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20.   Abstract (Continued) 
survival based on a «Imulated missile-target engagement. Including the 
dynamics anu principal characteristics of the aircraft and the missile. 
The program can also simulate the deployment of decoys such as flares 
or pyrophorlcs. 

The utility of the program lies In that It can provide guidelines 
during aircraft configuration studies, assess effects of design changes on 
aircraft survlvablllty, and permits tradeoff studies to be made between 
various CMs such as suppression,  shielding and flare deployment. 

The programs are operational on the CDC 6600 digital computer 
at Wright-Patterson Air Force Base, Ohio. 
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and Iin.  Deputy for Development Planning, Aeronautical Systems Division, 
Wright-Patterson Air Force Base, Ohio, No. ASD/XR-TR-TS-l, January 
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INTRODUCTION I 
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This document constitutes the final report on Analytical Methodology 

for Evaluation nf Payoffs for Infrared Countermeasures and Suppression 

(EPICS), Contract No. F33615.75-0-4076.    The prime objsctive of this 

study was to develop a methodology or analytical tool for rapidly and effi- 

ciently assessing the impact of infrared »uppresaion techniqucc on aircraft 

survlvabillty.   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 threat 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 th* interface between the two models.   All three pro- 

grams are fully operational 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 operational.**   It is documented under a 

separate cover.***   The inputs to ASDIR U are engine specification data (gas 

dynamics or measured plume data to determine the engine exhaust plume 

radiation) and engine hot netal parts In terms of temperature and radiating 

3    I 
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MM ** » function of aspect.    Similarly, the contribution to the total IR 

signature due to skin atrodynamlc heating is an Input In terms of temperature 

and radiating area for as man/ as twenty skin surfaces.    Tlnally, the viewing 

geometry— target and observer altitudes, aspect angle, and slant range is 

an input to the AS DIR II program. 
The outputs of this code are In the form of polar data (or the source 

spectral radiant intensity,  J. ,  Integrated over the missile response b*r.d 

and the apparent spectral radiant Intensity, Jj^, also Integrated over the 

missile band, but at the point of a remote observer.    These- data th«n berve 

as input to the M/T/CM program. 
The second 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 total missile/target encounter In a 

countermeasures environment.    The prime countermeasures technique that 

can be evaluated using this program are IR signature reduction through 

suppression or shielding, and active decoys such as flares or pyrophorlcs. 

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 P5 

Is defined by 

_ number of misses  
total number of launch cases 

As indicated In a preceding footnote, the baseline subroutines for the 

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 Improved.    In addition, 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: 

Modulailzation of the program 

Addition of flare control options (function of range and time-to-go) 
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Addition of .uperelevation angle subroutine for ground-to-air miatlie» 

Addition of launch mode selection option iu azimuth and elevation 

Reduction of program execution time 

Sample run. using all three programs were *l»o made; see Section 10. 
In this pro-am. a specific target is represented by its physical char- 

.cterl.tlcs. Its dynamic parameters, and Its Infrared signature,   thß phy-t- 

cal characteristics Include the size of the aircraft. Its wing span and the 
engine location.   The dynamic parameters .nclude Initial velocity, accelera- 

tlons. and maneuvers.   The Infrared target signature Is represented by the 

effective apparent radiant Intensity.  Jr^. as a function of range and aspect 

angle, and Is calculated by ASDIR II.    Interpolation on range and aspect 

angle between (JT>   x data points provide the appropriate values during the 

simulated flight which In turn ave used to calculate the effective Irradlance 

at the missile seeker. 
Threat missiles are represented by a number of parameters divided Into 

six categories: »eeker. signal processing, guidance, aerodynamics, propul- 

sion, and physical characteristics. Currently. 12 missiles. 25 alvcraft. 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- 

ment, o. captlv. missiles being decoyed by flares, with flight test results 

(using same fll^t conditions and the .ame missiles) conducted by the Naval 

Weapons Center. China Lake. California. 
A. mentlored above, the Interface between the ASDIR II .Ignature pro- 

gram and the M/T/CM program U provided by an auxiliary .pectral Integra- 

tion .ub^outlne, called SPKINT.   This routine integrates the apparent .pectral 

radiant Intensity value. JXTX . over any .pecified .pectral Interval to obtain 

effective radiant Inten.lty (JT)^.    In general, the Integration I. performed 

for .pectral Interval, corresponding to the .pectral bandpa..e. of the 12 ml.- 

.lle. on file.   The SPKINT .ubroutlne I. de.crlbec» In Section 9. 
In .ummary. the EPICS methodology provide, a tool to a.ses. the impact 

that aircraft design ha. on the aircraft .urvlvablllty In an Infrared ml..lle 
threat environment, evaluating de.lgn changes and conducting tradeoff studxe. 

during preliminary design and determining aircraft survlvablllty In a flare 

countermeasures environment. 
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Figure 1 shows a flow diagram for the •Imulation program executive 

operation that calls all subroutines.    The program is broken into eight major 

areas with each area being subsequently discussed in Sections 1 through 8 of 
this report. 

Section 1 deals with the creation 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,  all 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 us 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 source« 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 ran. goes 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 tlimensicns,   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 and provides 
guidance commands in two separate planes -- horizontal and vertical. 

Coupling between the two planes is accomplished by the range and velocity 
variables, 

Jdi 
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The coordinate aystem 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.  Z.). 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 system.    The initial position of the target is given 

by (X-,  O,  Z-) with X- being the horizontal range between the missile ant1, 

target at launch,  and Z- 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 K     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 K     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 K     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 each 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. 

xv 



Table 1.    Missile and iarget state variable definitions 

Horizontal Plane 

X(l) = X - Position of Ml*  ile 

X(2) = X - Velocity of MUffl^a 

X(3) ■ Y - Position of Missile 

X(4) = Y  - Velocity of Missile 

X(5)    = Normal Acceleration 
(XY) of Missile 

X(6) ^ X - Position of Target 

X(7) = X - Velocity of Target 

X(8) = Y - Position of Target 

X(9) = Y - Velocity of Target 

X(10) ■ Normal Acceleration 
(XY) of Target 

Vertical Plane 

XP(1) = X - Position of Missile 

XP(2) = X - Velocity of Missile 

XP(3) ■ Z - Position of Missile 

XP(4) = Z - Velocity of Missile 

XP(5)    = Normal Acceleration 
(XZ) of Missile 

XP(6) = X - Position of Target 

XP(7) = X - Velocity of Target 

XP(8) - Z - Position of Target 

XP(9) = Z - Velocity of Target 

XP(10) ■ Normal Acceleration 
(XZ) of Target 

xv i 
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Figure 3.    Misinle and Kth flare geometry 
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Table 2.    Missile and Kth flare state variable definitions 

Horizontal Plane Vertical Plane 

XF(1,K) = X - Position of Missile XFP(1,K) s X - Position of Missile 

XF(2,K) ■ X - Velocity of Missile XFP(2,K) = X - Velocity of Missile 

XF(3.K) • T • Position of Missile XFP(3,K) - 7. - Position of Missile 

XF(4,K) ■ Y -Velocity of Missile XFP(4,K) = Z - Velocity of Missile 

XF(5. K) ■ Normal Acceleration 
(XY) of Missile 

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

XF(6,X) = X - Position of Kth Flare XFP(6,K) = X - Position of Kth Flare 

XF(7.K) » X - Velocity of Kth Flare XFP(7,K) = X - Velocity of Kth Flare 

XF(8,K) = Y - Position of Kth Flare XFP(8,K) B t • Position of Kth Flare 

XF(9,K) = V - Velocity of Kth Flare XFP(9,K) = Z - Velocity of Kth Flare 

' ■ 
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Table 3    Simulation program executive routine 
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1.    FILE CREATION 

Information used to create mlülle, Urget »nd Hare file data haa 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, aerodynamics, motor, physical characteristics, 

and other characteristics.    Table 1-1 Is the missile file subroutine.   See 

Table 1-2 for sample file -lata. 

Seeker 

The seeker Is defined as: 

1. Seeker look angle (deg), vairlable name SA. This Is the angle 

about the longitudinal axis of the mlsslls In any plane that the 

gyro Is free 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 bandwidth of the missile,  variable name IBNDM.    The 

bandwidth value Is currently deleted from the missile page printout. 

2. Almpolnt type It selected on the basis of geometric centroid, 

Irradlance centroid, and maximum Irradiance. 

The present available missiles are divided Into two categories:   the con- 

scan missile which Is a maximum Irradlance tracker, and the spin-scan 

missile which Is an Irradlance centroid tracker.   Geometric centroid does 

not apply to the current systems 

r- 
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Guidance Unit 

The guidance unit in compooed of: 

1. Th* navigation constant, variable name CKO 

2. No guidance period (sec)» /ariable iv>r-ie TB 

3. C-limlt (g'e), variable name AS 

4. Missile time constant (sec), variable name TS. 

Asrodynanlco 

A san-pllng of eight values has been adopted for the parameters below 

to cover the broad range values In order of convenience In handling data 
Information for table lookups.    (Exceptions will La »toted.)   Tne following 

variables are functions of Mach number table, variable name VMC: 

1. Chord force, variable name CDO. 

2. Fase drag coefficient, variable name CDB. 

3. Maximum normal force coefficient,  variable name CNT. 

4. Angle of attack (deg) (80 samples), variable naiie 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 

?.     Thrust (lb.), variable name TL. 

3. Specific Impulse (l/sec.), variable name SIM 

4, Mote, weight drop (lb.), variable name WID. 

See Table 1-3. 
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Table 1-3.   Motor characteristics 

Example: 

Time 0. 1. 1.395 1.405 2. 4. 5. 6. 7. 8. 

Thrust 4660. 4660. 4660. 0. 0. 0. 0. 0. 0. 0. 

Specific Impulse 210. 210. 210. 210. 210. 210. 210. 210. 210. 210. 

Motor Weight Drop 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.      j 

Thrust 
Level 

4660. 

Weight 

134.2 

1       4       T 
Time 

.101 

1       4       S" 
Time 

Equations 

1. Thrust = TL 

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

DELT ■ Integration Step Size 

Physical Characteristics 

Physical characteristics of a missile are: 

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

2. Weight (lb.), variable name W 

3. Max. flipper deflection (d«g. ), variable name AC. 
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OthT Characterlatic« 

OÖier characteristics are: 

1. LUespan (sec.), wrlabU name TMAX 

2. Launch velocity (ft. /sec.). variable name X(Z) 

3. Max. flipper travel (deg.), variable name FMAX. 

Information not shown but required 

Information not shown but required Is: 

U     Missile kill radius used In part to determine probability of hit of 

missile, variable name RMK 

Z.     Missile name, variable name MISTYPE 

3. Blur circle, variable name BLURC 

4. Minimum detectable Irradlance, variable name HMIN. 

TLARE FILE 

TK. flar. i»£onn..ion W «o *****   *---« '^'^'iT 

SUMOUTtNt  rUCtlST 

Table 1-4.   Flare file subroutine 
tlftUf*    ll.M.M. 
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toiiMJMi nlilVsr it 

Hfir rt«eo«t M 
»f8"1 n,ii:o«sT i» 

" li äHT^^ssssw« ' m'" g |i 
aa« " Jt«o«T ti 

II 
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maumttrm 

Note that the progrem can handle pyrophorlc. If they are modelled a. .pedal 

flare., e.g. .hort rl.e time, .hort barn time, high peak Inten.ity and high 

drag coefficient.   However, the program may require .ome development to 

more fully take account of the burning and aerodynamic characterl.tlc. of 

thl. type of countermea.ure. 

Phyieal Characteristics 

Phy.lca) characterl.tlc. are: 

1. Diameter (In.). variable name DF 

2. Length (In.), variable name XL 

3. Weight (lb.). variable name WFO 

4. Grain Weight (lb.), variable name WG. 

Other Characterl.tlc. 

Other characterl.tlc. are: 

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

2. Reference Inten.ity (watt./.terad),  variable name REF 

3. Spectral band con.tantp, variable name FIBAND 

4. Drag coefficient, variable name CDF 

5. Dl.pen.er ejection velocity (ft/.ec), variable name VFLARE 

6. Flare type (name), variable name IFTYPE 

7. Type of .urface area, variable name MK. 

TARGET FILE 

Target Information ha. three categorle.:   physical characterl.tlc, 

initial condition, and other characterl.tlc.   Table 1-5 give, the target file 

subroutine. 
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Phyilcal Characteriitlca 

Physical characteristics are: 

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

name XB 

2. Longitudinal distar.ce from tailpipe to nose (ft.), variable name XN 

3. Wlngspan (ft.)» variable name ZS. 

Initial Condition 

Initial 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) 

5. 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 PANG 

2. Intensity (kw/sterad), variable name RINT 

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

ATMOSPHERE FILE 

The last file to be discussed Is the atmospheric spectral transmlttance 

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 transmlttance of target, variable name TAUT 

3. Atmospheric spectral transmlttance of flare, variable name TAUF. 

Table 1-6 gives the atmospher   file subroutine. 
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Table 1-6.   Atmosphere file subroutine 

n 

lUMWINt   »*1f«U fS/Tk        <l»T.l »TU   %.t*>l<l ll/ft/M    11.11.11. 

II 

1« 

(t 

liH»OUtI<«r   «««TtUITSTtLTttll)«* 

tFiicr«Li.i,r.ii)iy.i '.o t-» ti 
tMTCTHT.ir.MMil.l   Gl  ft 1% 

no TO t« 
tl H.M't 

6« T" I* 
Ik  HkT»«* 
It 0* 14 t»«l,1 

»tntui  iM';ii.e>>«*Jtci?tlttu*<.'!t(.7*tti*i 
IfllllT^.'l.tHTt.iNO.U'W^.tO.I^tOtl   Jl  "<  l< 

It COttlNn; 
it »otTtwor 

It   »'H^»T(II,J'.<«»N')-»LT.   M   «T   :3V»HM 
»»■»» 

tTf'«l« 
i<o 

WITtUST 
««tTiusr 
»yjtusT 
•»srtusT 
««mutr 
■«srtusr 
«««rtuST 
•VSTlUt' 
•yjruit 
MJMU1T 
««srutT 
•vsrtuiT 
•vsrtutr 
RKtrtJST 
<»«rtutr 
•«tTiutr 
•VSttJJT 
•«srtusr 
*»t»ij$» 
MJTtJST 
tvsriusr 
•«srtjsr 

1-10 : 

■ 

tmaum.m 
*J    «««.       -■   i - .    •.  «td f-^wiU 

! 



! 

DATA SOURCES 
IM TA   Ratkovic   K    Ni-hlir.sto 'TRCM Simulation Study III)' 4 Quarterly 
{) P^kr«. Rcporr^epared by Hughe. Aircraft Company. Culver City. 

clllf'Vor Al? Fo^ce Avlonlc. Laboratory. Wrlght-Patterson Air 
Force Base. Ohio. July 1973 

(2) IRCM Simulation Study (U). Feb.  1972. Volume 0 Hughe. Aircraft 
Co., Culver City, CA, SDN G-5812 

II) Flghter-Launched ML.lle. (Trend.). Eura.lan Communl.t 
Countrle. (U). Dec.  1971. Defen.e Intelligence Agency. Report 
No. T65-09-26B. SDN J-S8432 

(4) DAWN (Develop Attack Warning Need.) «"».Final Report   Nov.  1972. 
General Re.earch Corp... Santa Barbara. CA. SDN C-61305 
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W Craditlon Level (U). July 1972. Mi..lle ^IV«"«/!"6^ fA, 

Army ML.lle Command. Red.tone Ar.eiml. Alabama. SDN G-61357 
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(7) AIM-9D Simulation Parameter.. Gene Younkln. TuMnlMtto 
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(8) Hughe. AIM-4D Aerodynamic D.U. SRS-585. RevLed 1 January 1965 

l<*\ A..e..ment of Aerodynamic Studie, of Foreign Tactical ML.lle.. 
( Lwoy Spearman a„d Charlie Jack.on. Jr.. NASA Langley Re.earch 

Center, Hampton. Va., Feb.  1971 

(10)       ANAB ML.lle Wing Evaluation. FTD-CW-09-4-70, Feb.  1970. 

Report on ASH Alr-to-Alr ML.lle Exploitation, Mlnl.try of Defen.e, 
TM 88169, Dec.  1969. 
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Oct.  1972 
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Dec.  1972. SDN G-61377 

(14) B-52 Infrared Radiation Pattern.. Beolng Co., Wichita Dlvl.lon. 
July 1968, SDN J-59090 

\ 

1-11 



2.    PROGRAM INITIALIZATION 

ThU portion of the simulation program initializes all program conatants, 

launch geometry variable«, and determines the missile level angle con-putelions. 

See Figure 2-i.   Section 2.1 describes the Initialization procedures, and 

Section 2. 2 the lead angle computations. 

2.1   PROGRAM INITIALE AT BON 

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 

rLAMI DiAMf TtM. 
UNGTN. TVf I 
AMA 

TAROCT RANCi        — 

TAROIT ALTITUOI    - 

TAROCT VltOCITY   - 

INITIAL OCFLOVWCNT 
TIM. TIMi - 
srrwsiN SALVOS 

^LARI (NtHNSCR     - 
««to 

»LAM BURN TIMI     a 

»LARI WtlOHT 

AZIMUTN AMOU 

fROORAM 
INITIAL 

IMttlLI 
ALTITUOI 

TARCtT 
ALTITUOI 

LAUNCH 
VtLOCITT 

K. T VILOOTV 
VICTOR OC 
TAROIT 

MISS I LI MOTOR 
BURN TIMI 

UAO 

MISSILt 
x,v.z 
VILOdTV 
OOMTONINTS 

RANOI 

GROUND 
LAUNCH I LAO 

Figure 2-1.    Programs initial and lead block diagram 
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x. v. I 
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Table 2-1.    Initial subroutine 

tuMsuTtoc Mi»m      nm    '»»'•i •T«  ..I»»JM 

I« 

II 

»« 

*e 

»» 

»o 

«f 

•O^^N   «til*.II 

eoi-iON ♦«ril.i.«,f«r*...»MJI».»llM,»» 1*1,   U«».«MU» 

ro**"« «i.»»«,it»«»»,i«tTftf»,"!«,;T,:i,•«,»»,«» 
OlilMtlt «HTt»'«l»,IH»»M1»,lint«MI 
H^MI^i t««»«i.t»»i,«i.Ti.«i<» 
«tt'i«,?» 

t riiMTitHii 
«•it.» 

NX" 

(Ml   t   J«l.»l» 
t  T'lJIO. 

trij.ci.»;i so ii « 

I   t'.TIJ.l»»» 

V.Tl.ll 

M »o «».?.«#*•• i« 

tlsii**iir/ik«i 

59 Tl »1 

00  Tl 4 
« •I'aiWlt./tt.iMl.'lt.i 
4 t;>>l«'ir>il./ir>i*lt</tt.l 

«• tri>l*t»*tl'?< 
mi«4TT 
«IfUVTlT 
«r«»n.T 

',t T8  «I».lilt  I'*' 
tt  »»i0tl«5l»»N»Mll 

TOitU^-Tcl«« 

tl tntw.ei.i.i r.o TO it 
trit4TI.6T.,«l  60 T«  11 

ttnutt   ti> It.kl. 

■   IiIMUt t 
litrttiT 1 
iNumr * 
INirULT f 
«ItUI.» ■ 
INtTMLT T 
nirtHf * 
XüITtUT « 
INITULT 11 
INItMLt tl 
THITIILt It 
«ITMtT 11 
IlITIttf 1* 
INITIUT If 
INItMLT 1» 
TiiTm? IT 
INtTULT 1« 
tNITMlt 1« 
INITIUT 13 
i«mmT n 
TNITIILt tr 
IlltUtt ti 
INITULT to 
INITItLT tt 
IltTMtf to 
INITlKt u 
INIIULf tt 
I>tJTlUt tN 
TxWIUf 11 
MtTIILT 11 
IMltULT It 
tHITIUT 11 
"•«IS tt 
iNirttLT 1« 
T<mi»iT n 
INtTMl* IT 
IMITI41T It 
INITULT 1» 
TN1TIUT tt 
INtTlUr tt 
INITIUT tl 
tNITIUT tl 
INITULT k« 
INITULT t« 
INITULT lit 

INITULT tr 
TNITULT tt 
INITULT »•» 
INITULT tt 
INITULT tt 
INITULT tt 
INITULT t' 
««RiN it 
INITULT t« 
iNtTuir tt 
INITULT IT 
INITttLT tl 
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Table 2-1 (Continued) 

tUMOUTIO*   tllttti. f./»%        ^»»M 
• t«t »,I»»5»' .»/3»/»*     11.U.»W 

M 

t» 

f* 

• • 

Ul 

tt« 

It* 

M to  I» 
11   l"HkH«M 
U Mittnn «i","»LMrt(iro»»«<jit<j»t,»« 

I« «10  f»  ll«,l%.«»»t  V 
I« 4«•»»••^/l•«• 

so to t« 
jf |»|l*4M*httMM*l  M M tl 

nn to l' 

»•.o to I« 
1«  i«i»t»<«»t»0t5l».<«tl 
t* ir«r.i,.r,f.«.i  '.o to tt 

»»IM.MTM«'«!»*!»«»«'» 
•18  t«  t» 

»I  t»«M"<. 
»«.»t»*»(««•('•-«•!•• ».««»• 

•t   »»»lt«M»t«»»»*«,H/!1 
t»|l»llt.0t.'*l»».»   SO  »0   tl 

60  to t* 
ti rmrM«*^«!» 
t» ntn»«»»»»"»^ 

triSL.Cl.4.1   M  ''» > 
»It«*, 
SO to t 

• lit la^lt IIMIM 
»■• »!«»«•»"•:•» 
«•o«»NO|»f««i-rMn»i«»»i 

iro«*a|'oioti 
on t» J-it-^i»^  , 
turo-t'.'a.i'niui»!!» *• T, " 
ICS"*»t»0t««J»l» 
«rjHtaM"^!»! 
It|0»flti«I»rMt 
X'Ttt»! 
Ifl(«rr.>it|(trn|»|jl 
80 t« H 

••  I'-.-'t.ircxt.l 
tt   «ONtlMU* 

|»|K»r<»t.«lI.«t  SO to I» 

|»|"fCN»Mt""t 
t»   t«ilt««. 

oo t» «•i.l«.'»,"«T 

«o N «i»it,«"',«T 

tri«*»j>i.et.r:i '.o to M 
»•^i•tJ0t^lIr»^«J•>,•^/»,,• 

t«l!tt«l5 
l«<ItT«lf 
mriMf 

..«••t.B.t .-.••».It. WtflHj 
ttltflLT 
INlttU» 
MIMUt 
tmtiut 

t«tti*i.t 
■«410 
t«ltIU.t 
itttuir 
ttitittt 
ititutt 
IMITIll» 
t<«itmt 
ItltUlt 
t«tt»i«it 
ititt«i.t 
INITIILI 
Mtmit 
IMltl»lt 
Mit lUt 
MltMtt 
MltULT 
MltMLt 
MIlMlt 
IXlTULt 
MttlUt 
tlPULI 
MttUkt 
Mtttttt 
MItI*Lt 
MtttUt 
Mltl»tl 
MttMlt 
MItttLt 
MltMtt 
MIt|»lt 
MttMLt    11» 
MItmt    111 
INIfUlf      lit 
Mittut   m 
MltMlt IM 
isitlllt 111 
MItttLt lit 
Mtttttt lit 
Mitmt   lit 
Mtttttt IM 
Mtttttt 113 
tDtttttt HI 
Mtttttt IK 
Mtttttt HI 
Mttlttt lit 
Mtttttt III 

»t 
»J 
tl 
tt 
|l 
.t 
t* 
y* 
%t 
it 
tt 
it 
»i 
tt 
.i 
rt 
t« 
tt 
ft 
tt 
Ft 
I« 
tl 
M 
tl 
tt 
tt 
tt 
tt 
!• 
tt 
tl 
tt 
t« 
tl 
tt 
tt 
tt 
tt 
«t 
tt 
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Table 2-1 (Continued) 

— 1 

SUMOUM«  IttTli fW»%       tPI'i 

tl« 

IM 

11« 

U« 

tit 

l»k 

l%* 

lit 

t%% 

ttl 

»»»««♦« j-i»«»»!.»tt»i;«ui'.» 

't'l<«<J«ll>l1>l<ll 

ij iniosnat.Ti.«» 6« T« II 

T»(lf.5T..«l   40   »1   I! 

81  »• tl 
St  tM»»««/' 

• ,mU,'3l.D»,TIN.»lf,»H.»» 
1* rOMtTIUh.lMt.hiUdtlilUi.ll 
^t i»«5t«*.*n,i.« r,») TO n 

Mlttfltll    i»,TX1»tTtN,irrT»"tJI,J«l,H>'MlT»»IUI,J"t.»» 

»«•vmu 
«•SKT«*««»»-«»»»»»»» 
f»«-nn.» 
«?•»•./OClT*l 
on Jt If»«!.»? 

iriai.H'.k)   «n TX «t 

tn rn k? 
»I   «««MM»»»» 

«I   «N3>-CnitST**4Ct/M<'*V>«>« 
»»J•-co'•sT•»^r«/lrt•«•»«-'. 
MMMWMHIif 
•■■•••••••Mb* 
«•tfl«TI»N*«4*«V*«VI 
iri».»f.»TM» tr !■ i» 

ii tetrtNut 
■mrcit.in 

it ro<NiTct<.zsH«iN «Ckorirv «or uicxtoi 

U  tO  I« J'tttl 
It   *»!«K(JI«»T»H 

CIS 

lit» 

II/«I/M   ii.ie.oi. 

l<iirt»i.t lit 
toinur 11T 
INITIUT tit 
t«IITl«LT «I« 
iNtruir Itt 
tNITULT tn 
IitrruT tit 
INITMLT tit 
IIITMIT trt 
itirttir tt* 
IllTJ  IT tit 
tUXMtlT 1IT 
ttrrtiir tit 
iNirniT ttt 

•»   IHITIilT 110 
IHIIIUT 111 
ixirmr 137 
itifMir til 
itirttir lit 
IttTUlT lit 
iiirmr tit 
INITttlT 117 
tNITUlT nt 
"•m* i» 
«••it it 
••»«it it 
<*tnt if 
INIT;»II ttt 
ititmi in 
WITMIT ttl 
»tmir ttl 
II«:»I»IT ttt 
IKITMLT ttl 
INITIUT tt* 
IHtTMlT ttf 
ttimir ttt 
iNiTtur ttt 
TNITMLT tu 
TX1TIUT ttt 
TMITItLT ttt 
Mtmu tn 
IMITIHT tit 
IWIfUlT tit 
MITMIT ttt 
INITULT tir 
iNintiT tit 
IMITItlT tit 
IXITIIlt ttt 
ItlTUlT ttt 
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3. AJr dentlty at IM level, variable name RHOZ (slugi/ft ) and 
coefficient of exponential variation with altitude, variable name 

CZ (ft'1) 

4. Atmospheric density at 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 (ft ). 

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 whether, 

IF 

Altitude > 36152, FMACH   =   968.1 

IF 

Altitude s 36152. FMACH   =   1116.0 - 0.0041 ♦ Altitude 

Initialization 

Pertinent missile, target and flare parameters. Including position, 

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. Mlssü'e altitude (ft.)» variable name XP(3). 
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Other required initial conditions are: 

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

. variable name AV 

Z.     Flare time between salvos (sec.), variable name TF 

3. Flare dispenser ejection velocity components (ft. /sec), variable 

name VXF, VYF, VZF 

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

Minimum 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>..i 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 block 

diagram description. 
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Figure 2-3.    Lead subroutine block diagram 

"s 

The following laws are available 

1. Lead collision with maximum lead limit. 

2. Pursuit 

3, Visual lead pursuit with maximum lead limit. 

4, 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 

VL ♦ .W. 

where V,  is launch velocity, and AV is an incremental velocity. 
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In pursuit launch, the mUslle Is launched on a line directly toward the 
target. This mods If used when the launcher or the missile does 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 small angle In this 

mode.    The lead angle nL is computed from 

Sin n,   3 K «in AT, 

where AT 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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Table 2-2.    Lead lubroutino 

IUM8UTI« UM K>"k      0*1*1 »M ».I»»»" 1*/!»"»    U.M.*«. 

«(««•uTiMC (.rt<»i6i,)t,»»,»«»t«*i»..oct»,i,»i.:tB,»m«,iiiiiitM«,iü ie»o i 

oiican« ntuii«*!!!! 

40  TO  mtfttt.iloltitlV'lt  LM! 
Ill  l*(*l««L*tkT'l/< 

O   ,»  Ml 

it »»•»LOCI» 

■•tM«lt*fHtt»»t*M»MI*Ht»<tl 
CO  TO tM 

111   J(.ll'«i«<I,<l«i.,",«,»I/l'«.l 
i« n'>»ei»i»»:o«U'«tMi.T<v«»»mM. 
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3,   DYNAMICS 

Figure 3-1 li » 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, and position for for the missile, 

target, and nare(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 aimpolnt position Is fed Into the gyro subroutine from which 

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-relera- 

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.   Forcei acting on the mliiUe 
CHOIO       *^^ _ TWIUJT 

oaAvrrv 
COMKMNOED 

raict 

mun 

CMOtO 

X COMrOMNT 

[i. MnrS mf v*]Wi 

COMMANOfD 

o*Avnv 

. co/'r««) UM' (r- ♦■•)) l/'i" 

VCOMTONfNl 

[wcos,(r.«|tAN'(r,.«,)J'/1 

Z COMTONtNT 

THimT<CMir"'lM*Mjf«T| ■ 

r—W"ü a rcr 

AW iT 
©[MCOS1* «TA^«' ] 

f iüLr *'\-«M 1'',''> 1 
'[coid'-*»«) co^y'-*' •fä 

fcot'iy'lTA^iy*«')!'^ 

 Alia ,—     • COS (r»«» 
ocoy ?-♦••» 

I 
•      (LCOS*   ♦  •  1A^(*')1 l/J 

.AlilL 
OCOJ(» - ♦' ♦"^ 

•r,-^'V^!?,..|w 

O • OIAVTTATIOM'I CONSTANT 

A- NAVIGATION rOAMfm 

DM • MSSIU DIAMnn 

W    •MSUUWnCMT 

^.ATM0tfMO<0tNS>TY 

^•CHOIOCOIWICieNT 

4.     The ml..lle acceleration component, due to thru.t. chord. 
commanded and gravity force, are .ummed to obtain the X-, Y-. 

and Z-ml..lle acceleration component.. 

,.    Tb... cornp...... .r. «..« In...'.««* '» —*' «" """"• yel,C", 

component.. 

6.     Finally, the.e velocity component, are .ub.equently Integrated to 

obtain ml..He po.ltlon. 

The remainder of thl. Section de.crlbe. the gyro po.ltlon and rate com- 

^tl0n.   the thru.t computation., the chord force computation., and the 
pdtatlon.. tne mru.i co   y .  ,  „     T.W« 3-2 «how. the portion 
commanded acceleration computation. In detail.    Table 3-2 ^ * J 
of the main program ^Ich involve, the mle.lle dynamic, computation.. 
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lOfUNCI ClOomiV (ANOIK ANO ANCU IATH, kANCIS, ANO MNOI MTI« AND TIMi 

         1 

TAtCn DYNAMICS 
aua TO MCTION i.» 

ACC(MW) 

VfL(NfW) 
roj(Niw) 

TH«J$T • CHMO » 
COMMAKOIO • CMVITV 
vTuOlO)        ♦ACC(NI«0AI 
rösKXO)      «vÜlNfW) Al 

MIHIII 
DVNAAMCS 
(itra to 
UCTIONl.l) 

ACC(NIW)    »O^ OniONOi 
• lAOIAl ACC.   OPTION li 

• TÄNO. ACC.   OniONJi 

• IÄOIAIMANO. 
ACCaiOATION 

OPTION 3i 

VU(NIW)    -vTuOlO)  • ACC(NW0  Al 

fOi (NfW)   - t5i (OIB)  • Vll (NCW)   Al 

NOMANtUVn 

MM 
STUICNT ACCILIBATION 

IV*N ANO ACCIUUTI 

T 

HAU 
DiHOVMlNT tnATfGY 
«tf ■ TO «CTION 3.1) i 

MIJSIU AIMK3INT 

1. INITIAL OCKOYMINTSTMTICV 

». omOYWNT nUKTION 

1. NUMW MnOYtO 
4. VklVO (NTtXVAl 

DYNAMICS 
(I0BTO 
SKTION 1.1) 

ACC(NB»)     •  0«AO »OMVITY 
VTKNW)      •  VIUOIO) ♦ACC(NCW)   Al 
POS (KW)     •   Ml (OlO) ♦ vfl (NfW)     Al 

xvz TAion 
ACCilAATION 
VIIOCITY 
POSITION 

XYZMISSIU 
ACCaMATION 
VflOCITY 
POSITION 

XYZ FtAII 
ACCflBATION 
VflOCITY 
POSITION 

Figure 3-1.   Dynamics 
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TM«- 

MSSIU AlMtOINT 

uratNCi ANCiis 
f. r 

lANMUTt 
TOAIMMINT i 

MSSU VflOCITY ■ 
V 

CttO POSITION AND 
lAR COMIUTATIONS 
(AZIMWIM ANO IICVAIION) 

AlMHIAIV COMfUTATIONSi 
FOVCNKK 
SUKHIIOOK ANCU CHICK 

»NIW ^NW» ♦NWK^NtW 

^010.^010-» 

WOlO 

THtOST COMfUTATIONS 

AOXIIIAHY COMfUTAT lONSt 
MSSIU WUCHT 

THKJST COMfONiNTS 
\, Ty, Tj   

T 
MISSIU WUCHT 
^NfW1 

lefarojiCTioNJ.i, 
TWIST 

'OlD 

umrosKTiONS.i, 
ov«o fosniOM Are RATI COMIUTATIONS 

•oia« ^oio-» 

-oio • 

COMMAN0C0 ACCaaiATION 
COMIUTATIONS 

AUXIllAty COMfUTATIONSi 
ANCU or ATTACK 

COMMAKOCO CCMTONINTS 

rr ANCU Of ATTACK 

TOStaiONJ.I,        aotO.oOlD 

VM-* 

»OlO.a'oiO 

'OIB- 

CHOWACCEUKATIO»: 
COMIUTATIONS 

AUXIIIAHY COMfUTATIONSi 
MOM 

IEKITOSfaiON3.1. 
COMMAND» ACCaOATION 

CHOtO COMfONiNTS 

vV5 

■ .. 



•NTS 
MlUfti ACCELKAIION COMTUTATIONS 

1'-Tx,*x,cx 

l-Tj^Aj'Cj^CiAVIlY 

Ä.V.X 

i        i        t 
*OlO' 'OlD' ^OlO 

«OiO' "•'dO' *OlB _r 
MISSIU VIIOCITV COMfUTATIONS 

oio."feu».*ou>-* 

"^NW^NIW, N(W 

MISSIU TOSITION COMfVJTATION! 

XNft.-XOlOtÄNIW<*'> 

^^«»■zOlo•1^«w,4♦' 

X 
Fi 

^ 
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1 

^OlD' "^OlO* *OlO 
"otO* ''oiD' 'OIB 

MISJIU VIlOCITY COMWTATiONJ 

W•*OlI>•z,4" 

*ou).'feio.*oio-* 

jmftm?*** 

MISSIU reSIIKDN COMMTATIONS 

"NIW " XOU) * XN€W<A" 
VNlw■•OU>•*NIW,A,, 

MSSIU *CCa«ATION 

MISSKt POSITION 
"* XNW ^W ^NIW 

♦ **«»• ^NW ^Nl NfW- TNfW SlEW 

TOY IIMIT (WS, NO) 
■» SflKB LOOK ANGlt 

l"MIT (V«, NO) 

Figure 3-2.    Missile dynamics 
block diagram 
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Table 3-2.   Executive routine showing mi stile/dynamic! computations 

1,1 

MOi«"» e»ie< rt/r*     iPTat rm k.t**i«i uniffs   ii.ie.i«. 

i» 

••3C«M tl»mil«»UT,OUl»UT,f«»Il»,T»»tf,f»»H,f»»fl^,H»tllit»»»l» 

OMlx^Ut H*it<l|iTtltlf<lf«tlli<Tir<4,tltl<!klltl|!J}I<<(( 

• llll»,«l.,H(IH.»l,Ll.,J»,<l.I",»')y,»».T'«««,f)l,TT.TS,»»,K'»,T(;HHr<,r.«C, 

eM<t(M /m.«i'"»:,»".»•••••«<i«<•#»«.»• i•:.f"f«Lr,»:Lt,»«Nc.im,«iHT 
MMI 
•lUr^TTllllJI iJllddll 

eioit«! »i,»Hj,MI,«i' J».i.»HI»,n-«.*. 

SOI^HN <rii«',tf3i»t«»it"«i,;.«^n»,«<,|,i»*««t;.f5 

eniwwt >«>ii|(n »t't"« 
roMNw TKI'I .Fj'ifiii.^r'iii.xi.Mx-.iiM^nN.^nxi,?,^!,^' 

en^tON <ri|,*ni,t'»l1tt<l.■'(Ii.!«•.<**)t«•'■».»' 
eo^itw itO|i*o»a»kr>irtl«iifi*n<r>MJtf 
t^nou «L'HI,»i.»t««,Ti.TT.r?,>;«.•;»,:i,•«,!»,«z 

i  <i»i»iTJ»/^»««"/«5«i,««»,|MJ'«,»»n,««,<.»i,'J».i«.»i««. 
NCO."l.tl.M.n,4, tO»T,"<,.,t'«,«,l»,u,n«,•!<«»,»»IW, 
♦!:•<•,-"t •«, »»c, cic,•INT. T * )'■«, T-j, t^>o, i ü it, vt •«»,';., 
♦•»f,tM,im,tioi(,T'i».»»,»in>,xL-,i':,M'<,»-ii.o»,«"i, 
• I">»"l4»,lT,f»l,0T,»»,»1»,r»r,r,ij»rti,T<r»«J,.<»J». 
• l,«l»,ri.n,Tl,»IH,y1,»TC,<'l«i,«l.'>",5J«e,^5*».'«(;. 

n«H(rjii>(ji .j.i,«i/*«..'fa,.y.,Mii.,»l.,iJl.,?J».,ln./ 
•r*|Mi » 
•'*t'«" 11 
tftTto it 

cut »i»r<tV(»unfn»LO»,TVfi 
«fOd.lfl   «fl«? 
I'l^l»«».!!.»!   '.1  ♦•»  » 

tr «'»«'«»'(iii 
•M1««.!«!   ItrSMUI^J'lfO'l*«!! 

1«  rn«<«iTi;glii 
1 •»'•'Ml.1*1   «»T^IJI.J.l.li 

1« fO«-»TI'«kl 

c».i. rsr:N<rit<NiifT<(i 
KKi, •vtriuircrtLT.ioNi«» 

tt •rin(«,>M»ti 
intr^i.ir.ii '.« T^ » 
tffir.tif.tt so « y 

e«tL TiiTi»i«',i.Ti,>«,3»,»»iT,r'.T»i.»,t«:,tMJ"«,»»i,r3»,!rr»»»,niST 
• »•• ,yr».<»■■,•-.,»L,H'MN.»«,«H«I,^ jii«,r.,ij'<, <N,M) 
cut iMniji.,«,«»,n»,»-«.i«u,n.i».it.»»,:.'•. 11.111.1."«».i."sswcio.t 

• MT<I«<>,»H 
CKi, in»«'-.-ciJi,-«UN,•«HI»•:,«<•...i 

»•let 1 
cries 1 
f»i:< % 
«•rs 1 
i»ie» ■ 
i»icn T 
i»ri ( 
i»irn ■ 
»•l!.l IS 
»•n» 11 
l»tM u 
fte» 11 
i«i:$ 1« 
f»i:s ts 
ftr.i Ik 
i»ie» IT 
f'lSS ts 
Ml« ts 
t»i:t ti 
r»l-,l (1 
»•IIS ?1 
iuss IJ 
fl'S 14 
Kn< M 
i*ies I» 
«»»i" t 
N4»t4 » 
«•<!« 1 
MRK % 
H*«14 s 
SMM * 
«»»14 T 
I'l'S IT 
••»«?i I 
»»•»< t 
■•t^i 1 
•«•«10 4 
N**l« S 
mii 41 
■»tu s 
•»••IS 4 
f»i:s 41 
•M>1S 1« 
tPint 4S 
ffA 44 
■»•IS 11 
H»«l* U 
»•1CS 44 
•««1« 11 
tun St 
i»ies SI 
r»irs SI 
C»ICi S4 
i«i:s 14 
E»KS 4» 
wm% sr 
»MM ss 

»«**..tA4~.w.«M_n. 

N 

\ 



(Table 3-2, continued) 

•«x«*« t*i:^ r»m    ""•> •it ».»♦•»<• M/«l/'»    u.*«•!*• 

«* 

«i 

119 

II« 

11« 

it  TO k 

in».t*.»••»«• 10 •, *' 

I"» T<« 11 
It M««l*l 

c*ies 
»MCI 
t*V>t 
••i:i 
c»i-« 
••111 

.»•.»«»».lon'trtt.L't'oy.^'.'w.»! f.i-s 

.. -._   ._. .. .^ •••••tf.iiVM* »•ir« 

«UI»««T»»«*,,,B,.I-I 

»«1»»«U»«»I»'">^T 

ifif*«n*M*4«i '•5 " ,, 

„ ^UniiUM-i^tu -IT «MM «T T,« ...... 
68 ,,, I1 -. .. ■ 
tMto»t >•."•'•   *•' *■'  ,, 

T»«T«.r.i.»« i« »5 * 
II 

185 

••n 
r»ie* 
fMfl 

••I*» 
»•Id 
t»t:i 
r»!'» 

CHL  ■»L•'•'■.«•,•,••I'•*'• 
f»tl "«(.»Hr,««r»,i,»»»,»t» 

♦:rI,T<lu»>«.»"•,»t<,•5.T»J'• »•f!« 

t'iNi.Lr.M.i to n » CM;« 

B« f ««It« 
',0 TO  llT.ll.»»t  «<•       ,- 

is t»^«»"^«•«»•r•T•,'•, »• n " 

M*«O««. 
|f| TO f 

tk  Tri«««'».M.<.)   61  TB  f 

l»i»Trii,<o,«t 
i»e«ir»«i.«i,,'i 
»rT«iri:i«»,'«t 
irvtfu.tt'iii 

IM* 
»M:« 
IM»:« 
I»I-« 
r»l'.% 
IMS« 
fMI« 
tnn 
r»i5« 
'•t'l 
IMM 

»• 
«4 
«1 
kt 
M 
♦«. 
t« 
Ik 
tr 
«* 
t« 
TV 
M 
pi 
n 
fk 
Tt 
r» 

M 
r« 
•: 
«i 
•t 
«i 
«k 
4« 
«» 
»t 
«4 
4« 
nit 
«i 
•« 
«i 
• k 
1« 
«« 
1» 
It 
1« 
19 

1«1 
19? 
191 
IJk 
1« 
114 
VIF 
D« 
11« 
lit 
111 
tU 
111 
lit 
It« 
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(Table 3-2, concluded) 
•^ifi^»^ £»ir« »o/'k '••T«l ui/ai/M   11.iB.it. 

UK 

til 

tl* 

in 

in 

i «.i 

t»i 

tu 

in 

tM 

tl* 

tfl 

tf» 

til 

«• Mt«tm«tiwwM ,t«..i«.»i<».»« :<i»»:»:«titr»i 
• »tt'l^.S'M   «ft*.<l,«,M«<».»',«1t<l 
»<t»ru.»»n ■»I»I<».«,MI<I.«,,«I«<> 
«•tT»l»,4»»l   »Vl,»«l.<li«'L,ll«<»t»CL,llt«l 
«itus.»»'» «CL«<r.<(»."L'«i.<».v»i<i 

%»i Mw>tu«««««»tv««»i«t»i««»«wm«>»t«ltH»»<gy<«;i 
tr« rMMTMi.uMtLi.'t«.».»».«<♦<•.•^,*.»•»»«*4'*,>■••',•*, 

tf« »'M««»l»«,H»«»«i'»-*t!«.H«»"i,1.»,»i»'«illr«iM..l 
in r<»i««Ti«t,i<tr«,»i;.»,»«.H»,«.»iC.»..?»>"<^»«.'ii.1»' 

•M ni«if«»«.»•«i»».«i».».»«.'<l<,'•'•'•• *t»«t" 
iMItrn,,»!»    irni,»r(«i 

|*t »()|i»t(;i,i1,«INt»>«1IT»i1'W.1.»«.tHt1»»'»t•'••;'• I'I».»« 

«•IC1 
r»i:i 
»»i»i 

••i'.i 
f»ir$ 
r»i»i 
»•i;i 
«•ici 
»•ill 
I*t3l 

w.t 
t»ri 

m ;;,,;;;,M.M«ii»»...ri».i.M.r<it,«M.,tii.i,i..i'«t-oTl.M..'ii. j»ri 
• ltt<,ll'<1T)')'lltl>.'ll^l J.j.j 

••niiifi.'ti.'Mt.M'ii ;,1;, 

I'nt.Ei.ii t* *■* xt   „;;• 
r»Li «tj»«<i;     u,•!.••»».»»^.«''.««».«'Jt^t't» 

irMim.oi.i.» M »• t» 
(1   ?•>  ?! 

1 il»ir»ii» •ji,'«il«»«ii,«»««».««»»«it<'<»."'«»i»'",«t».«<i».««Hi 
»u»«i,^i,«iii,Hni.miii«M,(«»i»."^»t^",n,Nii»,Ji,»iit,iir<t,"'» «jjii 

^;n!J;^j»J-i)!i-«.i.^ii..»J1.Mi.w.«.t.'«-»i«.i»!tMi.^,-.-«.i,N «ujj 
M|ifNrtWtt*ii<Kwmi»f J5,l: 

11  trtT.r.T.9.l  '.P tl » ^jij 

elI"M'.cJjMc,mT?rcTii.T,i»Tf»t,»,i»,ii.«»,iM,ji»».«t,«,«».«? CM-J 
i»*"iIJ9wfJSn»!;i"!l»!iU^.HM»..«.i»^i.ii^.MM.ini.MCjY tPth 

*ll(lITf*TfC<tCTttTl 
«0 Tf)  11,11,   Lt 

t   I'tHTr.ST.I»   «SO  »»  1 
RO rn tt 

"  e»l"ei91»»»       IWL.TfJ.O'uT.^im.l'.f.TIII.M.T-.M.TTItl 
em »Heo"»»<i»i,HT»,»'«,»i,«t<«i.xit»'«i 
e»LL  rii|»IC»««««.T,«tl,».»SLt11l^t,f"IH.fTJT,fT0,*<» 
inssxk.ia.«.! GO TC ii 
Mmrtllll   MIttt*H.f1Iin.1!Lltll 
CNintf ti 

II iKum.»' .J.i CO rn {• 
irilOI'Lt'.O.II   GO TO tt 
fN"»»«.!   » 
MITCIIt»*!   IHISI.T.'M 

It fiirtlC I 
CO TU tt 

I  triSSMk.CO.I.I  CO  TO 11 
KMMLf  tl 

11  «TO» 
M 

i»iei 
i»t:i 
»•in 
(■let 
(•ICI 
«««i> 
(•iti 
It'lCl 
••ic» 
»tw 
ftr.% 
E»iej 
(•ICS 
(•ist 
i»t:i 
(•ist 
(•ICt 
(•ICl 
(•ICt 
(•IG1 
(•its 
(•ICt 
(•ICt 

tit 
11T 
til 
11« 
It« 
tit 
III 
Ifl 
Ilk 
II« 
tl» 
lit 
111 
11« 
t'O 
111 
tit 
til 

I 
11« 
11* 

T 
til 
11« 

« 
t 

11 
in 
11 

t«« 
1*» 
tfcl 
11 
1«« 
tci 
tt 
tt 
tl 
t« 
t« 
TC 
IC« 
til 
IM 
lit 
in 
Ilk 
tM 
tic 
tit 
til 
tM 
tl 

tit 
lit 
til 
11« 
1«« 
I"* 
tCf 
ICC 
tc« 
t«c 
111 
t«l 
111 
1«« 
111 
11« 
t«r 
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—f—— mitmmmtmmt 

Gyro Poiition and Rate CompuUttono 

Because there Is a time lag aisoclated with the gyro and the forward 

tracking loop, the almpolnt location, determined In subroutine almpolnt. It 

not tracked precleely by the mUslle.   The actual value of + (almpolnt rate) 

which It requ'. ec to command proper acceleration. Is not fed Into the guid- 

ance unit of the mlttlle until teveral time constants later.   This eftect Is 

modeled In the program by a simple one time constant delay, which Is given 

by: 

new S ^old + (t)(i w 
where, 

A   s   integration step size 

ji s   precent gyro rate 
"new        r 

.J,     .   =   previous gyro rate 

«j,   =  almpolnt LOS rate 
T-   =   time constant of the forward tracking loop 

G 
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 position, this subroutine also 

checks the missile FOV and seeker look angle limits.    If either of these 

limits are exceeded, the program goes into an abort mod« 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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Table 3-3.   Gyro position and rate computation subroutine 

»UIWOUTI«  SfWC""» tkfTk       '»•»•1 »T« *.l**lll 

It 

<U4*Q<ITI<(f  SrMeK'ISII.^tO».It.$1»,«11"»,$t0»'«,«IN,ST»N,«>«••«.H» 

iriT.r.T.ifir» CO M » 

UtSMHtti 
nea« 
|T*N*tl* 

imiiw.i'.Mn"««» 60 W t 
siatKSisuMroMi.iiooi 

t ii9*>i>si<)>N*nn.r/fcu,Mto*-iio*ii 
iri«in»i.kt.nt'*M«ii so f i 
iWÜHtWtfll*W««W*N 

I t|il«tIN*ttrN*n*LT 

tr(*isiii*siNi.kr.ro«/i.i M '■> ' 
Wtttft««! 

t WUTIl«.!!«««^ S0N1I 
Htirru.«i l|«ttMN 

% ro«N«Tll«.)4II.«*lt.lilf|«'«f|<l..*lt.lll<.k4')V>«Cl!.tl 
kl>t 
MtMi 

J  t»MM«SI»-II»,".lT.»0'»/».l   50  T?  k 

Il<trri4.1»l   %t»,if*,f>* 
kt*a 
«FfU«N 

i iri»<sr.iH»«i",M»-jiNi.i.n»/?.i so n « 

MtUK.ttl   6»".K»M»,IIN,«« 
Ll«t 
MffWI 

t  ir«»MI5»1»»t^H««-«l">tl.lf.»«l.l   SI  T>  4 
■Him*« 
WITEU.tlt   6t'».»l.»H»»,«t»M.S« .  ,  , 

II MI'Um».»HlI»«.IU.».l«.l'«I,"«».£lI.l.l«.^'0'»«,.ll.»» 
it »nt<»«T«i«.»'<G»"«,';ii.»,i«.*'»»t»i««.ii».».i«.»H<:iN..»i».»,i«.i»<s»". 

li*fO«i*Tll»,WG»N».,l«.»,l»,»H«i»<iM,tW.»,l«,IHIt»N<.ClI.».l'<.lHJ 

kt>t 

«f/tl/M     M .II.kF. 

■ »»M »• 
CTÄO'TO«» 1 
r,»Rnc»»" k 
MMeoa» f 
6T«9'!')««» 1 
r.T«o«o«» » 
emit on» 1 
STUoeo»» « 
CKOCOM 11 
GTMIO"» 11 
6»«oenM It 
c»«oeo"» IN 
ernjcoN* Ik 
CTUCOM 1« 
CT<oca«* Ü 
GTtoron* ir 
"»•i» NN 
««•t« M 
**«14 kl 
•«•KIN kt 
«r•^^o»•■• It 
»irMCJ«« It 
6»NOeO"« It 
<t*Rl« »N 
NMl« kk 
CTHOtSN» t« 
evROROx* tk 
GTMCON» ir 
•«•IN k« 
MR1N kk 
C»«0Ct»» •1 
G'NIO"» 11 
GTHOMK» If 
"•«IN kr 
"»»IN M 
IUNIN kN 

•.   NtRlN II 
N«R1« 11 

MS   «»»IN It 
H«mN «1 
GTUNrON» 1« 
6»»OC0»» 1« 
6*MC3"» If 
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Thrmt 

The propulsion system of a miacile is completely defined by thrust- 

time history, specific impulse (delivered) and motor weight drop (if applic- 

able) data.    Figure 3-4 shows the 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 file data.    The values of these variables are then found by means of 

a table lookup. 
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 

this operation and Figure 3-4 shows the equations used In implementing this 

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

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: 

W new 
W .. - (thrust/S) A - W^ 

010 o 

where 

W new missile weight new 
W , . =  old missile weight old 

A s  integration step size 

S =   specific impulse 

W ■  motor weight drop at end of boost period (if applicable) 
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Table 3'4.    Thrust •ubroutine 

n 

SUMOUfl«! T4« f»/T»       0»fl »»X «.t»*IU H/ll/M    11.lt.M. 

tf 

ItMVOUTtNC   fN«(5T,rL,lI,'«'»,I,I»,ll»4»,».»H««,TmiHT,»,f,0rLT,T«,TT   TH« 
••TI.CI TH* 
OIXtNJIO»  tllM.I*U«l 
OMCNSION  »» llll ,TH HI illllli .Hll HI 
TN«USTaTI.UtlT|ST,UI 

«O'TLUXTdT.wOt 
«•«•tN«usT*ariT/s-itn 
»IIIGM«II«Mmi»»l.»HH 
lM6M*9nsinii*ti.*Nti 

iMilMTii.iMwri  fTmir"-ii*iri PP< 
TX«ITN«UST*eAttMI/B|il J1*; 
TT*ITMIJ1T*SIIIG*«I/0C<I fH" 
rt><TH«usT*ensGM*r«it6i*»i/nt* 
KtTMM 
IM 

TU« ♦ 
TM • 

TH« 

nut* 

It 

I* 
If 
«» 

u 

i ; 
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Table 3-5.    Thrust vector components 

From geometry, 

TX     "    TXy*CO,<V+")     ■     TXx*C08    (Y     +*,, 

T        =T    * co« (v+a)/coi (Y* + *') xs xy ' 

Now, 

T2   »   T2 + T2+T2 

x y z 

=   T    2* coe2 (Y + ») + T    2* «In2 (Y + «*) + T^2* ein2 (Y' + *') 

=   T    2 + T    2* «in2 (Y' +«') xy xz ' 

T    2 + T    2* «In2 (Y' +0') *coe2 (Y +a)/coi2 (Y1 +«') xy xy •» • 

T xy 

xz 

T7Z 
[l +co«2 (Y +©)*Un2 (Y' +<»')] 

T < co« (Y +a)/coa (v' + o') 

[l + co«2 (Y + o)* tan2 (Y* + «')] 

T * co« (Y •'•o) m 

T     = 

[l +co«2 (Y +U) »Un2 (Y* +*•)] 

 T ♦ «in (Y  * <*)  

7 1   i  i171 
ll +co«^ (Y+O) *tan    (Y' +a')\ 

T ♦ co« (v •»<>) ♦ tan (Y' •*•<>') 

[l +co«2 (Y +O) «tan2 (Y +*') 
T72 
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Chord 

The magnitude of chord force la given by the expression 

l/2pV(DM/2)2V2 

where » 

p   z  atmospheric density 

C     ■  chord force coefficient (a function of mach number) 
c 

^(D^/Z)2   3  missile cross-sectional area 

V   »  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 mes»ns of a table lookup. 
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-unlt 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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T»bU 3-6.    Chord iubroutine 

tuWUTtNC  CMOtO »»/F»      "»PT»! nn ».I»«I«I «•m/r*   ii>ii«t*' 

t* 

i.uiuiLH i nr  ■ >....».«L^».«f4i».w.«. gjM 
•ciaCTiCi exovo 

«■««■«M/"«*e4 RNM1 

Mi.f0«fll.»e0S0««"l«»«-»6»«» »It                                                                              CMMO 

e?«lCfl•1•^I•^'••••'',,,, MM« 
«»• leotvro«»»» T«<»6«»»i *'>'■'* rmiv» 
«f"««t en.-»'» 
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BIAS la the variable which controls the »mount of gravity bias the 

missile Is to have. 

To compute the commanded acceleration, It Is necessary to determine • • • 
rXy and rXZ ln terrn8 of r (the closing raid along the LOS).    Table 3-7 
shows this computation. 

Figure 3-6 shows the commanded acceleration computation and also 

■bows that commanded acceleration la a^rodynamlcally and structurally 
limited. 

The commanded force Is limited aerodynamically to be less than the 

maximum lift force given In the same table to be 1/2*P*CNMAY*W*(D»./2) *V 

CNWAY l* * function of mach number as Incldated In the figure. 

A limit Is set In the missile's autopilot or guidance unit to prevent over- 

maneuvering against the target.    This Is a g-llmlt and Is designed by the 

term AS In tho program. 

The g-llmlt 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 

constraints on commanded acceleration X(5), XP(5)) and are also the only 
state constraints In the program. 

The missile does not respond Instantaneously to the commanded force. 

There Is a delay ajscciated 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(5) new X(5) old + ^ (Gl - X(5)old) 

XP(5) new 
1 ^U^01'-XP<5W 

I        I 
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Tab e 3-7.    Range rate vector components 

From geometry, 

'x   '   ^v * 
C08 W   =   fv, * cos (4,') xy xz 

rxx   =   rxy * co' ^/cos W) 

Now, 

f2   =   f   2 + f   
2 + r  2 

x y z 

fxy
2 ♦ cos2 (^ -f fxy

2 * sin2 (4.) + f_2 * sin2 (^) xz 

=   f     2 + f     2 * sin2 U') xy xz ,Y ' 

■   rxy
2 + fxy

2 ♦ sin2 (4,') * cos2 (4.)/cos2 (*■) 

xy 

xz 

[ 2 2        V71 
[l + cos' (4«) * tan    (>K)J 

f » cos (4')/cos (^') 
r 2 2       l»/2 
[1 + cos    (4/) * tan    ty')! 

f 
X 

• 
r 

y 

• 
rz 

f   ♦ COS   (41) 

1 + cos2 (4») * 

f * sin 

tan2 (4',)J 

1 + cos2 (40 * 

r * cos (*i>) 

tan2 

* tan 

(4',)J 

(4-') 

[. + cos2 (4.) * tan2 
(4-')! 
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where. 

Gl    =   commanded acceleration req-'ired (Horizontal plane) 
i 

Gl      =   commanded acceleration required (vertical plane) 

X(5)   ■   actual acceleration at the control surfaces 

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

T     =   missile time constant 
s 

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

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

Ax »  - «in (V + •) * X(5)new - sin ( Y + <» ) x XP(5)new 

AY  = cos (v+or)* X(5)new 

cos (v' + « ) ♦ XP(5) new 

Table 3-8 contains a  listing of this subroutine. 

The missile angle of attack is also computed in this subroutine.    One 

angle of attack (alpha angle) is computed for the missile In the vertical plane 

and one In the horizontal 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 coefficient for use in the 

program.  The procedure for determining alpha in each plane Is to compute 

the normal force coefficient,  based on the achieved accelerations, and the 

mach number and then do a table lookup for alpha. 

Guidance Law 

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

pilots is generally of the form 

AT   =   Kgi 
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Table 3-8.    Commanded acceleration subroutine 
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where, 

A-   »  commandwd acceleration normal to body axis 

4«   a  juOS rate 

K      ■   navigation gain 

Became the navigation gain (Kg) varies considerably with tactical con- 

ditions (altitude, launch speed, target speed, etc.) U li difficult to decide 

upon a fixed value for this consUnt when working with one missile only. 

When many missiles are to be evaluated, as Is the case of the missile, 

target, and flare slmulail  n. this guidance law becomes too difficult to Imple 

ment and can lead to a 1. .6e variation In missile trajectory.    In order to 

avoid this problem, the missile, target, and flare simulation uses an Ideal 

guidance law given by 

A,     - ^  
T cos (Y - 4» +«) 

where these parameters are defined In Table I.    It should be pointea out 

that this law Is Impossible to Implement In IR ml-slle 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 missile per- 

formance under Ideal conditions. 
The guidance law of the form K 4» 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. 
The commanded missile acceleration normal to the line-of-sight (LOS) 

for Ideal proportional navigation is given by 

AN-    AVc^ 

Figure 3-7 shows the reference geometry and Table 3-9 defines the 

glossary of terms. 
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VY* V, 

Figure 3-7.    Missile and target 
reference 
geometry 

l.i actual practice,    the commanded acceleration is directed normally to the 

body axis and given by 

A» = 
Ar* 

T      cos or cos (a - 40 

This relationship is the equation for i.-nplementing 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 

missiles is 

AT - V (3-8) 

where 

AV 
K 

g " cos (Y- ^ + o) 
(3-9) 
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Tabl« 3-9.    Glosaary of terms 

VT 

inertlal reference axes 

target velocity 

VT 
angle between target velocity and inerttal axis 

V m missile velocity 

Y angle between missile velocity and inertlal axis 

• 
anglr between LOS and Inertlal axis 

• 
LOS rate 

a angle of attack 
T missile body axis direction 

V = range rate along LOS 
V c 

r missile/target closing velocity 

AN « missile acceleration normal to LOS 

AT ■ missile acceleration normal to body axis 

A r navigation parameter 

K. 
= navigation gain 

I 

The parameter K    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 optimistic 

from the missile point of view. 

3.2   TARGET EQUATIONS      j 

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 tangential acceleration. 

All target motion Is considered to take place only In the horizontal 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 

vv 
Equations 

VTx    "   VT cos YT 

VTy    '   VT •in YT 

* 
VTr    "   0 

> 

Table 3-11.    Circular turn 

fVloMion« 
V 

1 

vT
2 

"^v ! ■* 
* 

/VT v A^. 
VT.y          M," v.' vy v. ■   rrfrrvnct tHe« (V    not «hown) 

T»y 
-■   turn rsiliu* 

VT.y 
•   tnUl  V»1CK Uy ..r »ire r,>ft  in  «y 

plane 
If T • TM. then 

\T •   annlc bdwi-cn aircraft vi'locily >T    '   »1 
vector (ay plane only) anri V 
reference aaia 

Othi-rwiac, 
■    rale •»( anuular rutatiun •*( 

aircraft in the turn 
»t    '   ^T(V-,T-TM» 

VT. •  component« of aircraft velocity 
along reference MM 

M ■   Integral number of K'I that 
VT.   '   VT,y"^r 

aircraft p..11« in tlir turn • 

M > 0 foi left turn V.        a    V_         «in  v_ 
Ty           T»y         'T 

M <  0 (or right turn * 
VT«    -   0 

TM 
i   time maneuver begin« 

■   gravitational constant 

•   lima 

• 

* 
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Table 3-12.   Straight acceleration 

V 

i 

f 
i 

t\uath>na 

VTii (n*»l    •   VTi( MH * V^A» 

VTy („.*)    .   Vry (.,l.l| . VrAI 

VT.   '   0 

If T < TM .ir VT t VM(h|, MM 
\ 

A       ■   m»Minnim furwar«! accclcr- 
"'        »lion of «Irer*ft In n . 

v,   .  vy  - 0 

V    (h)   >   molmuni «ircr«ft ap*ti\ kt 
•Itltud« (h) 

V_    a   loUl vtluclty'■( alrcrkft 

A -    •   alat of inti-urju.in atep 

Otlicrwi««, 

(N.itci   Th« Uriel MMll of .iperallun la 
chin»».! from military powrr la 
aflcrbiirner al 1 « T^) 

Nut«.   All prcvloua ritfinillona Ml 
«ppllcsbU. 

V      -AM coa v-» a           m*          'T 

Vy    •   AmB ,l„ vT 

;m   .  0 
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Table 3-13.    Turn and acceleration 

when 

N 
\ 

;T • o 

•R 

1           ." 

^VjV 
VT.y 

T   >TM 

•R •   nriUI cnn<p>i ncnl of aircraft acolrratlnn (Not«:   Th» tar^rl made '■( «prralion i< changrd 

•T •   UnnrnlUt cnmpnncnt i>( aircraft from military power to «ftrrb irnrr at t •TM-' 
*cctUr*tton 

ir 

vT «VM(h) 
BM ation« 

VT,v(-.w) '   VTM,0l," * ^T.y«*' than 

YT(ncw) •   •»floW) • VTAl ;T.y   '  H   '  Si« 

VT. ' VT.reo,>T 

T        VT.y        VT.y 

VT. 
•   0 

• 

If not. 

V_        «0 T«y 

M    R 

T«y 

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 aircraft acceleration forward, and the maximum speed it 

can obtain. 

Figure 3-8 shows the basic equations used in the program to bimulate 

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 acceleratlon(s) In terms of the number of g's.   A positive sign for 

FMC will generate a right turn and a negative sign a left turn.   Table 3-14 

contains a listing of this subroutine. 
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TMCn ACCilEKATION TotSCT Vf lOCITY 

TiMim 

V 

»T»TM 
JL • A_ o co» rT      - M. o SN r 
~     ■ 'OlO      • 'Olü 
?. • -A   O SIN r ♦MC cos r 

' OIO      • OU) 
r,.o 

OPTIONOi   A_«0     M  -P     SnAICHT Ar« l(Vt I 
■ •       niOHT 

OPTION U   Am'0     M / 0     CIICUIA« TUtN 
OmONJt   A^^O     M   -0      STIAIGHT ACCIIUATION 
OrriONli   A|B/0     M  ^0     TUtN Af« ACCIURAn 

CONSTANTS 

M A NUMta Of •'• AIIOAn RKLS IN nWNINC 

M>0     -»ItCHTTUtN 

M « o   -»unnjiN 

A^A Anoun FOIWAIIO Accuiut ION IN :'-. 

T   ^TIMfWHi  . MANfUVO HCINS 

*r%% 

'ou>    'OIO 

■OlD 

^NIW      'OIO      ' 

IN»«f      'OIO      ' 

»T        "^        »^ ^Nfty   ^ou>    ' 

VILOCITV CHKKi 

IfVfB V,,».), SHA^-O 
 _  

CONSTANTS 

'OU)    TOt*    XLO 

*T        •♦T       «N 'NfW    'NK»    "NI 

V (K) • MAXIMJM AKOtATT 
"        SKID AT AlTITUDf K 
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1 VIIOCIIV 

-        .*.        ♦S.A. TNIW      'OlO      ' 

.r.4. 

Mtcn rostnoN       NCU)' 
YT010' \^ \^ 

NIW      '010      ' 

tlOCITV CMKKi 

"VTi V»i*)' SIT*«*0 

 j  

"^«•V..^ 0U>    'OLD    'OLD    'OID 

'NR*    'NCW    'NIW 

.TANTS 

V (•-)■ MAXIMUM AIIOtArT 
"        S»»£D Al AITITUDE K 

«-» 

X-      -x.     .ft.      u 
TNfW    'OIB    'New 

Y -V.        •*.        4» 
■NIW    'OIO    'NP* 

^NIW    ^OlD      'N«W 

ft.   .*T   .\ 
'OIO     T01D   ^OlO 

■» TA«CIT POSITION 
*,       .V.       ,2,       , 

'MW    'NBW    'NCW 

■» TAXCn VtlOCITY 

^NIW     'NM   ^NT* 

.»TAncn AccanATiON 

Figure 3-8.    Tar gel dynamics 

\ 
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juMnuTi« rsoTN 

Table 3*14.    Target motion subroutine 

Thffh       «»f«! »TU ».»••HI if/ll/M  11.11.(1. 

t( 

1« 

Ju<»ouriHC Tr,nTN(f,M,iti.T,i<,;1»H';,»<t#T>«i.«»,«M,«r,n,«»i,«   Nt«i« 
♦ T0,«'i0,I»<1,S«'<tl TitOrNI 
l»«T.6T.Tm CO It  1 »SIBI11 
>?)•«. TSTOTNl 
«41*1. rsTSft* 
«•lOH. TGTOTX» 
CO   TO  t ISTOTH« 

I  1f9'*M*?>rnTICCilTI-M(*CMIlMM<<M TSTIYKl 
««)••(<«•£• St MlCtiTM'NC^t^^OtC*^;) T'.TSTtl 
(•«■)••. TSTOTiU 

t  If.«r««fn»orLt TGTJTtt 
■ «•««»IVIKL* TSTVU 
I»«.lH.«»<0">€lT TSTDfH» 
iTivr.e*.««! imi. rcs/** 
«»•l(»IT*9CLT TSTITNt 
I4>lt*t<*nct,* TSTIT»» 
■ ^••iM»(*«>im TCTOT<(k 
«CTU<« tSTOVN« 
Em TSTOT1« 
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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.    Basically, the flare control portion of this problem is 

responsible for determining the flare status (not dispensed, burning, or 

exLinguished). the times at which flares are ejected, and the initial velocity 

and position of the flares at ejection.    The fUre dynamics updates the P.are 

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) = I 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 

program.    Figure 3-10 shows that flares can bt dispensed as a function of 

(1) time after missile launch.  (2) missile and target range.  i3) time to go. 

and (4) missile and target range rate. 
Once a flare has been deployed, the flare's initial velocity is computed 

based on the target velocity plus the dispenser ejection velocity.    This 

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. 

FLMI CONTIOl FUUtl DYNAMICS 

Missat/TAicn 
ciOMmvDAiA 

I.    DCTBMINf EACH FIA» STATUS 

• NOTDISKNXO 

• UtCUD AND MilNINC 

• EXTINGUISHED 

I.    OETEKMINE WHEN TO DEWOY EACH FLAM 

• IIMt AFTEI LAUNCH 

• IAI4GE 

• TIM TO CO 
• UNCI RATE 

3.     OOHMIr J INITIAL FOSlTlON AND 

VELOCITY OF HCHFL4«E 

FOt THOSE FLAMS EJECTED AND STILL «JiNINO 

1. DETERMINE FLAM . «FACE AREA 

2. DETERMINE FLARE WEIGHT 

J.   COMFUTEORAC 

4.   DETERMINE VELOCITY AF« FOSlTlON 

FLARE 
ACCELERATION 
VflOCITY 
FOSlTlON 

Figure 3-9.    Flare control and dynamics overview 
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DO r - I, N 

N • TOTAl NUMU< OF FUMUS 

NMM 

MIS5IL£/TA«GET (ANT S (•) 

TIMI TO CO OTC) 

I*»Gr viiocir.' 

TAKCn rOSITION 

flA* STATUS 

V. NVMIO - 1 

(NO) 

(V« 

IF, NU,*)*} 

Mtt 

(YtH 
IF, (T - TFilt)) OT.  aiWN) 

01$) 

NM(IC) • 3 

INC) 

if  DFFlOYMtNT ITMTtGY 

TF(IO <T MT NM(K) ■ 2, TF(lt) • Ti   OFTiON 1 

If(K) > I ST NMK) - 2, JfiK) • Ti   OPTION 2 

*TTO(K).TTO     SnNM(IO»2, yiC)«Ti   OFTION 3 

ilH 

CONSTANTS 

TF(K)   »TIMiAnU LAUNCH WHIN 
FLAU DECTtD 

«(K)   • IANCI AT WHICH EJECTION 
•MM 

TTC(IO- TIME TOCO WHEN FLAUE 
EJECTED 

FLAKE INITIAL VELOCITY COMRJTATION 

V,C'lNITUl-*I.fT-VK']   ^OV 

WNITIAL'^ (T'TFW] ^OZ 

t 
CONSTANTS 

'OX' V0Y' V0Z' EJECTION VELOCITY 
COMFOMNTS 

FLAUE INITIAL POSITION COMUJTATION 

V^INITIAL^^'V«)   ♦X0 

Y.(IO F'^'INIIIAi. •Yi ("V«] 

J v,tWiAL*MT-v,f'] *% 

t 
CONSTANH 

Xn, Vn, Z. • OtSFENSO LOCATION 
'     D   ^    «ELATIVE TO ENGINES 

•♦ F 

X 

L. J 



Fl>«f STATUS 

IT, NMIK)«) 

INO) 

(Vf$) 

ir, NANin-] 
(YM) 

V, (T - TKK» CT.   (TIWN) 

INO) 

orisi SIT 
NMIK)-) 

INO) 6 
| I   DtHOYMINT SIIAHOY 

SO NMK) • 2, Tf (in • Ti   OPTION I 

SIT NWK) • 2, rfIK) • Ti   OPTION 7 

HO     aTNMW», Tf(IO-Ti   OPTION J 

-^ 

<NSTANTt 

K)   »TIMtAFTII LAUNCH WHIN 
FLAM UKTtD 

X)   •KANGI AT WHICH EJCCTION 
oauH 

3(10 - TIMt TO CO WHtN PLAH 
•JKTtO 

PL*« INITIAL VtLOCITY COMHITATION 

V^INITIAl'*    ►•V"!  *V0X 

V^INITIAL'V^-'H   »%» 

i 
CONSTANTS 
V~w. VRV, VR- ■ DISPlNStt 

ox   Dv   " ufaiONvaoaTY 
COMPONENTS 

HAM INITIAL POSITION COMHiTATION 

u 
V^INITUM^T ("V«]   ^0 

V'OiNimL-'Tl1-1?'"] ♦'o 

CONSTANTS 
X«, V», t. ' OlSPCMSa LOCATION 

0     0   ^    ULATI« TO INOINIS 

-» FLMC STATUS 
NMIK) - I PLADE STILL IN DISPtNStl 
NM(IO • 2 PLA«£ CJECTtD AND 6U«NING 
NMdO • 3 FLAM E.XIINGUISHEO 

->■ 1\W Of DEPLOYMENT 

■♦  PLAT.! lf.lTIA . VfLOCITY 

*f**INITIAL' ^p'^INITIAl.' V^INITIAl 

■♦ FLAU INITIAL POSITION 

V^INITIAl* V^INlTIAl' V^INITIAL 

Figure 3-10.    Flare control 
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Table 3-15.    Flare control subroutine 

it/)i/rt   ii.ji.««. 

tt 

i» 

M 

It 

(UMOUTtNC rilttT<l.«HH,<,IST,ftT»,TTS,TTSF,«l«ftir,«r»,I,»»,T«'J«N 
»,»«»,»Tr,»l»,lo,T3,JD,»tL,«',»3»,I0»L0T,N,»I,71 
om«st9H mutt .terui.tt.r'itiitsritii ,»m»> ,i'tiu,<oi 

OlKTMian «riidt^irttiWCitottiilki 
imt.cQ.tti co rn % 
CO  TO   ltO,M,  ItKOI 

I iriTriHi.ot.r» r,n TO II 
CO  TO « 

i irMriNi.ir.<mui> si 13 t« 
60  Tfl  tl 

«   iriH.CT.tl   '.0  TO   tt 
triTTci tt.tP.tr 

tl iMfT&rMi.LC.rtGi r.o ra u 
tl   f»(N|.T 

« ««<t»t 
N><l-t 
ST» m» »SIS'»Ol/I. .VTM"«! I 
»«'«••n»it««»rmi»»riutT» 
»T'MXtasivrriNti'StNC.Ti 
60  TO II 

II  I'IN.Cl.tt   -.0  TO  11 
ti  10  1  K.l.x 

60  TO   (f,*,lt,   Nil«) 
•   t'CIT-TFIKll .LT.lT8J»N-.in    ",1   »5   1 

ieT(«t<Mt 
IflSSMI.IO.t.l   C3   TO   1 
Ifl>r»M.<o.Lr.a.l   60 TO I 
««tTtltilkl   <.T 

1«  rn«ntl(/,i>>,lkH'l.l*E  NJ^r*    •l«ilX|ll'*!'>fI,l«UISMr)   "   'J^'     •'*•' 
*l 
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«mi*,WT»  « 
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M<ITFI»f»lfl   »'ir,<),I'H, <»,«'*<••<> 

if» ra<N*T(iils>«iF>,*i(.i,ii,T>«T'«frii.kfiit«H;r.,rii.«i 
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FUre Dynamic» 

In »ay ml.flle. Urget. aid dare •Imulatlon, It is vital that the 

trajectory time histories of the flares under consideration be known. 

TabUs 3-16 shows the two forces acting on the flare, drag and gravity, 

as well as the magnitude of each.    The following equation governing the 

trajectory time history can then be written: 

♦r "ü PASCD(G/WF)V^F + G) 

where 

p   s   atmospheric density 

Cn   =  drag coefficient 

A     =   cross-sectional area 
s 

WF   »  weight of flare 

V-   =   velocity of flare 
i 

G   =   gravitational constant 

The major uJflcultles In solving this equation are that both the cross- 

sectional area and the weight arc time dependent functions, while the 

cross-sectional area Is spatially dependent If the flare Is tumbling (i-s It 

normally does). 
To deal with the spatial orientation problem. It Is assumed that a cros» 

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 

„0        Al > A2 SFB   =  2  
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Table 3-16.    Forces acting on the Kth flare 

MAG 

VH.OCITY 

rotcc 
MAONtTUOl 

HC«IZONTAL riAN! Vt«IICAl nANC 

«AVIIY 0 W,(K) 

HUfi W   *   • c0  •    v") V^dt) 

v,(n • vnociTY or KA HUH 

$F(K) ■ SUIFACE A«A O» K* n  " " NOtH»'. TO 'tlOCIIV VKTOt 
C0 • MAO COIf flCHM 

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 cylinder 

walls is much greater than that of the ends of the cylinder.    Thir is a good 

assumption in /lew of the shapej of the flares being investigated.    However, 

if the area of the ends of the cylinders are neglected mmi the definitions in the 

sketch below are used, the perimeter surface area can be expressed as 

SUHFACl  AMA 

Ad) ■ 1 mill/It) 

On the assrmption that the linear barn Mil U consUxnt and that the 

radius of the cylinder is much bhorter than At length of .he cylinder, it 

follows that dr/dt ■ constant. T'.>e solution .o this equation is 

nt) ro(l - t/tß) 
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I I 
1 

where 

r     ■  Initial radius of flare 
o 

tB   =  burn time 

If a iimilar expreasion for  t{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 t{t) becomes 

For cylindrical type flares. 

and 

|(t)   •  I    (I - t/tB) 

Al(t)   =   nr2(t) 

1 

2 

["-T-^O
1
:]*

1
-

4
'^ 

A2(t)   =   2r(t)£(t)   ir 

The average cross-sectional area is , 

SFBU) = Ai<t^A2(t) = *£& ♦ aoimi i 
' 

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 i* 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 resolution 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 

Drag acceleration«:   1/2 p Cj/lSpOOV  /VfyM 

1. 2. 

I. Al 

A2 

SFB 

SF(k) 

2. WFtk) 

s  wr. 

2r   I  ir o o 

(Al + A2)/2 

SFB (I - (T - TF(k)/TBURN)2 

WFO - WG(l - (I - (T - TF(k))/TbURN)2) 

l 
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SUWACI A«A COMKJTAIIOM 

TIM or of riovMiNT jf no 

KFIUNCI GEOMtllY 

CONSTANTS 
Wl ^ AVEMCI SUVACI A«A 

fUStNTIO NOIAAAl TO 
WINOSTUAM 

r     ftrLAII INITIAL IAOIUS 

j#   Äfi>«INITUll.lNGTM 

TIUtN^FLA« TUINTIMI 

T.cn^TIMI AT WHICH Kl«i f LA« 
'      USUNSID 0*AC COMMIAtlON ACCfU 

flAtt INITIAL VilOCITY 

^'"'iNITUl, 'f'^'lNITlAl, 'F'^'INITIAI 

FLA« INITIAL POSITION 

Xf "'INITIAL, Yf'"'INITIAL, V'lNITIAl 

WEIGHT COMRJUTION 

CONSTANTS        ' 

*FO - INITIAL FLAU WEIGHT 

WG  ^CIAINWIIGHT 

v,"0cl0 

Of»; -1/», c0o s, no "yr^fy 

CONSTANTS 
f AATMOSPHEWC DENSITY 

CD^ DUG COEFFICIENT 

O-i' 

.ml   *■ 
F*7Z wuatJKt rC'CT/ 
»■      ■■!» utmm 



ACCIU«ATION COMfONINT MSOUJT10N 

DF(K)   »  COS*V*ll 
X'(,t)    (|.co$,rr,(it))TAN2;v,t|il,/i 

0,'K)   •  »N r (K)  
V,(W •     i- ji«.* 
' [l.COS^VKDTA^ITjlWl   ,/2 

Z^W 
O,*) «COS *,!*) T*H ", "" 

(l ♦ COl'i y,(l"> TAs'ir,'*))) '^ 

'xVw.'V". V" 

FIAK VIlOCITY COMWTATION 
 1     11 

*f'"W Vlmr V^DÄ* 

«o 

'OU>" VWlAl, VrOlO " ^""iNltlAl 
•OlO" V^INIIIAl. V^OID-y^lNITIAl 

'OlD-'f^'lNITIAl.^'^OlO^f^lNITIAl 

J 
X,(W0lut vf «""cio. 

ZrlK)ol0 

^ ^ 
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^r 

mOCIIY COMfUTAIlON 

^ww * V'oi? :. ma» 

"'NIW " ^f'"''»«V» * ^"'NtV* * ' * 

>,(WOIO' V'OLD 

h^O^f'^OlO HA« WSITION COMPUTATION 

■I,- 
«MMr )!/» 

2.(1«, ^'"'010 

Xf ""NIW " V'OIO ' Xf ""NIW At 

f,.,Nfw-Y,W0l0«X.(IC) V,(10 

2,«), 

f""NtW äl 

MM^VSW^^PWV* 

Xf<«>o.i>. v»"t'l f,R,OlO' Tf'^'OlO' 'f 'OlO ML, 

FtAK POSITION 

•♦ Xf'K|, VF(K), Z,IIC) 

flAtt VELOCITY 

XF(K), Yf (K), 

•♦ if'«. Y,(K) 

run ACC 

♦ X,iK), YfIK), Zflt) 

Figure 3-11.    Flare dynamics, Kth flare 
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Table 3-18.    Flare dynamics subroutine 

tUMOUTUr 'KOV* 7Wrk      8»f«t '1» ».!••!«) 

I« 

*,<>.,<«» tt, ■»,im, ir tvr*, «4,<<« 

D.    »Jti» •*ntirilMiii'a*.t(tt<i>*iktltlitt'i*ii 
g» • Ratf» 
eo re i»,».»i, N<mi 

»  |»l«r»<<i«l.k-M.I  63  »o  t 
tat..|W<OI/T«U«« 

SO TO  U'.l'ilNMIi   « 
1« tl>V«/^. 

li«Vi*eKMMa 
«<tt«ltl*l!l/I. 
ir>mt>'i'i 
et TO 14 

IT  W'SFUI 
Nr(<i>M'o-us*it.***>i 

t« c'»<m«-.MMo»ei»»s 
OrtBOMT^^K'V»I«»•»»«<l /M' I <l 
T ••«c'»" »'•(*.«i/«n/.o 
••10»T(«Hf,<)«I»«T,<l»«»H,t» •«•»•.<! I 
MMTMWtCIM 

MHWHeM^vtwe^rMV* 
i'iiil«i«nr«'o^&r^sQ*T<t.»«i 
init^iMir^tiNGr/SMTu.**! 
«ri(it«»«or»eos6r»T»NC»»/SMTei.»«»-j 
•♦<» ^ i«»i,* 
intv.Kixit«) 

»«»(»,«I'»'•(»,< I »«'ir.O'T.T 
»F»«f,<|.»«-,<T,'()»I'3(li<t,0JLf 
ir(r(co.ir<f >i(M<raii.(i,o;i.r 
»FHt<l»l»««t<»»«,,>«»,«l,1t(.T 

«r(»,i<).iFt4,»in«(r,«i»i?LT 
irn,«)t«f I»,Kl. »«(*,«! »DtLT 

t  COiTINUt 
t «cru«! m 

t/at/rt   is .».«« 

WM« »t 
ri*aT«*N i 
»HO»1««" 1 
ntotxii « 
rLRlTUt« ■ 
rLKOTHM T 
ri«nT<»4 1 
ri.»0Ti.»< 4 
rLMOVNA« 11 
nKBTlii It 
fLUOTNIt It 
»LtlTN»* n 
rLROMM i* 
fL«a»M»i« i« 
riMTNii u 
rttomw it 
rmoTH»i i» 
riHT««* H 
»LIlDTi» tt 
•L«nT*ii ti 
n*ofN«ii tt 
riRsrin ZI 
'I.R:T<M* i« 
»l.«0TSi< i« 
rtRom*« u 
n»0T««i IT 
rLMTOH *l 
flftOT<U4 (4 
fLtOTN«!» It 
ruMTX»-« 11 
FLRDTNM It 
fVMTNM in 
rLRNTNkK Ik 
rLMTNM 1* 
riRS'liM It 
FLUOT'»«^ IT 
nnfNiN It 
riKortui 1« 
rt«orw«H »t 
ri»o»x«i tl 
rnoTN«« «t 
ri*orNt>« *l 
FlUOTtM ** 
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4.    ANGLE AND RANGE COMPUTATIONS 

In this acction, the mitsile and target and missile and flare computations 

are performed to determine angle, angle rate, range, and range rate.   Sec- 

tion 4. 1 discusses 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 «n 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 computational procedures for these calculations in block diagram 

form. 
Figure* 4-3 and 4-4 describe the angles and angular computations for 

the angles between the missile and flare (K 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.    Mltille *nd targ-st angle and angle rate 
computatloni iubroutlnef 

«uMnytinl wet»»';      »»/»»     '»•»•i 

1Ut«0UT|Nt  <tGT»ll'.««,»l»««»,I»l,l|9,««,«»B»'«»ll 
DtXlmtl»   «IIBI.'II»! 
I»li<ll.«C.t.i   60 I"  I 

• so tn | 

i   »i»i.m»»»»»iu»»»t   

irm.H'.e.) no «0 I 
lili>M/t. 
on TO * 

|  Mli>tTa«t(T.<<) 
•■ iriKJt.lt.-'I'f.l   SO It » 

k Otall«i*llll 
mJlumUiiiuM.i».-iuuMii«i-«MMM.«»i-ii«M./iM.MO«.o jjjmn 

ii ♦" iri«iti.«t.*.i 60 t« o 
tltla*!/». 
60  to 6 

t   |(ll««t*N>lllklt1llll 
,, t  Dti.itkO^liri'IUI'lttl/ltlt»*«!*!*!!«!*!««*! 

irillOI.W.I.I   64 tn  It 
7(tMI. 
60  10 • 

ti irm»».<«».i.» 60 to t 
II riM>»i/t. 

60 TO • 
r iiri>tttiitm«itiiMi 
• mi.i««n»im-iti»i«»i»/«iin»««t)»«««i»«nn 

ti«i>tm-mi 
i« triii6i.*w.a.i 60 tn • 

mti>>t/t. 
6« to 11 

< INM*MMtl*lM *«•*•! .......... 
tt iai»«i««»»»»««»-«iri»tiMi/i««»i»»i»>♦««»»•«««» 

M Ilttl>tk*M*»I<*l-tlll 

EN1 

t«/ii/rf   u .ii.ik. 

MOt« tt 
mttt6t* i 
NtSSKt* % 
■IMt6t« i 
•llStltl« 6 
mnuti T 
■•«II 16 
■ Ml. 1« 
«tmet» 0 
■I «ten 1« 
MISttSTI 11 
MISltitI 11 
»timti 11 
Mitsteti 1* 
■rsif.r« 1« 
■t$1t6t» It 
■intit« It 
«IJ1T5T« 11 

•o ■tittr.ti 10 
NIIStiM ti 
ptnttti ti 
■IMIStl (t 
■(»tit« ti 
•I«5f6n Ik 
«itsttst« 1« 
»ttlttr« 1» 
nisitet» It 
■mr-.M 1« 
ntsttst« >« 
«tsst&ti 11 
nintitt 11 
•tmett It 
«IMt&t» 11 
ntititi I* 
«Tnt6tt If 
«tStfttl It 
«ttvst* 1» 
■tJltGT» It 
msitstt 10 
Nllttttl kl 
■IJIISt» kl 
mstt;tt kt 
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Figure 4-1.   Mlsille »nd target angle computation!, horizontal plane 
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Table 4-4.    Ml«ille and flar« angle and angle fate 
computation! subroutine 

juMoufiit m\.v* f»/f»       W'l 

■': 

««mm   ti.u.o«. 

«uttouritt •»i.t«!«'».«.»'.»!» 
iMfmo« •»•nit»«i./'M.»»i 
an 1 «■!,•• 

!.«»»(»,«»-«'»II,«i 
tfii.ac.i.» en to k 
If(l,«l«»I/t. 
«a »o 4 

«   ».«»•(».«(•«»«•I»,«! 

ir(If»t«,«».<<€.B.I   CO   T-l   » 
Tfii,(i>i. 
sn TO i 

t ir(«r»«r,«i.«.«.i to 'i * 

CO  »ft 1 
t »r«i,«»»»»»'«»«*',«<tl«».«,»«,t,«>» 
i ewniMu* 
t ««Tumi 

MUt« »V 
•ISJ'L»« 1 
NtsirkU * 
•IISS'LM 1 
HtJS'Lr.l » 
MtM't** T 
Ht«srt,i* 1 
HtSSriM •    « 
«I'.FLtl to 
nistrL*« It 
NtSI'LM it 
NtSfL«* 11 
NHJ't»» l* 
HtSSFL»« t« 
Nifini* lb 
*UmM If 
nit'.f.ft 11 
NISt^LM in 
Mi$iri.<t It 
Nis^n«* tl 
KtMFLM It 
m«»i»» fJ 
•iijfriM tt 
•lll'l»» I» 

I 
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4. 2 RANGE AND RANGE RATE COMPUTATIONS 

Figure 4-5 thows the computational procedure for determining the 

missile velocity missile acceleration, missile mach number, the target 

velocity, target acceleration, the components o£ relative position velocity 

and acceleration between 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 j 

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 those subroutines. 

Figure 4-6 shows how the range between the missile and »n arbitrary 
flare (K     flare) as well as their corresponding rates are computed. 
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Table 4-5.    Range and range rate between 
mlesilvj and target Bibr&utincs 

lUMnuttN»   MTVUtL tS/f*        O»»«« 

I» 

It 

n 

i« 

i< 

%% 

it 

tiHVHWt   «M»»lH.I».t!l,»O,«»O.in.«»3.«M0,t,^,#"'>,»f,»Tr) 

■•iu*<tt« 
■■<ti*«iit 
■•i»*••(»• 

•tClll»**««*-1*!'1 
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or 

VT '  r = VT r c08 8 

XT rx + YT rY + ZTrz = VT r co« 6 

where, 

V-, = target velocity 

r = missile/target range 

X—, Y—, Z- = X, Y,  Z components of target velocity 

rx, rY,  r- = "C, Y,  Z components of missile/target range 

6 = 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 aircraft tailpipe tempera- 

ture and the missile/target range,  the atmospheric attenuation is found by 

means of a table look up. 

1 

i 
5.    TARGET AND FLARE IRRADIANCE COMPUTATIONS 

This portion of the program determines the irradiance from the target 

and flare at the missile dome. Section 5. 1 describes the target irradiance 

computations, and Section 5. 2 describes the flare irradiance computations. 

5.1    TARGET IRRAPIANCE COMPUTATIONS 
I 

In determining the irradiance at the missile from the target there are 

several major 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. 
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The lrradiance from the target Is then computed,  at indicated In 

Figure 5-1, bated 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 

tuMouTtNt Tim r»m    O^T»I r« k.t**»J «»m/M   ts.ii.n. 

iuMouriir TsmnBWOf.TV,»?,»»,»»,»*,*,»!,»!«,»««,«««^»»»      n*»n r» 
♦ ».^f.TMTI T6TIM49 I 
nmw*!'»« «tiTiiii.MNetMi.wiui.Tiurit«» rtrtMO      » 
M*:«t«ti.*i.»*M*.m«M reruMJ      * 

f t«-««l*tOT»U*m»*Z*?nTWIt«*rt T«TtW> * 
tMtmitl.«T.I.I   50 TO  t TCTHM1 T 
«it rn i TSTmn « 

t •MICNII.,*! mnuo n 
^ »t.»roM»i'i«(i./M mttSSI M 

tl                              »liT.T(.j?(»T,»iiir,,»iiTi tSTtMSI tt 
TtUS*TLUt<«,*<«,T«UTI T6T|<«»0 II 
NT»mu$MI<IMi(»«:'«»/«»M» T6TI»«« tl 
%W1M- T6TIMO tk 
t«f) TCTI*<t1 t« 

i 

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 wiadstream conditions at or near those being considered.   When 

no dynamic. In flight data exists, 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. 7|i 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 
exp 

VF(K) 
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 SlmuJatlon 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. Tp.). 
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 

suMMitiM HAM HtH    «"»i ••< »•»»•"» it/nm   ii.ii.ir. 

♦ .Mr^CM.MUM.mM.til.Miri 
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6.    AIMPOINT DETERMINATION 

The primary functions of this portion of the program are to 

1. Determine which infrared aourcet are within the missile FOV. 

2. Determine which of these sources within the missile FOV have 

irradiance levels above the minimum detectable. 

3. Determine the missile aimpoint, on the basis of the missile's 

■ijnal processing and source irradiance levels -- within FOV and 

above minimum detectable. 

Figure 6-1 describes the computational procedure 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 

variable 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 

N-(J) for further aimpoint processing with their total number in 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 

aero, then the program will abort due to the fact that there are no IR sources 

within the missile FOV above 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.    Aimpolnt determination rubroutine 
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(Table 6-1, concluded) 
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•OI,»|0»T 1« 
OUMOOT 1» 
M».«|0»T Of 
>Bl»lO»T II 
OfLU«»? 10 
MLtll't fi 
onaiw Tl 
-IIIIOT // 
ttllll^T fl 
■ILIIorr f* 
•»(.••'»•r fO 
"ItHOM ro 
«III«»» ff 
■UfOM fi 
DtLltO'T fO 
«lllton II 
MLUN" 01 
milli'T u 
■lllt^T 11 
«IIIOM 00 
•01.» I'»•T 00 
MLUi'T i» 
«OlIIOOT Of 
ROLIIMT II 
OJHIOT 00 
WIIIO^T 0] 
OltllXO» 01 
•nuiNn 0» 
miiio^r 01 
NSiiii*r oo 
oitiiorr 00 
rtiiiopr 00 
nontorr Of 
•SLI10»T 01 
"OtnorT 00 
•OHIOH 11« 
mniooT 111 . ■StIIO'T lit 
OIHIOM 111 
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■o 

I 
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: i 

! 1 
6-6 



Table 6-2.    Missile FOV 

1.    HA«llNTMIfOV 

AND 

THIN,    N^m-K 

^(j) « AII*Y JTOtINC TM€ PMM WHICH *« 
' INTHIfOV 

U • TOIAl NO. Of HMti "N THt fO/ 

J.   TAHCn IN THI fOV 

AND 

l»-A'|  *   V 
TMN,   KT-I OTHUWIJI.n-O 

The almpoint type can be based on 

1. geometric centrold 

2. Irradiance centrold 

3. maximum Irradiance 

o£ IR .ourc«. within the FOV above the minimum detectable irradiance level. 

In general,  con-scan. FM signal processing missiles are max irradiance 

tracker, and spin-scan AM signal processing missile, are irradiance 

centrold trackers. .        ;  i      ,, 
The almpoint determines the angles ^   4^. angle rates.  4^.  +A a^ 

the range rate r, which represent the direction, direction rates and the 

range rate from *e missile to an apparent target within the FOV.    The equa- 

tlon. used to calculate ^  ^  hA. ^   — 'k ior each aimp0lnt COnditi0n 

are shown In Table 6-3. 
These almpoint variables are fed back Into the dynamic, portion of the 

program to determine gyro po.ltlon and rate and ultimately to determine the 

ml..He guidance command.. 
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Table 6-3.   MUille almpolnt 

'   " T 

j        GVOMI ■ iiu Ctnlrotd 

LT 

'A-E'r^r"'""' 
j-i 

Irradiant^ Ccnlroid 

l.T z 
.1-1 

v.J2llr(NrU»)«rr(Nr(J))«llT'KT't 

.«iniuni Irr«di»ici 

Ij.CNpUDI'MAXJiyNj.UHJ-  1.  "j 

LT • KT llr(Nrgil« KT « MT 

l.T 
^.£iF(Nr(j.).KT«; 

I.T < KT 

'At'r'V"'<KT   * 
■i i , 

l.T « KT 

LT 

•A-IM-'V"""^" 

LT 

^   L"r,VJ"-,(,Nr(J,M,lr'KT" 
iir(Nr(.i)>» KT    nT 

u. 

Thin, 

|lT(JI)lllT 

LT 

-A     Sl'r(Nr('»     -FINr(JI)"'T      «»•• 

LT ♦ KT 

LT 

iA - J^^r"" ' KT ** 
j.i 

LT • KT 

LT 

fc.rfcVMMW* 
J'l 

LT ♦ KT 

iir(Nr(.ii)> KT i i:T 

LT z 
J 1 

l.T 
t   . 53llr(Nr(.lll     .'r(Nr(Jll <  IIT'  KT '♦ 

rA. ,r{NI.Ull) 

'A ' 'r,Nr(•",, 

^•W»»" 
^.^..(JU) 

;A.^(Nr(jn» 

•A' ^«"r"1" 
Olhi-rwi»!, 

'A"' 

V» 

llr(Nr(.l|l ' KT * llT 
-A'* 

LT 
-A'1 

llr(Nr(J)) « KT 1 llT 

LT 

J»I                                            — 
llr(Nr(J)) » KT»IIT 
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7.   CLOSEST APPROACH COMPUTATION 

Thl. .ubroutlne I. died when the ml..lle no longer ha. a .ource within 

the .eeker FOV.    The ml..lle and target trajectorle. are projected foreward 

in time, a.-umlng ml..lle and target acceleration, remain con.tant. at the 

la.t value, before lo.. of tracking. 
Figure 7-1 .how. a block diagram o£ the computation.    The trajectory 

l. projected forward until the ml..lle pa..e. the target (normal termination), 

begin, to diverge, hit. the ground, or exceed, the maximum ml..lle lifetime 

The computed time to go (TTG) I. the time remaining to clo.e.t approach 

a..umlng con.tant ml..lle and target velocltle..   It It equal to the projection 

of the range In the relative velocity direction, divided by the magnitude of the 

relative velocity.    Table 7-1 give, the clo.e.t approach computation 

.ubroutlne. 
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Figure 7-1.    Closest approach 
computation 
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Table 7-1.   Cloiest approach computation I i 

iwoutm uo^i"     »»*»*    o»»»t »m ».t»»i'J 

i« 
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Ttll'Tfl 
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8.    PROBABILITY OF HIT 

It it necei.ary when evaluating thousands of computer runs (1) to use 

the probability of hit (?„) as the only measure of effectiveness in the Simula- 

tlon and (2) to have a simple mean, of computing PH M a. to keep overall 

program complexity and computation time to a minimum.    The approach 
taken here to calculate PH utilize, the following a.sumptlons and definitions: 

1. The missile aimpoint is located at the geometric centrold of all the 

aircraft's tailpipe, and thu. the point of mi..ile clo.e.t approach 

to the aircraft i. relative to the tailpipe. 

2. The tailpipe, of the aircraft are .ymmetrlcally located about the 

vertical and wing axe. of the aircraft. 

3. The point of clo.e.t approach of the ml..ile to the aircraft 1. defined 

to be the warhead detonation point. 

Warhead detonation in.ide a volume defined by the aircraft dimen- 

.ion. will have a probability of hit (PH) equal to one. 

If the mi..lie i. a hit-to-kill mi..lie, a detonation out.ide thi. 

4. 

5. 
volume will have a PH = 0. 

6. For proximity fu.ed mi..ile.. a warhead lethality zone around the 

aircraft volume will be assumed. 

7. A warhead (proximity fu.ed) detonation out.ide thi. lethality zone 

will have a PH = 0.    A detonation between the two zone, will have PH 

linearly proportional to the detonation point di.tance from the aircraft 

volume. 

The ml..lle, target, and flare Emulation program provide, mi., distance 

Information in incrtial coordinates, therefore, it is nece..ary to perform a 

coordinate tran.formation to obtain the mi., di.tance in term, of aircraft 

coordinate..    Figure 8-1 .how. the equation, u.ed to perform thi. tran.for- 

mation with the coordinate, of the mi., vector being (XMISS. YMISS. ZMISS) 

in the inertlal .y.tem and (XRT. YRT, ZRT) In the aircraft .y.tem. 
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WT  • -XMISS • SIN   r,   • VMiss • cos   rr 

at »ZMSS 

Figure 8-1.    Coordinate 
traniformation,  inertial- 
to-aircraft coordinate 

The aircraft coordinate system has the XT and ZT axes along the 

longitudinal and vertical axes of the aircraft and X— 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 (MR). 

If warhead detonation occurs within the aircraft volume, ?„ = 1 is 

assumed; if it lies outside the warhead lethality zone, P., = C is 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: 

If (XN + MR) S XRT and XRT S - (-Xg + MR) 

Then, 

• 
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OiriMTIONS 

x,. A lONOinjoiNAi OISTANCI N      «CM UMM 10 NO« 

X.   ft    lONClTUDINAl DISTANCI 
* nnu TAiiriM TO TIP Of T nOMIAIiriftTOIIPOMAIl 

1 • V       i    WINCSfAN 

i * z,   I  AiKun HtlGNT 

TA11MK CtNTU Of COOIDINATI SYSTEM 

Figure 8-2.    Aircraft coordinate ay item 

If 

Then, 

If 

.(XB)SXRT< XN 

Px51 

XRTiXj^ 

Then, PX = 
(XN * MR) - XRT 

HL 

Otherwise, 
(XB + MR) + XRT 

px KT;  

ABS (YRT) 2 {Ys + MR) 

Then, 

If 

Py = 0 

ABS (YRT) s. Yg 
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Then, PY = 1 

Otherwise, 
(Yg ■¥ MR) - ABS (YRT) 

M, 

If ABS (ZRT) 2 (Zs + MR) 

Then, PZ = O 

If ABS (ZRT) S Zg 

Then, pzsl 

Otherwise, 
(Z    +M   ) -ABS (ZRT) 

P- »—■ ^-r  
Z                           MR 

Finally, PH s PX ; PY * PZ 

Figure 8-3 showe a block diagram of these computations.    Table 8-1 gives 
the probability of hit subroutine. 
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Table 8-1.    Probability of hit •ubroutlne 

tuweunNi »icoi» »«/r»    e»T>t FT«   ».l»»l«J i«/fi/r«   ti.it.«i« 

t« 

I« 
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%  IF«MT.IT.Ml   6« T« 0 
• la|IM*<l«C-(ttl/«<W 
tO TO t 

f •l>«M*4W(*MT|/<l*< 
t  I»|iOHMTI.tT.m»MOI   BJ  TO  * 

•T>l. 
to TO r 

t IFU*V"1.1T.TTI   CO  TO  « 
»v«t. 
to » 

0 »f^lTlUM-tOIIT^TII/O«« 
r i»«»ioi:oTi.iT.iit»tMii to TO S 

•tit. 
10 TO  tl 

« irutoaon.cT.Ki so TO tt 
•»•t. 
tO TO  11 

tt onm»«"«-«ioaom/»"« 
tl mmn*»i*»t 

•nuoH 
cm 

MMi**! 
»MCOH»»» 

MDN*»« 
fpRONM« 
•HCO1»»»« 
*Hf.O*»P* 
mroo»« 
p*f;n*»P% 
^eoMM 
•MCOOM« 
Mra««»« 
»NC0O>M 
»Mroi»»» 
»MOO'M 
MCOOVM 
•nro-Mi 
weoooo« 
»XCS^'K 
H«f!0O»M 
•««C3>»»M 
P««C80»01 
»MOOIO« 
OHCOO*»! 
»MCIH*»* 
■MtVM 
mr.ii»*n M 
•riC30*M to 
•MCS"»« tl 
»HCOMH It 
•MCOOO^t II 
•MC9t»»» 11 
pnrao^M 1% 
•MMO'M It 
*«CO«»M 1» 
•HfOO»»! IT 
WCIO»« It 
MCnoOM 10 

8-6 

■ -    . .      . 

'1 
■^ 

i 

1 

j 

•t 

1 

.' 

* 
1 

:i 

s 

• 
' 

j 

1 

• 

^ 

* 

1 
1            i 

i   i 

i i 
■^J 

' i   i 
1 

. .. 
(U 



9.   SPECTRAL 1NTLCRAT0R ^ 

In order to utilize the I/R Urget signature generated by ASDIR II   (or 

any other computer program which can generate apparent spectral radiant 

intensity 1^) It Is necessary to Integrate JJ^ over the optical waveband of 

the missile simulated In the M/T/CM program.   This Integration Is accom- 

pllshed by use of an auxiliary routine SPKINT, which can lrr-sr%te over any 

desired spectral region of the ASDIR-II output (maximum of 50). 
Two options are available In SPKINT which can be selected at run time 

and extend the tirtMlMM 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 
JxTxcan be determined as a function of range or. If these tables are omitted, 

the values of J^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 9-1 Is a 

program listing. 

.W..  Capt. USAF and Täte. Stanley,  Planning ASDIR-II (Vols I, II. 
:y for Development.  Aeronautical Systems Division.  Wright Patterson Stone.  C." 

Ill) Deputy for Developmt 
Air Force Base.  Ohio.  ASD/XR-TR-75-1.  January 1975. 
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NfAO 

fAMAMtTER« 

• NO Or RANGEt 
• INTEGRATION WAVELENGTH LIMITS 
• FILTER AND TRANSMISSION OPTION* 

• OPTIONAL FILTER 

r 
1 

READ 
FILTER 

Pi 
>0   > 

lUfILT s 
\ 

<0 

■ 

1 

• OrriONAL TRANSMISSION TABLE 

OUTfUTALL 

FOR EACH 
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Figure 9-1.    SPKINT flow diagram 
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Table 9-1.    SPKINT program listing 

*: 
s. 
•• 
It 
6» 
7. 
• t 

9« 
10« 
•I« 
»• 
13- 
!•• 
19* 
!»• 
17. 
!•• 
H« 
If* 
21. 
It« 
n* 
«•• 
2ft • 
>». 
27. 
n« 
29« 
10* 
31. 
32» 
33. 
3». 
3ft* 
3*. 
37. 
3«. 
39. 
♦O« 
«1* 
♦2« 
«3. 
♦*. 
•ft. 
«ft« 
•7. 
4ft. 
M. 
ftO. 
91. 
92. 
93« 
ft«. 
9ft. 
ft». 
97. 
9«. 
99. 

CS^neN SrS>i(90l« SFTS(50)* TAI8(50)/ H*(670>« T*)*N(«70I« *TMI0(3|# 
• TMT|ft7o)« "XOOO)» WL*(50I» WLB(90l< Ur(90>« AlRMIftO)« 
• .iT*M(470), T|HT*»l'."'0)# DS«(o70), USoudC), OÜRTIIOOI« 
• STS(300I«   HTailO«30ÖM   TA«I10«300)«   *N*^(»)*   L*öEt110'20)< 
• Nr«cimo)«nAO(ioi«rT*iiiio«300i 

r 
C   INITIALIZE DATA 
C 

INTCOC« JNITy#fti)u*)Ce 
nt*l*o HI nwi'O «I KCMINO 7 
nimiKO  to 
PI   •  3.i;i59 

9b9    «CA0(9<30I   NS«Q.IOSRTfNP«TV.NPRTV«KPLTV«KfjTAU«|TAUW<|rur« 
•UN|TV#S9URCC 

lF(«*SH3.eQ.O)   «T8R 
OUTPUT   NS«0*lDSHT,NPHTy,|TAUM<IFILT 

c 
C MEAO NTAUf LAVEU« INPUT PA«**EU«S 
C 

IF (UN|TV.tU.l) WE«0(5»5) NTAJi -HIT^O.bl NTAUl OB TS ft 
IFdTAUk.OT.OI «1*0(9,51 NTAU 
IF<ITAU«.LE.OI PE*0(3,9) NTAU 

9 P9K1ATIII9) 
ft        CONTINUE 

OUTPUT   NTAU 
9EA0(9«ic>   |AS*n(|),   |*i«ft) 

10 F9XM»T(?(5**) 
uRITE(ft«20)   (ANAnilK   l,j,fc) 

80      F««NATIiMl/32X»iNSN.caulSPAClO SPECTRAL   |NTCaHATBMi//SftX*•CAte*/ftl 
•X«ftA«///) 
IF(IT*J».3T.O)   »EAOOl   NFREQIUl   REAO(3)    (h* (I ), TRAN( I 1 #   |   .   It 

■NFREQIllll   OR  TO 24 
29      CONTINUE 

N<<L  (NFREOll) 
HRITCdOflO)    (ANANU)«    1.1,6) 
WRITE(10,30)   KPLTV 

C 
t NEAO   INTCQRATI9N LIMITS   (ft PAIHS/CARO) 
C 

RIA0(9,90)   (-LA(l),   «Lftd),   l«l«NSRai 
»0       FftHNATHOFt.O) 

c 
C REAO TARlfTS (FILE 7« «TORE FOR PLOTS ON FILE 1C 

l,?0)#NmEO(KT) 

STOP 

35   •F*D(7,ES0.36) KT«(LABEL(><T,I), I • 
KTT ■ «T 
IF(KT.OT.IO) OUT^UTlNO. OF TAHQETft ExCEtOS lO'l 
IF(KT.LE.O) OUTPUT INS T»R0ETS'j STOP 
OUTPUT «T,NFREO(*T) 
OUTPUT i -—....- -  
NTLT« NFREQIVT) 
90 60 I • 1«NTLT 
READ(7| l*TO(<T,I)i T»H(<T,I|,FTAR(«T,I) 

30  F0RHAT|2«I3> 
IF(IFLT.OT.O) TAR(<T«|) ■ FTAR|«T«|| 

CO   CONTINUE 
REA0(7J »AO(«T) 
|F(NPHTV.NE.OI «R|TE(6«209) (LABEL(«T,|i, l«l,ZOI 
|F(NPMTy.NE.OI MN|TE(ft«212)(NTa(<T«||«TAM|KT«l|«|«tiNTLT) 

809 F5RNAT(2CA6I 

0010 
0020 
0030 
00*0 

300 
310 
320 

0328 
330 

380 

360 
370 
3<0 

«00 

♦ 10 
•20 
«30 

«80 

830 
8«0 
890 
960 
870 
800 
890 
ftOO 
610 

920 
• 30 

•70 
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(Table 9-1, continued) 

40< II«    WUTUONTOT tA-BO*    #tl«#«H TOT #tOXi«T3T L*nSOASllK, •   TaT«/J9X 

*?. JlT^.'T ••- • ' — """ 
«3. |r|K»LTY.eO«OI 00 TO 5» 
M, tr(j«T.NE.l).AN0.(l8ü«Ct.0T,0)) 09T9 0» 
tS« MftlTCIlOtlOi (L*0CL(KT«JI# J ■ l#20l 
»4* >»mT«jlO#99» NTtTM<'Ta|«T#J»«T*«c«T#J)» J • I#NTLT| 
47* M  rONH»TM6/l»£l8«'>>                                                0 
40. 9»  CONTINUE 
49* 00 T9 39 
70* 3*  CONTINUE 
71t <T • «TT 
7f. irj90U«Ct0T.0>«T.l                                              ,- 
73. *»lTm»»0» NT*U. «T. N9<0# «T                                    »00 
7». »0  fO«N*T(»|9«                       
70. w^ITCI*«***) (■L*(ll*4t0lll« I • I'^SRQ) 
70. ♦«* rONHAT|tor4.«l                                                   ... 

C «C*0 OCTECTO^ «ES^ONtE (OPTIONALI                                     'JO 77. 
70.   C 
79. 

TOO 
IFllOSHT.CO.Oi 3« TO «o "o 

■Q.         4EAD(9«70) <09-L<I)#OS»T(tJ, |.1#10SNTJ "O 
91. 70  ro*H«T(9(r4.3.r».*U "i" 
!5: 7o ?:i:ii?i2!;Ti??:uiiT?!;ii;itN^iij";ii-»viuENaTM.,8ox,.otTicTo« & 
•«.                   •0E9MN9F<//lOx«F7.**29x«El9.9n !*0 
•S. AC      CONTINUE III 
•*' C 070 ■ 7. t   "A|N     UO^  ON  STAU HI 
00. c  J;? 
•9.                     00 900 J*1*NTAU 0 

«0.                      mUNlTT.EO.n  «EA0C9.8)  AT1|O#M0#MS,9««0V|N 
91.                       inlTAU-.OT.O)   00  TO   111 

iriuNiTv.NE.n oo TO as SII! 009» 9». 
93. N*U • NTLT .,,. 
»•• 90 It Ll'^TLT III* 
9». TOANII» . 1.0 ■"? 
90« »I  «»M» • wTOIl#H                                         B'01 

97. t         rONNAT(3»A»«il0.3J 
94, .  MOITEISrtOI N*L#AT««|0#MC.MS,S«*Dvt« 
99. Ni • Nwu/S 
100. |P(S^.aT.|NN«9)) NM.NMM 
101* N».l 
102. NOaO 
103. 90 «2 NNO'l'Nn 
10«. -I»mj3«95) (WA("C)»TRAN(MCJ# MC HA,«0) 
105. ti • NA»S 
100. 02  N0iHa*9 
107.        00 TO 111 090* 
lOol 09  «A0(3#90) N«*W*ATMID«H0#M9#BH#DvI« 0*0* 
109. 90  r0«NAT|l5.3A»#9X#F«.2.*X#F«.2»9X.F».0«»X.M.0) »10 
HO. NN • NMU/5 JS 

Hf. C m,\ 
119. C MCAO  MAVCLCNOTM.TRANt. TABLE *" 
"** c 9«a 
119. "* • 1 »Q 
110. "B • 9 "g 

117. 00 100 "NO • 1#N* 
111« nA0|3#5b» |WA|NC)#T"IAN(HC»# HC»*>-t*B) JJ' 
119« 99  rO»-«ATj9(F*.W*.»n * 
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(Table 9-1,  continued) 

!?)• loo   "e • •'»♦s l000 

128. Ill     C^TIMUE .-,Ä 
123. !r<H»l«TV,«<E.O»   «"ITCU.UO)   J#   «<*<l)#   TtAN(l)i   l.l.NtoL) 1010 
12*. 110    r8«M»TIHl/H«1»«#M««PWT  -AVELINOTM VS.   T*AN»*|J8|BN   t//(»(ri0.», 1020 
12S. .'(UI'«Cl».5li| J2J2 
It«. ««ITKlOiAOl  «T«NWL If* 
127. iniMHT.EO.O» 09 T9  130 JJJ;* 
12«. 09  120 1.1«N«L »"« 
It». 120    »S^d»   •  TLU2|gA(l)#0SBl ;05»T» 1011 
110. 130 CBNTINUC jS'i 

13}. t t99l» ON SUHBE« »r  TA^aCTS JOM 
131. C l040 

13*. K  •  J 
135. insoü«cr.oT.oj««i — 
136. NTLT   ■  WBEUJIC) J"2 
•37. ««ITEUOilO»   (LABtttKjII»   I»l«20) 10'0 
13||. OUTPUT   UTa|(il)«*A(l)<HrOIK*NTLT)«MA(NMU 
U^. »UTPuT   •..••«•••••--••••••••••• —«•-••" —••••••••••••"•••' 
1«0, irjMTOK.n.LT.tiAJin   9UTt»UT«U9».  END  9F   TJT  LESS  THAN LA1SUA(l)i| 1100 
lAl. »09  T»   30^ ^l0 

l«^. ir<KT0tlC»NTUT).UT.HA(NxU>I9UTPUT   »HIOM  ENU  Br   T3T  OREATE«   THAN  tAH           1120 
J«J. »BOAJNOLPI  BTBF Mg 
I»». IF(UNlTY.NE.ll  OB TB   139 JJ'» 
1A5. OB  132 l.l.NTUT »»'« 
1*«. 132     TKTM)   •   TAXIK.I) 
1*7. <3.1|iU«*niT 11" 
t«i. OB  TB   1SS \\il 
1*9. 13S    CBNT»NUE J}" 
190« OB   1*0  lillNTUT JJ*0 
1B1. STBUI   • *TO<«#l) JJ'O 
19^. 1*0    TKIU   • TA^«#n 11»0 
193• DB   ISO  |.1»NWU JIJO 
IB«. 190    T^TJH   ■ TLU2txA||j#«T«#T«) »JJO 
199. Ml   •  HTOlKfl)   I   "2  •  HT9|K«NTbTl ll»0 
196. C»LU  SCB|PTIM1««2«K3*K*«HA«NUL) 1*00 
197. 199     SA'.t   TnA»|0*K«*MA#TMT«Sun| 
ISA. AJH*X  •  R«0(K)/SUH 

I»'! 1»0    rBR.iAT(///90X#«rRACTlBN BF  TAHOET ^LüHC   IN »ANOi/Z/SOK» •■AVELtNOTM         1300 
Ul. • RC6<tBNi«7X4»r JTO«/| 
1*2. OB  110 IMfNSHO }«o 
us. wi • iMtli  . J;*2 
ISA. w2  ■ WLSdl »"0 
US' CALL 8C«tRT{Wl#K2»«Ai«0»«A#N«*u »"O 
IS«. CAUL  T«*R|«A#KB#«A,TilT#3,J«Tl »«'0 
1S7. WHiit  » «U1T/SUN IMO 
IS«* vRITC(S«l79UA|KA)#MA(KS)«SrTS|l) 
IS». 179    rMMAT(E0X»FS.3i«-TB-»*rS.3#»X«El2.5J JJ'O 
170. ISO     C6NTINUE »CJ 
171. OB  190 I.l«NhL »'■<> 
172. AJNAK  •  I» 
»71* 190    TCNTAR(H   • T«Tlll*AJHAX .-_, 
17A. OB 200 NltNSRO »"O 
178. Ml  • ««LAIIIi  H2 • WLBil) 
17«. CAUL  BC,'|FT(Ml#W2#«A.KB»MA,NwtJ »390 
177. CALLT»«AR(KA««B»MA#TE'»TAB#8U''F» J*00 
178. BFBMIIJ  »SU«' }*i2 
17>. 200     iriBFBNm.WE.OI  8FS«(II   •  1. t«IO 
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(Table 9-1, continued) 

!!?: 
tu. no 
its« 
»••• 1X9 
IM» 

^^o 
U7» 
IM. 
in. 230 
190. 
I>I. 
i». 
i»>. m 
19«. 
H9. 
19». t«o 
19». 
199. ■M 
19». »•9 
too. «90 
tci* 
to». 
tos. 
to«. 
t09. 
tC4. 
107. 
tot. 
t09. 
110* 
111. M 
tit. 
tl3. 
tl«. ?55 
tIB. tto 
tu* 
tl7. 265 
tit* 300 
t|9. 
MO. 990 
tt|. 900 
ttt. 
ttt. 

09 210  M»*& IJÜ 
|ri|nS«T.QT.OI   TinT*«({)   •   TiHTA«(||«09H(n 1*90 
ii«|T|tt«Mtl 
rBiiiTji«» 
MmTtU«r20)   *Vilü»MOiMS»S»«,OVIR |«*0 
f8«H«T(2?)(»l»*«7x*'M0 •   »»ri.t«!  I'.SX.'HS  ■   <#r«.Z,t  ni»BK«i9R • 1*70 

• ••M.Ofl   <4><9X«lvH  •   •»F^.O»'   >(*•//> 1*90 
k'(lTC(*«?30)  ••«0(<l«MTa(<«l>*MTa(<<NTLT)»lt*BU(*(«l*<I*l420)«*J"*>(          15C0 
•«XM»T(I«X,'W*O • '«tiz.*«* IN THE MAVCLCNOIH noieN«,»«.««! TO«« ISIO 

•»!.«••  *|CliaN9>//tlX<iT*IISCT   TYP£   IB   •«20A*//1BX« • jSCAL • •«Bit««/         1920 
•//I IMO 
lF(S».eO.O.)   M«|TC(»«239)i   09  TO  t«« 
r90HAT(/t2X«>i.«VrLCNttTH   Oi3l9N',lOX. "J   T*u • . IÜX» ' T*ü   £»■ F • # 10X» ' T*U 1990 

• {TOT/kL'i^X/JöIj'l-ICRSNS'//) 
MH|TC|9<2*0I l9*0 
rOM>1AT(/ttk«iH«V[LCNaTM >CaiDNi«10X*iJ TAUi«|OX«*T«U £FF>«10Xi'T*ü          1990 

• (T9T«L)l«9X*MHMA0l«NCCl/l*X«fH(n|Cn0N9)//l 19*0 
M«|TCI10<2»9|   |H*(I|«TIHT*N(I)«   |   •   l«S-u> 
F9«i*T(5El»'»l 1990 
CBNTISur 1*00 
oo 240 i.w^swa 1*10 
Ml« wk*<l)l  MtaMLOlll I*t0 
C*tL  9C«l»T|Ml«M2*«A«K9««*«NHk) 1*30 
C-LL  T«*»l«*«R9«l«A*TCnT*M«9UH| 
»«T*>ll)   • VU*« 1*90 
Tin I)   •  Sy1/9F9-Ill 1**0 
1*19111   •  TIF (II  •  SFTSdl 1*70 
99  • BMIOO. 1*90 
ir|«|.CQ.0l«H|TI|«<t9«l»*(K*l«MA(KB)*'UTAN(||#T|r(l|« 

•TAIBlliJOB TO t*0 
rO>l*«Tll2X|FA,1(>.T8*i«F«.3«7X#Cl2.9*7x<F».7«10x«F9.7| 
*H<t(JI   •  **T»H(I)/RS/«S 1*90 
••■mC(«*r99)MA(K*|fMA|<Bl«AATAII||WTCr(IWTA|M(|)«A|M|J| 
F9HM*T(ifX#F».3.■•T9«i»F»il.7X#Ei2»9»7X.FJ.7,10X»FJ.7i7Xitl2.B) l7lo 
CONTINUE 1720 
IFlKPjTAj.CO.ll   MlllT[|««t*Bi   (HA||)«TCf«TAH||)*lal«NMLl 1730 
rsitH*T(lMl«*2X«lfHLA>aaOA  vs,   j  TAU       //IM19.9I) |7*0 
CONTINUE 
MMITCI**390) l7*0 
rORMATdHll 1770 
C9NT|NUC 1710 
00 TO S9S 
CNO 1790 
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T1 t    i 

Table 9-1 (concluded) 

*• OV  I   l*l«SOOOO 
i. ir(«tn.3T.«cl«in TLu«.rcnj«lTu«N 
t, ir(t.ai.iiiit**«oi*>LCtiii*ii> OB TB t 

«. rkvit*Fiii*v*ir(i*i)«'iiii 
to* «CTU«*« 

J: 
s* 
♦ • ■• 1 
*• 10 
>• 
•• 
»• 
o. CO 
»• 90 

I 

UHMUTINC  »Cl<|PT|Wt*4t«l.l«Lt*M*vCi*4Lt 

iriH*v((iiiaT*Mii ao TB to 
CSNTINUC 
LI  •  I  -  1 
ir(ui*LT«n ki • i 

|r|4*VllM«UT.K2l   00  TO  30 
CONTINuC 
It • I 
ir(LC«ST.NMk)  US • N«u 
L?     •   w?   •   1 
«fyM 

. 9PINSIPN 1111«  »«1) 

«• suM » o» 

'! io   «u"1« •u«ltto.*«cr«i*i)« »«n» • iMMMi • «ein 

ft* c>« 
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10.    SAMPl-F RUNS 

A aet of runs showing the interactici; oi the entire methodology 

simulctlon (ASDIR 11,   M/T/CM,  and SPMNT, was made,  and sample outputs 

are given In this section.    The engü.    ^aed to calculate th* 1R signature was 

the 10, 000 foot default engine of ASDIR II.    Engine hot part contributions 

were assumed using the equivalent blackboHy temperature and area of 8240K 

and 730 cm    respectively (0 degrees aspect angle).    The blackbody area was 

varied as a function of the cosine of the aspect .ingle which was varied at 

15 degree increments from 9 to 90 degrees.   Apparent Jjjj^ values (1.8 to 

5.5 microns) were calculated for ranges of 0.0,   0.305,   .1.524,  6.096,  and 

15.240 kilometers.    Th-jse values were then integrated,   by SPKINT,  over 
five spectral intervals to generate the apparent effective (JT)A^ values used 

in the M/T/CM simulation program.   The integrated values of (JT)^» were 

thvn entered Into the M/T/CM program and a typical set of missile simula- 

tion runs using a spin-scan type missile were made for aspect «agles in 

15 degree increments from 8 to 90 degrees,  and launch range of 5, 000 feet. 

The results of these runs were Pg = 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    = 1 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 output of 
JXTX. ver'u* x an<1 T»ble 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 J^T^ for the 0 Km range case,   and Figure 10-2 Is a polar plot 

of (>TT)A^> AX =   1.8 to 2.6^1,  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 Irradlance at the missile seeker as 

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

♦  
Figures 10-1 through 10-6 were generated by separate CALCOMP plotter 
routines which are not part of EPICS. 
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Table 10-1.    ASDIR II output 

•..TBTM. iHSKTUilt  »Vt«  THt WtCTa*L •»NO  1.80 T» 3.BO  «ICMH« »T » «NOI ir 
rw M «MC? *NOUE ar      o otOMcti IN » Ne«. »THas^mt... 

• 000 K"1 ■ 

•VtMICW ALTITU0I   •       3»08 «" »NO IBK^VCN »LTITUOC   ■       J'OS «« 

•*N0 C(NTCN iANO  MlOTM 
1|C«9N$ HJCOBSS 

1«I0*0 • 01>« 
I«120» • 01« 
t*>37> • 01*9 
titS«! • 017» 
1*>'1B •0175 
lt>«9t •017B 
l«90't • 01«« 
l*9tB4 •oiss 
|>9M3 • 01*9 
i.ni» • 0193 
ItMM • 0197 
i(*00>7 • 0200 
»•0210 • 0205 
t»0O7 • 0209 
l*0*«« •oei« 
«.0M3 • 0217 
fM0»3 .0222 
IM30B .022? 
«•1537 .0232 
«•1771 • 0«37 
«•«011 • 0«*« 
«•««•« • 0««7 
«•«So* • 0253 
«•«7M • 0259 
«•30>S .02*9 
«•3293 .02M 
«•3SB7 • 0«7S 
«•3««» •o««* 
«••11* • 0291 
«•••31 .0«99 
«••733 • 030* 
«•bOO • 031« 
«•»3*0 • 03«« 
«•SM6 • 0330 
«••0>0 • 0339 
«•*3»3 • 03«7 
«•«71S • 0357 
«•7077 •03*7 
«•7M9 .0377 

«MARCNT M»0|»NCC 
M*TT5/STC«»0I»N 

•MM 
••J»fl 
• •«39 
••s*t 
■fM« 
• 575« 
•MM 
ilMi 
.•9«J 
• 7557 
••IM 
• S709 
• 9«71 
•MM 

l«0«*3 
IM0«1 
IM72* 
l.2»01 
1*3105 
t*3SO 
».♦»20 
1.9*32 
J.4279 
l»nM 
1.B0I» 
1.903* 
«•00«7 
«•0»»7 
«•1901 
2«291» 
«•«717 
2.222« 
«•0920 
1.4391 
, *S1I 
«•0999 

• 1523 
• «709 
• ••01 

WAVENgiBt« 

99«3.1i 
S«93.li 
•♦♦3.H 
5193.1« 
S30.15 
5293.1« 
•«•3.15 
«193.I« 
5l»3.1« 
5093.1« 
S0O.1S 
•99J.I« 
•9«3.1> 
••93.!• 
•«•3.1« 
•793.X« 
•7«3*1« 
••93.|« 
•••«•I« 
•593MB 
•••«•IB 
••93MB 
•••3MB 
•393MB 
•3*3.IB 
• 293MB 
•«•3MB 
• 193MB 
• l«3M« 
•093.1B 
• 0«3M« 
3!*93M« 
39«3MB 
3B93MB 
SSOM« 
3793MB 
37^3MB 
3*93.1* 
3M3MB 

|NC"t"iNT 
C-l 

87.^ 
50.0 
60.0 
50*0 
90.0 
50.0 
90.0 
BOO 
90.0 
50.0 
50.0 
50.0 
90.0 
50.0 
60.0 
SO'O 
50*0 
50.0 
50.0 
50.0 
50*0 
50.0 
50.0 
50*0 
90.0 
50.0 
80.0 
50.0 
50.0 
50.0 
50.0 
50.0 
50.0 
80.0 
90.0 
90.0 
50.0 
SO'O 
50.0 

•HCTNAk  n»01»NCC 
UATTS/N1CMN/SK 

«••7887 
2*.22*9 
«8M1*1 
!».939« 
«••09*1 
32.2*93 
31*^909 
3«.2012 
3*.7*«B 
39.20M 
«I.«0*4 
•1.*274 
♦5O0«* 
•7*«388 
♦9.0««9 
80.9171 
32.7*37 
6M*2*9 
64.90«» 
»«.•17« 
*0*3830 
42.30'4 
4-.2740 
44.2923 
48.««43 
70M7«B 
7«M1M 
73.8389 
75.1905 
75.671« 
7«.2724 
70.«««S 
45.09*2 
•9.5*53 
*«.«922 
40.*27l 

••«*7B 
7.1B95 

««.«007 
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Table 10-2.    SPKINT integrated output 

l.80*'T9-   Z.*36 tl699«C   00 
2.672.T8-   3.b80 »117171   00 
i.9!<l«T9«   ».777 i»l9S5C   00 
3.932-T9-   ««»«6 'Z0»3it  00 
3.«5*-T9«  »•!«« Ot'UC  00 

so» MO  • 3.05 H Hf • '9*09 " IK • 0«  « VM •       0«   <" 

t»0  • .2S13t  09   IN TMC H*VELlN0TN »E319N     1.10*0  TO    9*«t9« nlC"9N9 

TAHflCT T»^E   19 »93IN T£9T «UN  lOXfT 0tr*uuT 

JSC*L   • ilOOOt   01 

■ «VUIN3TH IIL3I9N j TAJ TAU If» TAU   (TOTAL 

l<a0MT0« 2.63» t»t7M7C  OS 1*0000000 *U9ff770 
tit72>T8- 3.6*0 *I7910C  02 l.QOOOOOO »3171721 
2»95I«TC- ••777 •1704*E  09 1*0000000 »»19590» 
3.932-T9- «*«*» *97»m  02 1*0000000 »20S352* 
3.»5»«T9- 9*1*» *l0797e 09 1*0000000 »3t»l95» 
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Figure 10-1.    Spectral JKTX (R =  0,  »Bpect = 0) 
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■ 

Figure 10-2.    Polar plots of apparent effective radiant intensity 

10-5 



■•- 

(UN 
r-Mt 

1 
iStU 

A 
-;• -r.' 

i 1 
1  ■: ill 

iUf 

1.11 

M 
' 11 

1 Ttrr 
i < 

• i * i 

[! 1 

TTT II 
<   1   ' 

. i 

i! •     - • ;;:i 11 j 
i 

i!!| 
; jj 
liij 

1       1 i[ij 
. Rl i ■; Ijjl 

* 
• 

8 
■ ■  •-• 

. .. 
•■ : :•:• ..;;. 

1.11 I'll 
»- — •• 

till ... 
i*»» 

■ 11 • ij 1 
.11; 
Ttj! ;...:; • »•* •♦•- 

;i 

j *■ 

• 
St \ 

4 .... . .; rfrt ,—. ,:... i... .... i:! M •;r -:r 

'    i •^ t A* 

1-9- 
\ . , i. " i'i1 

» \ . :l. ..:, : _ .... «* * * .. - ^.- -- «41 ■ •:- 7 -r. 

i 1 L | ■'  ': 
iiii 

/ 
-9- V ;: ; II! I   i f 

■ 

n V] .... — ..^. — :•- „.. X>m\ iiii 
. i.. J 

-_. 
• 

-1 \ ■• ■ i! ; ill, 
/ 

\ 1 i | / 

• iV •-• — 
• If»! 

) 

L . - • • * •■•■•• 

-9- 

1 

~1 
1 

\ 

1 

l 

■. -^ 
/ .-.. .... h r 

■ 9 i 

H— 
i 
i 1 L- / 

i 

- 
' 1 

.1 

a 1 !\ 
1 
1 t 

/ 
—•- 

i 
._ r 

\ i i / i 

i 
: 8 

t 
1 

i 
i 

1 V i 

1 

1 / 

f 
— 

1 
•   ■ 1 

i 
i 

i 

! ( \ k 1 
/ ...- — 

JL ! 1 
1 1 s. ^ -#- 

-0.00 1 0.57 < ̂ .7. j /.... t It .47 1 :..« i |2.2t ■ «.50 i e.« « 0.» 03.» 

Figure 10-3.    Missile - Urget trajectory X-Z plane 
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Figure 10-4.    MlBsile-target trajectory X-\ plane 
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Figure 10-5.    Apparent radiant intensity at miss'ie seeker 
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Figure 10-6.    Effective lrr»di»nce at missile lecker 
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