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INTRODUCTION

This document constitutes the final report on Analytical Mathodology
for Evaluation »f Payoffs for Infrared Countermeasures and Suppression
(EPICS), Contract No. F33615-75-C-4076. The prirae objsctive of this
study was to devclop 2 methodology or analytical toul for rapidly and effi-
ciently assessing the impact of infrared suppression techniques on aircraft
survivability, Specifically, the intended purpose of the methodology is to
provide a capability to analytically predict the effectiveness of aircraft design
changes (primarily those related to infrared signature) on the probability of
aircraft survival in a specified infrared thrcat environment.

The development of an analytical tool that meets the above objectives
was achieved. This tool consists of two complementary digital computer
programs: (1) an infrared target signature model (ASDIR II) and {2) a missile/
target/countermeasures (M/T/CM)* model. A third program SPKINT (a
subroutine) provides the interface between the two models, All three pro-
grams are fully operatioail on the CDC 6600 computer system. This total
methodology system is designated as EPICS.

The first program, ASDIR II, was primarily developed by the Air Force.
Hughes modified it and made it operationﬂ.** It is documented under 2
separate cover.*** The inputs to ASDIR li are engine specification data (gas
dynamics or measured plume data to determine the engine exhaust plume
radiation) and engine hot metal parts in terms of temperature and radiating

ARTH L il S

-
'

b 5L il Maddons Sads +

#The baseline for the M/T/CM program was developed by Hughes under
"IRCM Simulation Study', Contract No. F33615-C-74-1680 for AFAL.

*%This task constituted a deviation from the Statement of Work, Origunally,
a Hughcs'-deve'oped target signature program. IRSIG, was to be used,
However, on Program Monitors instructions, ASDIR il was used instead.

*#¥geone, Charles W,, Capt., USAF and Tate, Stanley, ASDIR II (Vol. I, II,
and I1I), Diputy for Development Planning, Aeronautical Systems Division,
Wright-Patterson Air Force Base, Ohio, No. ASD/XR-TR-75-1, January
1975,
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area as a function of aspect. Similarly, the contrihution to the total IR
signature due to skin acrodynamic heating is an input in terms of temperature
and radiating area for as many as twenty skin surfaces. Tinally, the viewing
geometry — target and observer aititudes, aspect angle, and slant range is

an input to the ASDIR II program,

The outputs of this code are in the form of polar data for the source
spectral radiant intensity, J)\' integrated over thc missile response bard
and the apparent spectral radiant intensity, J)\T)\' also integrated over the
missile band, but at the point of a remute observer. Thesc data then serve
as input to the M/T/CM program,

The sccoend major clement of EPICS is the M/T/CM. This program is
described in detail in this report. The program is a generic five-degrees-
of-freedom dynamic simulation of the tatal missile/target encounter in a
countermeasures environment. The prime countermeasures techniquea that
can be evaluated using this program are IR signature reduction through
suppression or shielding, and active dezoys such as flares or pyrophorics.
The output of the program is a probability of target survival (Pg) under a
varied set of launch conditions and for various IR missile threats. The Pg
is defined by "

" number of misses
S total number of launch cases

)

As indicated in a preceding footnote, the baseline subroutines for tae
M/T /CM program were developed by Hughes under an earlier Air Force
study program, however, in the present study contract this baseline pro-
gram was considerably expanded and irmproved. In additicn, the program
was modified to accept inputs from the ASDIR II program with the aid of a
subroutine called SPKINT, The total program was compiled on the CDC 6600
computer system (it was originally written for the SIGMA 5 Computer). The
major changes to M/T/CM include:

Modularization of the program

Addition of flare control options (function of range and time-to-go)

S
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Addition of superelevation angle subroutine for ground-to-air missiles
Additinn of launch mode selection option iu azimuth and elevation

Reduction of program execution time

Sample runs using all three programs were also made; see Section 10,

In this program, a specific target is represented by its physical char-
acteristics, its dynamic purameters, and its infrared signature. The physi-
cal characteristics include the size of the aircraft, its wing span and the
engine location. The dynamic parameters .neclude initial velocity, accelera-
tions, and maneuvers. The infrared target sigrature is represented by the
effective apparent radiant intensity, Jfo, as a function of range and aspect
angle, and is calculated by ASDIR II. Interpolation on range and aspect
angle between (Jv! AN data points provide the appropriate values during the
simulated flight which in turn aze used to calculate the effective irradiance
at the missile seeker.

Threat missiles are represented by a number of parameters divided into
six categories: teeker, signal processing, guidance, aerodynamics, propul-
sion, and physical characteristics. Currently, 12 missiles, 25 aiicraft, and
4 flare types have been defined and are part of the simulation file.

The M/T/CM program has been validated by comparing simulated engage-
ments o, captive missiles being decoyed by flares, with flight test results
(using same flight conditions 1;1:1 the same missiles) conducted by the Naval
Weapons Center, China Lake, California,

As mentioned above, the interface between the ASDIR II signature pro-
gram and the M/T/CM program is provided by an auxiliary spectral integra-
tion subroutine, called SPKINT. This routine integrates the apparent spectral
radiant intengity valucs, J, T, , over any specified spectral interval to obtain
effective radiant intensity (JT)AX‘ In general, the integration is performed
for spectral intervals correaponding to the spectral bandpasses of the 12 mis-
siles on file. The SPKINT subroutine is described in Section 9.

In summary, the EPICS methodology provides a tool to assess the impact
that aircraft design has on the aircraft survivability in an infrared missile
threat environment, evaluating design changes ard coaducting tradeoff studies
during preliminary design and determining aircraft survivability in a flare

countermeasures environinent,
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Figure 1 shows a flow diagram for the simulation program executive
operation that calls all subroutines. The program is broken iato eight major
areas with each arca being subsequently discussed in Sections 1 through 8 of
this report.

Section 1 deals with the creatiun of files on which the Necessary constants
for the missile, target, and flare are stored. Long lists of input data can be
eliminated, by creating files for each missile, target, and flare to be
evaluated and the required constants can be specified by simply referring to
a file name.

In Section 2, the launch geometry variables, the flare deployment
strategy, the aircraft maneuver option, and all other program options are
set. In this section, a'l program variables are initialized.

Section 3 of the program updates the position, velocity, and acceleration
of the missile, target, and flare(s) with respect to inertial coordinates.

In Section 4, relative ranges, range rates, angles, and angular rates

are determined between the missile and the target as well s the missile and -

flare(s).

The irradiance at the missile dome from the target and the flare(s) is
computed in Section 5.

In Section 6, the aimpoint location is determined based on the irradiance
levels of the sources in its field of view (FOV) and the type of signal process-
ing in the missile. This aimpoint location is then fed back into the missile
dynamics (Section 3) through missile guidance.

When the simulation prog xiap. gces into an abort mode, the point of
closest approach of the missile to the target is determined. The details are
given in Section 7.

Section 8 describes how the probability of hit is determined based on the
closest approach distance, aircraft dimensicas, type, and lethality of the
missile warhead.

The geometry for the missile and target encounter is shown in Figure 2.
This simulation is based on a two-plane geometry, because a missile
essentially processes its target position and rate information aud provides
guidance commands in two separate planes -- horizontal and vertical,
Coupling be.tween the two planes is accomplished by the range and velocity
variables,

xii
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The coordinate system in which missile, target, and flare positions are

calculated is shown in Figure 2. This system has as its crigin a point on
the ground directly below the launch point of the missile. The Z axis is
parallel to gravity and positive up, Therefore the initial position of the
missile is given by (O, O, ZA)' where ZA is the launch altitude. The X
axis is perpendicular to gravity and oriented such that the initial position of
the target is in the X-Z plane, The Y-axis completes the orthognal,
right-handed coordinate l);ltem. The initial position of the target is given
by (X.r. O, Z,r) with x.r being the horizontal range between the missile anc.
target at launch, and Z.r being the target altitude, From this definition, the
line-of-sight (LOS) is in the X-Z plane from the missile to target at launch,
The target aspect relative to the missile is set by the target velocity vector.

The state vectors listed in Table 1 represent the X-, Y-, and Z-components -
of position, velocity, and acceleration of the missile and target, The state
variables are divided into two sets: one set for the horizontal plane and one
set for the vertical plane,

Figure 3 shows the geometry that exists between the missile and an
arbitrary flare (the Kth flare). Again, as in the case of the missile and tar-
get geometry, the problem is divided into two planes, horizontal and vartical,

The state vector for the Kth flare is listed in Table 2. As in the case of
the missile and target state vector system, the first five components repre-
sent the position, velocity, and acceleration of the missile; while the next
four components represent the position and velocity of the Kth flare. It is
assumed that the flare has no thrusting device, and therefore no thrust
acceleration terms are possible. As before, the state variables are divided
into the sets -- one for 2ach plane. The executive routine listing for the
simulation program is presented in Table 3, All subroutines in the simula-
tion program are called by this routine.
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Table 1. Missile and iarget state variable definitions

Horizontal Flane

Vertical Plane

X(1)
X(2)
X(3)
X(4)
X(5)

X(6)
X(7)
X(8)
X(9)

= X - Position of Misile
= X - Velocity of Misel'2
= Y - Position of Missile
=Y - Velocity of Missile

=z Normal Acceleration
{XY) of Missile

= X - Position of Target
= X - Velocity of Target
= Y - Position of Target

= Y - Velocity of Target

X(10) = Normal Acceleration

{XY) of Target

XP(1)
XP(2)
XP(3)
XP(4)
XP(5)

XP(6)
XP(7)
XP(8)
XP(9)

XP(10) = Normal Acceleration

X - Position of Missile

n

X - Velocity of Missile

= Z - Position of Missile
= Z - Velocity of Missile

= Normal Acceleration
(XZ) of Missile

= X - Position of Target
= X - Velocity of Target
= Z - Position of Target

= Z - Velocity of Target

(XZ) of Target
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Table 2. Missile and Kth fl

are state variable definitions

Horizontal Plane

Vertical Plane

XF(1,K) = X - Position of Missile
XF(2,K) = X - Velocity of Missile
XF(3,K) = Y - Position of Missile
XF(4,K) = Y « Velocity of Missile

XF(5, K) = Normal Aczceleration
(XY) of Missile

XF(6,X) = X - Position of Kth Flare
XF(7,K) = X - Velocity of Kth Flare
XF(8,K) = Y - Position of Kth Flare
XF(9,K) = ¥ - Velocity of Kth Flare

XFP(1,K) = X - Position of Missile
XFP(2,K) = X - Velocity of Missile
XFP(3,K) = Z - Position of Missile
XFP(4,K) = Z - Velocity of Missile

XFP(5,K) = Normal Acceleration
(XZ) of Missile

XFP(6,K) = X - Position of Kth Flare
XFP(7,K) = X - Velocity of Kth Flare
XFP(8,K) = Z - Position of Kth Flare

XFP(9,K) = Z - Velocity cf Kth Flare
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Table 3. Simulation program executive routine
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1. FILE CREATION
Information used to create missile, target and flare file data has been
collected at Hughes over a long period. Pertinent sources are listed in the
references at the end of this section,
MISSILE FILE
The missile information is divided into seven categories: seeker, signal
processing, guidance unit, aerodyramics, motor, physical characteristics,
and other chacacteristics, Table 1-1 is the missile file subroutine, See
Table 1-2 for sample file rlata.
Seeker
The seeker is defined as:
1. Seeker look angle (deg), variable name SA, This is the angle
about the longitudinal axis of the missils in any plane that the
gyro is {ree to move,

2. Max gyro rate (deg/sec,), variable name WLIM.,

3. FOV (deg), variable name FOV.

4. Gyro time lag (sec,), variable name TGU,

Signal Processing

The signal processing includes:

1. The detector bar.dwidth of the missile, variable name IBNDM. The

bandwidth value is currently deleted from the missile page printout.

2. Aimpoint type is selected on the basis of geometric centroid,

irradiance centroid, and maximum irradiance.

The present available missiles are divided into two cetegories: the con-
scen missile which is a maximum irradiance tracker, and the spin-scan
missile which is an irradiance centroid tracker. Geometric centroid does

’ not apply to tne current systems
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Table i-1, Migsile file subroutine

(ALY LIALT]

SUSROUTING NSLCNSY(NTS NTC, %, "G, nanie
OINENSINN NTS(?) nsLcoust
Cinnon nuus'un.tuut.n-un.nun.vnm.cnm.cnm.c-u mLo0NST
Ntll.lL'M“."vtt.!l.i.l".'".l!.Nll.'n.".".M.In.tcu.!'l.rw. [ 184131}
OI0N0N,ATSTYPE(2) , ILURC, 4NTINH2INWD nSLEONST
W 3e3 [ {81 1301}
Lol [ (81 111
nr3ed nsLRONsT
4073040 nsL30nST
/A I 1018927100, nLEONST
® READUT) (3TCLA) LAy, N0TS) n3LCOvST
READEPY (TLILAY L A0g,NOTSY N3, S 0NST
REAOITY (SINILAY 4LAeg,¥PTS) nsL20vsSY
REAQ(P) (UNILA) yLACE NOTR) nSLCANST
REAO(TY (YRCILAY JLA0g,0) nSLCINST
READIT) (CONGLAN L 008, 0) nsLoONST
RPAOCT) (CNSILAY (LAt 00 rgLs0est
REANIPY (CNTILA) (LAsL, &) ngLS0vsT
REAOLT) (CNAILA) 4L A28, 1M NSLSINRT
QPA0IPY CCALDMINA MDD gl 0g,180 49258, 9) nsLS0vsT
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gaegaonaN [ {${1}1]
WL IvsuLINORAD wsLo0Nst
FovsrOVYORAN nSLEONST
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REAO(TY TGU,RNK,5K0, TN wsLconst
REANT) (WISTYPEILANLA0E,2) oALUC, 0T nsLsoNeT
TPENISTYRL (1D NENTTEL0D) G 1D § w3LCoNsT
TPINTSTYPE (2) (NE. NTSI200 GO TO & ngLEONeT
/RFVIvO ? LNt
[ETURN mLooust
(4] ngLCONST
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Guldance Unit

The guidance unit is composed of:

1. The navigation constant, variable name GKO
2. No guidance period (sec), variable n»me TB

3. G-limit (g's), variable name AS

4. Missile time constant {sec), variatle name TS,

Aczrodynamics

A san'pling of eight values has been adopted for the parameters below
to cover the broad range values in order »f convenience in handling data
information for table lookups, (Exceptions will Lz aoted.) Tae following
variables are functions of Mach number table, variable name VMC:

1. Chord force, variable name CDO.
2. Base drag coefficient, variable name CDB,
3, Maximum normal force coefficient, variable name CNT.

4, Angle of attack (deg) (80 samples), variable narae ALPH, This
parameter Is a function of both mach number and normal force,

variable name CNA,

Motor

The motor parameters are depicted as tables of 10 samples related to
time, These are:
1, Time (sec,), variable name ST
2. Thrust (1b,), variable name TL
3, Specific impulse (1/sec.), variable name SIM
4, Mote. weight drop (1b, ), variable name WID,

See Table 1-3,

1-4

v

-y . ‘_1
9




B e e T R

" mep—————t oy

Table 1-3,

Motor characteristice

o v iy

Example:
Time 0. 1. 1.395}i.405|2. |4. |5. (6. |7. |8,
Thrust 4660,{4660.|4660. |0. o. |o. [o. 0. [O. }O.
Specific Impulse |210, |210. {210. |210. |210.f 210.f 210.| 21G.| 210, 210.
Motor Weight Drop|0. 0. 0. 0. 0. |0, 0., {O. |[O. |O.

Thrust \ Weight

Level
4660, T 134.2

\ 101
0 2 4 6 8 0 2 4 6 8
Time Time
Equations

1. Thrust = TL
2. Weight (new) = Weight (old) - Thrust (DELT/SIM) - WD(t)

DELT = Integration Step Size

Physicai Characteristics

Physical characteristics of a missile are:

1. Diameter (in.), variable name D!

2. Weight (1b.), variable name W

3. Max, flipper deflection (deg. ), variable name AG,

1
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Other Characteristics
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Other characteriatics are:

1. Lifespan (sec.), variable name TMAX

2. Launch velocity (ft. /sec.), variable name X(Z)
3, Max. flipper trave! (deg.), variable name FMAX.

Information not shown but required

Information not shown but required is:

1. Missile kill radius used in part to dete rmine probability of hit of

missile, variable name RMK
2. Missile name, ssariable name MISTYPE
3, Blur circle, variable name BLURC

4, Minimum detectable irradiance, variable name HMIN.

FLARE FILE

The flare information has two categories: physical characteristics, and
other characteristics. The flare file subroutine is presented as Table 1-4.

Table 1-4. Flare file subroutine

SURROUTINE FLRCHST  Po/Te  OPTel ©PTN N 2RI 48731779 13.30.32¢
SUAROUTINE FLRCNST (RUN, 109107, 10°T) TV 1]
REaL JIN nasonst 3
consor Iﬂtl)ll"!‘t(!).!l.b'.l..llU'!.n'o.cnl.!lﬂliolli.l!ll.l&." riRcoNSY &
SLARE,TTNIL140) (JINCI80) [ FLRconst 9
s COANON JUN(S) TOUN(2) (IFF FLRCINST &
00 1 Je1,$ FLRCONST 7
1FJ.GT.2) 30 TN ? sLRSONST
104009 o0 FLRCONS? 9
2 SM(dren, FLRcONST 19
10 4 CONTINUE sLRcONSY 11
fUnet, FLRCONST 12
1eCet riasonst 23
109L0Vsl FLRCONST 1%
1097e2 riRsonst 18
19 12 REANILZY (IFTYPEILAY s LAt D) Fiaconst 16
REANI12Y nt.bl.lL.lcwnn.uto.:nr.(lllln1(:l).JJ-t.!).lt'l.u%.erllt FLRCONST 87
READ(12) NPTS, (TTNILEY GITNILEN o LASE W3TE) FLRCONST 10
eruIng 2 . )
o feTURN FLRCONST 20
2 'L}) sLRCONST 21

1.-6
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Note that the program can handle pyrophorics if they are modelled as special
2 flares, e.g. short rise time, short burn time, high peak intensity and high
drag coefficient, However, the program may require some development to
. more fully take account of the burning and aerodynamic characteristics of

this type of countermeasure.

Physical Characteristics

Physical characteristics are:

1. Diameter (in.), variable name DF

2. .Length (in.), variable name XL

3. Weight (1b.), variable name WFO

4, Grain.Weight (1b.), variable name wG.

Other Characteristics

Other characteristics are:

1. Burn time (sec.), variable name TBURN

2. Reference intensity (watts /sterad), variable name REF

3. Spectral band constants, v;riable name FIBAND

4. Drag coefficient, variable name CDF

5. Dispenser ejection velocity (ft/le.c), variable name VFLARE
6. Flare type (name'), variable name IFTYPE

7. Type of surface area, variable name MK,

TARGET FILE

Target information has three categories: physical characteristics,
initial condition, and other characteristics. Table 1-5 gives the target file

subroutine,

1-7
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Physical Characteristics

Physical characteristics are:

1. Longitudinal distance from tailpipe to tip of tail (ft), variable
narae XB

. -
*Te

2. Longitudinal distar.ce from tailpipe to nose (ft,), variable name XN
3. VWingspan (ft.), variable name ZS.
Initial Condition

Ix';itial condition is:
1. Maximum aircraft turn (g's), variable name FMG
2. Maximum aircraft forward acceleration (g's), variable name AM
3. Maximum aircraft speed (mach), variable name VM
4. Target altitude (ft.), variable name XP(8)
S. Target velocity (ft/sec.), variable name X(7).
Other Characteristics

Intensity as a function of polar angle are tables
1. Polar angle (deg.), variable name PAMNG
2. Intensity (kw/sterad), variable name RINT

3, Target type (name), variable name IAC.

ATMOSPHERX FILE

The last file to be dizcussed is the atmospheric spectral transmittance
tables. These tables are a function of range, altitude, temperature, and
band region for target and flare.

1. Range (ft.), variable name RNG
2. Atmospheric spectral transmittance of target, variable name TAUT
3. Atmospheric spectral transmittance of flare, variable 'name TAUF.

Table 1-6 gives the atmospher file subroutine,

1-9
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SUARAUTINE RVSTAY A YA4) L1A1]] P4 4209309 09708778 13.30.39,

13

11
1

134
18

Table 1-6. Atmosphere file subroutine

SUNSOUTTING RVRTAUCTCTALT, 7Y™

CANNON FRLCL7RNGILS) s TAUTEIN,, TR (L)
TPETGTALT LT .2080.) %0 79 8V
TRITGTALT, LY. 280%0,) GO T2 &b

1AL Tas)

%0 70 19

18, Taeg

6N 1A 4N

I8, TR

nn g4 Laeg, Y

0n L7 L%eg,8

SEAILLNY TALTN, T WOF

PEINELNY CRIRILCY  TRITILSY o TRULL %Y, 20,2
TPETALTA, TN, TALTS, AND, TANNY, 10,1850 35) 7 &N
cavrINgg

~oqTINY?

AT TP, L0

FARMAT (LR, 204RRNN-ALT, I9 NOT 3JJVMaRNY
b 34 14

REGTNN L

QETURN

v
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RYSTAUSTY t
RVSTAUST )
RVSTaUST [
RVSTANSTY [ ]
QVSTAUST L]
RVSTAUST ’
RVSTAUST [
RVSTAUSY 9
aySTAUST 10

QUSTAUST i

RVSTAYST 12

RySTAUST {3

RYSTEUST 16

RYSTausT 19

L QUSTAUST 18

AVSTAUST &7

eysTausY 14

RYSTAUST 19

qystausT o

& RYSTAUSY 28
i RysSTausY 22
AVSTAUST 3
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DATA SOURCES

(N

(2)

(3)

(4

(5)

(6)

(7

(8)
(9

(10)

(1)

(12)

(13)

(14)

1.A. Ratkovic, K. Nishimsoto 'TRCM Simulation Study (U)' 4 Quarterly
Progreas Report orepared by Hughes Alrcraft Company, Culver City,
Calif. for Air Force Avionics Laboratory, Wright-Patterson Alr
Force Base, Ohio, July 1973

IRCM Simulatior. Study (U), Feb. 1972, Volume II Hughes Aircraft
Co., Culver City, CA, SDN G-5812

Eurasian Communist

Fighter-Launched Missiles (Trends),
Report

Countries (U), Dec. 1971, Defense Intelligence Agency,
No. T65-09-26B, SDN J-58432

Final Report, Nov. 1972,

DAWN (Develop Attack Warning Needs) (U),
SDN G-61305

General Research Corps., Santa Barbara, CA,

Foreign Material Exploitation Report, Interim Report, Project
Graduation Level (U), July 1972, Missile Intelligence Agency, U.S.
Army Missile Command, Redstone Arsenal, Alabama, SDN G-61357

Shoulder Fired Surface to Air Missile System Comparison
Summary (U), June 1972, Micom Foreign Intelligence Office, u.S.
Army Missile Command, Redstone Arsenal, Alabama, SDN .G-61358

AIM-9D Simulation Parameters, Gene Younkin, Technical Note

4055-2-68, U.S. Naval Weapons Center,
Hughes AIM-4D Aerodynymic Data, SRS-585, Revised 1 January 1965

Assessment of Aerodynamic Studies of Foreign Tactical Missiles,
Leroy Spearman and Charlie Jackson, Jr., NASA Langley Research
Center, Hampton, Va., Feb, 1971

ANAB Missile Wir.lg Evaluation, FTD-CW-09-4-70, Feb. 1970,

Report on ASH Air-to-air Missile Exploitation, Ministry of Defense,
TM 88169, Dec. 1969.

NAVWEPS Peport TN 4063-223, AIM-9L Wind Tunnel Test Report (U),
Oct. 1972

PMS 124D44-1/2174, Final Stability'and Control Report for the
AIM-54A Missile (U), 27 April 1973

of the Air Force,

Radiometric Data and Mission Profile, Dept.
Wright-Patterson AFB,

Headquarters Aeronautical Systems Division,
Dec. 1972, SDN G-61377

B-52 Infrared Radiation Patterns, Beoing Co., Wichita Division,
July 1968, SDN J-59090

1-11

China Lakes, Calif,, Dec. 1967 -
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2. PROGRAM INITIALIZATION

This portion of the simulation program initializes all program constants,
launch geometry variables, and determines the missile level angle corn.put~tions.
See Figure 2-i, Section 2.1 describes the initialization procedures, and

Section 2. 2 the lead angle computations.

2.1 PROGRAM INITIALIZAT ION

In the missile, target, flare simulation program, basic parameters have
to be defined, and the program involved in doing this is initial, The three
categories to be discussed will be definitions of constants, initialization, and
launch geometry. A block diagram of these computations is shown in Fig-
ure 2-2. See Table 2-1 for program listing.

Definitions of Constants

The following constants are defined in the simulation program:
1. Gravity, (ft/sec.) variable name G, 32.2
2. Pi, variable name PI, 3. 141592

s
FLANE DIAMETER, wssILE :

NGTM, TV | —== ‘ vELOQITY
LENGTH, TVPE ALTITUOE = YELOTITY
TARGET RANGE — I:?fn'foe =

¥ LAUNCH
TARGET ALTITUDE —! MU =
TARGET VELOCITY —! 5(%‘%?“ —
INITIAL DEPLOYMENT S LEAD

ITIAL A |
TINE, TIME — PROGRAM MISSILE MOTOR b
BETWEEN SALVOS INITIAL SURN TIME
FLARE DISPENSER AANGE —-—

?LE0

GROUND

FLARE BUAN TIME oy e

FLARE WEIGHT —

AZIMUTH ANGLE

___ TARGET
VYT
COMPONENTS

Figure 2-1. Programs initial and lead block diagram
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1

19
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(1)
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Table 2-1.

SN APTsy

Initial subroutine

TN 4. 200000

- s s ———— e .

05703773 11,390,010,

SUSROUT IV ll!'!ll(ﬂl.'!.'(.3'.'!L'o'G'lL'.!lC.!‘!1‘."0.10'.!"" egrIaLY
".V'Ll!'.lioll."Jl!.'!.lill.!J)!'o'Lo!JI.lQ.Il
!‘Ul.‘!lt.‘\l‘.\th.ﬁ!l!.X)S'L|V.'!$l.I'C
PLoRI0,ML NI NELT L TILIV, TIV YL

(T ¥2 18044
LLLLI ]
Covuln
COoWn0y
ROn%O0N
#34n0y
[Lakii]
204N
COwnou
COneoN

ALY, 8
weLaAt
| CAAT LTS 1] -
CLIrsime )

W@V, SPR, VYUY T "4
.x"x"!cl.'L:.‘”t".l'."lc‘.;k.‘

TRI2)N 4P P U200 o VIERWILIN DTN
TN AL IR A S INRARL Y

o 3TN, 31N, 31794, 7,381,319
o 700180, 1 0200,10%110)

(",o'h'.!""of’lo"‘i.ot'l.l'.‘ﬁlotl'."

AN ‘to.‘lo."bo."o.'.".'“"."‘!""
[ DLl ] lL'll.lL’ll'.'I.lv.l’.ﬁl.:v.:t.ll.l'.l'
DIVENSTAN NISTYOC (21, IFTYeI(2), L)AL U
NIeEHSTIN TRI28D (IFNEP0),VLILM
WRIT” (A, )
FARMAT (4D
GaV,?
Pl 401802
Had»
ars, 000418
we,
THRNgTa TLILD
A L Jel,T1e
i e,
89 3§ Jug, bt
LPiJ.GY. 220 S0 12 A
[P IESY
3 19%(Je1)00
Q28,00 20008
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A0, 2/NELY
(F 1144 ]
wis v
Y YO (P70 M, N 4
“"‘c"\iv',"lL
A2y
A3aNCINF 2L AN,
PELOLALIN OANVIL,
33 ™ a0
P ALOPTREIF L2212, 28
s0 " 9
o ALIM 0PI (1,712,1%11.2120)
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on SERsALOARNZY,
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LerraveLy
11411184
(eI TSTALY
nrLYe18Y,
Ans ANP ST /18),
40 Y0 (ARy1L0, IF7
11 VANO0sANT{RANF L))
THatYP=TLAV
TINs LAV RMND
19 1PU3SMe,E2,,0 GJ 10 12
LPENEP) (GTee®) GO TP 1Y
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INITIALY
TuITIALY
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ICTRALINS
TNITIALY
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TMITIALY
INEITIALY
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INIVIALY
TuIrIALY
INITEALY
TuITIALY
INITIALY
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Table 2-1 (Continued)

SUASOUTING INITTAL [ XYL} aPtel

L 1]

e

4]

(1}

109

13
1)

TR (Y
an 1A 18
TR sana /A

wagrsa N inlgl'Ll('.l!'n'll(Jl.(J!t.ll

ot

12
18

Ar
10
18
18
18
21
k.

LA
0N

*3
%

14

B0 TA (1%,18,170 AT
tysdyeeg/yoa,

31 10 g8

1REEN (LT 20dN,) 6T T 1D
PANOSRANF (1)

%0 T2 2F

QENOSAIT(RANT (1))

Ave 310 RAND/N,

YR LR

Aye 0TANT (VOIS V)
IPEGL AT A} #O T4 21

TP VIO AT TAN(AV) 2P ()

"0 Tn 2°

POYA YL
AVeRTANZ ((XP (V) =LO(F)) ,RAT)
AVALTO (YOS ov2(0)) /2,
TPEavaL T, 6T, %A182,) GY *I 23
PuaCHE 1118 0. s0200VALT

GO T 20
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VLTI N(O)OFVACH

NP o=X(P)SSINIEH

TP EVe40? 63 "
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Vs UNRXOF LY
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80217108

TesTraLy
1L1321184
gNITIaLY
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INITPALY
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INITIALY
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I TraLY
[CI{R {184
1C182(18
egrIAL?
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INITTALY
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INITIALY
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NITIALY
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tegriend
1AL IN
TegrTIALY
INETTaLY
NETIaLY
INITTALY
INITIALY
INITIALY
INITIaLY
INITIALY
INITIALL
ferTIoLY
INITIALY
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Table 2-1(Continued) & I
[ ]
SUSROUTINE INTTT L P&/74  APTay T4 s 200388 « 05701778 13.%0,01,
119 VYT (o Jo1 ) s vPLARESL IS {ANT) TuIezaLY 116
o VI (Ko Jog)ovPLAREOSINIANYG) TuivIaLY 117
TREQoNIog) 0¥ oo SO o) Y INITTALY 118
P45 (KoK I =110 TN(K S) INITIALT 119 1
29 cAvTINUE TNITIALY 120
120 qeagtey INTYIALY 121
TOLTIT I AY tetezaLt g2 !
24 CONTING? INITIALY  12Y
33 1P010SPLAY.72.0) G TA 3¢ INTTIALT P26
LI ETY) INITIALY 128
129 TPIA7,57,.9) 60 ¥4 3? TNITE LY 126
T 3eanNtL INITIALY 427
cn 10 3 TNITIALY 129
32 TYScua/n INITIALT 129
I wRTeIN, VY l'\.“‘.llb."k!(.‘\.l'l‘).l’.l'(!l oIPS L LIFNTRICI 4Nl o2) INTITIALE 138
139 0ol QIOLOY,, TIN, 2T, A, QY TNITIALY 131
39 FOUMAT{VAG(VELZo 0oy 311,871,030 INITIALY 132
1 TITIRSAL€0,0,) 61 1O T4 INITIALY 138
WRETEIL3) AV, TOLIT,TIN, (TPTVO0g) (ot D)o NITTRLISN,Jat 1) INITIALL 136
1o YNSRNSTIRIPIONIP) o (VIONVIG) 0y TT (L)Y T7LLD) INITIALY 1VS
138 YVavIfiL) o INITIALY 136
vTive13138%, INITIALY 137
¥eSNRT {VHOV4ayYOyYY) INITIALTY (%A
TfaeneLy ° "
NT823%,70ELT 91 38
1eb 0N 38 TTwagynf 16
Tratrens, T T
Aug=TT/7TAYN INITIALT 160
TPINC,NT,4) GO TA o3 INITIALT 161
. ARTLaATLOASA INITIALY 182
108 wgaueneasa INITIALT 163
. G0 10 o2 INZTIALT  ie%
oL ARZASSFASAs INITIALD 188
VP NFASUAS (1, -AREA/SFR) INITIALT 406
o2 YND2<CANSTSAREAINYIYI VY INITIALT 107
199 YVI-CONSTORREA/UEI VOVY=S INITIALT 18R
5 YN VHOYND®DELT INITIALT 109
YVs yVeVVORDEL Y TNITIALY 150
VaSINT (VRS V4o VYO YY) INITIALT 181
IFLY.GT.VTRA) GE 1A %6 ITIALY 152
19 vransy INITIALY 193
18 RONTINUE INLTISLT 186
WRITE(8,37) INTITALD 158
3P FORMATILY,20MRIN VELOPTITY NOT REACATD) INITIALY 196
srIe INITIALT 187
) N0 3N Jet.28 INITIALT 198
3% VTLRNIJI sV TON . INITIALT 199
RETURN INITIALT 180
e INIfIALT 168




3. Alr density at sea level, variable name RHOZ (llugl/fta) and
coefficient of exponential variation with aititude, variable name
cz (™}

4. Atmospheric density a3 a function of altitude, variable name RHO

5. Speed of sound as a function of altitude, variable name FMACH

6. Surface area, variable name SFB (ftz).

Atmospheric density is given as:

RHO = RHOZ * EXP {-CZ * ALTITUDE)
RHOZ = STD air density (sea level)

where,

ALTITUDE = XP(8) = TARGET ALTITUDE

Speed of sound is a function of altitude. Altitude of missile and target
are averaged and checked whzther, . :

IF

Altitude > 36152, FMACH

968.1

Altitude s 36152, FMACH

Initialization

Pertinent missile, target and flare parameters, including position,

3116.0 - 0,0041 * Altitude
.

velocity, and acceleration are initialized. Certain parameters previously
defined by data file input are discussed in Section 1. They are:

1. ‘larget range (ft.), variable name X(6)
2. Target velocity (ft/sec.), variable name X(7)

3., Target altitude (ft.‘)'. variable name XP(8) 4

”
4. Missile altitude (ft.), vari‘able name XP(3).
2-8




!
Other required initial conditions are:

1. Elevation angle as a function of a random number (radians),

,variable name AV !

2. Flare time between salvos (sec.), variable narme TF

3, Flare dispenser ejection velocity componeats (ft. /sec.), variable
name VXF, VYF, VZF

4., Minimum flare velocity (ft. /sec.), variable name VTERM.

Minirnum flare velocity is precomputed here to be used later as a check
on radiant intensity. This velocity is based on flare burn time, surface area,

weight, and drag.

Laun..a Geometry

Options available for missile launch conditions are:

1. Input azimuth angle (AH) and horizontal range (RXY)(in which the

program selects the elevation angle (AV) on a random basis,
2. Input azimuth angle, horizontal range, and elevation angle.
3. Input azimuth angle, horizontal range, and vertical displacement
(vdisp).
2.2 LEAD DETERMINATION

This subroutine computes initial velocity components for the missile at
* launch. Several alternate launch modes are available, Different launch modes
may be used in the elevation and azimuth planes. See Figure 2-3 for a biock

diagram description,
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4 - #
P Anvurk COLLISION Vrg“VTUNAY AV i
OPTICAL vy *Vv2-v, 2 xena .
L ormear | | ol T *
LEAD PUREUIT

Figure 2-3. Lead subroutine block diagram

The foliowing laws‘are available

1.
2.

3.
4.

Leid collision with maximum lead limit,

Pursuit

Visual lead pursuit with maximum lead limit.

Pursuit with super-elevation angle (elevation plane only).

Lead collision launch is based on attempting to put the missile on a

collision course for a missile velocity of ,

where

VL is launch velocity, and AV is an incremental velocity.
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In pursuit launch, the missile is launched on a line directly toward the
target, This mods Is used when the launcher or the missile docs not have

capability for lead launch,

In visual lead pursuit, a lead angle is estimated by the person launching
the missile. The value of lead is generally restricted to a smali angle in this
mode, The lead angle ", is computed from

Sin n, = K sin A'I"
where A is target aspect angle, and K is an empirical constant~0.5.

Often the missile is launched in a trajectory above the target. The
angle above the angle of launch is called the super-elevation angle. The
superelevation angle is input as a constant, with a limit on the total elevation
angle of launch, A program listing is contained in Table 2-2,
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SUBRSUTINE LEAD

1114
108

Table 2.2, Lead subroutine

0778 OPTeg

TN V200300

19738/78  13.30.08,

SURROUTINE LEANEGL Ry TP, AMT AN V. o OEL Yy 59 T0, 5L O, ALONE,LUSE,LKS4,3V L!Ig
(44

oPLL N, THTYRD, ®1)

OIMENSINN XUV} X% (10)
ALTOORO (L) <X Y)
ROSINT(AXVOAXVOALTNONL ™YY

GO 70 (330,220,23ue206018%%, LU
10(N)sVLO AL TA/R

¢n .) 209
ASSOTATRRY/A=X(7)IOALTO/IR

VoYL enELY
VEReSART(VESVE-X (W) *X (V) =A%0)
LOINIS(VIRIALTO/ROAORRY IO (YL IVY)
RO Th 200
SLONKSSINI ALOPYS P T/ LAR,)
SLASCLASAORIAM) SALTAZEOP /100,
TFCEASISLAI LT, 3L0%K) 50 YD 188
SLISSIGUISLING, LD

THETAL e ,TNCALTIZR) oA STNISLN)
EREN) sYLOSINITHETAL)

60 T 050

SUIELRISUPEL NPT /100,
THTRYP e THTIENSBT 2240,
THETALOARINIALTO/Q)
TPITHETAL=TATHER) 203,108,208
THITAL TN TAL OSUPELS
TFOTRETALTUTORRD S08,100,862
THETALSTHT IR

E0(Q) sYLOSTVITNETAL)

A 14 200

0¢8N 00,

CN 10 (Taus2209230) LVSA

LTI LT

co 14 339
TOL)ONINIOVLZEVLOIELY)

%0 Y0 319
SLINKeSINCALNNX®PL /240 ,)
SLNs=CLASSINIAN) *017) 80,
TFCASISLO) JLELSLAY) 30 T 103
SLISICHLIILANY, LY

2100 T(a)e30RTIVLOVL-EO(4) *T0 (0} )1 °S.0

TETIOSARTIVLOVL-RINI TNV =LO (M) C 2O (M) )
RETURN
(4, ]
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3. DYNAMICS

Figure 3-1 is a block diagram of the major components of the simulation
program and shows the dynamics computations to be performed. Basically,
the dynamics portion of the simulation program determines the X-, Y-,
and Z-components of acceleration, velocity, snd position for for the missile,
target, and flare(s).

The forces controlling the missile trajectory are thrust, chord, com-
manded, and gravity. The missile velocity and position are computed by
integrating the total acceleration.

The target is considered to fly nominally straight and level, i.e., no
maneuver. However, the program does allow for three maneuver options:
(1) turn in any direction, (2) straight acceleration, and (3) turn with
acceleration.

When the flare(s) is deployed, the flare deployment strategy controls
how many are deployed, in what direction they are deployed, and how often
they are deployed. The forces which govern the flare motion are drag and
gravity.

3.1 MISSILE DYNAMICS

The missile equations of motion are governed by the four forces shown
in Table 3-1. This table also lists the X-, Y-, and Z- components of each
force. Figure 3-2 shows a block diagram of the computations performed in
this portion of the program. Basically, the missile dynamics are updated
as follows:

1. The aimpoint position is fed into the gyro subroutine from whick
gyro position and rate are output,

2. These gyro rates and positions are then fed into a subroutine which
simulates the guidance unit of the missile and computes the ac:elera-
tion components which are to be commanded by the missile.

3. The acceleration components due to thrust and chord forces are

subsequently computed and resolved,
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Table 3-1, Forces acting on the missile

CHORD
_y THRUST
COMAMANDED
GRAVITY
poRCt X COMPONENT Y COMPONENT Z COMPONENT
neust UYL - ye ) . @) * 1A XY ‘
1o cOSTiren) TAN (7 on) 10 €O (r+0) TANS (7' e @ ') V2| [1eCOS" (7+0)°TA (r' o) (
“2ec, v Oyt V < pC, v OV VRV
L O ¢os(ree) . . o CO$(rea) TAN(y'+ 8')
["CO”("'"‘NZ"' "’)] = 14€OF (re@) TAN (7" 31 llOCO!’(r ou)YAN’ (7'01')]W
E AW $¢ 12 $
° ]u vcorte s T’ ] T i E etk 1 T
? : SNy v0) SN vee') : [—“%“'"Lmﬁ_'[‘ﬂ.
‘e you s e
i COﬂv-OM).COS(r'- S [I'CO!’ v: "N’"')] s 1e€OS" ¥ ¢ TAN ¥*
GRAVATY o ) w
O = GRAVITATION' L CONSTANT D, = MISSILE DAMITER = ATMOSPHERIC DENSITY
W = MISSILE WOIGHT ‘ G™ CHORD CORFFICIENT

A= NAVIGATION FARAMETER

4. The missile acceleration components due to thrust, chord,

avity forces are summed to obtain the X-, Y-,

commanded and gr
and Z-missile acceleration components.

§, These components are then integrated to obtain the missile velocity

components.

6. Finally, these velo'city components are subsequently integrated to

obtain missile position.

The remainder of this Section describes the gyro position and rate cora-

patations, the thrust computations, the chord force computations, and the
commanded acceleration computations in detail. Table 3-2 shows the portion

of the main program which involves the missile dynamics computations.
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Table 3-2. Executive routine showing missile/dynamics computations
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(Table 3-2, continued)
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(Table 3-2, concluded)
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Gyro Position and Rate Computationso

Because there is a time lag a)soclated with the gyro and the forward
tracking loop, the aimpoint location, "determined in subroutine’aimpoint, is
not tracked precisely by the missile. The actual value of 4; (aimpoint rate)
which is requ.-e¢ to command proper acceleration, is not fed into the guid-
ance unit of the missile until several time constznts later. This eftect is
modeled in the program by a simple one time constant delay, which is given

by:
. L] A . .'
boaw . Yatd t (TG)N" - Yo1d!
where, .
A = intégration s'tep size
J'new = precent gyro rate
:“old = previous gyro rate
¢ = aimpoint LOS rate
Tg * time constant of the forward tracking loop

Since the simulation uses a two-plane geometry, a computation for
is made for both the horizontal and vertical plane using the equation
described above, If the gyro rate computed from this equation becomes
greater than maximum precession rate, it is set to the maximum value.
The gyro position is obtained by an integration of the rate. Figure 3-3
shows the computations performed in this subroutine.

in addition to computing gyro rate and positior, thiz subroutine also
checks the missile FOV and seeker look 2ngle limits. If either of these
limits are exceeded, the program go=s into an abort mode and the point of
closest approach is subsequently computed along with the probability of hit.
Table 3-3 contains a listing of this subroutine.
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Gyro position and
rate computations
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Table 3-3. Gyro position and rate computation subroutine
.
SURRDUTING GVROLH® PO/ 99Ta1 P8 . 209300 ¥S/08/78 13,3007,
SUSROUT I SYROCHD(SIN,STOP o 8T o STP o ST INSTOUN S TN, STPN,SINUAK,ALP nirge bl
ol SHl ) ALPHAP JCAM AN OZLT LDy IV, S8, P35 ), V1 GYROZOu® |
1L AT, OELT) GO T2 P aYRnCaNe o
S1INeRLO GYROCON? ]
) 4139Me 120 GYRO%IRS &
1191111 GYROLANS 4
Ligd L 14) GYRICONP L]
? STINGSTINGNLLT/TAUS(STNaIING GYROCONP L R
! TPOSIONLL TSI AKI GO T 3 GvROCON® 1)
19 SIINSSIGNISTOPAY, 330N GYROCO®S 11
, 1 STOSNeSINPNONELT/TCU® (108-3T02N) GYROCOW 12
TFOTINON,LE, SINNAT) 50 11 2 GvRacowe 1%
! S1I%4sSICN(SI™AY,STINPN) CYRICING 16
} 2 SINsSINeSINuONELY GyROLON® 19
15 SI9%a T ONe ST APNSNELY Svrocowe 14
TFCAOSIST=SINI LT, FOV/2:) 5 VY § GYRoron® 17
MOLTE(6, N LI ] AL}
8 FOINATILY, L0HANIRT CONM NRLS o
WYITE(6, ) S1,8EN,F0/ niRLe ¥
0 C G PORMATELE G 34ST0, T2, 0907 048 e, 712,800,084 IVe,E12,.00 “irie 82
L2e2 GYRIZON® 20
N RETURN RIRICING n
3 1FCAOS(STO-SIoNI (LT, 70¥/2.) 30 T3 & GyROCOW® 22
WALTE(S, ) “R1e o
13 MRETF(8,18) SIP,SION,FY wnie (1]
V202 GrROZIw 28
y RETURN GvRorone 26
& IFCARSIGANIALONA-SIN) (LT,838/72.) 30 ) & d GYROCON? b4 4
WAL TE(8,A) "eye N )
10 WRITE(R, 11 GAMyALOHA,STN,CL wARLS s
- L2e2 GYRICAN? "
ruen GYRACANS 34
$ IFIAPSIGAMPIALINAS-ST I, LT.847241 33 7Y 8 crancom» 32
weirgis. s “iR1 S (14
1] MREITE(B,12) GOVP,ALPHAS, SIPY,S0 "R (1}
0 1¢ '0!1!'(ll.“!l’l.!lhﬁ'ligl'ﬂ!"l"!l!.l.ll.h('OVl'!llcﬂ LIT$Y ] (1]
11 PARMAT (1, AN (K120 Ay i To WAL PHAS T 2080 8¥o MNTING, T13, 600Ky THShu,y NARLS 50
of12.00 wRrie (29
12 FORNATILY,SHGATIE JEL 2.8y 80y P P 4808, 212,688 SHITP NG, E12,8,1¥, SHS MARLS 52
. *te,f12.4) niie s3
L2e2 GrRANONT 3§
o RFTURN cregrowe 3%
'L3) GYROCOWP 37
.
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Thrust

The propulsion system of 2 miseile is completely defined by thrust-
time history, specific impulse (delivered) and motor weight drop (if applic-
able) data. Figure 3-4 shows tiie computations performed in subroutine
thrust and Table 3-4 contains a listing of this subroutine.

The thrust-time, motor weight drop~time, and specific impulse-time,
profiles are stored tables in the program which are read in as part of the
missile filc data. The values of these variables are then found by means of
a table loakup.

It is necessary to formulate this force into its X-, Y-, and Z-accelera-
tion components, Table 3-5 shows the computational procedure for performing
thie operation and Figure 3-4 shows the equations used in implementing this

cumponent resolution, with the (G/W ) factor accounting for the conversion

new
of force to acceleration,

The thrust subroutine in addition to computing the thrust components
also computes the missile weight. The change in missile weight during the
thrust period is given by:

wnew = wold - (thrust/S) A - Wo

w = new missile weight
w = old missile weight
A = {ntegration step size
S = specific'impulse
W_ = motor weight drop at end of boost period (if applicable)
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Table 3.4. Thrust subroutine

SUBRDUT INE THR 78776 OPTsy rTu 4. 200308 08701778 11,3809,
SUBROUTING THREST,TL,STo9N 220, ALP4R, A . PHA®  THRUST (W, T 0ZLT, TX,TT FuR ?
12,60 ™R 3
OINENSION 2UL0),20¢L0) (1] [
OINENSION STLLRD ,TLILDY STCL R UNLN) TR [ ]
[ ] THRUSTeTAURIT,ST,TL) [ L] ¢
SefLURIT 5., 80 (L] ] 14
MO FLUR (T, ST, ¥0) e [}
WelloTHRUSTOOELT/S-NN ™R 9
sALoHM) ™R 13
18 S03GCPASNS (T (S)eALOHA) ™R i
[T LT auane [ 1]
200ANGAP IR SN/ g 1] [ 1]
/70€w THR 16
TV (THRUSTOSINGOA) /0L e 19
19 T2 (THRUSTOCASCPACTANGAPP) #DEN NARLS - [ 1
RETURN ™R A7
() ™R 18
4
*
!
J
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Table 3-5., Thrust vector components

-

- o oot s e ]

From geometry,

Now,

xy

Tx = TXY* cos (y +a) = sz* cos (Y' +a')

T E Txy* cos (y +a)/cos (y' +a')

T2+17 2412
x y z

2 2 2 2 2 2 Lir s
Txy*COl (y+a)+Txy*lin (y +a)+'ll'.‘xz * gin” (y' t+a')

xyz + szz* linz (y' +a')

T 2 2

+T
xy xy

T

172
[l + c:osz (y +a)* tan’ (y' +0')]

T * cos (y +a)/cos (y' + a')

- 1/2

1+ c:osz (y +a)* tlnz (y' +a')]

* sinz (y' ta') * c:osz (y + é)/c:osz (y' +a')

T = T *cos (y +a)
i D+ . 2y 'Tﬁ
cos” (y +u) *tan” (y' +a')

P 5 T * gin {y +a) ]
Y 2 2 17e
1 +cos (y+a)*tan” (y' +a')

T # cos (y +a) * tan (y' +0')

z r /e
_l + c:osz (y +a) *tlnz (y +a')]

p— .

R T
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Chord

The magnitude of chord force is given by the expression

where
P =
: cc =
w(DM/Z)z =

V =

&: 2
1/2 pC_r(Dy,/2)°V

atmospheric density
chord force coefficient (a function of mach number)
missile cross-sectional area

missile velocity

The atmospheric density (p) is modeled as an exponential function of

altitude and computed only once in subroutine initial.

The chord force coefficient is a function of mach number and is found

in the program by means of a table lookup. o
The missile velocity needed to calculate the chord force is computed in

the range and range rate computation subroutine.
The chord force is directed opposite the thrust vector and therefore

has the same X-, Y-, and Z-unit vector components as the thrust vector.

Figure 3-5 shows the overall computations of subroutine thrust and

Table 3-6 contains a listing of this subroutine.
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Chord subroutine
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Commanded Acceleration

Commanded Force

The commanded force results from the horizontal and vertical guidance
commands generated in the missile. The commanded force is based on a
proportional navigation system with navigation parameter. Itis assumed
that the missile has its control surfaces or flippers biased to account for
any lift force and t fly straight and level during normal flight conditions.
The commanded acceleration in the vertical and horizontal plane is given

by the expression:

Ar_ ¥
e Xy new
xn cos (y - Baaw +a) (horizontal)
b
%* e A*XZ%new . cuBIAS e

n ' 1 < :
. cos (Y - ¥ powt?®)
. where,

A = navigation parameter

q‘new' v new

"pnew’ ~l"new
a, O'

v v

Txy' xz
BIAS

gyro rates - horizontal and vertical

gyro position - horizontal and vertical

angle of attack - horizontal and vertical
missile body angles - horizontal and vertical
aimpoint range rates - horizontal and vertical

gravity bias term

The derivation of this guidance law is given in the following subsection.
To account for gravity bias missile systems, i.e., missiles which
have thair horizontal control surfaces biased in such a manner as to effec-
- . tively null out gravity, the vertical commanded acceleration includes a
gravity bias term, G*BIAS.
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BIAS is the variable which controls the amount of gravity bias the
missile is to have.

To compute the commanded acceleration, it is necessary to determine
;XY and ;XZ in terms of ; (the closing rate along the LOS). Table 3-7
shows this computation.

Figure 3-6 shows the commanded acceleration computation and also
shows that commanded acceleration is aarodynamically and structurally
limited,

The commanded force is limited aerodynamically to be less than the:
maximum lift force given in the same table to be l/Z*p*CNMAx*w*(DM/Z)Z*V
CNMAX is a function of mach number as incidated in the figure,

2

A limit is set in the missile's autopilot or guidance unit to prevent over-
maneuvering against the target, This is a g-limit and is designed by the
term A5 in the program,

The g;limit is a limit internal to the missile whereas the aerodynamic
limit isan external limit. At any given time and for any given missile, only
one or the other constraint will be dominant. These two limits represent
coustraints on commanded acceleration X(5), XP(5)) and are also the only
state constraints in the program. 3

The missile does not respond instantaneously to the commanded force,
There is a delay aszscciated with time for target information to go through
the signal processor and guidance unit and finally to reach the control surface
actuators. This delay is also modeled as a one time constant delay. The
resulting equations are:

x(s)now = x(s)calcl v TAE (Gl - x(s)old)
XP(s), ., = XP(S) ,, + T“; (GL' - XP(5)_, )
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Tab e 3-7. Range rate vector components

From geometry,

Now,

e

"
*ge

. 2
r

. 2
r

x"x = ;xy * cos (y) = ;xz * cos (y')

= r__ *cos (y)/cos (')

2 % cos? () + i-xy" *sin® (@) + 5 2 * sin® (¢)

s B2, . 2
- +rxz * sin” (')

Tk "’xyz * stn? (') * cos? (§)/cos® (y')

r

xy

1/2
[1 + cos® (¢) * tan’ (qu)]

r * cos (y)/cos (¥')

xz +1/2
[1 + cos® () * tan? (¢ )]
i' & i' * [} ] (4‘) l/a
x
[l + cosZ ($) * tanZ (¢')]
i . r * sin (Y) 7z
y
[l -I'cosZ () * tanZ (' )]
é r * cos (V) * tan (Y') >
z 1/
[l + cos2 (P) *» tanz (qa')}
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where,

Gl = commanded acceleration reqired (uorizontal plane)
'
Gl = commanded acceleraticn required {vertical plane)

X(5) actual acceleration at the control surfaces

Lt}

XP(5) actual acceleration at the control surfaces (vertical)

T. = missile time constant

The commanded fo-ce i3 in a direction normal to the thrust vector.

It's X-, Y-, and Z-vector components are:

Ax = -sin(y+a)* )((5)new -sin(y+ a)x )(P(S)new

AY cos (yta)* x(s)new

A

g = cos (y'+ ') * )(P(S)n.ew
Table 3-8 containsa listing of this subroutine. 1

The missile angle of attack is also computed in this subroutine. Oue
angle of attack (alpha angle) i3 computed for the missile in the vertical plane
and one in thehorizontal plane. Curves of alpha angle as‘a function of Mach
No. and normal force coefficient are generally available from missile speci-
fications. This data is tabularized into a two dimensional array of alpha
as a function of mach number and normal force coeffizient for use in the
program. The procedure for determining albha in each plane is to compute
the normal force coefficient, based on the achieved accelerations, and the

mach riumber and then do a table lookup for alpha.

Guidance Law

In summary, the guidance law implemented in infrared miscile auto-

pilots is generally of the form
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Table 3-8, Commanded acceleration subroutine

SUAROUTINE CIwxsacC T8/776  0OPTeg 779 V200300

03/04/7% 1%.%0,91,

SUSROUT INF SOMMALCIXS NOS 0T 4Gyt 908Ny NN, 16, CHAALPH,FHACH,ALPH CONNACES
SANALOHAP, A8, SR CNT, STUNSTR ¢, STIN,STIP4,R0VT,5aN,5410,0€.7,7S,014 CONNACCe

03 AN, AV, A2,79,7,CL) o

NTNENSTIN CNA 1100 ,AL M IL0,0),VICIA),SNTIM)
R[4%s01/100, .

0tas04/12,

TENPAS ( SORUACPIOC NI ® (OTA®O2A) /0. ® (VYN YND
CHoxXS/TEYS)

NP XPg/TENS)

YNNsYN/IFNACA

CNTENPR ARSI

SHOTENP S ARS(nNG)

CALL TNTORGLYMC A ,CNA, LY oA 049NN, CATEING, AL 40)
CALL TMTICOIVNS, A CNA L0, ALO4, VNN, CNPTE S aLoKP0)
ALPMASSTIGN (AL P U, )

AL2NAPR AL PHAPERAD
CNUANETLUZ (VAN V4%, INT)
CNASSINe NS (ST M)

TANSTPNaTAN(S IPN)

CASSIPNanASISTPN)

TENPaSAAT (1, oNOSSINS NS TWITANSIOINSTANCION)
/N7 Le=S00,

NI TX= 4NN (2007, R00TL)
RALVPOITX/TES

Q78 (¥NQTKCATSIN/COSSTION) /TC4P

YR ts

AP NG

NAsCNRAXSTEURS

llll!,

CSAsGANSINIOALONA
GCSAPICANP ST Ne AL PuL®

IFIGL.EV.0,) GO 70 8
CNREPSTLU2(1.8,V4C,CNT)

ANS (GUNOYNIS LI ON) SR UmA N/ TNREF

AP (GKISYNS STINON) SCNUAN/ENRIFISORTAR
GO ¥n &

ANs = (GKASOQYYESTIN) FCNRIGRA)

ANP (GO RINTESTOPN) /208 (GSAP) 050 NLAS
GCLoANTNL (NG, A0S (XV))

G1sS1GMIGL, V)

GCLOsANTHL (XGP,ANS (XN®))
GL2aSIGNIGLS, INP)

TFLY,CT, 7™ G0 17 3

N 10 ¢
ASBAYQELT /TS (GL=XS)
TFLANRIXS) LF o ka) 3N 79 3
ASsSICH (XA, 1K)
NOSIAPKINELT/ TR (51P-X0G)}
TFLARS(XOS) L7 XA 3A T) &
APSaSIGNIXA?  XER)
GAsGAMeLLOuR
GAPeGANDOALINAS

KOS IN(5A) < NOSISIN(540)
A¥s N8OS (%0)
ATsxPge NS (CAO)

[FTURN

(1))
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where,

>
"

commanded acceleration normal to body axis

y = 1LOSrate

X
"

navigation gain

Beca2use the navigation gain (K_) varies considerably with tactical con-
ditions (altitude, launch speed, target speed, etc.) it is difficult to decide
upon a fixed value for this constant when working with one missile only.

When many missiles are to be evaluated, as is the case of the missile,
target, and flare simulat;-n, this guidance law becomes too difficult to imple-
ment and can lead to a ... e variation in missile trajectory. In order to
avoid this problem, the missile, target, and flare simulation uses an ideal
guidance law given by

e & (yA-n:a 7o)

where these parameters are defined in Table 1. It should be pointed out
that this law is impossible to impiement in IR missile hardware due to the
fact that missile and target range rate information is required. However,
it does enable the simulation to remain generic and to evaluate inissile per-
formance under ideal conditions.

The guidance law of the form KS\L can also be implemented in the simu-
lation, particularly when statistical variations in missile trajectory are
desired. This can be accomplished easily by varying the navigation gain
over its range of values.

fhe commanded missile acceleration normal to the line-of-sight (LOS)
for ideal proportional navigation is given by

Ay = AV ¥

N C

Figure 3-7 shows the reference geometry and Table 3-9 defines the
glossary of terms.
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MASILE
PFOSTION

Figure 3-7. Missile and target
reference
geometry
1a actual practice, the commanded acceleration is directed normally to the
body axis and given by .
N Ary
T cosacos (0-y)

A

This relationship is the equation for inplernenting the proportional naviga-
tion law in the ideal case, and is presently the equation used in the missile,
target, and flare simulation,

From the infrared missile hardware point of view, this equation is
impossible to implement because range rate information is not available to
th~ missile. The equation generally implemented in the autopilot of infrared

raissiles is

A=K § (3-8)

where

AV
c

g " cos (Y-v o) (3-9)

K
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Table 3-9, Glossary of terms

V =z inertial reference axes

V.r = target velocity

Yp *= angle between target veloc.ty and inerdtal axis
v = missile velocity

=z angle between missile velocity and inertial axis
= angle between LOS and inertial axis

= LOS rate

= angle of attack

= missile body axis dizection
range rate along LOS

= missile/target closing velocity

z>n< wer Q €. <3
"

= missile acceleration normal to LOS

>
>+
"

missile acceleration normal to body axis

= navigation parameter

=
[ -]
"

navigation gain _J

The parameter Kg is set before launch and is a function of altitude, target
speed, and launch speed. This constant is normally chosen to be three times
the maximum closing velocity achieved by the missile during flight. This
ensures that the minimum value of the navigation parameter will be 3. The
values during flight will be higher, ranging up to 5 or more at the end of
flight. The constant value of 4 used in the simulation is an approximation

of the average value during an actual flight. This is somewhat optiwnistic

from the missile point of view.

3.2 TARGET EQUATIONS ;
The program allows for four different types of flight paths to be flown
by the target aircraft. These include: straight and level, circular turn,
straight acceleration, and turn and tangentiai acceleration.
All target motion is considered to take place only in the horizortai X.Y
plane, and the equations governing each flight path are given in Tables 3-10

through 3-13,
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Table 3-10. Straight and level flight
Equations
Vis:
£y
v =V cos
Tx 0 Yt
v v =V sin
~ Tyy Ty T YT
Y
S v v =
, x Tz 0
Table 3-11. Circular turn
Epeatinay
v.?
T u
M‘K s —rx
v.$
T u
v.r M g
Vo Vy. V, ® relerence axen (V, nut shown) e —nlx 2 -v;‘.;
= tuen radlux
v s total velocity of alrcraft In ny IfT *T,,. then
Tay planc M
Yp * angle between alecraft veloclty Y, * Vg
vector (ny planc only) and V‘
rclerence axla
Othe rwline,
w 3 rate of angular rotation of
alecraft In the tuen vp * \T(TM) + (T - TM)
o Vi Y t compunents of aircralt velocity
Tx Ty T» along reference axcs
v s V cow y,
M_ : Integral numbuee of p's that Tx Tuy r
R aircraft pulin in the turn .
Mg > 0 fos left tuen vTY : VT‘Y et
M_ < 0 for right turn
] Ve, - 0
TM 3 tlme mancuver begine n
s gravitational constant
T = time
3.32
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Table 3-12,

Straight acceleration

v‘l'ly

\

Yr v

A s masimum furward acceler-
ation of alecraft in g's

Vm(h) 2 maximum aircraft speed at
altitude (h)

VT s total velucity of atrcratt
.T s size uf integration step

Nate. Ail previous definitions arc
applicable,

Equations

VT- (new) » V.r. {uid) ¢ VIM
VTV (new) s v'l'y {nid) + VyA!

v'h'o

"t TM or VT ® VM(h), then

Otherwise,

(Note:r The target nunle of aperation is
changed {rony miiitary power to
afterburnce att s TM)

Vl . Amu cus yp

Vv ] Amu sin Y
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Table 3-13, Turn and acceleration

when
T < TM
g * 0
ley .08
T?> TM
p " radial companent of aircraft acceleration it Tia samnat msds ol Gptnatian i changsd

a, = tangential component of aircraft from military power to afterbarner att a T)..)

acceleration
1t

[Cimmm—— T ey Attt A Al i il Lo ittt e it s A g s

Equations VT 'va)
V.r"(now) 3 V.r"(oldl + V.r"gdc then
ypinew) s yo.(old) o.y 13 e
® g = Vi " %1 " A
Vie * Yoy vy
[ Y 3 .R M g
YT a r a2 ﬁ
V.!.y = V.!..y sln Yr Tay Txy
Il aot,
v'l't .
v‘l'ly LA
" M
v a
¥ Tay

The target altitude and velocity is an initial input into the program. The
target heading relative to the inertial axes is determined in the program by
miasile aspect angle at launch, The additional aircraft data required to effect
the maneuvers includes the maximum number of g's the aircraft can pull in a
turn, the maximum aircraftacceleration forward, and the maximum speed it
can obtain.

Figure 3-8 shows the basic equations used in the program to simulate
target motion. Target maneuvers are controlled through NAMELIST input
variables TM, AM, FMG. The time of initiation of maneuver is set by TM.
Linear acceleration AM, and target turns FMG, are input as the magnitude
of the acceleration(s) in terms of the number of g's. A positive sign for
FMG will generate a right turn and a negative sign a left turn, Table 2-14

contains a listing of this subroutine.
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Table 3-14. Target motion subroutine

SURROUTINE TGOYN 70276 ASTeg

FIN V. 200300 03701778 13.91.89,
SUSROUTINE TONYNIT T LT oA, 3 P NG UNIT N, X0, P4, U7,X9,XP), X naRLe (1]
70,450, 1PN, GAT) 16T0YNAY 3
TPIT.GT.TH) GO 19 § 7GTOVNAN [
17908, 16T0YNAY L]
LLLITS 16TOYNAY [ ]
109084, TG70YNAN ?
60 t0 2 1GT0YNAY [ ]

APOSANOZCOS(GLNT) «FNGPGOSIN(GANE)
N9 0 AN GOSINIGANTIVPNGGP203(5497)
o9 d,

XPsuzonrnensLt

LIRS ]

1PQu AP ADQOINEL T

TFIVEGT Y Aueg,

NEORQORPOIELY

NASKQONAONEL Y

IPAIAPQO NIRRT

RETURN

N

3.37

16TIvNAN 9
1% 10v4aN 10
1670YNAY 13
T6TIvNAY 12
T3TIYNAY 13
TCTIITNAN 16
1670 /N9 {8
16V Y4AY 16
{3 LILTL Y4
1670794 10
TGYOYNAY 19
TGT0YNAY 20

. PRSCIDIND PiGR DLANK.NC® PILIGD

Lt St b O el it 1 5 ]
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3.3 FLARE CONTROL AND DYNAMICS

Figure 3-9 shows a block diagram of the major computations performed
in this section. DBasically, the flare control portion of this problem is
responsible for determining the flare status (not dispensed, burning, or
exiinguished), the times at which flares are ejected, and the initial velocity
and position of the flares at ejection. The flare dynamics updates the flare

T RN T S

trajectory for those flares which have been dispensed and are still burning.

Flare Control

The flare status as indicated in Figure 3-10 is controlled by the variable
NM(k), with NM(k) = | indicating that the flare has not yet been dispensed,
NM(k) = 2 indicating that the flare has been dispensed and is still burning,
and NM(k) = 3 indicating that the flare has been extinguished. The flare
initial deployment strategy is also under the control of this portion of the

i " 5 "
2% gt Rl A ;. e

——— 5 24 I ’
o s et e et kg

i program. Figure 3-10 shows that flares can be dispensed as a function of
i (1) time after missile launch, (2) missile and target range, \3) time to go,
) and (4) missile and target range rate.

i Once a flare has been deployed, the flare's initial velocity is coraputed
. based on the target velocity plus the dispenser ejection velocity. This

d includes the ejection direction. The flare's position is computed based on
target position plus dispenser location relative to engine(s) position. A

! listing of this subroutine is contained in Table 3-15.

FLARE CONTROL PLARE DYNAMICS
E 1. DETERMINE EACH FLARE STATUS
] © NOT DISPENSED
: b o i) FLARES EJECTED AND STILL BURNING
3 ® BXINGUISHED ke ooy ; ":c.c!munon
' MISSLE/IARGE | 2. DETERMINE WHEN TO DEMLOY EACH FLARE & “Deripian G EERE TN ynociry
3 e ® TIME AFTER LAUNCH 91 2. DETERMINE FLARE WEIGHT
. ® RAINGE 3. COMNTE DRAG
® TIME TO GO b
& Aiveal M 4. DETERMINE VELOCITY POSINION
3,  OETERMIFE INITIAL POSITION AND
VSLOCITY OF EACH FLARE

Figure 3-9. Flare control and dynamics overview
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Fp0pmag = V1. T2 150] Yoy
0 cna® 4y [12100) - Voz
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Table 3-15. Flare control subroutine

me 70776 OPTey TIN Vo20030)

SUNROUTING FLACTRLINM N TGT T TP TTGC, TTSF SSN2, XF XFPy X, X2, TRURN

Q.VI'.V".V:'.Io.'o.')..ll..'.')'.la'Lo'.".'lor(

OTYENSION WI200 o ZCTI20,20, 770200 9SF1200 ) MFL200,XF LU, 0L
DINENSION XFO (L0 ,200 o X 1100, X100 VEFI200,VITI200,VIF (200 RELIL2M

DINENSION RF (200 ROFI20),7TGT¢ 200 20401
1PEN.CEQ. 210 GO TO 9

GO0 TO (2,80, 1900V
TFITP(NY (CT,T) A0 10 23

60 10 9

TPEATIND JLP.R7LELON) 6N T2 10
GO0 vn 12

IFIN.GCT.1) %0 TO 22

IFPLTTG) 10,1P,22
TPETTCPINELLELTIG) GO 7D 1)
iy

Neved

LILLSS
CTo2(PVIoSICNIPT/2. VIF M)
VT (N{oABSIVYFING)OrASIIN
VYS INToAASIVIF (M) ) *SINIST)

G0 10 29

IFeN.EN.1) 30 YO 21

20 § Xey,N

GO T0 (748,404 NW(I)
IPLETaTPIRId LT (TOUPNC ST 30 7)) 8
N (K)o Y

16riKy 200y

TFISSH2.EN.0,) CD YO ¢
TPLXPB IR ) L7 0,0 GO TO 3
MRITECO 100 W, Y

EOIMALL/ o 0N AMMFLARE NJUAEO TN 20, 22 42X TINSULISHE) 8T TI9C (76,3

1)

6H T 3

N -2

LTI TEY

16T (N, 2000

APLT ) 0 X 7)o VRP (L)

XFCY,K) o XTY) oVYF ()

PO (0, V09I eVIFIX)

AP (G KN 0 XD

AP (P XU A(P) oW AF ()

AT LIRS T IRS L)

APERNV0X AL OT0

KPP (6o NssXO(A) 0P

10(33W2,€2,6.) GO TO 3

URITELG AT X, T

FOUMOT (%o AN LONPLOYF NUSESR T4y 2X 1 7NTJIT 2TED AY TIwg
NRITE(8,6771 X

FOINATLOX, THNUNBER 2T0o 1%, 1047 4L SISITION

WRITEFIG OT6L NP6 Kl XFER,X) XTP L8, C)

MRITE(R,472) ¥

FORMOT(ON, PHNUNGER o T4 1 X, 2247, A€ INITIOL ¢ILOPITN)
NRITELO,67S) NFLP ol oXTI9¢) XT210, ¢

FOIMAT 2N, SHAFu, " 202X, INYTo FLD 0 20y YH2Fa, P19, 0)
FOINET (2N 4AYYF NS X CLAL O Y A AL LA Y L YY)
MRITE(A, 1Y) K,T
FATNOT (/70X LOHFLORE NJNAEY T4, 2X,17415NITE0 8T TINE
CoNTINUE

RETURN
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Flare Dynamics ’

In any missile, target, aad flare simulation, it is vital that the
trajectory time histories of the flares under consideration be known.
Tablz 3-16 shows the two forces acting on the flare, drag and gravity, i
as well as the magnitude of each. The following equation governing the '

trajectory time history can then be written:
g 1
Vi = ’('Z PA_Cp(G/WL)V Ve + G)

where

p = atmospheric density

e e e - ot s i e b s e

CD = drag coefficient

A, = cross-sectional area

WF = weight of flare :

VF = velocity of flare . ;

G = gravitational constant
. . ‘

The major u.ifficulties in solving this equation are that both the cross- T
sectional area and the weight arc time dependent functions, while the : !
cross-sectionai area is spatially dependent if the flare is tumbling (#s it 1
normally does). ' : ‘

To deal with the spatial orieutation problem, it is assumed that a cross- i
sectional area averaged over all surfaces will account for this orientation {

of the flare as it tumbles. Then, ihe cross-sectional area (SFB) presented
to the wind stream will be the average of longitudinal (A2) and axial cross

sectional area or

SFB =é.‘_§_-“?-.
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Table 3-16. Forces acting on the Kth flare

DRAG
veLociry
ouwvITY
MAGNITUDE

poace HORIZONTAL PLANE VERTICAL PLANE

GRAVITY ° WgK)

MG R LA
Wy(K) s WEIGHT OF Kth FLARE $,(K) = SURFACE AREA OF Kih FL * * NORMAL 10 VELOCITY VECTOR
V(K) = VELOCITY OF Kih FLARE Co * DRAG COEFFICIENT - :

Now consider cylindrical flares such as the MK-46, MK -49, and ALA-17.
Assume that the linear burn rate is constant, and that the area of the cylinde:
walls is much greater than that of the ends of the cylinder. Thir is a good
assumption in view of the shapes of the flares being in—estigated. llowever,
if the area of the ends of the cylinders are neglected and the definitions in the
sketch below are used, the perimeter surface area can be expressed as

SURFACL AREA

Alt) = 2wr(nl f10)

On the assvmption that the lincar barn rate is constant and that the
radius of the cylinder is much shorter than .hs iength of .ne cylinder, it
follows that dr/dt = constant. Tl solution .o this equation is

rit) = ro(l - t/tB)
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where

By * {nitial radius of flare

tB = burn time

If a similar expression for £(t) is assumed, which is not necessarily
the exact solution for this term but one that should result in an adequate

approximation, the expression for the f(t) becomes

Y = L (1 - t/)

For cylindrical type flares,

Al) = wri(t)

and

A2(t) = 2r(t)f(t) =

The average cross-sectional area is

2
sFB(t) = AL +A20) 1o (), Zr() (s

2
r
> [’L7_°—+ rot;](l - c/cB)z

The weight of the flare is generally specified in terms of both a total
weight (WFO) and a grain weight (WG). The grain weight is changing as a
function of time. If it in assumed for simplicity that the grain weight changes
with a similar expression as the cross-sectional area, then the expression for
the flare weight is as shown in Table 3-17. This table shows the basic com-
putations the simulation uses to determine the flare trajectory. Figure 3-11
shows a flow diagram of the computations of this subroutine including com-
ponent resolutinn of all acceleration, velocity, and position components.

Table 3-18 con.....s a listing of this subroutine.
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Table 3-17. Drag i

Drag accelerations: 1/2p CﬁﬁSF(k)Vz/Wv(k)

’ lo 2. :
Al 2 b
) = wro | :
p 1
A2 = 2r ¥ !
SFB = (Al + A2)/2 |

SF(k) = SFB (1 - (T - TF(k)/TBURN)z
2. Wolk) = WFO - wc.(n -(1-(T-T (k))/'ruURN)’-) !
L) F ;
il
(B
. !
|
!
' |
§
|
.‘
|
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SURFACE AREA COMPUTATIOM
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ACCELERATION COMPONENT RESOWTION
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Figure 3-11. Flare dynamics, Kth flare
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Table 3-18. Flare dynamics subroutine

SUBROUTINE FLROTN 676 DPTey PTN &, 20P00]

19

19

(1]
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4, ANGLE AND PANGE COMPUTATIONS

In this scction, the missile and target and missile and flare computations
are performed to determine angle, angle rate, range, and range rate. Sec-
tion 4.1 discuases the angle computations, and Section 4.2 discusses the

range computations.

4.1 ANGLE AND ANGLE RATE COMPUTATIONS

Tables 4-1 and 4-2 show how the angles between the missile and target
and their corresponding rates shown in the geometry are computed along with
the variable name associated with each in the computer program. Subroutine
MTGTANG in the program is responsible for performing these computa-
tions. See Table 4-3 for a listing of this subroutine. Figures 4-1 and 4-2
show the ccmputational procedures for these calculations in block diagram
form.

Figures 4-3 and 4-4 describe the angles and angular computations for
the angles between the missile and flare (l‘{th flare). Subroutine MFLANG
is used to compute these angular variables. See Table 4-4 for a program

listing.
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Table 4-3. Missile and targat angle and angle rate
computations subroutines
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Figure 4-1. Missile and target angle computations, horizontal plane
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Table 4-4. Missile and flare angle and angle rate
computations subroutine

.

SUBROUTINEG W LANG 0I00 APTe} TN 6,200V eS708279 13.31.098,
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4.2 RANGE AND RANGE RATE COMPUTATIONS

Figure 4-5 shows the computational procedure for determining the
missile velocity missile acceleration, missile mach number, the target
velocity, target acceleration, the components of relative position vclocity
and acceleration betwesn the missile and the target, and the relative range
and range rate. In addition to these computations, this subroutine also cal-
culates the miss distance and time-to-go parameters. There is a check in
the computations to determine if the range rate is postive after misaile thrust-
ing is terminated. This thrusting termination period is nominally set at
5 seconds. If this constraint is violated, the program goes into an abort,
Tables 4-5 and 4-6 contain listings of these subrottines.

Figure 4-6 shows how the range between the missile and an arbitrary
flare (Kth flare) as well as their corresponding rates are computed,

PR =T RS o SRS TR
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Table 4-5. Range and range rate between
missile and target sibroutines
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5. TARGET AND FLARE IRRADIANCE COMPUTATIONS

This portion of the program determines the irradiance from the target
and flare at the missile dome. Section S.1 descrivbes the target irradiance
computations, and Section 5. 2 describes the flare irradiance computations.

5.1 TARGET IRRADIANCE COMPUTATIONS

In determining the irradiance at the missile from the target there are
several majc: factors which must be determined as indicated in Figure 5-1.
First, the aspect angle at which the missile views the aircraft must be

determined. This is found from the dot product relationship.

V.r' r=V.rrcose
or

).(Trx-*‘.[.r rY+iTrZ=V.rrcose

where,

V.r = target velocity

r = missile/target range

Xoe 0 3

T Y10 X, Y, Z components of target velocity

T
Ty Fys Tz = X, Y, Z components of missile/target range
0 = aspect angle.

The target intensity data is stored in the program as a function of polar
angle. Once the aspect viewing angle has been determined the value of the
target intensity is found by means of a table look up on this data.

Data on atmospheric attenuation is stored in the program as a function
of range and black body temperature. Based on the aircrait tailpipe tempera-
ture and the missile/target range, the atmospheric attenuation is found by

means of a table look up.

5-1
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The irradiance from the target is then computed, as indicated in
Figure 5-1, based on the target intensity, atmospheric attenuation and
missile/target range. A listing of this subroutine is contained in Table 5-1.
Note: The EPICS program consists of ASDIR II in conjunction with the
SPKINT subroutine and M/T/CM. As we have just seen, M/T/CM contains
an atmospheric transmission file. Thus, when using ASDIR II (or aay
other program which generates spectral radiant intensity) it is important to
use a true (unattenuated) spectral radiant intensity.

If it is desired to use a different atmospheric transmission model, this
latter model must be used (in conjunction with target temperature, altitude,
range and optical waveband) to generate a new atmospheric file in the
M/T/CM program.

Table 5-1. Target irradiance subroutine

SURROUTINE TITIR Pe/76  OPYsg FIN b,.20°30) w9208/79  13,%1,22,
SUSAOUTINT COTIRINOT, VIV, 2IV, 07,0, 00, 02,8, 27,0 1ul, PaNG R4, TAU nanse s
T, 40, 719 T6T1R209 3
NIGENTINN RIUTLIA) (PANGIYE) RN (L0, TAUTIIY 1671249 L]
UPSH2014,%1, 320048, 324000 1GTIRRAD [ ]
] Q5= (RXCADTIATOVATIRZOPAT) Z(R°VT) 16710249 [
IFCARS(8)oGT,1.) S0 TO T - 1GTIRAAY) ?
(LI () ;l'gil:; :
2 AsICNIL. 0 GTIRY
] Illll‘.ONI;'ll!.I'l YIRCAD 1)
18 VINTVSTLU2CAT ,PANG,*INT) 15710040 13
TAUSSTLU(R, A6, TAUT) TCYIRRA0 12
WIS (TAUSOT INYOuRCHD) /LO0T) 16710087 1)
R TURY . T6TIRARY &6

(4] & TeTIRRYY 1S

5.2 FLARE IRRADIANCE COMPUTATIONS

The program allows for two options in determining the flare intensity
profile as indicated in Figure 5-2. Option 1 uses a table look up procedure
for determing the flare intensity as a function of time, This procedure is
generally used when dynamic, in flight intensity profiles are available for
altitude and windstream conditions at or near those being considered, When
no dynamic, in flight data exiets, option 2 can be used to generate an intensity
profile which accounts for altitude and windstream degradation factors.
Basically this model consists of four factors. First, a peak flare intensity

 value (REFI) measured statically and referenced to the 1.7-2, 7u band is
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required. Second, the variation in the flare is burning surface area as a
function of time is required. The expression shown is for a cylindrical type
whose linear burn rate is assumed to be constant, (See reference 1.) Next,
the factor

V term - VF (K)
exp B accounts for

! .

altitude and windstream degradation. This is an empirical expression found
to curve fit measured, dynamic flare data quite well, The term V term
represents the minimum flare velocity and is determined from trajectory
parameters in the initialization portion of the program. (See also Fifth
Quarterly Report, IRCM Simulation Study). Finally, the term FIBAND is
used to proportion out the flare energy in the missile band being considered
relative to the reference band (1.7-2. 7).

Once the flare intensity has been determined, the atmospheric attenuation
is found by means of a table look up, and the irradiance value is computed. A
listing of this subroutine is contained in Table 5-2. ]

Table 5-2. Flare irradiance subroutine

SUSROUT INE FLRI® Pa/?s  OPTsy 19 4, 20039) 03701778 19.31.87.
QUCROUTINE FLRIRIT,TFoRELF M, VF o 08 o 4F JTIPT, TIN, JIN, FINAND T N0  RARLS “w
0,FSF REFT, TAURY, VIERYT,RY5,TAIF) FLRIRRAY 3
REAL J¢,J1% FLRISRAY &
SINENSION PIAANDIS) JVTERD(23) (PSP I2I) o RYGILD) ,TAUFC(LD) FLRIALAY S
s OISENSION TF (200, RELT (8, 26D oVFL23D 3 I (20 oMT (20D PINCLAUI o ITNCLADD) FLRISRAY &
WOSH2O114% (o 32004%,32008) FLRINAAO P
nn g Keg,w nelmAY o
e t=TF (K} ARIARAD @
$PUT06L T TAUPNC 1) 30 T 8 FLRIRRAD 1€
10 I FLRIRRA) 13
€1 10 ¢ neIteal 12
¢ Asg.eTHITAURN FLRIRRAY 13
6O 1A (1,80, InPY FLOIRRAD 14
3 JEIRNOTLURIT,TIN,ITNIOFTALNICTINON) *# 3 (K} FLRIRRAD 1S
13 60 1A & FLRIRRAD 16
o IPCCUTTRICR) =VP (D) oGl 0.0 63 T2 7 FLRIRRAY 1V
PRI SREFTOACASTAPL(VIERI(CI=VI (X)) /38,0 PFTIANICTANIN /199, 0FSP Ik FLRIRRAY 1A
" FLRIQRAD 19
0 10 ¢ . FLRINRAD 20
20 P JFIRIORIFIOACASFTAAND (TININY 71331780 ¢ Q) nRgeRAd 21
6 TAUSTLUZIRELE (7R oRYG, TAUFH SLRIQD T2
HECRISTAUS JF (XD OAPEN2/ (RELFIP (I PRE.F LT, 40D FLRIRRAD 23
L covTINue FLRIRRAY 20
¢ WTURN FLRTHLAD 23
1] ™ FLRIRRAY 20
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6. . AIMPOINT DETERMINATION

The primary functions of this portion of the program are to
1. Determine which infrared sources are within the missile FOV.

2. Determine which of these sources within the missile FOV have
irradiance levels above the minimum detectable.
t

3. Determine the missile aimpoint, on the basis of the missile's
signal processing and source irradiance levels -- within FOV and

above minimum detectable.

Figure 6-1 describes the computational prccedure for determining the
aimpoint in block diagram form. A further detailed description of these
computations is contained in the following paragraphs. A listing of this sub-
routine is contained in Table 6-1.

Table 6-2 shows the equations used to check which ignited flares are
within the FOV of the missile and they are stored in an array NF(J) for
further aimpoint processing. Similarity, the target is checked to see if it is
within the FOV and the information on whether it is or not is stored in the
varfable KT'. : ’

The total number of flares in the FOV is indicated by the variable LT'.
The sum of the variables (LT' + K™') indicates the total number of IR sources
in the FOV. If there are none, then the program will go into an abort mode
due to the fact that there are no infrared sources in the missile FOV.

If there is at least one infrared source in the FOV, the program deter-
mine which IR sources have irradiance levels above the minimum detectable
by the missile. The flares which meet this criteria are stored in an array
NF(J) for further aimpoint processing with their total number ir the array
being indicated by the variable LT. Similarily, the target is checked to see
if it is above threshold level and the information on whether it is or not is
stored in the variable KT. If the sum of these variable (LT + KT) equals
zero, then the program will abort due to the fact that there are no IR sources
within the missile FOV abuve threshold value. If there is at one source which
meet. this criteria the program will then determine the aimpoint.
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Table 6-1. Aimpoint determination eubroutine
SUBANUTINT <2 anet  2a/7%  0PTsg TN 4,20074) 09701778 33,0123,
SUARDUTINE NALANPT(RF 270 2,10, RELE, REL 4MT o4, o HF (N NF KT, 7,81, %aR39 re
00, SIN,SI0®, 28, @ANT,FOPLI,MTY,. L") nLatee? b §
OIVLNSIIN TUIA) S TOC80) o PP U4 200 (2FPUT, 200 ,RILIL2D,ATLP(4,20) asLatHer
STVENSIIN uO (T2} ,NPI20),%P(20) LA ey S
] TPETLGT,0,) N 19 23 wsLatel 8
e nsLAlNer 0
LI LIAD wgLAINe? 9
23 L Y200 wsLatner 9
TFEN.NELL) 30 T 2 wsLateer 49
10 ¢ 10 22 nsLatuet gt
? N0 { Xej,v wsLatuer 42
IPEUARSIIFEL XD oST) LEPAV/R,) o AYD  (ARSITFPLIL K)aSIP) LT, TIV/2.0) ASLATNDT 43
*50 A o asLALwRT g0
GO A 3 wsLALePr 18
18 DL LTS LT3Y ASLATINT 38
NP ILTP) 0k mLagner 47
1 Shvrinue rSLALINOT 14
22 TFULARS U3 «RT) (LEFOV/2.) o 0D, (ANSEZ2 (NI IPILF.TAV/2,)) O TO WSLAINSY 14
*9 niLauer 22
0 [ JR2 1] L8841 4) 21
50 1a o wiLateer g0
s K1esy nsLazeer 23
8 IFEILTPOXTI) (uF,0) 6 79 7 wSLALVRT 20
WRITEIG. D) 7 ESLAINPY 28
2 3 FOINATL/ 2T, VVHNA 19 FR058TC T4 THE TIV AT TIAE ,7A,0) nSLAINPT 26
WRITE(R,70) LTO (T® “aie 9
20 TARMATLL,04LTO8,11,04<T0e, 1) naR; 9 "
L2e2 NSLAINPY © 24
wrnen WSLALWT  pe
[ ? LT wsLAINOT S0
xtsd nsLaleeT gy
“er esLater 92
uen wsLageer 33
JT4eg WSLATHPT T
1] N0 & Jog,Lte wSLALPT V4
TFILTP.EN.8) GO TR § ey 82
a7 (L) wsLAINST 7
IPUAF (HD (LT, HNIND) GO . ) & wsLater 34
LTsLTeg wSLAINST 3@
N wrLTIey neLAIWP 4
N qoenE(Y) wsLAlNY [
T UM GGTMPIN)) GO TN & asLaIPT 82
nL o P () wSLALNPT &3
JTHen wSLAINDY &b
. O IPIKIO N0 1, ORNT, LT NATY) GO T § WSLOINAT 48
<tey WSLATWOT 08
A contrwue wsLAlNe? o7
TPLE " okT) .0 %0 T 19 ALATNPT &9
uPLTELS,21) nILAINPT o9
Ty 28 FORNAI(/, 20,2040 TR SAURCES B09YE T4REINOLY) nsLAINer 99
NRETE(R,29) LT LI®, KT, NI ,NdLY nirLe "
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Table 6-2. Missile FOV

1. FLARES IN THE FOV

v jemen] s B :
AND
el 5 5

THEN, N'(J) =K

Ngl) @ ARRAY STCRING THE FLARES WHICH ARE
IN THE FOV
LT = TOTAL NO. OF FLARES IN THE FOY

2. TARGET IN THE FOV

¥, |.' W% ‘ < qu
ANO
|'°'A" s l%l
THEN, KT=1 OTHERWISE, KT =0
The aimpoint type can be based on
1. geometric centroid
2. irradiance centroid

3, maximum irradiance

of IR sources within the FOV above the minimum detectable irradiance level,
In general, con-scan, FM signal processing missiles are max irradiance
trackers and spin-scan AM signal processing missiles are irradiance
centroid trackers.

The aimpoint determines the angles \PA, 4:‘&, angle rates, \LA’ :DA and
the range rate x"A which represent the direction, direction rates and the
range rate from the missile to an apparent target within the FOV. The equa-
tions used to calculate ¢A, uhA, \LA' \PA and r, for each aimpoint condition
are shown in Table 6-3.

These aimpoint variables are fed back into the dynamics portian of the
program to determine gyro position and rate and ultimately to determine the

missile guidance commands.
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7. CLOSEST APPROACH COMPUTATION

This subroutine is called when the missile no longer has a source within
the seeker FOV, The missile and target trajectories are projected foreward
in time, assuming missile and target accelerations remain constant, at the
last value, before loss of tracking.

Figure 7-1 shows a block diagram of the computation. The trajectory
is projected forward until the missile passes the target (normal termination),
begins to diverge, hits the ground, or exceeds the maximum missile lifetime.

The computed time to go (TTG) is the time remaining to closest approach
assuming constant missile and target velocities. It is equal to the projection
of the range in the relative velocity direction, divided by the magnitude of the

relative velocity., Table 7-1 gives the closest approach computation
subroutine.
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Figure 7-1. Closes




UPDATE RANGE
AND TIME

Yar iy
REL’ “REL RANGE = 5 g V2 ¥ DT=T1C NORMAL TERVINATION
T 1 ew e Vi * A e outRT
Tetop?
MISSLE AND TARGET DIVERGING
RANGE 2
uNG{oLD) MISS = RANGE ‘OLD) "W‘M i
lyy ©OLO) vwiss
sS
Mmiss
7> TMAX MISSLE LIFE SPAN EXCEEDED vE 10 GO
WA 2
" MISSILE HIT GROUND
(Zagy - 295 0 ,
outnRT
4
— z'

Figure 7-1. Closest approach

computation
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Table 7-1. Closest approach computation
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8. PROBABILITY OF HIT

It is necessary when evaluating thousands of computer runs (1) to use
the probability of hit (PH) as the only measure of effectiveness in the simula-
tion and (2) to have a simple means of computing P, 80 as to keep overall
program complexity and computation time to a minimum. The approach
taken here to calculate Py, utilizes the following assumptions and definitions:

1. The missile aimpoint is located at the geometric centroid of all the
aircraft's tailpipes and thus the point of missile closest approach
to the aircraft is relative to the tailpipe.

2. The tailpipes of the aircraft are symmetrically located about the

vertical and wing axes of the aircraft.

{ 3. The point of closest approach of the missile to the aircraft is defined
to be the warhead detonation point. '

4. Warhead detonation inside a volume defined by the aircraft dimen-
sions will have a probability of hit (PH) equal to one.

5. If the missile is a hit-to-kill missile, a detonation outside this
volume will have a PH = 0.

6. For proximity fused missiles, a warhead lethality zone around the

aircraft volume will be assumed. '

7. A warhead (proximity fused) detonation outside this iethality zone
will have a PH = 0. A detonation between the two zones will have PH
linearly proportional to the detonation point distance from the aircraft

volume,

The missile, target, and flare simulation program provides miss distance
information in inecrtial coordinates, therefore, it is necessary to perform a
coordinate transformation to obtain the miss distance in terms of aircraft
coordinates. Figure 8-1 shows the equations used to perform this transfor-
mation with the coordinates of the miss vector being (XMISS, YMISS, ZMISS) !
{n the inertial system and (XRT, YRT, ZRT) in the aircraft system.
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HET = MMISCCON Ty - YMISSC BN T
VT s XMSS®SIN 7y » YMISS ® COS n
DT = 2WsS

Figure 8-1, Coordinate
transformation, inertial-
to-aircraft coordinate

The aircraft coordinate system has the X1 and Z axes along the
longitudinal and vertical axes of the aircraft and Xt axis along the aircraft
wing. This coordinate system shown in Figure 8-2 has the tailpipe at its
center and the aircraft dimensions defined relative to this point.

For proximity fused missiles, a warhead lethality zone around the air-
craft volume is assumed. This zone is simply determined by adding to each .
aircraft dimension the warhead's effective kill radius (Mp).

If warhead detonation occurs within the aircraft volume, PH = 1is
assumed; if it lies outside the warhead lethality zone, PH = 0is assumed. If
warhead detonation lies between the two zones, PH is assumed to be linearly
proportional to the distance from the outer boundary of the aircraft volume to
the detonation point. For the case of hit-to-kill missiles, the missile effec-

tive kill radius (MR) is set equal to zero making the aircraft volume and war-
head lethality zone coincident.
The equations and logic required to implement this calculation are as

follows: F i
It (Xy + Mp) SXRT and XRT s - (-Xpg + Mp) {

|
Then, P,=0

X




DEFINITIONS

X\ @ LONGITUDINAL DISTANCE
FROM TAILMIPE TO NOSE

Xy @ LONGITUDINAL DISTANCE
FROM TAILPIPE TO TIP OF TAIL

1Y, § WINGIMAN
12 £ AICRART HUIGHT

e -t e -

TAILPIPE CENTER OF COORDINATE SYSTEM

Figure 8-2. Aircraft coordinate system

i -(xB) s XRT = xN
Then, Px =1
i XRT 2 xN

(XN + MR) - XRT

Mg

Then, PX =

(XB + MR) + XRT

Otherwise, P, =

X Mp
If ABS (YRT) 2 (Yg + Mp)
Then, Py = 0
If ABS (YRT) =Yg
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Then, P

y =1

- (Ys + MR) - ABS (YRT)

Otherwise, PY M

R
If - ABS (ZRT) 2 (ZS + MR)
Then, Pz =0
I ABS (ZRT) s Zs
Then, Pz =z ]

(ZS + MR) - ABS (ZRT)

Otherwise, z* ™M

R

~

Finally, PH =P

M Sl

Figure 8-3 shows a block diagram of these cox:nputationl. Table 8-1 gives
the probability of hit subroutine.
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Table 8-1. Probability of hit subroutine
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9. SPECTRAL INTEGRATOR #‘

In order to utilize the I/R target signature generated by ASDIR II* (or
any other computer program which can generate apparent spectral radiant
intensity .I)‘T)‘) it is necessary to integrate J,T, over the optical waveband of
the missile simulated in the M/T/CM program. This integration is azcom-
plished by use of an auxiliary routine SPKINT, which can integ>ate over any
desired spectral region of the ASDIR-II output (maximum of 50).

Two options are available in SPKINT which car be selected at run time
and extend the .ciuiness of this routine. These include:

(1) An atmospheric transmission table can be read in at run time and

used in the integration
(2) A spectral filter can be read in and applied to the integration,

Using the optional atmospheric table and/or filter table, the integrated

J)"l')‘ can be determined as a function of range or, if these tables are omitted,
the values of J,T, as a function of range from the ASDIR-II output are used,
Figure 9-1 is a block diagram of the SPKINT program and Table 9-1is a
progsam listing.

*
Stone, C.W., Capt, USAF and Tate, Stanley, Planning ASDIR-II (Vols I, 11,

I111) Deputy for Development, Aeronautical Systems Division, Wright Patterson

Air Force Base, Ohio, ASD/XR-TR-75-1, January 1975,
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¢ NO. OF NANGES
O INTEGRATION WAVELENGTH LIMITS
O FILTER AND TAANSMISSION OPTIONS

PARAMETERS

IFLY >0
USE FILTERED
DATA

*OPTIONAL FILTER

FILTER
-

OUTPUT ALL

FOR EACH
RANGE

UnaL = [y ama P
* OPTIONAL TRANSMISSION TABLE

Figure 9-1. SPKINT flow diagram
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Phe

33,
30

26
37.
.
29.
1.1
(3¢}
L} I
43
[ Y Y8
(1.1
86
47
880
49
50.
S1.
82¢
83
LT
8%
Sée
87,
1.1
959,

Table 9-1. SPKINT program listing

COMMAN SFSM(80)s SFTS(50)s TAIS(S50)s WA(670)s TRAN(670)s ATMID(3),
TWT(670)s X(300)s WLA(SO)s WLB(S50)s TEF(S0)s AIRR(SO)
SATANR(67G), TEMTARI%AY0), OSR(670), USwL(1C.), OSRY(100),
S78(200)s WYG(10030G0)s TAR(100300)2 ANAM(G)s LABEL(10+20)0
NFREU(30)2RA0(10)oFTAR(10,300)

r
C INJTIALIZE DaTA
¢

INTEGER JNITY,SAURCE

REWINO %) REWIAD &) REWIND 7

REWIND 10

Pl o 3033199

858 READ(5,30) NSRG, IDSRY,NPRTY, MPRTV, XPLTYXPJTAU, ITAUW, IFLT,

SUNITY,SOYRCE

IF (NSHB.ERO) STOP

BUTPUT NSRO, JOSHT,NPRTY,, ITAUN, IFILY

Cc
C WEAD NTAU, LACEL, INPUT PARAMETERS
(4
IF (UNITYe£Uel) MEAD(S,8) NTAY) wRITZI(3,5) NTAU; G8 T8 ¢
IF(ITAUNGTe0) READ(S5,5) NTAV
IF(ITAUMOLECQ) READ(I,8) NTAU
L] FORMAT(81S)
¢ CONT INUE
BUTPUTY NTAY
READ(S,1C) (ANAM(]), 1e1s6)
10 FORMAT (20A8)
WRITE(6220) (ANAM(L)s [el06)
20 FORMAT (1M1/732X) INONEQUISPACEO SPECTRAL INTEGRATON//88Xs 'CABE /0
axsbARZ//)
IFLITAUNGTe0) REAO (D) NFREQ(1); REAO(I) (wA(l),TRAN(I), I o §»
oNFREN(1))) GA T8 29
2%  CONTINUE
Ndl oNFREQ( D)
WRITE(10,10) (ANAM(])) [el,6)
WRITE(30,20) XPLYY

c
C WEAD INTEGRATISN LIMITS (5 PAINS/CARD)

READ(5050) (WLA(I)s WLB(1)s le3aNSRQ)
$0 FORMAT (10F640)
c
C REAQ TARGETS (FILE 7, SYARE FOR PLOTS ON FILE 1C
L READ(7,ENDe36) XT, (LABEL(XT.s1)0 1 & 1,20)0NPREQ(XKT)
XYY o KXY
IF(XTe0T010) BUTPUTINGs BF TARGEYS EXCELOS 10') STOP
IF(XTeLECO) BUTPUT ING TARQETS!) STOP
BUTPUT KT,NFREQ(KT)
SUTPUY 1000000000000 000000000000000000000000000000cannass’!
NTLYe NFREQ(XT)
00 60 I o 1oNTLY
QEAD(7) wT0(XTol)s TAR(XT21)aFTAR(XT,])
30 FORMAT(2a13)
IF(IFLYGYe0) TAR(KTYs]) o FYAR(XT, ) =
e0 CONTINUE
REAO(7) FMAD(KY)
IF(INPRTIY NEoO) wRITE(0,209) (LABEL(XTs1)s 193,20)
JFINPRTYNECQ) wHITE(62212) (WTO(XT2L)aTARIKTSL)alug)NTLT)
209 FIRMAT(204A0)
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0010
0020
0010
0040

300
310
220
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320

360
70
k11.}

400

Mo
426
420

430

€30
8a0
850
560
$70
980
$90
600
610

870
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(Table 9-1, continued)

600
(3%
620
83
[T
68
(11
(Y
(18
69
70¢
73
78
7%
78
78¢
76e
77
78«
790
80
81,
82
83
| 1D
8.
8he
87
88
89
9C.
91
920
93
1 1Y
95
96
97
9Re
9%
1000
108
102.
103
10480
108
106
107.
108.
109
110e
1110
118
113
1140
118
1160
117
1180
119¢

212 FORMAT(LOMTOT LAMBOA ,11X,8M TGT 20X, 1707 LAN3OA!, 11X, ! Ta7¢/7(8X

9%
13

40

0sFT0000Y,E8200010X0F T0000X0E3204))

’u.'"." '.. \........E..-...................................'
IF(XPLTY.EQeQ) GO TO S&

18 ( (KT oNEol)eAND, (SOURCE,0T,0)) QOTE S&
WRITE(10,10) (LABEL(XTod)o J & 1,20)

WRITE(30,55) NTLTs (WTQ(KT)J)sTAR(KTaJ)s J o §2NTLT)
FORMAT(18/(6E4208))

CONTINUE

aé 18 38

CONTINVE

XY o X7V

1F (SOURCE«QTeQ)XTe

WRITE(4s40) NTAUs KT NBRG, XT

FORMAT(A]1S)

WRITE(0sa86) (wLA{D)o4LB(1)s | o $oNSRQ)

488 FORMAT(10F000)
C REAO DETECTOR RESPONGE (OPTIOBNAL)

(4

70
7%
A0

§F(10SRT.£QeQ) 39 TO AQ

READ(S»70) (OSwL(1),08AT (1), 103, 10SKT)

FORMAT(S(Fbe3,Fbed)) e ; {OSRT

WRITE(0075) (OBWL(1)208RT(1)s le)s )
FO:HE;11“027£70'1"67'02630'1N’U 'Iloxo'HIVCLLNGTN'OIO'O'0lY!CYOR
oREBPONSE ¢ /7 (03N2F T80 25%0E1505))

CONT INUE

(4
C maAIN  LOAP OV VYAV

c..............................

s
20

08 SO0 JelsNTAU .

IF{UNITY.EQel) READ(S,2) ATMIO, MOsHS,BR,0VIN
IF(ITAUNGTe0) GB TO {11

IF(UNITYNEeg) GO T8 &5

NdlL o NTLY

00 81 1egsNTLY

TRAN(I) o $00

wWA(l) @ wTd(La 1)

FONMAT(300,8E3003)

WRITE(3090) NwLsAT*IO, HC)MSs SR, OVIR

NM o NKWL/S

l'(NdLOOYo(NHOS)) NMeNMey

MAeg

nBeS

08 A2 nNBelsNM

WRITE(3095) (WA(MC))TRAN(MC)s MCe MA,NMO)
WA o MAeK

4BemMBeS

90 YO i1

REAC(3:90) NWLATHIOsHO»HS» BRI OVIR
'9.“IT(1503‘305!0"020OXAVQOIOSXAVQOOOOXAFQOO)
NM ¢ NWL/S

IFINWLeOTo (NMeB8)) NM o NMeg

¢
C REAC WAVELENGTH<TRANS, TABLE

(4

”

“h o §

“l o8

00 100 Mwb e $aNM

READ(3295) (WA (MC)oTHAN(MC)) MCemloMB)
FOPHAT(S(FAe®Fboa))

780

770
780
790
800
810
(1 {]
830
(17]
850
860
870
880
%0

08%
08%
(.13 ]
089
0902

0904
0906
910

930
32
33
”n
9.0
%0

970
90a

P -




120
1210
12¢
123
124
12%¢
1280
127,
128,
129
130
131,
132
123
1340
135,
136
37,
138
139
1400
18]
140
1430
1840
18%
1860
187
148,
149
180+
161
190
193
164.
185
188,
187,
19A.
159
1600
161,
162
163
1600

168

1660
167
168
1690
1700
171,
172
173
1780
178
176
177
178
179

(Table 9-1, continued)

100
111

110

120
130

MA o MAeS

"G o MBeY

CONTINYE

IF (MPNTYNEoO) wHITE(64310) Jo (WA(T)0 TRAN(I;s lal,Nil)
FORMAT (141713, 30K, 'INPYUT WAVELENGTH VEo TRANSMISSION 1/7/(0(F1000,
et (U)'eEL10e8))

WRITE(10000) KToNNL

IF(INSRT.EQ.0) GO TO 130

00 120 lelsNwL

DSR({1) o TLU2(wA(])sDOSul ;0E®T)

CONTINVE

c
C LOOP ON NUMBER OF TARGETS
C

132

138

140
150

198

170

178
180

190

ey
LIF(SOURCE«3Te0)K0}
NTLT & NFREY(K)
WRITE(10010) (LABEL(Xsl)s 103,20)
QUTPUT UTG(Xs1)owA(1)owTAIXINTLT) o WA (NUL)
QUY'UY 10000000000000000000000000000000000000%000000c0®senl!
IF(NTB(K, 2oL ToWA{ L)) BUTSUTILON END BF TUT LESS THAN LAMBUA(1)Y)
*30 TA 30n
TP (ATA(XNTLT ) oGToWA (NWL) JBUTPUT tHIGH END OF TGT GREATER THAN LAM
oBDA(NWL) 1) STOP
$F (UNITYNEol) GO TO 138
00 132 Je1oNTLY
TAT(]) o TAR(K,])
K3eg pKdaNTLT
a0 1o 158
CONT INUE
00 140 lei,NTLT
$TA(L1) o WYG(Xe!)
TXI]) @ TAR(K. D)
DO (S0 lejaNWL
TUT(1) o TLU2(WA(L),ST@NTX)
Wl e WYG(Ks1) ) W2 o WTG(K,NTLT)
CiLL SCRIPT(WLsWRIXIoKApWA)NNL )
SALL TRAP(XI KA, WA, TaT,SyM)
AJMAX o RAD(K)/SUM
WRITE(4,470)
FORMAT(///30X) 'FRACTION OF TARGET PLUME IN SANDI///80Xs 'WAVELENGTH
o REGION®, 7Xs tF JTGY/)
00 180 le1,M8KQ
Wi o WLALD)
w2 o WLB(D)
CALL BCRIPT(W1sw2,KAsXKD, WA NWL )
CALL TRAP(KXA, KB, WA, THT,3YNT)
SFTS(1: o BUMT/SUM
WRITE (G2 173)nA(KA) oA (KS)2SFTB(])
FIRMAT(50XoF 6030 'oT00t)F8e00XsEL2:5)
CONTINVE
98 190 lelsNwl
AJMAX ® (o
TEMTAR(L) o TuT{(])oAYMAX
09 200 lei/NSRQ .
He o WLA(L)) w2 o W B(])
CALL SCRIPT(W1,W2)KAsXBsWANUL )
CALLTRAP (KAsXByWA) TENTAR, BUMF )
SFSM(3) oOUNF
IF(SFEM(1)ebLECD) SFON(L) o 10

9-5

990
1000

1010
1020
1030
1030
100
1032
1033
103
1040
10%0
1060

1080
1090

1100
1110
1120
1130
1un
132

113
1138

11%0
11%0
1160
1170
1180
1190
1200

1290
1300

1320
1240
1250
1260
1270
1200

1330
1340
1380
1370
1390

1410
1020
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{(Table 9-1, continued)

1800 D0 210 leloNwl 430

181 TLUTAR(I) o TERTAR(I) o TRAN(]) 880

182, 210 IF(INSAT,GTe0) TEMTAR(]) o TLMTAR(])eDIR(IY 1630

183 wRITE(6:219)

1880 219 FORMAT(1X)

188, WRITE(6,220) ATI0,NO,HS,SR,0VIR 1460 =g |
186¢ 220 FORMAT(22X034807X0 M0 & 'aF 80200 M,SXs 1S © '9FBe2)! M1sBXI10R o 1470 i
187 0'9FRe00! 18X yR o 19F8e00 ! XM/} 1489 {
18R « WRITE(60230) RADIK)pWTO(Xo g )oWTGIRINTLY ) (LABEL(Xo1)0]01020)0AJMAX 15¢0

189, 230 TOMMAT(ISX,"HAD ® ',012,0,' IN THE wAVELENGTM REQION?,P 8.0, TOY, 1910

190 oF80ks! MICRUNS //718Xs ' TARGEY TYPE IS 1,20A8//718%0'JSCAL o 'E8200/ 1820

191 ®//) 1830

192. IFP(SR.E0,0e) WRITE(60235)) GO YO 200

193 235 FORMAT (/12X 'wAVELENGUTH REQIUN1,10Xs 0y TAU210Xs 1TAU EPF 10 10X ' TAY 15%0

194, o (TOYAL',9X/716X, ' (=JCRINS//)

198 uRITE(82200) 1860

196¢ 200 FOMMAT(,12%) 'MAVELENGTH REGION1,10Xs 0J TAU910Xs ' TAU EFF 110K, ' TAV 1930

19%. o (TOTAL) 129X, t INNAQTANCE /1 6Xs IN(MICRONS)//) D 1860

198 200 WRITE(100205) (WALI)oTEMTAN(I)s | o 14NaL)

199 208 FONMAT(SELe0e) 1590

200 250 CONTINUF 1600

2C1e 08 260 le1,NSRQ 1610

202, wie WLA(])) waewi8(]) 1620

203 CALL SCARIPT (wlsw2oXAsKBswA)Nul) 1630 .
200 CilL TRAP(KA,K3,WA, TENTAR,SUM) i

208, AATAR(]) o Su“ 1630

206, TEF(1) o SYM/SES™(]) 1660

207 TAIO(]) o TRE(]) © SFYS(]) 1670

208, RS o SRe100, 1680

209 IF (REOEQeO)*RITE(82256)0A(KATIWA(KB)IAATAN (1)s TEF (1),

210¢ oTAIS(1))00 Y8 260

211 256 FONMAT(12X)FAo Y0 '0T0e1,F04307X,E32:507X0F9e7,10%X0F9,7)

212 AIRR(J) o AATAR(])/AS/)NRS 1690

213 ARITE (80PS5 )WA(KA) puA(XKB))AATAR (I, TEF (1o TAIN(I)sAIRR(Y)

2140 255 FORMAT(12X0F 6030 '0T001,F 0020 7XoE12080 7XoFFe7,10X0F9:7,7X0E1248] 1710 =
218 200 CONTINUE 1720

216 IF (XPJTA oEQel) WRITE(6,268) (WA(1), TEMTAR(I)s TedoNuL) 1730

217 205 FORMAT (1u1,02X016HLAMEB0A VSe J TAU  //(6E18e8)) 1760

218, 300 CONTINUE

219, wikITE(6,2350) 1760

220 350 FORMAT(1M1) 177¢

223 800 CONTINUE 17890

222, a0 76 83S

223, ENOD 17%0




Table 9-1 {concluded)

1
b X
k T
L X
S
[ 1)
O
e
9
10
11

k
8
[
[
) £
[
[
10¢
110
¥
13
180
19¢

I )
Qe
k [
8o
B

O
B

ny o=

20
30

10

FUNCTIUN TV
A

?::EN:;OV l(i:l;:;:’

bTeXiy)
?:‘i‘}'lOSOOAO'LUZ.""‘“ETU.N
l'(A.O::::;T::;ll) TLU2oF (1) INETUNN
5.7"~dt DehAoLEeX(leg)) GO 70 2

slAex(])I/ZIX(Le
1)ex

YLU!-'(I)ov-(F(log;.:l,’
o4 t1n
4]

SUMRAYUTINE $CH
e b s .ASEz::(“lleoLloLIOUlVloNdL
?:‘s Ie goNuL :
WAY
CON'INSEI'.G"U" a0 10 10
%} o] ey
(WietTel) LY
?g 29 lejowi S
cachvl(l)ourouz) 60
AP INGE 18 30
%g o 1
(L2eQTeN
e Lz'-wﬁ’ L2 & N4
AW TURN
[4}]

SURAUTIVE TwaP

DImE VS1eN Wov e

LP o L2ey

SU" e Qe

S v e

R 0+Se(Y(le1)e YLII) o tX(Ie

prid IO TRE R

9-17




1. SAMPLF RUNS

A set of runs showing the interactic:: o! the entire methodology
simulzation (ASDIR II, M/T/CM, and $ST’LINT, was made, and sample outputs
are given in this section. The engir. - va3ed to caiculatc the IR signature was
the 10, 000 foot default engine of ASDIR 1I. Engine hot part contributions
were assumed using the equivalent blackbody temperature and area of 824°K
and 730 c'mz respectively (0 degrees aspect angle). The blackbody area was
varied as a function of the cosine of the aspect angle which was varied at
15 degree increments from 9 to 90 degrees. Apparent J\T) values (1.8 to
5.5 microns) were calculated for ranges of 0.0, 0,305, 1,524, 6.096, and
15.240 kilometers. Thuse values were then integrated, by SPKINT, over
five spectral intervals to generate the apparent effective (Jr)a)\ values used
in the M/T/CM simulation program. The integrated values of (JT)AX were
then entered into the M/T/CM program and a typical set of missile simula-

tlon runs using a spin-scan type missile were made for aspect 2:gles in
15 degree increments from 8 to 90 degrees, and launch range of 5, 000 feet.
The results of these runs were P. = 0 for all but aspect angles of 75 and
90 degrees. At these two angles, the missile was unable to maneuver to

catch the target (i.e., it was launched outside of the aerodynamic launch

boundary) and P' = ] in these cases.

Sample outputs from these runs are shown in Tables 10-1 and 10-2 and
in Figures 10-1 through 10-6,* Table 10-1 shows the ASDIR II cutput of
Jxvx versus A\ and Table 1-2 the integrated SPKINT values. Both of these
cases are for 0 degrees aspect and 0 Km range, Figure 10-1 gives a plot of
the spectral It for the 0 Km range case, and Figure 10-2 is a polar plot
of (Tr)yy» &h = 1.8 to 2.6y, for three ranges. Plots of the simulated
missile flight are shown in the last four figures., Missile target trajectories
in the X-Z and X-Y planes are shown in Figures 10-3 and 10-4 respectively.
Apparent effective intensity and effective irradiance at the missile seeker as

a function of time are given in Figures 10-5 and 10-6.

l.‘I-"igul'es 10-1 through 10-6 were generated by separate CALCOMP plotter
routines which are not part of EPICS.
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1
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. Table 10-1, ASDIR II output
)
eoeTBTAL SIONATURE OVER THE BPECTAAL SAND 1,80 T8 Se50 MICRANG AT A RANGE OF 0000 XM
FOR AN ASPECT ANGLE OF v0 OEGNEES IN A NOR¢ ATMOSPHENEeee
OVENICLE ALTITUOE o 305 KM ANO GBSERVER ALTITUOE o  3e08 KM -
1
SANO CENTER  SAND W]OTM  APPARENY RACIANCE  WAVENUMBER INCNENENT  SPECTRAL RAOJANCE
#ICAEND M{CRONS WATTS/STERAOLIAN  (<ENTLMICMey Chel WATTS/N(CRON/SR i
108000 00122 032856 5354318 370 26007%%7
108200 0108 08348 5093440 8000 2002249
108372 00109 0239 043018 $0¢0 28041604
1) w0172 0864 939348 $0¢0 2608338
108718 20178 00914 5343018 500 2000384
108892 0178 +57%8 5293018 8000 3202053
19072 00182 8720 8203018 80¢0 34008509
109256 00188 06304 $193018 §000 34002012
109843 00189 00949 §1483018 8000 3607028
109636 00193 07887 §5093+18 $0¢0 3902008
109829 0197 ’ 08109 5043018 $0e0 0104060
200007 0200 +8709 4993418 $0¢0 4300278
200230 20209 0927% 494030418 8§00 4502080
200837 00209 09800 4893018 $0¢0 4702388
200048 00213 100003 883018 8000 4900849 !
200803 0247 101088 479348 800 9009173
201083 0282 101726 4783018 $0¢0 5807637
21308 0207 102001 4693010 $040 See 0209
201837 0232 193109 4003018 $0¢0 865084 |
204774 *0237 103848 459348 8000 8800178 .
2+2011% 0202 100620 4843048 $0¢0 6003530
2:229%6 1! {34 105032 4493010 $0¢0 6203096
2025060 0233 ge6279 4003018 $0¢0 602760
22763 10259 107164 4393018 $§0¢0 662523
203088 0208 108006 4343018 8060 0802243 .
203293 0274 109036 4293048 8000 701728
203367 20278 200087 82030418 §000 TRe 1106
203008 102080 200997 4193018 $0¢0 7308389
2001306 0291 21901 4103018 $0¢0 7501908
Re0031 00299 202580 409318 {-11"] 7806736
200733 *0306 22717 4003018 §000 702720
205083 00316 202008 3993018 $0¢0 7008888
205360 00322 200920 3943448 §0¢0 0500502
208086 00330 100383 3893018 §000 4908683
206020 00339 ) 6838 3843018 $000 4808822
200303 00387 200999 379318 5000 6000274
200718 00357 01523 3743018 $0¢0 402678
207077 00367 2709 3693018 $0¢0 703898
207409 00377 08001 3003018 8000 22+3007
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Table 10-2, SPKINT integrated output

10804010 24436 016958€C 00

2067278 34580 031717€ 00

2099170 40777 0619S5€ 00

3093270 40666 *20833€ 00

) 1 30836270 Sei0¢ 038914€ 00
] "D o J:05 M LI 3008 M SR o Qe M VR s Q¢ xN

R40 » e2913L 03 IN THE WAVELENQTH REGION 108000 T8 504254 NICRONS
TARGEY TYPE 1S ASDIN TEST RUN 4oKFT DEFAULT
JSCAL o ¢1000L 03

WAVELENSTH RLIION J4 TAY TAV LF¥ TAU (TOTAL
tH1CN0NS
1080870 24636 e 84787€ 02 140000000 1698770
2067278« o8R0 +87840€ 02 100000000 03174723
20991=Tte 40777 ¢1709+€ 03 120000000 6195509
30932070« 40666 eS743¢L 02 100000000 02083526
30884070 Se9aé *10737€ 03 10000000 03824588
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Figure 10-1, Spectral JXT\(R = 0, aspect = 0)
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Figure 10-6. Effective irradiance at missile secker
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