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This edition of the report on ATAC=-2 is organized somewhat
differently from the original edition. Volume I (Air-to-Air Combat
Model, Description and Development, Genersl Information):of the
current edition congists of Volumes I and II.of CSA Report Number
67-101 and of CSA Report Number 67-102, Volune 11 (Air=to-Air Com=~
batlgodol, Program and Appendices, Technic;lznetaiis) of the current

edition consists of Volumes III and IV of CSA Report Number 67-101.

*

The Table of Contents and paﬁe aumbers of the original edition

are pressrved here.
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PREFACE

This report is published in four volumes, Volume I, Model Descriptioin,
presents an overall view of the model and its two major submodels, ths
ENGAGEMENT #odel and DATA PROCESSING Model, Volume 1I, Model Developmsnt,
contains the retionale for the development and discussion of deteils,
togetaner with the derivetions of all equations, Flow charts and program
listinga appear in Volums III, Propram, Volume IV, Appsndices, contains

discussions of csrtein model concepts in deteil,
The entirs report is UNCLASSIFIED,

This report supersedes the original ATAC-2 document [Ref, 1]. Ths
many changss and modifications made in the evolutionary development of
the model, based on the analysis of many computer runs.-have vendared
the earlier version outdated, The ptagram of the model as reported here

vas used for production runs in June, 1967,

Certain modifications which allow either eircraft to detect initially
ars rsported ssparately in the document "Fighter Vs, Fighter Combat:

ATAC~2 Model: Doubls Search," [Ref, 2],




ABSTRACT

v

ATAC=2 ie e simulation model designed to halp evaluata fighters in
air=-to-air combat, Tha model treats the ona va. one dogfight which arises
from a ranion eearch eituation, Both aircraft in the combet are (usually)
aggreseive, ‘he two principal cutpuis from the model are tha probability
a given aircraft ie killad in the fight and tha expactad number of enemy
aircraft an aircraft kille ovar its uaeful life, Combat ie reetricted to
a fixed altitvde, The maneuvers ara dynamic in that sach aircraft responds
to the situation at each moment in a duel depending on the in!or-atiqn ic

hae about an opponent's activities,

Inputs includa, for aach aircraft, search and trecking radar character-
istice, passive radar seneors, optical capability, IFF, energy-maneuverability

data, weapon ioadings, weapon characterietics, and weapon kill probabilitiss,

The rationala for the model epacifics ars presented. Flow chazts and *
program listings are included, The model has been run repeatedly on an
IBM 709,
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SECTION 7

DEFINITIONS

7.1 Introduction

Section 7 is intended priwarily for reference, Sectign 7.2 defines
a2ll symbols uscd in the flow charts and the text, although the symbols are
also defined where introduced in the text, The units assoclated with a
variable are included, both for clarification and for use in setting input

values,

An "I" after a definition means that this variable i an input to the
model, A "C" means the variable is internally computcd, This can be
useful when rcading the flow charts, as some variables which abstractly
seem to be "inputs' are actually computed from other values. Variables
used only in the text for model discussion have a 1) after their definitien,

This list is repeated in Volume III, Section 7,

Also included in this list is the FORTRAN symbol associated with
each variable whcre appropriate, These symbols do not include the sub=-
scripts of subscripted FORTRAN symbols nor do they include the arguments of

FORTRAN functions,

Section 7,3 discusses some input restrictions,

7.2 Definition List
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Definition Fortran

An index with values of 0 and 1 indicating 1A
respectively that the bomber was unavare or

aware during an engagement. Also used in text

for the area within which the bonber flies

during the search, (C)

The area swept out by the fighter's detection
pattern during its secarch,l) (ft2)

The acceleratirn of aircraft 1 , (ftlsecz) {C) A

A logical variable that takes values of YES and ACT
KO (or, equivalently, TRUE and FALSE) indicating
vhether or not an aircraft has active information

from optical or detection radar. (C)

The input deceleration of aircraft 1 , ADEC
agzy(i)zmust be input as a negative number,
(ft/sec) (1) :

The input parameter of the decreasing lag covrse AM
function of aircraft i , This is the angle that
aircraft 1 will try to lag by when its encmy is
flying pure pursuit and X; = 0, (deg) (I)

An index identifying the aircraft designated IBMR
as “bomber," B always equals 2. (I)

An index with values 0, 1 indicating the RINDEX
pilot’a sickness state, (C)

A flow chart symbol used to indicate the
genera. vaneuver of Circle.

A flow chart synbol denoting e general
Circle Lost mancuver; i.e,, lost information,

The distance traveled by the bonber during D
the fighter's search, (ft) (I)

A tenporary computation used in the Data D1V
Processing Model, (C)

1 Used in text only.
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e o

EKB, EKT
EKF

ESB

ENV SW(MIS, 1)

gllgz

Definition

An index indicating the general maneuver to
be performed by aircraft 1 when in infor-
mation state k ; 0 = evasive maneuver,

1 = aggressive maneuver, (I)

The base of the natural logarithm =
2,71828 .,

The expected number of bombers killed by a
fighter over its useful life, (C)

The expected number of fighters killed by a
bomber over its useful life, (C)

A temporary calculation of the expected
number of sorties completed by the fighter,

A flow chart symbol used to iudicate the
general maneuver of Evade by Circle.

A flow chart synbol used to indicate the
generzl maneuver of Evade Linearly,

Specific energy.l) (ft)

The expected number of sorties completed in
at wost n attempts,

A switch which when ON, or TRUE, indicates that

aircraft 1 has fired a weapon of type MIS}
otherwise the weapon type has not been fired

and the variable has a value of OFF, or FALSE,

The segment Y* times the ratio of the
bombers velocity to the relative velocity;

F 1is used in the computation of PD(c) . (ft) (C)

An index identifying the aircraft designated
"fighter," 'F always equals 1. (C)

Oxygen flow leaving and returning to pilot's
brain, Funetional notation in text is made
explicit in flow chart.l) (sec-l)

An arbitrary number of g's pullcd.l)

The three levels of target's total g's for which

the weapon envelopes are input, (I)

An index with values of 0, 1 indieating respec-

tively that the degree of oxygen debt of the

pilot of aireraft 1 will not or will affect the
mancuverability of his aireraft by limiting the

g's of his aireraft, (I)

7-3

Fortran

D

EXP

EKB

EKF

ESB

ENV SW

FSMALL

IFIR

GB




IA(R)

ICAN({)

ID

ISHIFT

ITEMP(1)

Definition

The number of total g's being custained by
aircraft 1, (C)

The structural or aerodynamic limit of total
g's for aircraft i as a function of its
velocity, (I)

The total g function of velocity for aircraft

i at which the specific pover function is zero,
Note 1if gi(V) > G4(V) then for that V g4(V)
is unattainable an& G4(V) should be inputted.
(1)

The level of total g's for aircraft i sbove
vhich wecapon type MIS cannot be fired from
aircraft 1 . (I)

The maximum number of total g's that the pilot
of aircraft i is able to sustain, (I)

The altitude of the simulated engagements;
used as an identifier only. (ft) (I)

Indices that take on values of F and B
end do not have the same valuez, These symbols
always indicate an aircraft and nothing elsc, (C)

The aireraft that fired the &tP veapon in
an engagencnt, (C)

An index with values 1, 0 indicating respec=-
tively that aircraft 1's firing of any
weapon is or is not beiny delayed in an
engagement so as to get -u a better position
at the time of firing. (C)

Identifying titles of the combatants for
printing purposes, (I)

An index with valuecs 1, 2 and 3 indicating that
the first, second or third value of tp(*) is
assigncd to At . (C)

An index with values 1, 0 indicating respec-
tivcly that aircraft 1 does or does not have
IFF, (C)

An index with values 1, 2, .44, 11 indicating the
information state of an aircraft, (Also used
throughout as an arbitrary index with integer
values; when used as such it is defined in
context,) (C)

7-4

Fortran

G

GBIG

GHAXT

GMIS

GP

IAFIRI

ICAN

ID

150IFT

ITEMP



Symbol Definition Fortran

k1 The k state of aircraft 1, (C) KPRT
Kz v Ky o K Symbols used to describe the glope of the
DEL Pursuit Course functien.1

k(MIS, 1) A counter of the numbar of weapons of type KOUNTR
MIS fired from aircraft 1 , (C)

L One greater than the total number of weapons LCAP
that may be fired by both aircraft;

L=1+5 Do NQIS, 1)

L A flow chart symbol used to indicate & Linear
course, .
) An index giving the order in which waapons LLITL

were fired in an engagement, 2 <L -1, (C)

m An index with values 1, 2 indicating whether Ml
firing by one or both aircraft is permitted.
Used in P? R PK? » ete,  (C) '

MI(L) The MIS identification number of the 2th M1STP1
weapon firad in an engagement, (C)

M1S " The identification number assigned to a weapon M1S
type, MIS takes values of 1, 2, vusp n (1) o (C)

n, An index identifying the position, velocity and 1MSTAT
information (k) state of gircraft 1 ., (Cj '

N The number of grid-points or points of initial- N
dzation for each ¢ , (I)

n An index with values 1, 2, ..., N indicating IGRIDP
the grid-point number under consideration.
Also ured in text for other purposes but alvays
so identified, (C)

NUIND An index with values of 0, 1, 2 indicating the XUIND
mode of operation of the tracking radar of each
aireraft, (1)




n*

N(MIS, 1)

PASSIVE

PKB

PKBGD

PRE

FKF

PKFGD

Definition

The number of distinct weapon types carried
by aireraft 1 . (I)

The number of grid-pointa in which the bomter
wvas unavare for a given ¢ , (C)

The total number of ¢ wvalues used in
an encounter, (C)

An index used to compute the variables X
and y. (C)

The maximum nunber of sorties by each

alrcraft, for the calculation of EKB and
EKF o (I)

The total number of wcapons of type MIS on
aircraft 1, (C)

A varieble indicatins the amount of "oxysen
debt" of the pilot of aireraft { incurred
by pullirg p's over a period of time, (C)

A flow chart symbol used %o indicate the
general mancuver of Fursuit,

Represents “yursucr" in text (often used as
subscript).1

A logieal variable that takcs velues of Yi S
and NO or TRUE and FALSE indicatins wvhether
or not an aircraft has passive informetion,

The probability for an ~ncounter that the
bonber 15 detected and xilled, (C)

The probabiiity that the bormber is killed
given detcction for the cncounter, (C)

The prohability that the benber is detected
and killed at or before the time it beecores

~awvare for an cncounter. (C)

The probzbility for an encounter that the
fighter detects the bomber and the fighter
18 killed, (C)

The probability that the firhter is killed,
given dctection for the encounter. (C)
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Fortran

N1

NU

NEPS

NT

KUMIS

OXDEBT

PASS

PKB

Piiin

PLE

PKRF

PXFCD




‘ﬁ
-

Svmbol

PRG

PKI,

P(%)

p(L)

PS(1)

Pl(J)

P, (1)

PV(x)

P(x, y)"

Decinition Fortran

The probability that the bomber is killed after PKG
it beecomes aware,given that it survived to the
tine of its avareness for an encounter, (C)

The probability that the bomber is killed after PKL
it beeomes avare and it survived to tha time of
its awvareness for an eneounter, {C)

The probability of deteetion of the bomber., (C) PDD

Specific power.l) (ft/see) .  Also probability
of survival of an aircraft, )
The probability for an enecounter that the bomber PSB
survives, (C)

Tha probability for an encounter that the fighter PS
survives and detects the bomber and the bonber 1is
avare of the fighter. (C)

The probability that the bomber is unaware for PUU
an enecounter, (C)

The probability that the target 1is dead just | 4
after the 4th weapon hits its target in some
engagenent. (C)

The probability ag aircraft is killed by the
gth weapon only.

An index indieating the eapability of the passive IPS
reecelver of aireraft 1 ; 0 implies no eapability,

1 idpplies: the ability to detect the prcsence of

another aireraft but not the position, and 2 implies
the capability of 1 with the ability to distinguish

the hemisphere of the source, (I)

An index that when set to zero will require air- Pl
craft j to turn its tracking radar on for one
tine pulsc only when launching a weapon, (I)

An index with values 1 and G indicating respec- P2
tively that aireraft i L.s or has not activated
its tracking redar, (C)

A funetion that gives the principal value of its 41
anzular arguaent, (rad) (C)

Probability distribution oi bomber's (x, y)
ecordinates during search, )
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Symbol Definition Fortyan

PU/D The prebability that the bomber is unawvare, PULD
given that it is detected for an encounter, (C)

By(e) The probability of detection of the bomber PU
by the fighter for some ¢ ., (C)

Py(e) The probability that the boiber is unawarc PU
of the fighter for somc value of ¢ , (C)

Py (v, 8) The specific power function of aireraft 1§ PEEU
at velocity V and turning rate 8 ., (ft/eec) (I)

PKB The probability that the bomber is killed, given PK2B
that the bomber is detected and unaware for
an encounter, (C)

PRj The encounter probability that ajrcraft J is PEK
killed, given that the bouber is detected and
awvare and that aircraft J does not fire, (C)

PKj The encounter probability that aircraft § is PRX
killed, given that the bomber is dctected and
avare, (C)

P;(c) The probability for a given ¢ that the beunker PZ
is killed, given that it is detected and unawarc,

P;(c) The probability for a2 given ¢ that aircraft PK
J is killed, given that the bomber is detected,
avare and that aireraft j does not f£ire. (C)

Pi(c) The probability for a given ¢ that airexaft PK
] 1ia killed, given thet the bomber is detected
and aware, (C)

Pele) The probability that the bomber 15 killed at er PCCEPS
before the time it becones aware for sone ¢ . (C)

Pi(c, n) The probability for a given ¢ and grid-point FPZ
n that the bomber is killed, piver that it is
detected and unaware. (C)

P;(c, n) The prebability for 2 given ¢ end grid-point PP
n that ajreraft j is killed, niven that the
bomber ic detceted and awvare #nd thart 1 does
not fire, (C)

Pi(c, n) The probability for a given ¢ and grid point P

n that afreraft § is killed,piven the borher
is detected and avare, (C)
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Symbol. Dcf@pifgzl Fortra.

Pc(e, n) The probability that in an engagement the PCCEPN
bomber is killed at or before the time it
becomes aware, (C)

PL(MIS, i) The probahility of kill of weapon type MIS PKP
on aircraft 1 , (I)

pk(MIS, i) The probability of kill of weapon type MIS - PK
on aircraft 1 j set to the input value,
Pk(MIS, i) , or to zero., (C)

Q The quadrant of the point B on the fiphter's Q5
detection pattern, (C)
Q. The quadrant of the point C on the fighter's QoC
detection pattern, (C)
q(%) The probabilify both aircraft are alive at
time T(L)
Q%) A function that gives the quadrant of the Q
angle X , (C) ' i
R The range between the two aircrart, (£t) L5 1.
T The range of the detection capability of the RSIUALL

fighter; r is set to Rppy(¥) 4if this is
not zero and to Rgypy(F) otherwise, Also
used in text for the Y¥ projection against 1
a stationary tarpet. (ft) (C)

Rl A varigble uscd to indicate whether the Rl
tracking radar is turned on. (ft) (C)
{
Rl » BZ Distances used in describing steady state.l) (f£t)
Tin An override initial runge that will act so as RANGE
to shrink the detection range to Ty, »
(ft) (D
R'(1, 1) , The first end second valucs respectively that RPRIML
R'(2, 1) will be assigned to R%*(1) , i,e,, before end
after the opponent becomes nvare, (ft) (I)
RFLOOR(IS, i) A superinposad mininun houndary of wecapon RFLOOR

type MIS such that thz weapon type may not be
fired from aircraft 1 whencver the range is
less than RFLOOR(QMIS, 1), (ft) (I)
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RNOW (1)

RTEST(1) ,
RTEST(2)

Rpag (1)
_

Rppp(L)

Ryppd)

Rmin

1
Rirs

Ruis

Ry (Vs Ops
1S, 1)

R (V‘. Ops
2088, B

R (Vv
3 v ) v
Hﬁs,o?)
Ri(va' L
Mis, i)
Ri (Va, Ob [

¥is, 1)

RA(V » 9o
3ls, B

Definition Fortran
The renfie at vhich aircraft i may ecmmence REOW

to fire at an unavare cneayj against an unavare
target, firings by alrcraft 1 eore postpored
until within a range of R < PROW(L) , (ft) (C)

The ranges at which At will change values RTEST
frem tp(l) to tp(2) and from tp(2) to
tp(3) respectively. (ft) (1)

The range of the passive de*-ction capability RPAS
of alrcraft 1 , (ft) (1)

The range of the tracking radar of aircraft 1, RTER
(fr)y (1)

The range of the optical capobility of aircraft ROPT
i, (fr) (1)

The range of the detcction radar of aircraft 4 ., RDET
(ft) (1)

The range of the IFF capability of aircraft 1 , RIFF
(ft) (1)

A minimum ranse which will tewninetce an ennope- RMIN
ment; R < Ryy, czuscs termination of an
engagenent, {(ft) (I)

The minimun range of semc weapon type, (ft) (C) RISP

The maxinum range of the weapon cnvelope of some RIS
weapon type., (ft) (C)

The outer weapon envelope of wcapon type MIS RF1T
on aircraft 1 associated with 2 velocity of

V? » 2n angle-off of op for a valuc of tcrget

g'sof G . (ft) (1}

The same as Ry (V,, oy, MIS, 1) but for a tarpet g RT2T
level of Gy . (ft)(I)

The sanc as Rl(Va, oy 115, 1) but for a target g REST
level of G5 « (£t} (1)

The irner envelcepe linit of vecapon type MIS on RF1PY
alrcraft 1 for am average velocity of V, ond
angle-off of op for G(1) total target £'s. (££) (1)

The szme es Ri(va, y MI1S, i} but for a target g RY2PT
level ¢f 6, . (Ft) (1)

The game ¢s Pi(va, Gy M1S, 1) hut for a rrvget g RY3IPT
level of Gy . (ft) (I}
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Syrbol

R* (1)

R (1)

R(¢)

Si(t)

Si(t, n)

ST(4)

spa(x)

Definition ¥ortron

The rate of chanpe of the ranpe; (ft/sec) (C) RDOT

R = dh/dt .

The range which aircraft {4 will attempt to RSTAR
attain when in the rear of its enemy, (ft) (C)

The ranne of the tail gun of aireraft 1 , PANGUN
(fe) (D)

The maxinum range at vhich aireraft j ean RPHIJ

fire any wveapon when approaching an unaware

target from the reer, based on the specds of

the aireraft end tracking angle of the pursuer,

It assumes the target {lies linearly. This is

also uscd as the nane of the routine that calculates

R(45) + (£) (O)

The expeeted fraection of ;3 that the pilot TIsIC
of aircraft i will spend in 2 “sick” condition,

0y > 1, for an encounter, Alsoc used to represent

the total amount of time that the .pilot of aireraft

i spends in a sick conditjon, (In latter casey aec) (C)

The expected fraction of tyax that the pilot SICLYS
of sireraft 1 will spend in & "sick" condition
for sone value of ¢ , (C)

The fraction of tynny that the pilot of airecraft  SICTIM
i spends in a "sick" condition during an enfage-
ment defined by ¢ and n, (C)

An index indicating the general mancuver of IST
aircraft i ; (C)
0—-=circle

J—=1linear flipght
2——~pursuit course
3—=cirele, lost inforwation
4 — evade

5—evade, lost information

An cstinate of the amount of chance in range s
wvhen decelerctine at a coustant rate from sone
velocity to V, at a rate of appe(i) « (£t) (C)

. The signature function ¢f the argument x 3 (C) SCUW

l, if x>0 ,
sgn(x) =
-1, Othervise,
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SvnhQL .

5¢ (1)

S(MIS, 1)

tAUARE

tyAST

tmax

tmin

tprT

tD(l) ’
t(2)
tD(3)
te(1)
s (1)

(IS, 1)

t®

Definition

An index with values of 0, .1 indicating
respectively that the deprec of oxynen debt

of the pilot of afrcreft 41 will not or

will effect the firing of wveapons by retarding
such fivings, (1)

An index with values of 1 and O respectively

‘indicating that aireraft 1 has or has not

fired weapon type MIS, (C)

Represents "target" in text (often used as
subscript).l)

The amount of time since injtizlization of
an enpagement, (sec) (C)

The time of flight of all weapons, (scc) (I)

An arbitrary time prior to T{J) .1) Also
used in text as a time prior to detectinn, (sec)

The time at which the bomber became aware of
the presence of the fipghter., (sec) (C)

The duration of tinc ©f en enpapcnent. (sec) (C)

The naxinun anount of conbat time allovwed for
a sinzle engagement., (sec) (1)

The amount of time required to elapse after
which a loss of information by both combatants
will temminate an engagement, (sec) (1)

The amount of tiwe until the next printout of
each aircraft's relevant parsmeters, (sec) (C)

The first, second and third values assinned
At et varjous transitions during an ergageent,
(sec) (I,

The maximum crount of combat tine allowed for
aircraft 1 ., (sec) (I)

The time at whidch aircrafe 1 fired the first
weapon of type I'IS, (scc) (C)

The time of the last firing of a weapon of type
MIS fron aircraft 1, (scc) (C)

The anount of time between printouts of the
combatants' relevant variables., (sec) (1)
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TAVARE

TLAST

THAX

TMIN

TPRY

TDELTS

TC

THIS

TLASTF

TSTAR




v!

vk

Vo(1)
V(1)
V()

v___(1)

max

befinition

The time at which the &' firing took place
during an engagenent, (see) (C)

Alrcraft speed used in the input tebles for
launch envelopes and fcr enerpy-mancuverability,

(ft/sec) (I)

The spced for aircraft 1 which would make the
range rate, R , equal zero, subjcct to

V, 2 Vo) « (ft/scc) (C)

An grbitrary speed used In the distance function
s.1) (ft/sec)

The speced of ono airereft relative to the other
at the time of initizlization, (ft/sec) (C)

The speed of aireraft 1, (ftf/sec) (C)

The initial speed of aircraft 1 , (ft/sce) (I)
The speed at which the sustainable turning

rate of aireraft 1 1s an ocbsolute naximun,

(ft/sec) (C)

The minimum sustainable speed of aireraft 1
(ft/sec) (C)

The maximum sustainable speed of aircraft 1

(ft/scc) (1)
The weight of adreraft £ « (1bs) (I)

Onc axis of the moving cogrdinate system used
in the initiation phase.1 {ft)

A nultiplier with values 0 and 1 to change the
computed angle ¢% to 0 or to leave it as is,

(D

The x position of aircraft 1 in the (x, y)
incrtial coordinate systems (ft) (C)

A symbol used a5 the argument of various
functions., Alszo uscd for one axis of the

inertial coordinate system.l) (ft in latter case)

Uscd for temporary computations, (C)

7-13

Fortron

TFIREI

VATAB
VATAG
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VSTAR
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VHMAX
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Symbol Definition Fortraa

x A temporary czleulation of the maximum
turning rate of en aircraft when pulling
the mininum of §1(V1) and G;(Vy) total
g's. (radfscc)?

X, A temporary calculation of the maxinum turning
rate of en aireraft when pulling Gi(vi) totzl
g't, (rad/scc)

|

A temporary calculation of the probability that X
both alrcraft are alive at the time of firing
of tho Rth weapon, (C)

x; ' y; Tenporary computations of the future position
of aircraft 1 . (ft)2)

Y One axis of the moving coordinate system used
in the initiation phese,l) (£t)

y One axis of the inertial coordinate system.l) (ft)

Y The relative Y coordinate of thc bonmber st YG
the beginning of the engagenent, (ft) (C)

YMAX The upper limit of the segment Y* in the YHAX
(X, Y) coordinate system (used in initiating
engagements)., (ft) (C)

YMIN The lower linmit of the segment Y+ 4n the YHIN
(X, Y) coordinate systen (used in iritiating
enpagements), (ft) (C)

Yk The normal projection of the fighter's detection YSTAR
pattern onto the Y exis iIn the (X, Y) coord-
inate system &t the bepinning of one ensagement,

(ft) (€}
y% The steady state speed, (ft/sce) (C) YNEW

;', y(2) A tenporary calculetion of the probability Y
that aircraft J survived eny weapons that hit
between the firin: and arrival of the Lt
weapon, (C)

Y, A parancter used in determining the detection B
contour for some € , (ft) (C)

Yc a paramcter used in determining the detection c
contour for sone ¢ . (ft) (C)

—— A S . L e 4O

2) Used in flow chart culy,
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S"mbo{

Definition

Fortvin

Y

ALPDOY

ALPGUN

ALPHAX

ALRMIS

ALPHA

ALPDET

ALPIFT

ALPOYY

ALPTAS

ALPTER

BETDOT

BETA

G! a? U'{.‘\

Yy The v position of afrereft 1 in the
(x, ¥) incrtizl coordinate eystem, (ft) (C)

Zy Zé » Temporary caleulations used to gompute the

Zp v 2 weapon launch eavelopes. (£t)2

8 9 @9 Used to describe DIL course.l) {rad)

°3 ] QI'

&i The rate of changé of oy 3 (rzd/sec) (C)

[ ]
U-i = dui/dt . .

ug(i) The half-angle defining the tail gun capability
of aireraft 1 mcasured from the tail of the
aircraft, (deg) (1)

oyax (1) The internally computed paraneter of the DEL
function of alrecraft 1 . (rad) (C)

g (D) The half-zangle of the cone in vhich aireraft
i must be traeciiing its eneny in order to
fire weapon type MIS, (dez) (X)

ay The tracking angle of aireraft 1 , measured
from the inner linc of sight to the veloelty
vector of the aireraft, (rad) (C)

uDET(i) The half=-angle of the deteetion radar cone of
aircraft 1 , (deg) (I)

“IFF(i) The half-angle of the 1FF capability of
aireraft 1 , (deg) (I)

agpy (1) The half~angle of the optical capability of
alrcraft {1 , (dep) (I)

“PAS(i) The half-ancle of the passive detecticn capa-
bility of airernit 1 mneasured off the tail of
the aireraft, (des) (1)

ey (1) The half-angle of the tracking radsr cone of
aircraft 1 . (deg) (¥)

[ ]

By The turniag rate of aireraft 1, (rad/sec) (C)

By The angle of aircraft 1's heading neasured
from the x axis, (rad) (C)

Y " An angle usced in definirgz the initilal positions
of the aireraft, (red) (C)

2) Used in flow chart cealy,
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Symbol Definition Fortran

é . The density of fighters essigned to an area DLLTA
for search purpescs; used in computing the
prohability of detcction, Pple) . (£t=?) (1)

du The change in a Jn one time pulse.l) (rad)

it The incremental time slice of simmlation - a DELTAT
time for which rate of change, £ y 6, etc,,
are assuriced to be constant in thz integration
of the equations of motion. (scc) (C)

AY The change in the valuc of Y? for different DLELIYG
grid-points, (ft) (C) %

Ae The change between € values for various sets DELEPS
of grid-points, If input to a value greater than
18 the program will execute orly one viluc of
€ « (deg) (I)

€ The anglc between the velocity vectors of the EPSLON
comhatants measured from the fighter to the
boxber at the time of inltialization, Also used
to indicate the index of a particular volue of ¢
in sunnations, (In special cases this ray be
an input.) (deg) (C)

€ » & The first and last valucs respcctively of ¢ , (dep)(C) EPSLON

n The desired tracking angle of an alrcreft as ETA
computed by the DEL course function, (rad) (C)

Ai The constant deviate argle flown by aircroft 1 LAMBDA
vhen inside the ¢* cone of its enemy, (deg) (I)

BB The eangle between the X-axis end the ray from THETR
(0, 0) to the point B of the fighter's dct-
ection pattcrn, (rad) (C)

bc The engle betwean the X-2:is and the ray fron THETC
(0, 0) and the point C on the fichter's det-
ection pattern, (vad) (C)

S The turninc rate of the line of sirht, (rad/sec)  TH¥DCT

(c)

u The anpgle betwaen the vecter V¢ and the heading MU
of the fipghter at initialization, (rad) (C)

X 3.14159 ... (C) P1
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Symbol,

P

o(MIS, 1)

1(MIS, 1)

Y

Definition

The half-angle of the fighter's deteetion
eapability; p is set to appy(F) if this

is not zero and to agpr{(T) othervise, (rad) (C)

An anzle indicating the angle-off times the
sign of the direetion of turn of the target,
(rad) (1)

A counter of the amount of time that aireraft
i has spent in the envelope of weapon type
MIS sineec the last firing of weapon type MIS,
(see) (C)

The approxinate amount of time that ajreraft 4
will need to fire a weepon efter its tracking
radar is activated; used to compute distance
from R(¢;) at which to activate its tracking
redar, (sec) (I)

A counter of the total smount of time that
ajireraft 4 hes spent in the envelope of
wespon type MIS, (see) (C)

The angle off the target of aireraft 41 3
measured from the outer line of sight to the
heading of aireraft j , J ¢4 . (rad) (C)
The rate of change of ¢, (rad/see) (C)

éi - d¢1ldt .

Fortran
LSS

RHO

SIGB

SIGMIS

TAU

TAUMIS

PHI

PHIDOT

The half-angle of the cone in the rcar of a target PRIlISTR

aireraft within whieh pure pursuit is the
navigation doetrine, if Ai w0, (rad) (C)
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7.3 Input Considerations

While ATAC-2 was developed with a2 general user in nind, complctcely
arbitrary inputs are, of course, impossible to hardle, Linitations exist
and considerations must be given to the values of inputs. These consider-
ations are necessary, in sone instances, d;e to the nature of air-to-air
combat end in other instances due to the specifics of thiec program as it exists.,

Below are listed some of these considerations end limitstions under various

‘headings.

7+3.1 Paranmcter Guidance

(1) In the program the valuc of the internal variable R*(F) is
initielly set to the input R'(1, F) . This is the rangc which the
fighter tries to attain off the tail of an unaware bomber, before firing

any weapons, If the fightcer can maintain surprise R'(1, F) will be the

-range at which the bomber becomes aware by being fired uvpon. Twe consider=-

etions, therefore, should be observed when selecting a value for R'(1, F) .

Firstly, this range should be such as to allow firings of thc more
lethal weapons of the fighter, Secondly, the range should bc such as to
allow the fighter to stay bchind the bomber when the latter becomes awore
and begins to mancuver, This lest consideration 1 very difficult to
quantify, In genercl, the ability of the fipghtcr to stay bchind a
mancuvering bomber is a function of hoth velocities, both turning rates
and both decelcretion rates, however, the clorcr the fighter is to its
steady state range &nd its associsted veloeity (rec Appendi= F), 1f it

exists, the casier it will be to stay bchind the bouber,
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(2) 7The range R*(1) , input as R'(2, 1) , represents the range
at which aireraft 3 would lile to be off the tsil of its eéemy 80 as to
be able to fire its shortest range weapons, usually guns, while the eneny
is mancuvering, The selection of this psrameter is influenced by the
cepsbility of this shortest range weapon, However, the mancuverability
of both aireraft nust be accounted for, In Appendix P it is shown that
selection of R*(i) (or a steady state range) has inplications on other
parameters ss wall, nanmcly the velocity and snple-off associsted with
R*(i) 4 Thus, if possible these considerations (the values of R#¥(i)
that allow weapon firings and the values of R*(i) that allow ctesdy
state conditions to obtain) should be combined to arrive st a realizable

R*(i) whenever possible,

1t should be noted that R%(i) originslly takes on an input value
R'(1, 1) which in the case of the fighter, is the rsnge at which it msy
begin firing, Once this range is achieved, it then closes to this close

range R'(2, 1) ,

(3) The length of the time pulse &t iInfluences the rumning time
of the computer program. The running time is inversely proportional to
At , However, as 4t increases sone singularities oecur, For exsmple,
the path of an aircraft may cross a launch envelope fronm one pulse to
the next, without being in the launch envelope at the bepinning of a
pulse, A possible firing will be inissed, Also, since the method of
nurerical intepretion in the model essumes that the time derivatives of
the relative parameters are constant for a& period of time 4t , the length
of At should be kept fairly srmall, The error due to this assunption is

inversely proportional to Rz « The agsunption is therefore vorse for

7-19



smaller values of ranpej hence the capability in the proprem to decresse

the length of At as the range gets swaller, Typical valucs for At are:

5]

tD(l) e 5,0 sec,
RTEST(I) L 100.000

tD(Z) = 2,0 sec,
Rppsp(2) = 70,000

tD(S) = ,25 gec,

7.3.2 Model Logic

The following arc logical ristrictions of the model, 1.,¢,, the

violation of them will affect the logic of the nodels

1. All celculetions involving aDEC(i) assvne oo assoclatod
negative value; hence aDEC(i) rust be inputted as less than

or equal to zero,

“3

2, 1I¥F is necessary before firings can tae place; uIFF(i) and
Rypp(i) must, therefore, be mon-zero if afreraft 1 is to

fire its weapons,

3. Each aircraft may obtain sctive information only froa ecither
its detection radar or optical systen, An exteasicn of tiacking
radar coverage over that of the detection coverage adas no
capability. To avoid confusien cnd felse interpretation
the tracking pattern should be contained within the detcetion

patternt opoe(1) < op, (1) and Rpp. (1) < Rpo(1)




4.

The speeds for whieh the speeifie power function is inputted
should be restrieted to allow the aireraft at least to maintain
altitude at the assuned power scttinpg and altitude, Both g
functious of speed gi(V) and Gi(v) nust be greater than

or equal to ). for all possible speeds, The speeifie power
funetion must be greater than or equael to zero at l-total g

(zero turning rate) for all possible speads,

7.3.3 Flow Chart Restrietions

The following restrietions are implied by the flow charts:

1,

2,

3.

4,

There are three (3) g values for vhieh the weapoa lavneh

envelopes are input, namely G1 » GZ » G3..

In the tables for gy¢(V) , G;(V) , and weapon envelopes
the minimum end maximun speeds should extend at least to
the possible spced values of Vc(i) and Vmax(i) ’
respectively, Otherwise wvhen a routine uses a table to
find a functional value for & speed outside thec tabular
range, the routine ligearly extrapeolates to find the

required funetional value,

The tine, t¥* , betweon printirnss of the positional pareameters
of the aireraft chould be a nmultiple of the time pulse At ,
This avoids round-off errors and ensures & eonstent time

betveen printings,

The initial velocity, Vo(i) » of aireraft i wnmust, of course,

be within thc veloeity regsion V(i) to Vmaz(i) ’
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5. Whenever gi(V) ic unattainable due to the value of Gi(V)
being prohibitive, any value greater than or equal to Gi(V)
may be used for gi(V) at that V , The program will egelect

the minimun of the two when appropriate,

6. The tail gun of aircraft 1 is assumed to be weapon number
nm(i), the last weapon, Further nm(i) may not be zero,
The capabillity and hence the effecet of the tail gun may be
negated by setting Rg(i) and ug(i) to zero, or setting

N(n,(1), 1) to zero,

7.3.4 Prorrem Restrictions

The following arc restrietions that exist in the current program,
They arise from computer space allocation considerations, To chenpe them,

however, may require significant prograrnming cffort,
1, The number of weapon types must be no rmore than six: n (1) < 6 .

2, The nunber of grid-points for one € must be limited by

tventy: N < 20 ,

3. The number of speed values for which the weapon launch

envelopes are input must be either 2 or 3,

4, The nurber of angular vz.ucs for vhich the wcapon launch

envelopes are input must be between two and fifteen inclusive,

5. Since the number of ¢ wvalues considered will be 180°/ac
or 360°/4¢ , Ac must be greater than or equal to 30° if

PS (P or B) = 1 and greater than or equal to 15°, otherwise,




SECTICN 8

FLOW CHARTS

In this section the flow charts of the verious ATAC~2 routines are
presented. They are intended for use with the relevant discussion of
Volume II, The EM flow charts arc discussed in Section 5, Volume II,
The discussion of the routines of the DATA PROCESSING Model is given

in Section 6,5, Volumec 11,
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SECTIOX 9

PROGRAM LYSTING

in this scctien the FORTRAN IV program of ATAC-2 is presented,
For the EM and DPM each, the program consists of a main pregram
(corresponding to the EXECUTIVE Routine) and various FORTRAN subroutines

all of which correspond to the previously precscnted routines,
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SECTION 10

AN EXAMPLE OF INPUT AND OUTPUT

In this section an exemple of the computer printout for the simulation
of one engagement is presented and discussed. The inputs and the printout

for this run are shown on pages 144 through 150,

10,1 Inputs

On page 144 and the top of page 145 are shown some of the inputs of
the program, The combatants arc coded on top of page 144 as aircraft 10
(fighter) and 11 (bomber) for identifiqntion purposes, The range of the
fighter's IFF is given as 12,000 feet, The altitude associated with the
performance data of cach aircraft is 10,000 feet, .Then data are listed which
in most cases arec aelf-exvplanatory, For example, toax ¢ the 1linit on the
time of each engagement is 300 seconds, Moving down to the double colunmns
of data (aircraft 10 is on the left, aircraft 11 on the right) it is seen
that the evionics data for the aircraft are identical, Each has a detection

radar with range of 140,000 ft., and half=angle 60°, etc,

On pages 145 and 146 goma of the weapon envelopes are shown, The
eniries of the big blocks of data cn pages 145 end 146 | pive the ranpcs
of a weapon envelopz as a function of the angle-off and target vclocity,
The first weapon nunber, MIS, is 1 and it is on aircraft 1 (aircraft 10)})
The first tables ere for RF1l, the outer reunge of the cnvelopes when the
target pulls Gl lateral g's, Gl, G2, G3 in the input list correspond te
the FORTRAK nzmes GI(1), GI(2), GT(3), respcetivcly, Fage 144 shows

Gl = 0 , which neant the target is non-mancevering,

R Y b T B WA T PR S Ot S b e e e N R A B8 e e o Bt B b oo mm e o A e

1) I.¢,, In this prrticular excuple, adrcinft ne-bor 1 ds afrer:ft denlon
nunber 10, aid aircraft nunber 2 is denion nunter 11,

o e e mr mam 8w m— s e
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The last bloek of data shovn at the bottom of page 146 gives the inner
range of MIS number 5 on aircraft 2 (aireraft 11) cssociated with 03 (= 4,9)

lateral g's,

On page 147 the all important specific power and 8y functions of
each aircraft ere showm, At the extreme left the speeds associated qith
all the other entrics are listed, The second ¢olumn hpadcd GMAXT gives
the gi(V) function of aircraft i , For example, at 1185,8 feet per
second, aireraft 1 is able to sustain £,3 total g's with;ut having to
decelerate, The third column, which is not an input, but is computed by
the program gives the turning rate éi » at gi(v) total g's. The fourth
column, headed GLUIG, contains the Gi(V) function of aircraft 1, This is
the upper bound to the total g's of the aireraft, For example, at 754,6
feet per second aireraft 1 may sustain no more than 6,2 tota) g's. Finally,
columne 5 through 11 describe the specific power az a funetion of speed
(by row) and total g's (by eolumn), At, say, a speed of 1401,4 feet per
second and 3 total g's this aireraft has a specific powver of 220.5 feet per
second, Also at a speed 1,078 feet per second end, say, 6.0 total g's
the aircraft must decelerate, for its specific power is = 99,3 feet per

second. Finally, the last two blocks of data on pape 147 give the uuls(i)

" and gMIS(i) linits, respoctively,

f‘ On page 14§ some more input date are showa, At the tep of the pope

¥

:§ is shown unax(i) for both aircraft as ,26 radians, The angle is ectually
L inputted as 15°, but is convertcd to radians by the computer prior to

printing out, Further down, oprosite the word NUMIS, is showva the number
of weapons N(MIS, i) of type IS carried by nircraft 1 , Hecre it is
sazen that cwch airercft corries tvo of weapon types 1 and 2, and cight

of verpen type 5, VSTR correnponds to VI and is ecoputed by the progrem,
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Finally, papcs 149 and 150 show the printout (results) of onc
engagemént. The vhola tahle is ordsred on time, shown in seconds in the
firet colunn under T , The second columm gives the ranpe, R , betwcen
the aircraft, Then the variables peculiar to the bomber are given, They

are from left to right:

XB the x coordinate ‘of the bomber,
¥YB the y coordinate of the bomber,
VB the spced of the bomber,

MB tha m-sgtate of the bomber,

GB the total g's of the bomber,

BB the‘turning rate of the bomber,

ALPB the tracking angle of the bomber,
1 the ST(i) indicator of thc bember,
PHIB the bomber's anglc off the fighter,

KB the information state of the bouber,

The right side of the page gives these same varisbles for the fiphter,

At the botton of page 150 the surmary of fir: s of each aircraft is
given, The first blocl of data gives firings of all weapon types, The
entry of 1,000,0 for the time of firir; indicotes thii the wuerpon ves
not fired, The THIS colunr gives the time spont in that veapon's envelope,
and the renzining colunns give the relative povometers at the tice of
firing: the range, tracking encle end engle-off of the firing aiveraft,

The last block of data clso lists the variables TA(L) , MI(2) , T(&) ,

which are inputs to the DEY, Tor exasple, at 83,5 secends inte the enrancnent

aircraft 1 fircd tvo missiles at afrcrcft 2, vo rons menber 1 exd 2, Then

aircraft 2 fired nissile typz 1 a2t 163 scconds folleuwcd by encilrs ab 390.5

scconds, Oce oboewxves thotthe first fiving of adrovift 3 olartad 3L (o oy
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as evidenced by t,.,p, = 83,5 seconds, Finally, the last line gives the
sick time of each sircraft. This is the amount of time that each sircraft

spent in a condition in which 01 1,

It may be interesting and instructivs to observe these data in greater
detail and thcreby better understand seme of the notions prcvibusly
developed, The recder is ceutioned to consider this as only one example

and as such it cannot present & general view of the model,

Firstly, for 83,5 seconds the bomber is totally unaware of the fighter;
it is moving up the y-mpxis in linear flight at a constant velocity of 916
feet per second, During this time the fighter is afforde@ the opportunity
to gain a very favorable position., The fighter initially has active
information (KF = 4). It also notices tﬁat the boébcr is wmirware and
hence the fighter sets its lag angle, “nsx(F) » to 60° and thereby tries
to get behind the bomber; Also, in the initial 50 seconds the figater
accelerutes to press thc attack., Then as the fighter scquires the tail
of its enemy it lags less und less till it reaches ¢* , and thcreafter
fliés a pure pursuit course, ALPF = ap = 0 , As thc data 1néicnte, o
is & little less than 57.8°, It is Cos™) (Vp/2vy) , or about gos™1
(1350/2 +916) = 57*, Fron this point until thc avorcness of the bomber,
the fiszhter 1s 4n the ¢* conc of the bomber end flicu a pure pursuit
covrae,.  Another point of interest in this portlon of the enzazcnent is
secn in the n-state of the bomber, Ectvcen 40 and 50 sccends this index
changes frow 2 to 3. As previously noted this signals that the fighter
goes fronu a stute of ecceleration,. m = 2 , to a state of decelerztion,
n =1, Of coursc, this 1s clearly indicated by the spaed printout as well,

In this portion cf the engagenent the fighter gains IFF, The range of the
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IFF gear of the fighter ig 12,000 feet (sec inputs), And this range is
attained somevhere betwecen 50 and 60 scconds of combat, Verification of
the acquisition of IFF by the fighter is seen in its information state KF,
This index changes from 4 (active information) to 5 (sctive with 1¥¥),

Thesa ara some of the notsble events in the esrly portions of tha combat,

All during the early purs;it the fighter holds fire so as to get to a
good range off the tail of the enemy, PR%¥ , Against an unavare encny R*(¥)
is set to R'(Y, F) wvhich in this case is 4,100 fcet., This range is
sttained shortly after 80 seconds, for at 80 seconds the range 1s 4,265 fect.,
Of coursc, due to thc time slice nature of the sirulation 4,100 fect will
not b~ hit exaetly, Howvever, the fighter attains this range within 5 feet,
for it is scen in the firing surmary that the fighter launched its first 2
missiles at a range of 4,095 fcct.’ It then alerted .the bomber Ly there

firings, And from 83,5 seconds on, both aircrzft are aware of ecach other,

At 50 scconds the bomber is Jn information state 9: Passive and ITF,
This is becausc the fighter is illuminaving the bomber with ite tracking
radsr, It has I¥F becsuse it wvas fired upon, In this state the bember
turms ac hard as possible to zcquire its encny. In 60 doins 1t loscs the
passive inforration and goes in:io n lost infor-ation stete, KB =11 ,
Theredn (100 to 150 sczonds) it eontfmmes to turn hard end deoceleriteos Lo
vk = 755 feet pcr second, This is the speed at vhich 1ts svctainnble
turning rate ig best, In so doing the bomber finally, at about 150
seconds, acquiree the fighter and pete active information, KD = 5, The

mancuver also causes the fighter to lose infer:.ation, KT = 11,




Through the rest of the engagenent each aircraft turns hard te acquire
r the other, However, it is seen that the bomber, in fact, docs a better
job of this than the fipghter, for from 150 seconds-until the end, the bomber
has active information riost of tho time, while the fighter ie in a lost or
passive ‘nformaticn state, Further, thec bomher is able to launch two weapons
at the mancuvering fighter, onc at 163 svconds and the other at 190 seconds,

This superiority of the bomber over the fighter is, in part, clear from the

inputs, From thc é functions for each aircreft, (sce page 147) it is
sgeen that V* for both is 754,6 feet per sccond, But at *.is cpeed the
bomber can out=turn the fighter since éB = 274 radians per second, whilc
B

| F= «261 , Thus by the argunments presented in Appendix D, superiority of the

bomber cver the fighter in the latter half of the engagement is expected,
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APPENDIX A

THE PROBABILITY OF DETECTION

Since the ATAC~2 model initiates all enpagements with the fighter
dectecting the bomber and since the relevang'prohabiiitics of kill are
conditional on detection, thc probability of detection as a function of
the initial relative heading angle, ¢ , is of importance, This scetion
contains the derivation of that probability, The scenario is orc that is
consistent with the random search of an area with no.prior knowledse of
the presence of an enemy, This situation is 2lso consistent with the

method of initialization of the combatants by the ENGAGEMENT Model,

Suproce then that the fighter is searching some large area A in
vhich the homber exists but its position is unknown to the fighter, Let
the bomber's position in this arca be a random variable with bivariate

distribution function
P(x, y) = {Pr X<ex ,Yc< Y} »

where X and Y are the random variables defining the bember's position
in A, let the bomber's velocity vector be parallel to the x-axis, Now
A 1is such that the bomder's position in A dis invariant with tine, i,e,,

the arcz A woves with the bonber, lience,

JdP(x, y) = 1 .

A

(P(x, y) will later be taken to be uniform for simplieity althouih this

necd rot be the ease,)

Bt B Tt




A1 Stationarv Tarret |

Supposc for the monent that the fighter is searching the area A for
a stationary target, The velocity V£ is zero end the terget does not
move., In an amount of tine t the fighter's dctection pattern will have
swept out an area a = r Vp t vhere r is the normal projectioa of the
fighter's detection pattern onto the normal to the fighter's velocity vector,
Further it may be said that the statilonary tarczet wvill be dctected in time
t 1if and only if the targct is in the area a at time t' <t , lut the

target is in the arca a with probability

ar(z, y) .

And 1f P(x, y) 1s & uniforn distribution, then this prolebility is just

rVp t

a/A = r—— 3
/ A

The above may now be generalized to account for the moving target,

A.2 DNon=Stationory Tarcet

Supposc tow, as is generally the case, that the bonber s a velocity
Vh vhile the fighter is scarching for the target with velocity ?} « Put
in rclative coordinates the fichter searches the area A for a stationary
tarpet with velocity Vi = V} - F£ s the relative velocity, With this in
mind the sitvation 13 conpletely analonous to the stationary torcct care
above, Again the firhter svecps out an area in A cqual to 2 , Ly annlony
Lhcg the area a. is Y* V&% t vhere VU is the nermal pralcoticn onte the

-2
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norral to the velocity vector with wihich the fighter scarches for s
ststionary target, namely v, Then, if PD(C) is the probability of

detection st sone initial relative heading angle € snd P(x, y) is

uniform over 4 ,

* V&

vk is obtained from V., , V3 and ¢ by the Lav of Cosines, i.e.,

2 2 1/2
V* - VF + VB - 2 VF VB [1{e11 E] | ]
Let D be the distance that the tarpet travels in time t , analogeus
to & penctration distance, then
Pple) = (1/A) Y* v* D/‘.’B

= (1/A) FD .
where

F = Y& Vt/Vy .

kow the probability of no detection is 1 =~ PD(c) « And if n .fighters
search the arca A independertly with the same relative veloeity, then

the probrbility that no detection oceurs is

[1 - rn(c)]“‘

while the probobility that at least cne deteets the target is

1-[1-1’[,(:)]" .

-3—
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An eprroxiration to this quantity is given by the cxponcutizl function:

[1 _ PD(E)] n v - e-(n/A) FD .

Then lettiny & = n/A be the density of fighters in the area A &nd

taking the shove approximation

' -6F D
PD(c) = ] -e .

It is well to notc some of the tacit assunptions throughout the
derivation of PD(e) + For example, it vas assumcd that the fighter
rermained within the area A for the total time t . For snall values of
t or large A this assumption is not unrcasonable, Also it was assuned
that no detection can take place in zero tine; detection is accomplished by
relative motion between the aircraft. Therefore, if V% the relative
velority vector is zero,.thcn PD(c) vill nlso be zere, (Yor non-zero

velocitics of the aircraft this only occurs at V} u %ﬁ and ¢ = 0,)
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APTENDIX B

GEOMETRIC CONSIDLERATIONS

This Appendix defines tne connection between the inertial and relative

cuordinate systens, Also, the equations of relative motion are derived,

~

B, Inertial Vs, Reletive Coordinates

Consider then twe sireraft labeled F end B with respective speeds

v and V

F g At some fixed altitude, see Figure B,1-1, The inertial
positions of the aircraft are defined by (xF ’ yF) and (xB , yB), while the
directions of their headings are given by By and BB y Measured as shown,
Let 8 be the direetion of the line of sipht betwecen the two aireraft,

As previously stated oy is the traeking anple of ailreraft i measured
from the inner line of sight to the headins of aireraft 4 , while ¢i.’

the anple~off, is neasured from the ovter:line of sigit to the heading of

aivcraft § #1 ,
The following eonventions are adopted:

1, =1l engles are betveen =~ % and = inclusive,

2, anrles reasured in a eountcreleoelvise manner are positive
vhile anples measurced in a eloekwise rmanner are nagative,

tow the iaertial eoordinate systen unicucly defines the positions
of the aireraft with reswcet to any chserver, Scven raraneters are used --

Xp o X0 Ypoo Yy o0 B BP and 0 . In this system 6 is redundant

since it may be obtained from the others} by observation

) Ty < Vp
6 = Ta“-l {':B‘-_-T-} 1 (3.1-1)
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Figure B,1=1 Inertiel and Pelative Geometry

This moy also be taken as a definition of © , FHowever, the relative
coordinate systen makes use of five parrneters «- R, af » Op ¢r and ¢B
and does not uniquely define the aireraft's inertial position, Onc of

the angles Og ¢B and cne of the angles Up o ¢F are redundant, Again

by ohservation

o = ¢p = ¥ sgn (¢r)

and

¢p = op = 7 sen {op)

Thus, only three parameters are necded to define the relztive coordinate

systen; a distance (range) ond two anrles,




Yet these varicbles definc the positions for an observer that is

| fixed with respect to an aireraft, Indeed, translations and rotations

of the inertial system give rise to the same relative position. The object
b of the above is to show that the relative coordinates may te uniquely
deternined by the inertial coordinates, The reverse is, of course, not
true, The followinz gives this correspondence betwcen the incrtial and

relative coordinate systen explicitly.

B,2 Derivine the Pelative Coordinates From the Inertial Coordinntes

Suppose that the relative coordinatcs as & function of the inertial

coordinates arc desired, The range R is given by

2 2 12
R = (xB - XF) + (yB - YF) ] (Blz-l)

Also by reference to Figure B,1-1 it is ecen that

(B.2=2)

and

o = 0 - By . (B.2-3)

Thus the rclative coordinate system is defined from the inertizl eystem,

B.3 The Eeruations of Relative fotion

In this section the eguatiovns of relative rotion are derived, These i
equations arc expressions for the time derivatives of the relative .para-

meters in terms of the relative prraneters,

Firstly, connider the closure ratc or rate of chanme of the range, ]

R . Fron (Ne2-1) diffecrertiating with recpzet to time pives

-7 -




ar . - a_ .
R E; (xB xF) e (AB - xF)

+ (YB - VF) ':"{ (YB - YF) .

But

E:'(xB - xF) = VB cos BB - VF cos BF
and

d - - 1

9 (yB yF) Vg sin BB VF sin BF .
Also

(xB - xF)/R = cos O
and

(yB-yF)/R = sin® .
Thus

Bz r e v (cos 0 - si {n 0)

at = R plcos BB cos - gin BB sin

- VF(cos Bp cos 8 = sin A, sin 6) .
Since ' op = ¢ - BF and ¢F -0 - BB » R is finally given by

R = VB cos ¢F - VF cos uF ' (B.3-1)

From (B.2-2) and (B,2-3) the engular rates &. and ¢, are easzily obtained

F F
as
0.}. - G - BF (B.3"‘2)
and
¢'F £ 0§ - BP- . (303"3)




Now, BF ond BB are the turning ratcs of the respoctive aircraft,

vhich are at the control of the respective pilots, llowever, 6 , the

turning ratc of the line of sight, must be obtained. Teo de so notc that

1

R cos 6 .

Then

g—(xx-x) = Recos 0 ~R O sin 6
dt .3 I-'

- VB ¢os BB - V_ ¢cos BP .

F

With this and the cxpression for ﬁ y (B.3~1), rearrangement gives

R6Osin 6 = VF(cos BF - cos o cos 0)

- VB(cos BB - COS ¢F cos 9) .

But cos BB = cos{f - ép) and cos BF = cos(0 =~ uF) { hence

R8seind = VF sin 6 sin &y = VB sin 8 sin ¢F s

and finally the turning rate of the line of sight is given by

V_sin u_ = V_ sin ¢ !
8 = % L S S (5.3-4) ]

i
R :




APPENDIX C

THE DEL PURSUIT COUUSE

The Dcereacing Lap Pursuit Course forms one of the basic tact;cal
considérations of the ATAC-2 Model, The eourse diectates the ranner in
vhich each aircraft pursues its enemy; the ucthod of attaek, This
section deseribes and defines this eourse, Also, some of the implications

of the course are showm,
€.l Rational-~

The developrment of the DEL Pursuit Course was motivated by the
assuned objectives of an attoeking aireraft engaged in air-to~air eorbat,
These objectives are two-fold; it is assumed that in mencral a pursucr

desires

1) to avoid a nose=on attack, and

2) to atteck the enemy fron bebhind,

The nose-on attack is avoided to help prevent the eneny frem firing its
weapons, Further, the pursucr's wenpons are in gencral not as effective
wvhen fired at an airveraft traveling towurds it. Aleo, beinp in the front
hemisphere of an ereny wirile triveling tewards it is an uneteble sitvation,
On the other hand, 2 steady stote situation off the toil of zn cnevy ot a
range.and angle-off at whieh its rmoare letha) weopons noy be laneched dis 2
very desirable sitvation, Of course, eounter exarples to the desivability
of thesc objectives under more speeifie situntiens ney be rointed out)

these aosumptions pre for a rather pen-1al cace,

- 10 -




A pursuit coursc that helps an aircraft accomplish these objectives
is one that tends to avoid head-on attacks while helping acquire the tail
of the enemy, Such a course is the DLL Pursuit Course. This course dictatcs
that a pursuer point more and more touvards the encmy when approaching a

tail chase,

The DEL Pursuit Course specifics the emount by whieh an aircraft
will deviate from a purc purcuit course (pointing at the target) as a
fuaction of where it igs with respcct to the tarpet, uh;n in the front
henisphere of its ensmy thc DFL Pursuit Course requires the pursucr to
devistc by & certain amount, Then as thc pursuer svwings around, dccreasing
the angle-off, this decviation decreases, Finally, as s tail chase is
approzched the deviation goes to zero, so that & pure pursuit course is
flown., The DEL Pursuit Course is defined by specifying a; (tie tracking
sngle) as a function of -¢1 y the annle-off, Tigure C,1-1 givca the general

form of the functicn,

There sre two parancters in the DEL Pursuit Course function; Cpax grid
¢* , The function decreases between % and ¢* for decrcasing | ¢i I
snd is zero for | ¢i I < ¢* , Thus, therc is a cone, with half-angle
é* , off the tail of the tarpet in which the pursuer will fly s pure

pursuit course (ectting a, = 0). Further, is the larpcst deviation

%yAx
and this value eccurs only at ¢y = + 7 or vhen tke cnery points dircctly
st thc aircraft flying a DFL Pursuit Course, A grarThic descrivtion is

shovn in Figure C,1-2,




Ay v

) | oy | /

b ¢y |

Figure C.,1=1 Defiuninj Function of the
DEL Pursuilt Course
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Figure C,1~2 A DEL Pursuit Course
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C.2 Forinulation

3 To specify thc general form of the DEL Tursuit Course it is necessary
to define some terms, In general, the term lag implies pointing to the
rear of the target while the term lcad implies pointing ahead, With this
in mind consider Figure C,2-1, It is seen in (2) that F is pointing ahead
of B or leading B whilec in (b) that F 1s poirting behind or lagging B,
These poéitions are generalized by the follewing definit}ons:

1) a lag position is one in which the velocity vectors lie on
opposite sides of the line of sight, and
2) a lead position is one in which both velocity vectors lie on
the seme side of the line of sight,
Lag or lend courses are courses in which the positions at all times arc
lag or lead, respectively, This is interpreted symbolically ns follows: A
lag position implics that sgn (ai) ¢ sgn (¢i) ; @ lead position inplics

that son (ai) = ggn (¢i) .

Now it will be noticed, aéain in Figure C,2-1 that in (a) R also lass F
vhile in (b) B leads F, Indeed, this is the general case as the definiticon
implies. That is, if ¥ lags/lcads B, then correspondingly I lags/leads F,

F cannot laz B while B lecads F, or vice-versa, It is well to rote four

singularitics at this point, They occur vhen o, = 0 or w , nnd ¢i = 0

i
or = (sce Figure C,2-2), Herc hoth velocity vectors lie on the rove
linc, And in any of these cases it is saild thot botl aircraft leed ond

lag 2t the same time,

To give a general expressien for the tracking ev~le of an ailrcraft flying
a DiL Pursuit Course it 1s neccsosary to define the derired traching grple n

;} as the zcnnle to which o, w11l be sgel viheuever aircr =t 1 is flyin- &

- 14 -
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DEL Pursuit Course, And symbolieally expressing Firure C,1-1 in slope=-

intereept form gives

o (L ¢y | = o™

nd,) *
sgnldy oo ’ 1? | ¢i| > 0%
n -
0 ’ if | ¢i | i ¢* L
(Coz-l)

Now since 0 < ¢* i n/2 (see derivation in Seetion C.4) the temn

sgn(oi) (| ¢1 | = ¢%)/{¢* = 1) will always have the opposite sipn of ¢i .
Then the final sign of n will be determined by the sign of ‘me(i) .

1f aMAx(i) > 0, then sgn(n) # sgn(¢i) , whereas if uMAx(i) <0,

then szn(n) = szn(¢;) .- Also, if spn(n) = + 1 g lag course will be
called for, while if sgn(n® = = 1 a lead course will be called for, Again
due to the faet that F's leading B implies B leade F, it is impossible to
require one aireraft to lead and one to lag. Hence, & requirement is that

aax(¥) and o, (B) have the same sign for a lag,

Equation (C.2-1) is an abtreviated form, For purposes of generality
the ecapability cf speeifying a eonstant deviation on ‘e ves introduced,
This is aceonplished by subctracting the gquantity szn{4,) ki fron both
forms of the expression ziven in (C,2-1), whcre li ig the desired constant
lag (lead) angle of aireraft i ,

Thus the fina! form of the DEL Pursuit Course is given by

prarn




»

“”A..\:(i) (l ¢i I = ¢.'.')

son(4y) Y BT N NPT

¢* = w

- sgn(¢i) Ai y Othervise .

(Cs2-2)

Note that in the gencralized form, the largest lag or lead angle is not

l nMAx(i) | but | ey () + Ay | .

C.3 Irnlicotjons of thc DEL Purgsuit Courren

The final forn of the DYL Pursuit Course is rather general., For
cxanple, a purc pursuit course will be flovn by aircraft i 1if u“Ax(i)
and Ai arc both sct to zere, thus gilving n as zero, Also, 2 deviated
pursuit coursc (with constant deviate anrle} ray be specified by setting
uMAx(i) to zero and. Ai to the desired deviste antle, borcever, the
usual situation is to sct Ai = 0 g5 that at, say, ¢1 = 4+ 7 the aircraft
will deviste by setting | ay | = GHA/(i) and tend to swine around behind
its cuemy, linearly deercasinng its trackine angle dowvn to zero at

¢1 e + ¢% , Thereafter aireraft {1 will fly a purc purruit coursc, sctting

o = 0.

Since GHAX(i) is a paramcter of the function defindp~ the trackiur
angle at all pecints alens the DRL Turswuit Coursce, its pagn’tude influences
how %cl]l the attecler will nct to the rcar of its eneny; whether or not

the objective is obtained, 1n Figure C.3-1 various DEL Purcuit Couvree paths

arc drawm apzinst 2 non-mancuveving tarpet, for different values of GHAX(i) .

These paths are drasm in rclative (r, ¢) coordinates vhere r correrponds

‘ta the range between the aireraft and ¢ the ancle-off, O ccourse, the

initial point ond reletive velocitics influcnce the shore; 2liro, the!

- 15 -
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eonciusion 1s that Iincreasing the value of uﬂﬂx(i) tends to forec the
path out and awey from the target, The path is longer and takes more
time to execute, but at any piven time, points on the paths with larger

values of “qu(i) are further from the target,

An Interesting implieation of the DEL Pursult Course is seen as
one econsiders what happens when both aireraft fly such courses, Suppose

then that they do hoth fly DFL Pursuit Courses specified by (C,2-1)

for 1 =TF, B, The notation may be abbreviated to require that oy

be & linear function of ¢i for 1 =F, B, Then

o = RF ¢F +.CF

and

ap = Ky ép*+ Gy ’

vhere Ke o Cp o KB end C, are econstants, Then differrntiating with

respect to time gives

[ ] A [ ]
op = Kpop
and
g Kyop o

Since oy and ¢, are neszative supplemcents of cach other

h

o * O
and
uf = ¢B .
- 20 -




hence
@ = K.o = K K_ ¢
c F F B r 55 %
= KpFpep .

.
And from this it is coneluded that either KF KB =1 or GF = GB =0,

But KF and KB are chosen, hcnce, vhenecver KF KB % 1 then

[ ] ]

GF = GB = 0 and the sireraft fly at constant tracking anples whenever
they are both flying DEL Pursuit Courses., Thus, if both aireraft have
the turning capability to fly the DEL Pursuit course, both aircraft are

thvarted from redneing thelr angles-off,

C.4 Derivation of ¢*

This section contains a brief derivation of the angle ¢é* , This

angle is used as & parawcter of the DEL Pursuit Course funetion, It is

ﬁ

defined as the angle of maximwn lateral g's of a purcuer flying pure
pursuit, It assumes a eonstant pursuer velocity and & linear non~-maneuvering

target with eonstant velocity greater than half the pursuer's veleoeity,

Suppose F 1is pursuing B with pure pursuit at constant veloeity

VF <2 Vp + Also suppose that BB = 0, Since F is on pure pursuit

o, = GF = 0 , Hence

F
. - V
B
@ & —== gin ¢
R F ’
R = VB eos ¢F - VF ’ %
and . .
BF = 0 .

Further, since F 1s at constant veloeity, the point of naximal lateral

L]
g'c is elso the point of rmarimal turning rate, fp o And 2 neecssary
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113

condition for éF to be maximal is that B_= 0 , And

b5 = ey 3 2%

et

*9R dt 3¢F dt

v v2

B
B - L ]
= — 6in ¢F (VB €os $po VF) + sin ¢F coe ¢F

= = sin ¢F (ZVB cos ¢ - VP) .
And by definition

dt ¢F = ¢‘k

hence therc are two roots) namely ¢% = 0 and ¢% = Cos™t (VFIZVB) .
The point of ¢p © 0 is also the point of zcre range, exeept for the
special casc in vhich the fighter started pursuit at op = 0 == an

uninteresting situvation, Thus, the appliceble non~zere root is
¢ = Cos”l (v /2v)
F'°'B ¢

Kote that only necessary conditions heve been gilven; sufficient
conditions mey be demenstrated by showins that this is ar abaolute
maximun, Also, the case of Vp 2 ZVB has not beon denlt with, TFor
this condition it cen be shown that the iatcral o's of the pursuer increase
vithout hound, ancc, no ¢*% exists for this cese. In that case, ¢%

is set to zero,

;} - 22 -
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APPENDIX D

TURNIKG RATE

The turning rate of an ajrcraft, é » 16 the time rate of change of
the heading angle, the direction of travel, As such it is related to the
g's and speed of the eircraft, . From equation (4.6-2) an aircraft at speed

V pulling G total g's will turn at an angular rate of

B = (32.2/v) (c2 -1)Y2 |

But the maximum g's an aircraft can sustain are in general a function of
spced described in Appendix E, llence, the maximum turning rate that an
aircraft can sustain is also a function of speed, .Now, throughout the
developnent of ATAC-2 various considerations have led to the conclusion
that this é function of speed is a better rcasure of performance and
capability thon {5 the g furction of epced, Some of these conciderations

are now given,

'To show the importance of the turning ratc capability of an aircraft,
a rather contrived situaticn is considercd first, This is an extreme
exanplc, Supprose two dissimilar aircraft have agrced to a duel under the : ]
"old code", They start back to back, fly linezrly for say 10 suconds,
{at possibly differins ev:ceds) then zt the same tinme start to ture, and
finelly fire their miseilces, (sec Fisure D-1), Supposc also that each has i

the sare veapon, The weanon ray be fired at any range but with an ancular

constradint,. The firing circraft nu.: point at 1is target to within say
plus or ninus 5 derrees to fire, Further suppose that cach weapon has a

zero tine of flight and constoent Rill probability, Then, sfircce each aireralt

L .23 Ll
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starts its turn at the same time, the aircraft that turns thc quickest
fires first and thercby wins the duel, It matters little how many g's

each pulls but rather the time it takes teo turn throush about 180 decrces,

Indeed this is a contrived situation, lowever, concider what happens
wiéhout the agreement to duel by the ecodec. Vhat happens after cach
aireraft has paséed its opponent head-on? Each aircraft tries to turn
around and fire at its opponent before being fired upon. Then the distance
betveen the centers of the combatant's circles of turn has decreased fron
the sbove exaznple, lowever, thc situation is qéite analorous, And azain
the ohjertive of each ccibatant is to turn as fast as posesible co 8s to
poeint near its opponent first, To be sure the situations are rot cespletely
similar, However, closer eznalysis will show that for a vast range of
relative paraneters, it is the aircra{t that tures the quiclest that roints
at its cneny first, This then is one reason turning rate Is on Inportant

eonsideration ef perforncnee, An civeraflt desives te turn an foed ar pen: flle
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irrespeetive of from what initial angle it started, so as to point near

its target and be able to fire weapons.

Another recason for the desire of high turning rate is gencral
mancuvering, In Appendix F it is shown that one of the necessary
econditions for one aireraft to follow another in steady state vhile on
pure pursuit js that it turns as fast as the target - that é of the
pursuer equals é of the evader. This requirenent holds even if the
pursuer is allowed to fly a deviated pursuit course (one in which ita
tracking angle is a constant not necessarily zero). It must still be
able to turn as fast as its opponent in order to hold its ranpse and
angle-off constant, Further, it is scen that the pursuer in steady state
on pure pursuit pulls less g's than the evader at all non-zero steady atate
ranges. From the evader'a standpoint it is also the case that high turning
rate helps, For the greater the disparity g?twccn the turning ratc of the
evader over the pursuer, thc sooner will the evader extricate itself fronm
this unhcalthy position of having the enemy on its tail, Merely pulling

more g's than the purcuer does not necessarily help its situation,

Thus, it is for thesc and other reasons that one ja led to consider
high turning rate eapability as beneficizl and the é function of speed
aa an irportant indicator of performznece., And this then is the Justification
for rany of the teectics of the éodel that reoudre an aireraft in certain
situations to tend to V* , the speed at which the sustainable turnirg

rate js an abhsolute n2xinum,
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AFPPERDIX E

SPECIFIC POWER FUNCTION

In gencral, the performance of an aircraft is thought to ba its
ability to climb and dive, to turn, to speed up and slow dowvn as well as
its. maxinum specd, etc, Further, most all of these abiiities are inter=
related; the ability to climb is a function of lateral g level, the ability

to turn ia & function of speed, the maxinum speed ic a function of altitude,

and so0 on. Yet there is a concept which helps unify many of these abilities;

this 1s the concept of specific power, P The literaturc abounds with

s »
varjous treatments of specific pover, sec for exanmple Boyd [Ref, 4], so
that only a brief dcseription will be given here. The method In which

ATAC-2 makes use of the concept of specific power, however, is diseussed

in detail,

The spccificl) pover of an aircraft is defined to he the time rate of

change of the specific energy level, This ineludes the energy due to

altitude (potential) and the energy due to specd (kinetic), Thus, for an

aircraft at altitude h and veloeity V the specific cnergy is given by

Ec = h+ Vv2/(2 ¢ 32,2)

S
then -

P, E d Esldt

S (F-1)

= gdh/dt + (Vv/32,2) dv/de .

L Throughout the tern gnecific is with respect to the veirht of the
alrcraft,
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Then specific pover is composed of two components; the power of
altitude change and the power of speed change, An aircraft at a positive ;
specific power level will increasc ite energy level, It may do this by ,i
linearly accelerating (dh/dt = Q) at a rate of dv/dt = Pg (32,2/v) , for . ¢
example, Or the aircraft could accorplish thie by climbing at constant
speéd (dv/dt = 0) at a rate of dh/dt = P In fact the aircraft could

S *
combine thc two (climb;ng and increasing its.spegd) in any manner that is
consistent with (E-1). A completely analogous situation applies for a
negative specific power. Here the aircraft will losc energy. This msy be
accomplished by losing altitude in any combination with losing speed sgain
consistent with (E~1), Thus, the epecific power of an aircraft specifies

the rate of change of the cnersy level of the aircraft: The rate of change

of the altitude and of the speed at a given apeed,

By definition then the specific power of an aircraft has units of
power (ft-1bs/sec) divided by weight (1hs) or ft/sec. This is reflected
in (E~1) for dh/dt and (V/32,2) dV/dt also have units of feet per

second,

One might logically question then how the specific power function of
an a.reraft is characterized, How is it specified? [Ref. 4] shows that for
an aireraft with thruat T , drap D , weight w and speed V the level
of spceific pover is

Pg = (T - D) V/w . (E~2)

Thus teo specify the specific power of sn aircraft, knowledge of engine

and aerodynavic properties at various speedsis required, Now the thrust
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of an zircraft is a function of the specd, altitude and power setting,
Also the drag of an aircraft is a function of spced, altitudc end latcral
g's. Consequently, the specific power of an aircraft is a function of
nearly every other possible state parameter, rarely, speed, pover sqtting,
altitude and lateral g's, At a fixed power setting and a fixed altitude
specific power is a function of speed and latcral g'a, This is built into
the ATAC-2 model, The aircraft is assumcd to be at a fixed pover setting

and at a constant altitude, Ycnceforth, then thc specific pover tunction

is taken to be a function of specd and lateral g's,

An exanple of the specific power function of a fictitious, though
not atypieal, eircraft is showm in Ficure E=1, Each line shovm gives the

value of the spncific power function aleng thc ordinate for the ecsociated

- apeed along the abscises, and total g level labeled, (The total g's of an

aircraft arc the lateral g's plus the g due to gravity, added vectorially.)
Also associated with this diagrem is a fixed altitude and power scttinge,
Now for a lg level thc function is positive at a2ll spceds shoim. Thus,

the aircraft will accclerate at this constant altitude, Hovever, for
higher g levels, say about 3,5 g's, the epecific power function is ncrative
for all specds indicated, Thus, the aircraft will decelcrate, Yrom
equation (C-1) it is scen that the acceleration of the eircraft at this
conctant altitude is given by 32,2 Po/V ., And if the functlon Is menative
the eircraft will decclerate, vhile iv will gafin speed if the functien

is positive,

More inforration than just the acccleratior copebility of en alreraft
ray be ohtaincd from tids dioeraz, The maxirw spooe! Viee » 18 Just the
linit of the lines irdicated on the richt in Yievre i), Thir Yirit ot
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and g's for an Adrcraft at Constant
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this altitude is a heat limit, At sorte other altitude, liovever, the
maxinur epeed may bc a power linit, The minimun speed VC is given by
the extent of the lincs on the left ss shotm, Also, the naximun g¢'s that
the sircraft may sustain is indicated by the extent of the ¢ lines, This
is the limit to which the sircraft's structure is ablc to sustajiu g's,

In this example the limit is given by 4 g's, Alsc, more noteworthy
inforration ia available from éhis specific pover function, The dotted
line at the left indicstcs the limit of the speed an sircraft ray fly at
vhile at 8 given g level, This is the stsll limit; if the aircruft flics
st less thsn this speed, it begins to lose its 1lift, starts to buffet snd
finally stalls, Yet the conccpt may be viewed from the other way also,
namely, ss the maximum emount of g's the sircraft may sustain at a given
specd without stalling, Then the whole I;wer line.(dottcd on the lecft, solid
otherwise) may be viewed ss the maximum total g's the aircraft may attain,
This g linit is itself a‘function of speed as indicated, The symbol used

for this function 12 G(V) ,

There is one importsnt concept which has yet to be discussed,
This is the concept of the g(V) function, To illustrate this concept
an examplc is useful, Consider an sircraft st some sneed and 1 total g,
Suppose the sircraft begins to pull more and rore §'s so that it continues
to lose specific power (see E-1), As the aircrafi coniinues to pull rorc
g'e it passes a sinfular transition point, This is thec point st vhich
the specific power function is zeroj the point where the function charres
siom, Clearly an aircraft that pulls morc‘s's at that spced will lose specd,
At the constant specd vertical line this valuc is sbout 3,0 g's, At other
velocitie? the relcvant value i1s, of course, diffcrent, Thus, it is a

function of velocity, Hence g(V) it the total g'c as e function of specd,
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V , at vhich the spccific power function is zero., This may be vieved as
the sustainable g's at thc given spced; for the aircraft will neither
accelcrate nor dccelerate at g(V) total g's. Then, if an aircraft
wishes to pull its maximum g's at, sey, speed V , and not decelcrate,

it can pull no more than g(V) total g's,

In sumary thén the specific power function, indced, provides a great
dcal of knéwledgc about the performance of the aircraft, The value of thc
function itself gives the rate at which thc aircraft will accelcrate at
some g level and velocity, Also, the linits of theﬁfunction give the
maximun velocity and the maximum total g's the aircraft mey achieve, Finally,
the g(V) functioz is obtained from the specific powver function; it is the

g level at which the velocity V 4s just maintained,
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APPENDIX ¥

STEADY STATE COXDITICLNS

This appendix gives the derivation of the necessary steady state
conditions. Also, the applicability of the steady state conditions to

ATAC~2 is discussed,

These conditions are applicable when one aireraft follows another

that turns. One aircraft tries to maneuver by turning vhile the other tries

to stay behind it, Under this situation then, suppose T is followine B
in the steady state defined to be the condition of constant range, i s,
[ ]

and constant angle-off ¢F = 0, Since the fighter is assuped or purc

pursuit, aF « 0, Then from (B.3-2), (B,3-3), and (B.,3-4) 3t is seccn

that
#F = C)-ﬂﬁﬁr a 6
. . . wé}. - éB (F—l)
aF " |)a-x>BB = 0
and
Vv, sin ¢
L . D)
fg
From (B,3=1),
‘ R = 0_>VI-' - VB cos ¢F . (r-3)

These then are the necessary conditions for F to folle: B ir steedy

state on pure pursuit.
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To observe sone of the sinzularities of this situation eonsider
Figure F-1, Suppose that F desires to follow B 1in steady state at &
range R' and angle-off ¢' and & speed V; « Then among the three
paraneters V; y ¢', and R' the fighter is free to piek only one
. of these, for the other tvo will be determined by this ehcice. For example,
suppose ' 15 chosen, Then (F-3) gives thé V; assoeiated with this ¢'
vhile (F-2) gives the R' ; assuninp, of course, that the bomber econtinues

&t VB and BB .

Yet even this choice of one of the three parameters is limited., It is
seen from Figure F-2 that the fiphter's spced has an upper bound of Vg 3
it een fly no faster than the target in steady state, Also, if VC(F)
is the ninipum speed of the fighter then there is a definite upper bound
to $' given by Cos~1 (VC(F)/VB) + And it 1s seen from Figure F=3 that
an upper bound on R' {s the bonber's radius rp = VBIBB + So there are

definite limits to the choice of R' , ¢' and V; .

Further ecensiderations of the above conditions influence the taetics
of the model, 8ince EF » the turning rate of the fighter, is bounded by
the meximum turning rate (determined by the speed), the bomber ean prevent
the fishter from obtaining & steady state eondition by making EB larger
than this bound., For exarple, suppose two identicel aircraft engage
each other, Also suprose that the implied 8 function of speed for both
aircraft has an abgsolute maximum at V* , Then 1f the bomber flies at
speed V¥ | turning et its maxirum rate, the fighter would rot be able

to obtain a stesdy state et any non-zcro rarrce,
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Filgure F=1 Stcady State Parameters
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Figure F-2 Steady State Velccity as
Function of Angle-Off
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Figure F-3 Steady Stete Ranpe as
Function of Angle-Off
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0f eourse, similar cousiderations may be rmade with dissinilar aircraft
by ecomparing their é functions of speed, In fact, one can determine
before hand vhieh, If either, of two combatsnts is able to follow another
in the steady state, Further, the range of the parameters. R' , ¢',
V; which will accomplish a steady state can be évaluated, by noting the

B function of speed, and applying equations (F-~1), (F-2), snd (F-3),

A word of caution may be in order here, To say that the steady state
is unattaingble for one aircraft or another is indeed not to imply that one
is inferior, For the transient state or near stecady state may be quite
caaily attained and is often quite suffie;;ht in.order to remain behind s

target for a long time,
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