGINE) .OR.
(HYDRAULIC PUMP) .OR. (WIDGET #1 .AND. WIDGET #2 ) .OR.
(NIDGET #2 .AND. WIDGET #3) .OR. (WIDGET #1 .AND.

WIDGET #3) .OR. (THINGUS).
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39. The kill tree is:

PILOT COPILOT HYDRAULIC PUMP
2/2
DRIVE
TRAIN WIDGET WIDGET 4IDGET
#1 $2 3
2/3
FUEL
TANK THINGUS
I
£ | $2
ENGINE ENGINE
2/2

40. 1Iwo techniques to evaluate vulnerability to internally

detonating warheads are:

A. Treat the HE rcund as a penetrator but use an expanded

vulnerable area (beycnd their actual size) for the critical

coaponents.
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B. Th2 point burs*t approach involves dividing the aircraf=
irto various segments and avaluating +h2s probability cf %11
given d=ztcnation in each segment. The probability of kill
given a hit is the product of the probability of kill given
a hit for each segmernt times the probability of hitting tha*

segment.

41, The damage mechanisms associated with extsrnally dete-
nating warheads are:

A. Blast

B. Fragments

C. Incerdiary particles

U2. P<S> = (1-P<K>) **p
P<S> = (1-.02) **87
P<S> = (.98) *+87
P<S> = 0.1725

Alternatively, using the approximation,

P<s>

1= {1-P<K/HD) **n = 1-2xp (~n*P<K/HD)

P<S> = (approrximately) 1-9xp(-n*P<K/H>)

P<S> (approximately) exp(-87*(0.02))

P<S> (approximately) 0.1775

A




43. The following must be considered in a missile/aircrafe
encountsar:
A. Fragment static velocity
B. Pragment static spray angle
C. Wachead attitude
| D. Aircraft attitude
‘ E. Zncounter velccity

F. Encounter geometry (tailchase? head on?)

44, The major «categories of coamputer prograas for vulner-
ability assessment are:

A. Shotline generators

B. Vulnerable area routines

C. Interral burst routines

D. Endgame prograams

45. An Endgame program dascribes an encoun*er between an

aircraft and an HE warhead with a proximity fuze.

46. The two methods used to compute probability of kill of
an aircraft with redundant componsnts given multiple hits
are:

A. The kill tree diagraa

B. The state transition matrix

47. Probability of kill, given one hit:

e g e i SR SR b
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0.0733 +0.0 = 0.0733
Probability of kill, given “en hits:
0.454u42 + 0.0307515 = 0.76194
Protability ¢f kill, given twenty-five hits:

0.550539 + 0.u435863 = 0.98645

48. The measures of vulnerability are the vulnerable area

and the probability of kill given a hit or detonation.

u9. Probability of kill given a hit is <he measure of
vulnerabilit+y, but no valid comparison can be made useing
these values. The vulnerable area of each airccaift must also
be compared. An aircraft which has a low probabili+y of
kill given a hit and a relatively larje presented acea may
in fact be more vulnerable (have a larger vulnerable area)
than an aircraft with a higher probability of %ill given a

hit with a smaller vulnerable area.

50. A vulnerability assessmen* requires:

A. A selection of the aircraft kill lavels or
categories to be assessed.

B. An asseably of the technical and functioral
descriptions of the airc-af:.

C. A determinatiocn of the critical components
of the aifcraft.

D. A determinaticn of the threats the
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system will encounter

E. A determinaticn of the tyre 2nd ammount of damage
requir2d to kill each componant.

F. The compu+ation of the appropriate vulnerabilizy
measuras for the compornen*ts and for the

the aircraft based on the threat salected.

51. The three component kill criteria are:
A. Probability of component kill given a his
B. The area removal cciterion

C. The energy density critezion

52. The shotline generators are:

A. MAGIC - Uses combinatorial gsom=stry and basic body
shapes (boxes, spheres, etc) to
model component geometries. ]

B. GIFT - An improved MAGIC with simpler input and
more efficient computation.

C. SHOTGEN ~ Similac to MAGIC but uses flat triangular
patches to model component surfaces.,

D. PASTGEN -~ A more recent version of SHOTGEN.

53. The detailed vulnerable area routines are:
A. VAREA - Conducts vulnerability analyses of systenms

subjected to single ftagments and penetrators.

B. VAREAO2 -Bvolved from VAREA, adding a
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54.

penetration aode, an air gap fire model,
and a redundant components nodel.

COVART - Adds helicopter vulnerable area routi

. »
S ]
(1
n

to VAREAO2 and includes a battle damage

damage repair time model.

A simplified detailed area routine exists:

D.

CCMVAT - A vulnerable area routine which uses
average shielding values for components

vice shotlines.

The Erndgame programs are:

A.

SESTEM II - Evaluates the terminal effects of a
non-nucluar missiles against aerial targets. Computes
with respect to a direct hit, fragment damage,

and Llast.

SCAN - Predicts the probability that an aiccraft
will survive an attack by a amissile armed with a
warhead. Allows various fragmeant sizes and shapes.
Bas graphics capabilities for evaluation of

inpu% and osutput data.

ATTACK -~ Predicts the ability of a missile to at*ack

and destroy an airborne targat. Allows various

fuzing options.




D. REFMOD (MECA) - Allows salsction of warhead <+yp=

and fuze routines. Zomponents ars modeled by

various geometrical shapes.

S5
A. COMPONENT PRESENTED PROBABILITY OF VI ’NERABLE
AREA KILL, GIVEN A AREA
A (pi) HIT (P<K/hi> A<vi>
#1 PUEL TANK 10 sq. ft. 0.2 2 sqg. ft. -
#2 FUEL TANK 8 sq. ft. 1.0 8 sq. ft. |
TAIL/ROTOR
DRIVE 10 €q= Ft. =0 10 sq. ft.
PILOT 4 =sq. ft. 1.2 4 sq. ft. {
ENGINE 12 sq. f£+%. 0.5 6 sg. £t.

Vuelnerable arsa (total) = 30 sq. fzt.

PKK/H> = 0.15 = (200 sq. ft.)/ (30 sq. £t.)

B. Transition matrix symbols used:

KNRC = Probability of kill of a non-redundant ccmpoaent

KPT1 = Probability of kill of #1 fu2l tank
KFT2 = Probability of kill of #2 fuel tank
KPT = Probability of kill c¢f both fuel tanks
NK = Probability of no kill

TRANSITICN MATBIX - BREDUNDANT AIRCRAFT
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KNRC KFT1 KFT2 KRC NK

1.0 0.1 0.1 0 .1
0 . 86 0 0 .01
0 0 .89 0 .04
0 .04 .01 1 0

0 0 0 0 .85

C. Aircraft saved per 1000 sorties 3ue

to fuel system change:

NO. OP HITS: P<K/H> P<K/H> A/C SAVED PER
' REDUNDANT NON-REDUNDANT 1000 SORTIES
1 .1 o 15 50
) 3 . 2731 .3859 116. 4
6 . 4756 .6229 147.3
10 .6638 .8031 139.3
56. COMFONENT A<Pi> P<K/hi>  A<Vi> P<K/HI>
(sg. ft.) (sq. £t.) (AIRCRAFT)
PILOT #1 4.0 1.0 4.0 0.0216216
PILOT #2 4.0 1.0 1.0 0.9216216
ENGINE 16.0 0.6 9.6 0.0518919
FUBL TANK 22.0 0.3 5.6 0.0356756
PLT. CCNTROL
COMPUTER 3.0 0.9 2.7 0.0145946
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Vulnerable area = 26.9 sq. ft.

Probability of kill given a hit = 0.14540540

185 -~ 49 = 136 sq. ft.

B. Transition ma+rix symbols used:

Xp1 = Probability of kill of pilot no. 1

Kp2 = Probability of kill of pilot no. 2

Knrc = Probabili+y of kill of a non-redundant component
Kzc = Prcbability of kill of a redundant componant

Nk = Probability of no kill

TRANSITICN MATRIX USED:

Knre Kpl Kg2 Kre Nk
1 0.122 0.1022 J 0.1022
0 0.8762 0 0 0.0216
0 0 0.8726 0 0.0216
0 0.0216 0.0216 1 0
0 0 0 0 0.8546

FPor one hit, P<KK> = 0.10216

For five hits, P<K> = ,415782 + 7.07884E-3 = 0.42286

For ten hits, P<EK> = ,653718 + 2.055062-2 = 0.67427




For the case where the

COMPONENT A<Pi>
(sq. £t.)

PILOT #1 4.0

ENGINE 16.0

FUEL TAXNK 22.0

FLT. CONT.

CONPUTER 3.0

PTr—— -

aircraft is flown single piloted:

2<K/hi>

1.0

0.3

0.9

Total presentad area is still 185.0 sq.

Total vulnerable ares is 22.9 sq. tt.

]

P<K/Hi> = 22.9 ,/ 185

Por one hit, P<K/B> =
For two hits, P<LK/H> =
Po- ten hits, P<K/H> =
No. of hits
1
5
10

.1238

0.12378

0.48352

0.73325

Ammount second

0.021521

0.060657

0.058376
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A<vi>
(sq. ft.)
u.o

9.6

4

--e

p<S>

0.87622

P<S> 0.51648

p<S> 0.26675

pilot lowers P<K/H>




OPERATED SINGLE PILOTED OPERATED DUAL PILOTED
PILOTS /AIRCRAFT PILOTS ATRCRAFT

] LOST LOST L0S7T
EE 1 123.8 123.8 102. 2
E‘ 2 232.2 269.7 . 194.8
3 327.3 375.9 278.7
4 410.6 466.6 354.5
5 483.5 544, 2 422.9
6 547. 4 510. 4 4su.u
: 7 603. 5 567. 1 539.8
8 652. 6 715.5 589.6
9 695.6 756.9 634, 3
10 733.2 792.2 674.3




HITS

1

2

9

10

TRADEOFF:

C. AIRCRAFT SAVED vs. PILOTS LOST

AIRCRAFT SAVED

21.6

37.4

u48.6

60.7

63.0

63.6

62.9

61.3

56.0

returns from the missicn.

0

37.5

48.6

56.0

60.7

63.0

63.6

62.9

61.3

59.0

Por each additional pilot lost, one additional aircratft

ADDITIONAL PILOTS LOST




CHAPTER VI

1. What is a2 measure of susceptibility, and what major

items is it dspendent upoz?

2. Wha* are the impcrtant featuras of zhe threat?

3. What important factors are associated wi+th the aircraf+

in an encounter with a threat?

4. What is a2 susceptibility assessaent? What categceries

does it Aivide events into?

55 What is the purgpose of an essential elements of assess-

ment (EEA)?

6. Define aircraft sigpmatures and 1list those mentioned in

the text.

U What must be considered in addition to the aixcrafe
signatures when evaluating the ability to detect or track an

aircraft?

8. What is radar cross section? How is i+t expressed?
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9, What tasic relatiocships <can be formulated between

aircraft size and radar cross section?
10. What variables affect the RCS of an aircraf+?

11. What 1is perhaps the most iaportant design feature to

avoid in designing an aircraft to ainimize RCS?
12, What is target glint?

13. What “problem areas'" requi-e a gr2at deal of atterntion

from the standpoint of minimizing RCS?

. What methods ara available ts determine radar cross

.sec*tion?

15. Wwhere would you wmost probably be abls %o find tabulatzed

RCS data for aircraft?

6. What are the major sources of infrared radiation from

aircrafc?

17. What part of the electormagnetic spectirum encompasses

infrared radiation?

18. What detarmines tb: frequency of the peak IR radiation

emitted by a solid budy?




19. If the afterburner of your aircraft increases th=2 %ail
pipe temperature by a factor of twd, what does <+this do %o

the intensity of IR radiation from the fail pipe?

20. What are ¢the main contributers to the IR sigrature of
the exhaust plume? What is <the major contribu*or? A%t what

wavelength?

21. Wha*+ is the best source of DJD infrared and electro-

optical infcrmation?

22. What are the visual osbservablss? Why are visual signa-

tures important?

23. What are the four parameters that influence detecti-

bility of visual signatures? Define thenm.

24, What factors influence the aural detectibility of an

aircraf+¢?

25. What are the principal sources >f aircraft roise?

26, What is the "end product" or dzsired information derived

by an aircraft detection and tracking system?

27. You are flying thirty kilometers from a fire control
radar mounted four meters above the ground. At what altitude
must you fly to be below the ralar horizon of the fire

control radar?
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28. In the radar range equaticn, what variables does the
aircraf: designer have control over? «What is the functicnal

relationship between detection range and these variables?

29. If you succe=2d in doubling +tha system noise of a radar
via electronic countermeaseures, by what amount do you
decrease detection range? What would you have to do to

system noise to halve the detection range?

30. What is the maximum unambiguous range im meters of a

radar with a pulsz repetition rate (PRPF) cf 10,0007

31. What 1is the probability of detectior ¢f an aircraf¢
scanned ten times by a radar system if the probability of

detection is 0.4 fs5r each scan?

32. What genaral characteristics would you expect a search

radar to have?

33. w®hat general characteristics would you expect a fire

control radar to have?

34, WRhat ar= the general techniques used by fire control

(veapon ccntrol) radars to track in azimuth?

35. What is the "probable error" of a radar system?
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36. What are the ‘"systematic errors" c¢f a radar systen?

What sources of randcm errors degrade radar tracking zaccu-

racy?

37. What factors in +the lcck-on range equation for an
infrared detector does the aircraft designer/user have scae

control over? What are the functional relationships?

38. You have selected aftarburner in your aircrafr to more
rapidly depart the ccmbat zone. Your exhaust plume is 1.6
times its former temperature. How has your IR de*ection

range been affected?
39. What techniques are used by IR seckers to track targets?

40. What is a visually directed wzapoa system? List some

examples of visually directed weapon systems.

41. Where ars theoretical studies 5f detection and tracking

by human operators using visual tracking devices conducted?
42, What is attenuation of IR radiatioa?
43. What radar system deceptive countermeasures are used?

44, What are expendables? How are they used and how do they

work?

45. What is a radar noise jammer? Describe the three types.




46. What are the factors that imposa practical 1imi%s on

radar and IR detecticn range?

47. You are designing a fire control radar for a mobile gun
system which must have a2 maximum urambiguous range of <ex
kilometers You amust also have a range resolution ¢f of ten
meters, and you are limited (by yoar cooling system) <o an
average power of ten watts, Specify the maximum pulse
repetition frequency and maximum pulse lerngth you can use,.

What will your peak power be?

48. As an aircraft designer, you inadvertently «created a
triangular corner reflector by using a radar <transparcen<*
bomb bay door to cover a rectangular metal bomb bay, which

has a characteristic dimension of 60 cm. What is the radar

czoss saction of this area to a 3 ca radar?

49, What is the maximum pulse repetition frequency that can
be used on an air search radar which must have an unambig-
uous range of 150 nautical nmiles? What duty cycle would
result if your minimum detection <range was five miles? If
the radars peak pover is one megawatt (10**6 watts), what is

the average powver?
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50. You are trying to develop a radar to warn of incomeing

AAA, and you decide that to get ada3juate return you nust use

a vavelength of 0.8 cum. Wwhat wouli *he operating frequerncy

of the radar b=2?
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ANSWERS (CHAPTER VI)

1. A measure of susceptability is probability of hit, Pp<H>,
and it is dependent upcn three thiags:

A. The sc2nario

B. The threa+

C. The dircrat:e

2. The impcrtant features of the threat are:
A. Threat characteristics
B. Threat opera*ions

C. Threat le+hality

3. The impertant factors associated with +he aircraft in an
encounter with a threat are:

A. Aircraft observables or detsc-table signatures

B. Countermeasures used

C. Aircraft perfcrmance capabilitiss

4. A susceptibility assessment is a modeling of the
sequence of events and elements in the aircraft/threat

encounter until a hit on the aircraft occurs. The events can

be divided into <wo categories:
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5. Th2 purpose of an EEA is to> determine which of <he
features or e2lements of an aircraft/threat encounter are

important and wvhich can be eliminatsd from the assessmen:.

A. Detection/tracking/fire ceontrol doctrine/launch &
quidance of missiles or firing of AAA projectiles, or firing

of radiation beams. (Simulation or flyout model)

B. De-onatisn/impact of warhead/penetrator or vradiation.
(Includes terminal encounter geonmetry, fuziag capability &

logic, damage mechanism gsneration and propagation.)

6. Aircraft signatures are those characteristics +that carn
be used by the threat systems for datection and tracking.
The four electromagnetic signatures are:
-A. Radar
B. Infrared
C. Visible
D. Ultraviolet
Another signature is:

E. Aural

7. In addition to aircraft signaturaes, any intentional or
inadvertant emissions <from the aircraft can be iamportant,
espacially for detection.

These include (but are not limited to):
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A. Voice or data transimission via radio
B. Navigation radar
C. TACAN (Tactical Air Navigation)

D. Aircraft lights

8. Radar cr>ss section is a measaure of the amount of the
incident radar signal wnich is rzflected toward the
receiviag ant2nna. It Zis expressedl in either area (squars
meters) or in decibels (48B), usually refersnced to one

square meter.

9. No simple relationship can be stated tc correlase

aircraft size and radar cross section.

10. The following variables affect radar cross section:
A. Aircraft size
B. Angularity of surfaca2 junctures
C. Aizcraft attitude
D. Aircraft configuration
E. Aircraft materials
F. Wave length of incident radar signal

G. Polarization of incident radar signal

11. The corner reflector behaves very much like a mirrcr to

radar waves over a large range of aspasct angles and hernce
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should be avoided whenever possible. 1In particularz, tha
three corner right angle reflector is capable of rezurning a
radar signal over an extremely largs Iange of aspec* anglas.
A single three corner reflector can display a very high RCS

ovar one eighth of the entire aspect of the aircraf+.

12. Target glint, also known as bright spot wander, is the
motion of the aparent centroid of the RCS about the aircraf:
as <+*he aspect angle varies slightly. It is «caused by
constructive and destructive interfersnce of the individual
radar echos returning from <+he various surfaces of the

aircract.

13. The areas which require a gr2at dzal of attenticn *o
reduce cadar cross section are:

A. Bomb bays

B. Jet engiane inlets aad nozzlas

C. Puselage-wing intersections

D. Puselage-compepage intersections

E. Wing-pylon intersections

P. Cockpit

G. Antennas and antenna compartaents

H. Main and tail rotor heads

I. Bomb bay dror-fuselage intersections
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4. there are several methods t> determine radar ccoss
section:
4. Analytic computation (exact solution)
B. Analytic sslution of a mathematically
simplified model
C. Experiaental measurement usiang flight test aircraft
D. Static testing of full size aircraft

E. Static testing of reduc=d size nodels

15. Ore of the most complete collectioas of RCS da=a is the

Air FPorce Electronic wWarfare Center (AFEWC), Kelly AFB, San

Antorio, Texas.

16. The major sources of infrared radiation from aircraft

A, Hot parts of airframe and prcpulsion systen
B. Reflected solar radiation

C. Hot e&ngine exhaust plume

17. Infrared radiation occurs in the electromagnetic spec-

+rum at 0.77 to 1000 microns.

18. The frequency of the peak IR radiation is a function of

the temperature of the radiating body.

93

———— e ... onen




19. The intensity of the total radiation smitted from a body
' is a function of <temperature raised +o the fourth pcwer.
| Power = f£(T**4), thereforzs, (2**4 = 16) you are enitting 16

, times as much IR povwer.

20. The main contributors to the IR signature of *he exhaus*
plume are water vapor and carbon dioxide. Th2 carbern dioxide
is “he major contributor and radia%tszs at a waveleng*h of 4.2

to 4.7 microns.

21. The best source of DOD IR and electco-coptical informa-
tion is the Infrared Information ani Analysis Cente:r (IRIA),
Environmental research institute 5f Michigan, Ann Arbor,

Michigan.

22. The visual observibles are:
A. Smoke
B. Contrails
C. Sun qlint

D. Engine exhaust glow

Often these observables can be seen befor the aircraf«
itself is visible, allowing additional optical *racking time :

to arrive at a fire centrol solution.

23, The four parameters that influeance detectibility are:

A. LUMINANCE: the radiance or powver per unit solid

94




24,

25.

angle per unit area of an object weighted by

the luminosi+ty f£nnction of a standard obszarver.

B. CHROMATICITY: the chromatic contrast of a body,
irrespective of its luminance. A ligh*t blue aircraft
seen against white clouds wmight have tke same
luminance as the clouds, bu* can be easily seen,

because of the differanc¢e in caromaticity.

C. CLUTTER: +he changing visual bachgrouad makes an

aircraft more easily seen.

D. MOVEMENT: the motion of an aircraft,pacticylarly
that of rotor blades, can be an important facto:

in detectibility of aircraft.

The aural detectibility of an aircraft is influenced by:
A. The intensity and spectrum of noise generated

B. The spatial pattern of noise radiation

C. The distance between aircraft and observer

D. Atmospheric refraction and scattering =ffects

E. The level and spectrum of backgzound ncise

near the observer

The principel sources of aircraft noise are:
A. Propeller/rotor blade rotatisnal and vertex noises

B. Engine inlet/exhause noises

95




- — == ——— : —
AD-A139 090 EDUCATIONAL AIDS IN AIRCRAFT COMBAT SURVIVABILITY({U) g/aL
NAVAL POSTGRADUATE SCHOOL- MONTEREY CA P G COX DEC 83

UNCLASSIFIED F/G 5/9




PG TN TG 1

S

1.0 &M ks
= . & IR
e
o
= 18

=5

\II\\

L2 e

Iz
O

MICROCOPY RESOLUTION TEST CHART
MATIONAL BUREAL OF STANDARDS 19e3.4

e
-‘4-,}:?;__. W

3

-




e

C. Engine combustion/rotary noisas

D. Airframe aerodynamic noises

26. The end product of aircraft datection and tracking is a
relatively accurate determination of the aircraft's lccatior
in azimuth, <elevation, velocity, range and heading as a

function of time.

27. Radar horizon = 6.5% ((h<ant>) **3.,5 ¢(h<ac>) **0,5)
ht of aircraft = (R<H>/6.5 - ((h<aat>) *%(Q_,5) **x2

ht of aircraft = (30,/6.5 ~ 2) *%2

You must fly below 6.8 meters above the ground

to avoid detection.

28. The aircraft designer has some zontTol over radar cross sec<ioa
(RCS) through design consideratiorns
and radar system noise (N)

via electroniz countermeasures.

Range = f£( (RCS) *¥#%.25, (1/Y)*%,25)

29. Doubling system noise reduces maximum detection range by
a factor of 0.84.

Range = £( (1/N) *%,25) = (1/2)*%*.25 = 0.8409
To solve for noise to halve maximum detection range, solve

the functional relationship for noise:

range = £ ((1/N)*#¢,25)
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0.5 = £((1/N)*%_.25

N = 16

P

You must increase system noise by a factor of 16 +2 halve

detection range.

30. Given a PRF of 10,000, the maximum unambiguous range of
a radar is:

R<u> = c/(2*PRF)

R<u> = 3.0%*108 my/s / 20,000 pps

R<u> = 15,000 meters

R<u> = 15 kilometers

31. The cumulative probabili+y of da2tacticn for ten scans is
one minus the product of the probabilities that the aircraft
will no* be detected on each scan. ]
= p<cd> (S) = 1-(1-pP<ds) *=xS

P<cd> = 1=-(1-0,4)**%10 = 1-(0.6)**1) = 1-(0.0060) = 0.9940

f 32. A search radar would have: 3
A. Long range (imglies low PRF)
B. High power (long pulse, implies
poor range resclution)
C. Lov antenna rotation rate (t:iput 2any pulses on

the target to maximize the probability

of detaction)

D. Ability to track many targets at one time
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33. A fire control radar would hava:
A. Relatively shert range (high prf)
B. High angular resolution
C. Short pulses (good range resd>lution)
D. Track few (or one) targets at a time

E. May use doppler tracking

4. The general tracking techniquas us24 by £fire control
radars are:

A. Conical scan

B. Monopulse

C. Track while scan

35. Probable error is +he magnituda of that deviation error

such th2% one half of the errors are lacger ard one half of

the errors are smaller than the probable error.

36. The systematic errors of a radar are:
A. Antenna misalignment
B. Servo lag

C. Multipath

The causes of randoa errors in the radar are:
A. Receiver noise
B. Tracking jitter

C. Target glint
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E 37. The designer/operator of the aizcraft has some control

| over the IR signature.
Lock on range = f(IR signature (watts/stearadian)) **0.5

38. Increaseing your exhaust plums temperature by a factor

of 1.6 will increase your detection range by a factor of

1.265.

R(lo) = £(P(i))**%0.5 = (1.6) **0.5 = 1.2649

39. Scanning tecanigues usad by IR seeksrs arce:
A. Reticle trackers
1. Spinning reticles
2. Stationary reticles
B. Scanning *rackers
1. Rosette trackers
2. Crossed array traékers
3. Raster trackers

4. ROtating linear arrays

40. A visually Jirected weapon systam is one which uses the
human eye as either a primary o5r backup detection or
quidance systen.

Some examples are:

A. Iron sights on small arms

B. Stereoscopic rangefinders
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C. Blectro-optical imaging equipment, such as

low light level tv.

41. Studies using human trackers are conducted a%: The aic
Porce Aeradspace Medical Researcch Laboratory,

Wright-Patterson Air Porce Base, Ohio.

42, Attenuation is the decrease in in+ensity of IR radiation
between the emit“er and the detectosr. It is a function of
both spherical spreading (1/r*#%2) and reflection, scat-
tering, and absorption by gasses and wvater d-oplets in the

atmosphare.

43. There are four basic categories of DECM technigques:

A. Time Modulated DECHM
1. Range-Gate Pull~-Off

2. Multiple Palse Targets

B. Amplitude Modulation DECM
1. Countdown
2. Cover Pulse
3. Scan Rate Modulation

a. Inverse Conscan

C. Phase of Prequency Modulation DECHM

1. Velocity-Gate Pull-Off
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2. Cross Eye
D. Polarization Modulation

44. Expendables are IR flares, chaff, and other mat*erials or
devices (possibly dincluding small missiles) released,
dropped, or launched from aircraft in an attempt tc prevent
lock-on or break lock-on of a seskar. They work, in the
general sense, by attracting at%sntion %0 themselves and
consequently avay frcm the aircraft. Chaff carn also be used
to screen the movement of aircraft which follow the chaff-

laying aircraft.

45. A noise jammer is a device whiczh transmits enough power
to drown out the aircraft echo on the radar scope.

The three basic types are:

A. Barraga or broad-band jammers

B. Spot jammers (cn a narrow fraqueancy band)

C. Swept jammers

U6. Pactors which 1limit the detection range of both radar
ard IR devices are:

A. Seeker sensitivity

B. Atmospheric losses

C. IR signature or RCS

D. Countermeasures used
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47.

us.

49.

prf

E. Relative lycations -

PULSE REPETITION FREQUENCY

R<u>

c/ (2% £<r>) ===> £<1r> = =/ (2*R<u>)

£<e>

(300,000km/sec) /72x(10km) =15,000 pps
RANGE RESOLUTION

Del%a R = (c*tau) /2
(taa = pulse width)
2%(10 n) = (300,000,000 m/sec) * tau

tau = 6.67*10%*-8 sec

DUTY CYCLE

PULSE WIDTH * PULSE REPETITION FREQUENCY

Duty cycle (6.67*10%*-8) *(15,000) = 0.00100

Pavg = Ppeak*(duty cycle)

Ppeak = Pavg/duty cycle = 10,0.00100 = 10,000 watts

Radar cross section for a triaangular reflector

RCS

4% (pi)*(L) **4/3*% (wave length) **2
RCS = U*(3.1415) *(60) **4 /3% (3%%2)
RCS = 6,031,858 square centimeters

RCS = 603 square meters 1181!!

Maximum unambiguous range = ¢c/(2*prf) = Ru

= ¢c/(2*Ru) = 186,000 mi/sec / 300 mi = 620 pps

Minimum detection range = Delta R = c*tau/2
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tau = 2*S mi/186,000 mi/s2c = 5.38*10%*-5 sec

Duty cycle = Du = prf*tau = 620* (5.38%10*%%-5) = 0.0333

Average power = peak power * duty cycle

P

Average power = (10**6 watts)*(0.0333)= 33,300 watts

1 50. Lambda (wavelength) = c/f

k £ = (3%10*%8)/(0.008) = 37.5%10%«*9 = 37.5 Gigaher+z
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2.

3.

4.

S.

CHAPTER VII

Define aircraft ccmbat survivabili<y.

How is a survivability assessment parcformed?

What are the conmonly used measures of survivability?

What are the basic elements of a scenario?

Of the following, identify those items used tc compute

P<KSS>.

6.

imity fuzed warheads?

-Environmental conditions

-Probability threat is active

-Probability of detection

-Prokability aircraft is within range of <threat

-dbility of fire control}guidance system to direct the
propagator against the aircraft i

-Number of propagators launchedsfired

-Puzing employed (if any)

-dircraft vulnerability

#hat are the variables of the P<K/D> function for prox-
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7. What are the elements of <th2 probabili*y an aircraf+

survives an encounter with a singla threat (P<S/E>)?

8. Tvo hostile enccunters take place - one between an
aircraft and a AAR battery, another between an aircraft and
a SAM site. Determine which encounter the aircraft is more

likely to survive, given the following encounter conditiors.

ENCOUNTER A (AIRCRAPT VS SAM)

Cumulative probability of detection 0.72
Probability of launch/fire 0.50
Probability of kill given a2 single shot 0.88

The site can launch a total of four missiles.

ENCOUNTER B (AIRCRAFT VS AAA)

Cumulative probability of detection 0.61
Probability of launch/fire 1.00
Probability of kill given a single shot 0.003
Number of shots fired 820

9. What are the principal elements of the computation of

sortie survivability?

10. Validate the approximation for sortie survivability by

computing sortie suarvivability both ways for <the following

datac
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| M = number of encountars = 20
N = number of shots fired per =ncounter = 50
P<Di> = probability of detection fcr each encounzar
j P<pi> = 0.90
) P<Li> = probability of lauach f5r 2zach encounter
P<Li> = 0.80
P<KSSi> = Probability of kill f5- a single shot for
each encounter
i P<KSSi> = 0.001

4 apnd P<KSSi> = 0.7?

Is the apprcximaiton still valid if N

P

What if N =4 , M = 3, and P<KSSi> = §.7?

11. List the computer programs cuccently accepted as stan-

dards by the JTCG/AS. Include the basic featuces of each. :

12. Describe a campaign analysis. what items of informa*ion

are necessary for input and wvhat r2sulcts are output?

13. What are =2ffectiveness programs?
14. What is a survivability <%radeoff study?

15. List the maintenance factors vwhich might influence the

potential inclusion of a survivability enhancement feature.
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16. How can the inclusion of redundancy in a system decrease

system reliability?

17. #®hat is +*he singls basis of coaparison to which all

survivakbility enhancenment featurszs oDpust eventualiy be

reduced? Why?




ANSWERS (CHAPTER VII)

1. Aircraft combat survivability is the capability of arn
aircraft to avoid andsor withstand a2 man-made hostile envi-

ronment.

2. A survivability assessment is done by coabirning:
A. “he results of the mission-threat analysis,
B. the results of the vulnerabili*y assessment, and

C. “he results of the susceptibility assessment.

3. The three most coamonly used m2asures of survivability
ara:
A. P<KSS>, “he probability the aircraf+t is killed
given a single shot.
B. P<K/E>, The probability the aircraft is killed
given a one-~on-one encounter with a single weapor. ]
C. P<K/M), the probability the aircraft is killed given

multiple encounters or the sortia survivability.

4. A scenario is a description of the many parameters that
characterize an encounter between an aircraft and a defensive wveapon

sys-em. The parameters include the aircraft flight path, the
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threat (type, number, location, and operations), the environmenzal

conditions, and the terrain.

S. P<KSS> is computed using:

A. Ability of the firs control/guidance system to direct
+he propagator against the aircraft
B. Puzing employed (if any)

C. Aircraft wvulnerability

6. The variables of the P<K/D> function are:
A, Aircraft vulnerable area
B. Location of the detonation
C. The spray angle of the eject21 fragments or propagators
D. The number of fragments eject24

E. The velocities of the varhead and aircraf:

7. The elements of P<LS/E> are:

A. P<D> - cumulative probability of detection
B. P<L> - probality of launch
C. P<KSS> -~ probability of kill given a single shot
D. N ~ the number of launches or firings
It should be noted that barage fire or a wmissile launched

during a search does not require detection to take place.
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8. ENCOUNTER A (AIRCRAFT VS SAM)

P<S/E> (1.0 - (0.72) * (0.50) * (3.88) ) **u

(1.0 - 0.3168) **u

(0.6832) **4

0.0101 = 1.01%

ENCOUNTER B (AIRCRAFT VS AAA)

(1.0 - (0.61) % (1.0) *(0.003) ) **820

P<LS/E>

(1.0 = 0.0018) **820

(.99817) *x820

0.22269 = 22.27%

The aircraft is more likely to sucvive the encountez with

the AAA sita.

9. The principal elements of ta2 computation of sortis
survivability are:

A. The total number of aircraft in the raid

B. The number of weapons encountersd

C. The probability of survival for 2ach encour+ter

(It must be noted that multiple types of threats may

be encountered and P<KSS> must be evaluated for

each weapon systenm.)




E 10. The following BASIC program was Trun to evaluate the
sortie survivability function.

10 PSS = 1

20 FOR M=1 to 20

30 FOR n=1 to 50

40 PSS = PSS*(1 - .9%.,8%_,001)
S0 NEXT N
60 NEXT 4

70 PRINT " PSS=";PSS

The result was: PSS= .486615

The approximation is:

.

P<S/S> exp ((-1) (sum(a) P<KK/ED)

n

2xp ((~1) *50%20*0.9%0.8%0.001)

SN

[}

exp (-0.72)

0.486752

N

The approximation is quite good for these conditionms.

FPor the sacond set of input data

The exact result is: P<S/S> = 4.35E-25

The approximation is:

P<S/S> = exp (- (20*4%0.9%0.8%0.7))

= 3!? (-“0032) = 3.093-18
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Seven orders of magnitude differencse.

However, it is so near zero that it makes little

diffefencs.

Por the last set of input data,

The exact solution is: P<S/S> = 2.22E-4
The approximation is:

P<S/S5> exp (- (3*4*0.9%0.8%0.7))

2xp (=6. 04)

Still an order of magnitude error.
11. The currently accepted "standard" pregrams are:

A. BLUEMAX - Used to generate flight paths for fixed-
ving subsonic aircraft, sea level to 20,000 feet. Used to

simulate the ground attack scenario.

B. P00t - Used to evaluat2 aa aircraft ore-cn-one
engagement with a grcund based gun system. Wide latitude is
available in the gun characteristics. The prcgram is
capable of accepting maneuvering flight paths as input, but

can only generate a straight and level flight path itself.
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C. SAMS - Models the characteristics and capabilities cf
ten Soviet SAM systems (DOD desig. S3-2 through SA-11).
MOdels senseor and tracking parametars, flight path dynamics
ard control, target vulnerability, and countermeasures.
One-on-one engagements only. Warh2ad fuzing and detonation

are also modeled.

D. PACAM ¥V - Aerial combat is modelad in 3D, Asymezric
tactics and tha possibility of escape are allcwed.
Detection is a function of range and target siz=. Bember
penetration and defensive tactics are modeled, and ground

launched SAMs may be used.

32. A campaign analysis is a mathematical modeling of
multiple encounters between friendly aircraft and hostile
air defense systems for a specified number of raids or
sorties. Strike aircraft encountar aultiple AAA, SAM, and
AI in a zone lefense pattern. Point defense weapons may be
used in the vacinity of the target. The results can include
the probability an aircraft survives the sortie, the prob-
abili¢y an aircraft is damaged, and the number of boambs

dropped on the target. Multiple raids on the target may be

run by aircraft undamaged 5n previous raids.
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13. Effectivaness prcgrams (examplas: TACOS and EVADZ) are
large scale computer programs which model lazgs deployments
of air defence systems a+tacked by many aircraft aad
missiles. Typically the terrain 5f the battls aresa is an
input (or resident in the program) and terrain masking is
alloved. Electronic countermzasures may be used, and
command control of the air Jdefence system may be used.
Effectiveness programs produce prodigous ammounts of cross
referenced data, and use significant ammounts of computer

time.

4, If a survivability enhancemen:t feature does not add
cost, complexity, weight, performance, or some other type of
penelty, it probably should be included it the design. Most
enhancement features do iavolve pan2lties, howaver, and
their inclusion in the design mnust be questioned. The
survivability tradeoff study is a methodical study of the
benefits and the penelties of each survivebility enhancement
feature, and must include cost, =maintainability, perform-
ance, weaight, reliability, logistics, and any other factors
vhich can be guantified compared t> the benefits to deter- 1
mine its validity and its desirability for inclusion on the

aircraft.
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15. A. Mean task times (or accessabilit&)
B. Downtime per £flight hou:x
C. Maintenance man hours per flight hour

16. 1f each duplicate component in a redundant sys+enm has
the same reliability as the equivalant component in a single
system, it could be expected that a failure of the systen
with duplicated compcnernts would ocszur twice as of+ten. This
could reduce system effectiveness and resylt in additional

maintenance time to support the systen.

17. Cost is the single basis for comparison of survivability
enhancement features. It is a singls measure by wkich all
survivability enhancement features can be compared, ard is
in many cases the driving considsration for inclusion ot

exclusion of these features.
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APPENDIX B

LEXICON OF SURVIVABILITY TERMS

For terms not listed below, please consul*

the index or MIL-SID-2089.

accunulato>r, hydraulic: A pressurised hydraulic reser-
voir which stores energy that can be returned to the system

should the pump fail.
ACS - see aircraft comba% survivability
actuator, hydraulic - see servoactuator

afterburner: Device attached to the tailpipe ¢f a jet
engine which injects additional fu2l into +the exhaust, where

it burns to provide additional thrust.

aircraft combat éurvivability: The capability of an
aircraft to avoid and/or withstand a man-made hostile envi-

ronment.
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AMSSA - U.S. Army Material Syst2ms Analysis Activity

aphedral: Negative dihedral. When vieved from *he back
or front, a downward slope of *the wing from the root to the

tipe.

anti-radiation missile: A missile which homes on radio

transmissiorns, such as those of a radar.

API - armor pierciang incendiary

atmospheric absorfption: The decrease in <the intensity of
an electromagnetic signal due to interaction of the signal
with molecules in the air, principally carbon dioxide and

vater in the case of infrared radiation.

autorotation: Ungowered descenling state of £light ia a

helicopter, in which the rotor develops lift due to the flow

of air past the blades as the helicopter descenis.

AVSCOM - U.S. Army Aviation Systems Command

ballistic: Unguided £flight, 2as of a projectile or a

non-guided missile.

box beam: A rectangular load carcying member which has
relatively “hin sides and a relativaly large oper center.

The sides parallsl to the normal forces carry loads in
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stear, and the sides perpendicular ¢o the normal force carry
loads in tension and comprassion. B3oX beams are also used <c

carry torsional or +twisting loads.

canard: A horizental <control surface on an airplane

located forward of the wing.

CAS ~ see control augm=ntation systenm

chaff: Radar reflecting material, usually ejected from

an aircraft +o degrade search or f£ire conirol rzdars.

chromaticity: The tint or hue of aan object; its color.

CNM - Chief of Naval Material

collectiva stick: 4 helicoptsr control lever which
controls <the net agmmount of 1lift produced by the rotor

systen.

combat radius: The distance to which an aircraft can
£y, perform its sission, and return to base with an

adequate fuel reserve.

conditional rrobability: The probability <that an event

will occur, given the fact that another (possibly related)

event has occurred.
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contrail: A white ¢trail of condensed wa<2r vapor tha*

scae+times forms ia the wvake of an aircrafz.

control augmentation system (CAS): An active control
system in which bo%th aircraft states and pilot <control
inputs are used as feedback signals to augment both his

control and the stability of the aircraft.

control surface: A moveable pansl ainged to a pertion of
the wing, fuselage, or empenage which when mova2d changes the

aicflow cver the local surface.

countermeasure: The employment 2f devices and/or techni-
gues vith the objective of impairiag the operational effec-

tiveness of enemy activity.
CPA - closest point of approach

cruise speed: The normal operz-ing speed of an aircraft

in +ransit from one geographic positisn to another.

cyclic stick: A helicopter coatrol lever which con*rols

the direction of the 1ift vector of tha rotor system.

damage mechanism: A warhead fragment, or any physical
entity <hat can cause damage to an aircraf*, such as an

incindiary particle, a shock wave or a laser beam,
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k DARCOM - U.S. Army Material Davelopment and kealdirnsss
Command
5
dash speei: A speed, higher than cruise spesd, <+kat is
1 used on the final penetration t¢ thz target.

DCGMD - Deputy Commarnding General for Material

Develcpment

deceiver: An electronic device us2d to spoof cor fool a
tracker by induceing errors irp raange and/or kearing, cr by

creating additional (spurious) targats.

deflagration wave: A relativaly slow, 1low ressure
combustion process which may or may not result in a

sustained fire.

delayed failure: A design technigue which attemp%s to
lengthen the time between +he oczurance of damage of a

component ard the components failursz.

detonation wave: A rapid combustion chacactorized by a

sudden rise in pressure.

dihedral: An upwvard slope of th2 centerline of the wirgs %

whea viewed from the front or cear. f

DOL - Departaent of D2f ense
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drone - see remotely piloted vzhicle

drop tank: A fuel tank <carrisl outside of az aircra’z,

suspended from the wing or fuselage.

DSARC - Dafense System Acguisition Review Council

ECM - electronic countermeasuzes

} ECP - Engineering Ckange Proposal

EEA - see Essertial Elements of Analysis

expendabla: A relatively inexpeasive device such as
chaff, IR flares, etc. ejected by aizcraft <+o deccsase

susceptibility.

FPAC - Fcrward Air Controller

fail-safe response: A failure mode in which the failurs
| of a component does nct lead “o additional systea failure or

damage.

fire-and-forget: Ordnance which <requires no additional

targeting information after launch.

s flak: Slang term for anti-aircraft gunfire, particularly

that which has a high explosive warhead.

PLIR - ses forwvard looking infrared detector
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forward looking infrared detecto>r: An Infrared imageirg
device which converts infrared data to video for cockpi+

display.

fly-by-wire: A Flight control system which uses elec-
tronic signals to prcvide the input signal to thes actuator
to position the flight contrecls, =21liaminating some or all of

the mechanical pushrods and cables.

fod -~ sece foreign cbject damags

Also, particles which can cause foraign object damage.

Foreign Object Damage: Damage t> the rotating ccamponents
of engines or rotor systeas due t5 the ingestion of rela-
tively small particles such as rivets, gravel, etc. Often

causes catastrophic failure in turbine engines.

PSD - Pull Scale Development

Gaussian dis*ribution: A specific probability distribu-
tion that is symmetric about the mean and decreases abeve

and below the mean.

glint: The rapid change in radar cross section for small

changes in aircraft attitude,

GOR - General Operational Requirenment

HE - high explosive
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hydraulic ram: A large fluid pressure due to the pene-
tration of a fluid ccentaining vessel such as a fuel taak, by

a2 high velocity penetrator.

hydrodynamic ram: see hydraulic ram

interceptor: An aircrafs designed to rapidly take off
arnd fly out to engage approacking snemy aircraf:.
IR - infrared cadia+«ion

IR £flars: A high in*ensity pyrotechoic device ejacted
froam an aircraf+ in an attempt to iscoy IR missiles and/or

+racking devices.
g

jammer: A transsitticg device which atteapts to degrade

or render useless track:ing and/or Zice con*tzol equipment.

JICG/AS-Joint Tachnical Coordizatizg Group on Aircraft

Survivability

JTCG/ME-J>int Technical Ccordiasting Group or Munitions

Effectiveress

laser: Ligh+ Awglification by Stimulated Emission of
Radiation. A source of sonochrosatic, coherent electromag-

netic radia<ion.
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launch~and-lzave: The use of guided ordnance which does
not require the launching aircraft to remain ir the vicinitiy

of “he target following launch.

loiter tize: The anmmdunt of time an aircraft can delay
while airborna2 (such as for weather) and still complete iis

assigned missiorn.

luminance: The luminous intensity of an object. 1Its

brightness.
MAM - Mission Attainment Measure
MEW¥S - M¥ission Essential Weapoa Systems
MOMS - Measure of Mission Success
NASP ~ Naval Air Survivability Prograa
NCG - Air Porce Nuclear Criteria Group
NMC - Naval Material Command
OR - Operational Requirement
0SD - Office of the Se;retary of Defense
PDF - Probability density function

PE - Probable error

PMD - Program Mapagement Directive
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propagator: Any projectile, missile, or radiation bean

directed agaiast an aircraft.
RCS: radar cross section
rTeheat - see afterburnetr

relaxed s-atic stability: A d2sign philosophy or t=ach-
nigue which ralies on a flight control computer to prcvide
good flying qualities, rather than buildiag <he flying qual-
itizs into +ha aircraft. The aircraft may be unflyable if

the flight control ccmputer fails.

remotely piloted vehicle: An unmanned £ligh* vehicle,
controlled by radio signgls or onbsard systems. Sometimes’
used as decoys or for surveilance in areas considered toc

dangerous to fly manned aircraft.

retrofit: A change in the desiga of an existing aircraft

to incorporate improvements.

RFP request for proposal

RMS - root-mean-square

ROC - required operational capability
RPV - see remotely piloted vehicle

SAS - see stability augmentation system
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servoactuator: A power device 4hich uses mechanincal or '
electrical ipputs to control i¢s output. Used to position

flight control surfaces.

speed trake: A control sucface used primarily <o

increase aircraft drag. It is us2d to slow +the ai-craft
rapidly aand to increase the zate of descent without

increasing aircraft sgeed.

spoiler: A control surface mounted on wings and used to !

decrease 1lift.

stability augmentation systeam (SAS):
An active contrcl system in which certain aircraft

states are s2nsed and us2d as feadback signals <to augment

the natural stability of an aircrafz.

supercharger: A Mechanical device which compresses inlet
combustion air t5 irncrease the power output of a recipor-

cating engine.

swashplate: The mechanical coupling device between the
stationary servoactuators and the rotating rotor head cf a

helicopter which transmits control aotion to the rotor head.
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torque box: A hollow sguare or rectangular closed struc-

ture used to resis% twisting.

TRAC - Threat Review Advisory Committee

TWS -~ track while scan

ullage: The open space above ths fuel in a fuel tank.

UV - ultraviolet radiatiorn

VUDEW: vulnerability to directad snergy weapons
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SURVIVABILITY TEXTBOOK INDEX

accumulator, hydraulic -II.B.4.e. alsc, see Lexicon
ACS - see aircraft combat survivability
AFPCS - see automatic flight control systen
AFLC - see Air Force Logistics Commangd
AFR 80-14
AFR 80-38 -I.C.3.
AFSC - se2 Air Porce Systmes Coamand
afterburner ~-II.B.3.3.(2). also, see lexicon
aileron -II.B.U4.Db.
AIR -~ 5164 -I.C.2.
Air Force Logistics Command STeiCaste
Air Force Nuclear Criteria Group -I.C.3.
Air Force Systems Command =ierSts) 3
Air Porce Test & Evaluation Center -I.C.3.
aircraft combat survivability -I.A.1.
AMSSA - see U.S. Army Material Systems Analysis
Activitcy

angle (tracking error) -VI.C.3.a.(3)
anhedral -Il.B.d.a. also, see Lexicon
anti-radiation missile -vI.D.4.d., VII.B.1.
APU - see auxiliary power unit
AR-107 -I.D
armament system -II.B.6., V.B.3.e. (8)
atmospheric absorption -VvI.C.2.b.(3)

also, see Lexicon
atzospheric attenuation -II.E.2.a.(5)
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automatic flight control system -II.B.4.d., II.C.S.

autorotation -II.C.7. also, see Lexicon
auxiliary pover unit -II.C.5.
availability -I.A.4

avionics systen -II.B.6., V.B.3.e.(8)

Battle Damage Assessment and Reporting Program
-IV.B.

Battle Damage Assessment and Reporting Teanms
-IV.B.

BDARP - s22 Bat%tle Damage Assessment and Reporting
Progran

BDART - s2¢ Battle Damage Assessment and Reporting
Teaas

blast -II.C.2.¢.(1), IX.C.2.4.,V.C.6.a.

tox team -II.B.2.a. also, see Laxicon

bulkhead -II.B.2.a.

canard -IY.B.2.Cc. also, see Lexicon

CAS - See control augmentation system

CDIC - se2 Combat Data Information Ceater

Center for Naval Analysis -Iv.D.t.

chaff -¥1.D.4l.a. also, see Laxicon

Chief of Naval Material ~-I.C.2.

chromaticity ~see Lexicon

closest point of approach -VI.C.t.

CNA - see Center for Naval Analysis

CNM - see Chief of Naval Material

collective stick -see Lexicon

Combat Data Information Center -IV.A., IV.B.

combat radius ~-see Lexicon

conditional probability -see Lexicon

contrail -see lexicon

control augmentation systen -I1.B.4.4d.
alsc, see Lexicon

control surface -II.B.4.d4. also, see Lexicon

coordinated tracking errors ~-IV.C.3.2. (2)
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coordinated threat suppression tactics -III.A.S.
countermeasurs -see Lexicon

D e T CUTEE RO

CPA - see closest point of approach
crew =II.B.6., V.B.3.2.(5)
cruise spesed -see Lexicon
cyclic stick -see Lexicon

damage mechanism -III.C.3. also, see Lexicon

DARCCM - see U.S5. Army Material Development and
Readiness Command

DARCCM Regulation 70-3 =Hls(Clal

dash speed -see Lexicon

DCGMD - D2puty Commanding General For Material
Development

DCP - see Decision Coordinating Paper:.

dead zone -ITI.D.3.43.

deceiver -see Lexicon

deceiver, IR -Vi.D.2.

deceiver, radar -VI.D.2.b.

Decisicn Coordinating Paper -I.C.3

Design Handbook -I.E.

deflagration ~III.C.3.c. als>, see Lexicon

delayed failure -see Lexicon

Deputy Commanding General Por %aterial Developament
I.C.1.

detonation ~-III.C.3.c.(2) alsc, se2 Lexicon

DH ~ see Design Handbook

dihedral ~-Il.B.4,a., also, ses Laxicon

DOL - Department Of Defense

Dragont's Jawv Bridge -III.A. 4.

drive train -II.C.4,

drone -¥I.D.4,

drop tank -II.B.5.a. also, ss3e lexicon

ECHM - see electronic countermeasures

ECS - see environmental control systea

BEA - see Essential Elements Analysis
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electrical systen -IT.B.6., V.B.3.2. (T
s electro-coptics -VI.D.

electronic countermeasures -VI.D.

] elevator -II.B.d4.b.

i elevon -II.B.4.b.

; environmental control systenm -IX.B.6.
3 error (fire control) -II.E.l.c.
Essential Elements Analysis -VI.B.

expendable -VI.D.4. also, s=22 L2xicon
FA - see Frontal Aviation

FPAC - see forward air ccntrollar
fail-safe respoase -see Lexicon

feed tank -II.B.U4.b.

fire-and-forget -IITl.E.2.b. (3) {a) =also, see Lexicon
flak -see Lexicon

flap -ITI.B.4.b.

flaperon -ITl.B.4.b.

flight control systenm STRIBlelnis MEEACS Sioy WaiBier3laidla (3)
PLIR - see forward looking infraired detector
fly-by-wire -I1.B.4.c. als>, see Lexicon

POD - see foreign object damage

foreign object damage ~II.C.3. also, see Lexicon
forward air contrcller -I.A.4.

forward looking infrared detec%>: -see La3xicon
Proatal Aviation ~-III.P.3.

fuel -I1.B.5.4.

fuel systenm =IX.Be5ey V.Ba3.2. (1)

fuze -III1.C.2.2a., VII.B.2.2a.(2)

Gaussian distribution ~sea Laexicon

glint ~see Lexicon

HE - see high explosive

high explosive -¥.C.6.

hydraulic systea -II.B.4.9.

hydraulic ranm -IXI1.C.3.2.(2) also, see Lexicon
incendiary -IT.C.2.b(3), III.C.3.cC.
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infrared radiatien -vIi,C.2.b., VI.D.3.b.

infrared emission suppressiorn dsvice -=VI.D.3.b. (1)

infrared signature -VI.D.3.b.

inlet ~-II.B.3.b.

instability, dynamic -II.B.4.3a.

instability, static -II.B.4.a.

integral tank -II.B.5 .a.

interceptar -see Lexicon

IR - see infrared radiatien

IR flare ~-VI.D.4.d. also, se2 Lexicoan

Iron Hand -III.A.S.

irreversible control systenm -II.B.4.D.

jammer =Vl oD Brdate (Vg VIieD e o WX Dri 2eClery VT eDie2.d.
also, see Lexicon

Jet A =T < Ba Sierdle

Jet A-1 -II.B.5.4.

Jet B -ITI.B.5.4d.

JMSNS - see Justification for Major Systam New Star+

jitter -IIX.E. t.c. (4}

Joint Technical Ccordinating Group on Aircraft
Survivabilis -I.C.4

Joint Technical Ccordinating Group on Munitions
Effectiveness -I.C.4, 1IV.b.

Jp-1 -I1.B8.5.4.

JP-4 =TJo2 BISSis Al

JP-5 -II.B.5.4.

JTCG/AS - s2e Joint Tschnical Coordinating Group on
Aircraft Survivability

JTCG/AS-74-D-003 ~-I.D.6.

JTCG/AS~-T7-D~-001 -I.D.6.

JTCG/ME -~ see Joint Technical Coordinating Group on
Munitioins Bffectiveness

Justification for Major System New Start -I.C.3

keel -II.B.2.b.

kerosine ~Irl.B.5.4.
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laser -III.C.3.e., V.C.7. als>, sese Lexicon
launch and recovery system -II.B.6., II.C.7.
launch-and~-leave -ITI.E.2.b.(3) (a) also, see Lexicon
ligquid oxygen -II1.B.6.

loiter time -see Lexicon

longeron =-II.B.2.b.

Loss-Cause Evaluation Porm -IV.D. 1.
Loss-Caus2 Failure Sejuencss -IV.D.1.
Loss-Cause Networks

LOX - sse liquid oxygsn

luminance -Vi.C.2.c. also, s22 Lsxicon

MAM - see mission attainmen* measure

maximum effective range -I11.0.3.4.

measure of mission success -I.A.d4.

MEWS - see Missicn Essential W2apon Systenms
MIL-HDBK-268 (AC) -I.BE.

MIL-HDBK-336 ~I.E.

MIL-STD-2069 -I.D., III.G.

MIL-STD~2072 (AS) -I.D.

MIL-STD-2089 -T.A.6.

MIL-STD-4491A -I.F.

Missicn Essential Weapon Systeas SIeNER2As
Mission Threat Analysis -I.A.5.

Mission At*ainment Measure -I.A.4., VII.C.
mixer asseambly -II.C.S.

MOMS - see Measure of Mission Succass
motive £low ~-II.B.S.b.

multipath effects -III.D.3.d.

NASP ~ see Naval Air Survivability Program
NAVAIR Instruction 3920.1 SRsEl2e

Naval Air Survivability Program “LsGlede
NAVMAT Instructicn 3900.16 -I.C.2.

NCG -~ see Air Porce Nuclear Criteria Group

T

noise jammer -¥I.D.2. a.
Operational Tast and Evaluation ST Cadrs
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oxygen subsystem I11.B.6.

penetrator -II1I.C.2.b., III.C.3.3a.

PMD - see program management dircective

pover boosted system (ccntrol) -ITI.8.4.¢.

power operated system (con%rcl) ~II.B.lU.e.

power train SIKTECIBRE3lv 0 I C atg) LIy T Cle) U]

probability of hit -I.A.1.

probability cf kill -I.A.1.

probability of kill, giver 2 hit -I.A.1.
probability of survival -I.A.1.

Program Management Diractive = Gl 3re

Project Manager -I.C.1.

projsctila -III.C.1.b. (1)

propagator ~-see Lexicon

propulsion systenm -IT.C.3., V.B.3.e.(2)

proximity fuse ~¥II.B.3.a.(3) (b)

radar absorbant material -VI.D.3.a. (1)

radar cross sec%ion -VI.C.2.a.

radar homing and warning systenm -VI.D.1.

radarz horizon -VI.C.3.a. (1) (a)

radar signature SVl Cra2ieyAle ) | VilierDler3teiale

RAG - sce Requirement Assessment GToup

raster (tracksr) -VI.C.3.b.(2) ()

RCS ~- see radar cross section

redundant -y.B.3.£.(1), V.C.u4.b.

reheat - see afterburnex

relaxed static stability -II.B.4.a. also, see lexicon
remotely piloted vehicle -VvI.D.4. also, see Lexicon
Raguest for Proposal ~-I.C.3.

Requirements Assessment Group ~I.C.3.

reticle tracker -VI.C.2.b.

retrofit -see Llexicon

BRPP - see Request for Proposal :
rib -IX.B.2.a

rosette tracker -VI.C.3.b. (2) (a)
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rotating linear array (tracker) -VI.C.3.b.(2) (b)
rotor blaie -II.C.l4,
RPV - sce remotely piloted vehicle
b rudder -II.B.4.b
SAS - see stability augmentation sjystem
Schweinfurt -IV.A.%1.a.
semimonocdque construction -II.B.2.a., II.C.2.
servcactuator -IT.B3.4., II.B.4.2.
shotline generator -v.C.8.
signature -I.A.5., VI.C.2., VI.D.3.
signature reducticn -VI.D.3.
slat -Il.B.4.b.
SON - see Statement of Operational N=ed
spallationI -II.C.3.b.2.
spar ~-II.B.Z2.a.
speed brake -II.B.U4.b., also, see Lexicon
: spinning reticle (tracker) =-VI.C.3.b.,
| VI.C.3. (D) (2) (2)
spoiler -II.B.U4.b. alsc, see Lexicon
stabiilator -II.C.5.
stability -II.B.U4.a.
stability augmentation systzm -II.B.4.d.
! also, see Lexicon
stabilizer, horizecntal -II.B.2.c.
stabilizer, vertical =TeTe\Ble 2l She

Statement of Operational Need -I.C.3.

stringer -II.B.2.b,

sump tank -II.B.4.b.

supercharger -IXI.B.3.a.(1). 1lso, see Lexicor
survivability -I.A.1.

survivability assessment -I.A.S.

survival rcate -VII.C.

i | susceptibility =Tkel., ¥I.N

1 susceptability assessment -¥I.A., VI.C., VII.B.2.
ki swashplate -II.C.4. also, see Lexicon
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tactics -I.A.2., VI.D.S.
th:eat -III. B. ¢
threat characteristics -III.B.

threat envelope -II1I.D.3.4d.

threat platform -III.C.1.a.

threat propagator -ITI.C.1.b.

threat suppression -IIIX.A.S.

torque box -IT.B.2.a. also, see Lexicon

torque tube -II.B.2.2.

total tracking error model -IITI.C.3.a.(4).

trade-off study -I.A.5., VII.D.

transmission, main -II.C.4.

trim +ab -II.B.4.b.

troops of air defense of the Ground Forces ~-III.F.1.
ITTI.F.1.D.

turbofan engine -II.B.3.a. (2

turbcjet engine -ITI.B.3.a. (2)

turboprop engine -II.B.3.a. (2)

+turboshaft engine -ITI.B.3.a.(2)

U.S. Army Aviation Research and Development Command
-I.C.1.

U.S. Army Material Developmen< and Readinsss Comaand
-I.C.1.

U.S. Aray Material Systems Analysis Activity -I.C.1

ullage -see Lexicon

USAAMRDL TR-71-41 -I. B

visual signature -¥II.C.2.¢c., VI.D.3.c.

visually directed systeas -VII.C.3.c.

vulnerability -VI.A.3.

vulnerability assessment -I.A.5., V.C.

vulnerable area -V.C.4.

vulrerable area routine -¥.C.8.b.

vet tank -II.B.S.a.

vet wing - see wet tank

Hild Weasel -III.A.5.
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VARIABLES FOR EQUATIONS JOF PROBABILITY

A<p>
A<pi>
A<po>
ALvD>
A<Lvi>
A<vo>

K<nre>< )

K<z e>¢ )

PLCD>

P<hid>

P<K>

P<K> (§)

P<KSS>

pP<ki>

ARPENDIX D

Presented area of the aircraft

Presented area of the ith coaponent

Component overlap area

Vulnerable area 2f the aircraf:
Vulnerable area of the ith component
Vulnerable area of the overlap area

Probability one or more nonredundant
componznts are killed after j hits

Prcbability that all redundant
components in a system are killed
after J hits

Cumulative probability of detection
Probability of hit of the ith component
Probability of aircraft kill

Probability the 2ircraft is killed
after § hits

Probability of aircraft kill given
a single shot

Probability of kill of the ith component
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P<K/E>

D<K /H>

P<ki>

P<k/hi>

P<k/ho>

P<k/Hi> ()

P<K/9i>¢ )

P<L>

P<sS>

P<S/E>

P<LS/5>

P<si>(§)

P<sid>

P<si>C(§)

Probability of aircraft kill given a
ope-cn-one encouanter

probability of aircrafr kill, given a hit

on the aircraft
Prcbability of kill of the ith component

Probability of kill given a hit of
the i*h component

Probability o€ kill of the overlap area

Probability <f kill of the ith comporant
due to the jth rarndom hit
on the aircraft

Probability of kill of the 2ircraft due
t0 the jth hit oca the aircrafe

Probability that a propagater will be
launchsd/fired at the aircraft

Probability ¢f aircraf4t survival

Prcbability ¢he aircraf: survives

a single shot encounter

Probability an aircraft survives
a sortie

Probability the ith component will
survive the jth random hit on
on the aircraft

Probability of survival of the
ith component

Probabil ity the ith compoment survives
after n randoam hits on the aircraf:
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P<sS>(n)d

P<So>

(7

(s) ¢y

Prcbability of survival of the aiccraf:
after n random hits on the aircraf<

Probability of aircraf+t survival,

given a hit in the overlap area
Kill transition matrix

Vector of probabilities that the
aircraft exists in each of the
possible states after the jth hit
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GENERAL EQUATIONS OF PROBABILITY

Vulnerable area of the ith comporent

A<vi> = A<pi>*P<k/hi>

Probability of survival

P<S> = 1 ~ P<LK>

Probability of kill of thea ith coamponent

P<k/Hi> = P<hid>*P<k/hid>

Probability of kill, given a hit of the ith component

P<ks/hi> = A<vid>/A<pi>

Probability of hit of the ith coaponent

P<hi> = A<pid>/a<p>

Probability of kill of the ith component.
given a randoa hit on the aizcraft

P<k/Hi> = A<vid/A<P>
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SINGLE HIT VULNERABILITY, NO REDUNDANCY, NO OVERLAP

Probability of aircraft kill, given a hit on the aircraft
P<K/H> = Z P<k/Hi>
PCK/H> = 1/A<PO>*) A<vid>

P<K/H> = A<V>/ALP>

Vulnerable area of the aircraft

A<Y> = ) A<vid>

The above are valid fcr single hit calculations on a redun-
dant aircraft with ©no ovsrlap, with tha observation that
redupgdant components do not contribute to vulnerable area.




SINGLE HIT VULNERAEILITY, NO REDUNDANCY, WITH OVERLAP

Probability of aircraft survival, given a hit of
the overlap region

P<so> :l |P<si>
P<So> =’ |(1-P<k/hi>)
Vulnerable area of the overlap area

A<vo> = P<k/ho>*A<lpo>
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SINGLE HIT VULNERABILITY, WITH REDUNDANCY, WITH OVERLA?

Probability of aircraft survival, given a hit on
the overlap area

P<S0o> = PLS1>¥P<S2> *P (1-P<k/h3>*P<k/hlU>)*...

Where P(k/h3) and P(k/h4) are the probabilities of kill
given a hi% on *the third and fourth componants.
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MOLTIPLE HIT VULNE RABILITY, YO REDUNDANCY

Probability #he ith component survives n rardom
hits on the aircraft

P<Si>(n) =| |P<si>cj)
P<si>tp) =| |(1-P<k/Hi>(j) )

Probability t¢be ith component survives the jth
random hit or “he aiczcraf:

P<Sid¢{) = 1 ~ P<k/Hi> ()

Probability of survival of the aircraft after
n random hits

p<s>Cn) = | (1-P<k/H>C§))




MULTIPLE HIT VULNERABILITY, WITH REDUNDANCY

Probability that the aircraft is in eackh of the pessible
states after the (j ¢ 1) th hit

(S) ¢3+1 D> =(T) (5) ¢3?
Probability the aircraft is killed afier <he jth hit

P<KK>C §) = K<nrcd>¢ ) +K<rzeovj?




S

ENCOUNTER SURVIVABILITY

Probability the aircraft is killed in arn
single shot sncounter
PKK/B> = P<C/D>*PLL>*P<LKSS>

Probability the aircraft survives +he
single shot encountar
PSLS/E> = 1 - PLK/BE>

Probability the aircraf+t survives ¥ gun shcts
cr missile launches
PLS/E> = (1-P<KCD>*PLL>*PLKSSD>) *=xN

If the probability of survival £>r each shot is rearly
unity, the following approximation may be used:
P<S/E> = exp (- N*P<CD>*PL>*P<LKSS>

The probability +the aircraft survives M eacounters of
N shets or launches each is
PLS/S> = (1-PLCDO*PLLO>*P<KSS) ** (M*N)

If the probabilities of survival of +he individual
encounters is nearly unity, the following
approximation may be used:

P<S/S> = exp (~M*P<K/ED)

PP,
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VARIABLES POR EQUATIONS OF INFRARED RADIATION

co

L<a>

P<LI>

R<1lo>

s<min>

E

qQ > o

Sensor area
centimeter

Atmospheric loss or attenuation of
IR sigrature

Aircraft IR signature in <he direc*tion
of seeker (Watts/st2aradian)

Lock on range of IR seeker

Minimum power in the operating band
requized by the sensor for
target lock-on

Degrees Kelvin
Radiant emi+tance
Effective emissivity
Wavelength

Stefan~Boltzman sonstant
5.6697*1012 y/ca2 K¢

i g

w7




GENERAL EQUATIONS OF INFRARED RADIATION

Gray body radiant csaittance

W =€*0*T* (Watts/cm2 )

Peak spectral emittance

=(3009) /T( K) (4 2)

IR sensor lcck on range

R<1lo>= (P<ID>*A /S<min>*L<a>) **0.5
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A<e>

£<c>
£<4d>

6<3>

G<r>

h<aC.‘
h<ant>

J/s

VARIABLES FPOR ZQUATIONS OF RADAR

Area of radar antenna
Bffective area of radar antenna
Bandwidth of radar receiver

Minimum J/S ratis +ha4 #ill concesal the

echo in the noisz2

Velocity of propo>gaticn of

electromagretic radiacion

Electric field strength at “ke

receiving antenna

Frequency of electromagnetic waves
Pulse repetition rate or £freguency .
Doppler frequency

Gain of jammer antenna in <he

direction of radar
Gain of radar transmitting antenna

Vaires from 51 for a uaiforn
illumination function to
80 for a cosine squared furnction

Height of aircraft in meters
Height of radar antarna in meters

Jammer to radar signal power ratio

149




Signal losses due to a*mospheric

attenuation and signal processing

in the radar systen

L<a> Signal and echo loss due to
atmospheric attanuation

! L<s> Radar systenr losses

N Total noise in radar systanm
P<y> Jammar power per unit bandwidth
pP<r> Peak power of ralar transaitser
R Distance from ralar to aiccraf+
R<B> Jammer burr through range
R<H> Radar horizon in kilometers
R<max> Maximum detection rTanga of target

’ T Noise factor per unit bandwidth

(4*10—22 yatts/Hz at room *emperature)
V<> Radial velocity of the target

E<min> Signal to noise ratio associated with ’
a specific probability of
detection and fals=2 alarnm

). Wavelength of elactromagnetic
radiation
;) Antenna efficieacy factor

(0.6 is a nominal value)
(0} Radar cross section (RCS) of aircraft

T Pulse width
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GEN ERAL EQ UATIONS OF RADAR

Wavelength/frequency ralationship

%_= c/f

Maximum unambiguous rangs

R<ud>= ¢/ (2*£<c>)

Radar horizon

R<H>= 6.5%* ((h<ant>)**0.5 ¢ (h<ac>)*%0.5)

Maximum detection range
R<max>= (A/B) **0 .25 g

where
A= (P<ID>*GSr>2 * \2 ¥ (T *F* )

and

B=(4*]T) 3xL<s>* £ <nin>*N*L<ad)

Range resolution

R = (c* )/2

Bcho powver received
S = PLr>*GLr>*A<ed* J/ (4*T() 2#R*
S = PLCO*GKI>2 *x)\2 * O/ (4%]T) I*R ¢
S = PL>*A<@>2*(J /s Tl x\2xRe
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Echo power to rois2 ratio
S/N = P(r)*G(r)*}@*O‘/(u#ﬂ') IkRexLRYN

S/N = P<r>*G<r>*>G*O7(u*7T)3*B~*L*T*B

Jam-to-signal ratio

J/S = (P> *B*G<I> /PLrD>*GLe D) * (U*TT/(J ) *R2

Jammer burn through range
R<B>= (PLTO*G KO* (J*C/P<I>*BXGL< > * (4 *TT) **0.5
Average powver/duty cycle relationship

P(average) = P<>*(duty cycle)

Doppler frequency

£<A> = 2%£*VYLrd/c = 2*v<r>/)\

Antenra gain
G = 4xTT* P*ras \2

G = u*’n’u<e>/>\2

Antenna beamwidth

BN = g* \/D
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