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FOREWORD

(U) This report presents the results of the engineering design study of the
close air support weapon (CASW) conducted by Hughes Aircraft Company
(IHHAC), Canoga Park, California, during the period from 23 September 1970
to 22 December 1970 under Contract F08635-71-C-0048 with the Air Force
Armament Laboratory, Eglin Air Force Base, Florida. The report consists
of six volumes, of which this is Volume VI: Volume [ - Management Summary;
Volume II - Operational Analysis and Warhead Effectiveness; Volume III -
System Analysis; Volume IV - System Design; Volume V - Cost Analysis; and
Volume VI - Missile Simulation. The contractor's report number is C2448.

() The program monitor for the Armament Laboratory was Mr. Vernon L.
Reierson (DLWS) . The following contractor personnel from the departments
indicated were significant contributors to this report: Operational Analysis -
Messrs. J. R. Green, W. N, Bragg, G. G. Latta, P, W. Lindsey, and

R. H. Martin; System Analysis: Dr. E. S. Ibrahim and M=2ssrs. J. E. Almanza,
D. Berman, L. E. Butts, S. E. Milleman, J. H. Miller, J. B. Stonehouse, and
L. Wong: System Design - Dr. R. A. Hubach and Messrs. S. J. Gcldberg,

A. .. Baker, J. C. Kern, D. N. Pegper, i T. Pett, and H. E. Recher;

Cost Analysis - Messrs. A. H., Schlueter, R. C. Hendricks, D. D. Lenhart,
and K. K. Rufener.

(L) This technical report has been reviewed and is approved.

=i ?
~RANDALL L. FETTY, Co1og$/, USAF
d

Chief, Air-to-Surface ed Weapons Division
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UNCLASSIFIED ABSTRACT

(U) The: objective of the engineering design study of the close air support
weapon (CASW) was to provide design considerations for the new close air
support missile (CASM). The derivation of the missile was undertaken based
on the modification of an existing missile. This study incorporates opera-
tional requirement and warhead effectiveness studies for various close air
support targets leading to warhead and launch envelope recommendations.

A thorough analysis of the system performance and terminal accuracy was
conducted. Missile simulation models and a system description, including
missile, launcher, avionics, and aerospace ground equipment (AGE) are pro-
vided. A cost analysis exercise was conducted for the design, development,
test and evaluation (DDT&E) and production of the candidate approach, This
report consists of six volumes: Management Summary, Operational Analysis
and Warhead Effectiveness, System Analysis, System Design, Cost Analysis,
and Missile Simulation.

Di§tribution limited to U. S. Government agencies only;
tl.u§ re}?ort documents test and evaluation; distributio;x
limitation applied January 1971 . Other requests for

this document must be referred to the Air Force Armament
Laboratory (DLWS), Eglin Air Force Base, Florida 32542,
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SECTION I
CLOSE AIR SUPPORT MISSILE SIMULATIONS

1.1 INTRODUCTION

(U) The basic simulation tools used for the CAS weapon system analysis
included (1) a basic six-degree-of-freedom simulation digital program,

(2) a modified version of the six-degree-of-freedom including a Monte Carlo
version, and (3) and a simplified adjoint system model (described in Vol-
ume III, System Analysis),

1.2 SIX-DEGREE-OF-FREEDOM DIGITAL SIMULATION

(U) The basic simulation program used in the performance analysis eval-
uation of the close air support missile system was a six-degree-of-freedom
digital computer program which has been constructed by modifying the simu-
lation of the AGM-65A. The objective of the simulation was to provide a
complete and intensively detailed representation of the entire missile system
which could be used for final design verification, performance evaluation,
and spot checks of parameter optimization results from simpler simulations.

(U) The present simulation represents a highly sophisticated and analyti-
cal model of the entire missile system. The simulation was developed using
the system analysis by digital simulation using analog methods (SADSAM)
programming system, This system is used with the FORTRAN IV compiler
language and provides an extensive library of functions and operations which
lend themselves well to handling the bookkeeping and computational problems
of engineering systems, The computational speed of a simulation developed
around this system is much greater than one programmed in a more conven-
tional manner.

(U) Wide use has been made of the 6 DOF program in evaluating the sys-
tem performance, especially as an analytical tool in defining the miss
weighting function as affected by heading error, launch velocity, target
motion, motor temperature effects, and seeker drift effects.

(U) A listing of the basic 6 DOF programs used in the study together with
system nomenclature and input data coefficients is presented herein. This
document represents a complete and comprehensive description of the 6 DOF
program, including:

1) Program listing
2) Mathematical model description

a) Block diagram
b) Parameter definitions



c) Transfer functions where applicable
d) Program input requirements
e) Program flow charts

(U) Figure 1 illustrates a simplified block diagram of the entire simula-
tion model and indicates the depth and scope that have been included in this
simulation package.

(U) One of the specific laser seeker model capabilities include the ability
to evaluate the effects of laser spot size image variations which cause a
variation in the angle-tracking loop gain. Figure 2 shows a typical seeker
gain curve varying with range and spot size that has been modeled. The
compensation networks, as indicated in Figure 1, can be placed in the

seeker forward loop to increase the stability margin and to reduce degrada-
tion in angle-tracking response resulting from the effects of spot size growth.

1.3 MONTE CARLO SIMULATION

(U) Paralleling the approach used for AGM-65A performance evaluation,
a six-degree-of-freedom digital computer simulation incorporating Monte
Carlo techniques has been developed for the close air support missile con-
cept formulation study. For any given set of launch conditions against a
particular target, there will be some statistical variation of the miss dis-
tance. This results from target designation errors, missile parameter
tolerances, uncertainties in the launch conditions, and uncertainties in
ambient flight conditions such as temperature and winds.

(U) A statistical description of each parameter is stored in the computer
and sampled by a Monte Carlo process which randomly selects a value of
each parameter within its own distribution. A homing encounter is then run
with this set of parameters and with all error sources present, including
tracker noise, seeker drift limit cycle, steering unbalance, and target
motion. This results in a miss distance., The process is repeated many
times, each with a new set of parameters selected by the Monte Carlo tech-
nique. As a result, a distribution of impact points about the aimpoint is
obtained, as illustrated in Figure 3.

(U) The Monte Carlo simulation was primarily used to verify results
obtained from the adjoint system simulation. The Monte Carlo simulation
was used to check the wind disturbance effects obtained from the adjoint,
It has also been used to simulate and verify random noise disturbance
occurring from tracker noise or designation signal noise.

(U) The results from these simulations are reported in Volume III,
System Analysis.



wexdelq yoolg payrdwigs ‘uonenWIS Wopaal J-JO-2913a( -XIS a11ssTIN 310ddng a1y aso)

‘1 2and1 g
P I Il_
! SIIONY
> Loy eI — — -+ MNouow S1oTotay. o u3n335 01"
vi3 NA r 1328y 01 H1¥V3 10714010V
8 v | ny3 1 s3
|
‘ —
S9Ny V13 OILWNF(Z_QKOOU NOILVY3INID h NOILVYINTD
T ¥3INIIS OL > 39NV T E]
NA ipoaaosc ¥3IN33s sy ONIOVYEL
4
S ININIOVI4SK GNY LV TVENID O——]
SILVY YYININY ACOS O— ww_nu
ALID073A NOILVH¥31300V ACOS
| am;ﬁ
ST TS B R s
) , > L0
| ¥371n3 _ 10HdoLny 30380 | SOT HILid ND ' 319NV .gnﬂmw .zwuww
Ivanio HiLid T MVA
WWM.MM |
NOLLYN dov dov
v ANV aGNYINN0)) svig
i~ sowvnaa [ 349N3] 52000 | u3edinl ¢opvn - dnoo NOILVY01S3¥ e
Touav. [* OANZE ONY ID0T  [aNVENOI T 3yoNy
e | Qg | OpBIcaNyY | 20 | lodoinv JoNvy | NOILVER] gy s 4007 QUVMY03
YIMIINVN [¢—— anne =13%9v| 39Nvaing ;
1330V #ozZ %
i Av Ay
1390v | *
V13 ‘3T9NY TvBNID
ogmaan| W
] —
HANMIZY
?_mus
SININIDVIASI ONY ILVA VEMID O—b | 0
SILVY YYVINONY A008 0—1  Gurg
NOILVYIV3DDV ADO8 O—»
= e — e




GAIN, 1/SEC

FORWARD LOOP

16
14
12 +
1

o
—

N Ao
L]

1 i L 1 1 i 'l 1

40 80 120 160 200 240 280 320 360

o

RATIO OF SEEKER RANGE TO SPOT DIAMETER, Rxs/Ds

Figure 2. Forward Loop Gain Variation Model

IMPACT POINTS
LASER SPOT
CENTROID

TAP

INTENDED AIM-POINT

Figure 3. Designation and Impact Point Dispersions



SECTION II

SIX-DEGREE-OF-FREEDOM SYSTEM PERFORMANCE
DIGITAL MODEL

2.1 OBJECTIVES, CONCEPTS, REQUIREMENTS, METHODS, AND
TECHNIQUES

2.1.1 Objectives

(U) The simulation objectives are to provide a complete and highly
detailed simulation of the entire missile system which can be used for final
design verification and spot checks of parameter optimization results from
simpler simulations.

2.1.2 Concepts

(U) This simulation represents the most complete all-analytical model
of the entire CAS missile system. A bare minimum of simplifying assump-
tions are made in subsystem hardware representation. Seeker drift phe-
nomena are included in their entirety. Autopilot transfer functions are not
approximated in any way. In short, this simulation is the best overall
missile system dynamics model.

2.1.3 Requirements

(U) The operation of this program requires the use of an object deck, a
data deck, and a library of special functions which constitutes a special
computational package called SADSAM. All these inputs must be compatible
for use with the GE635 Computer.

2.1,4 Methods and Techniques

(U) As previously mentioned, the simulation was developed using a pro-
gramming system called SADSAM. This system is used with the FORTRANIV
compiler language and provides an extensive library of functions and opera-
tions which lend themselves well to handling the bookkeeping and computa-
tional problems of many engineering systems. Typical of the available
functions or operations are integrations, differentiations, linear transfer
functions of almost any order, orthogonal transformations, Euler angle
computations, and a variety of non-linear operations such as limiting and
backlash., The computational speed of a simulation developed around this
system is much greater than one programmed in a more conventional
manner,



2.2 DESCRIPTION OF WEAPON SYSTEM EQUIPMENT USED

2.2.1 Introduction

(U) The dynamic performance of the CAS guided missile has been simu-
lated by a digital computer model. The purpose of this section is to describe
this model,

(U) The digital computer simulation model is organized in modules and
written in FORTRAN IV compiler language. The CAS simulation model
makes use of SADSAM III, a programming technique which is specifically
intended for dynamic simulations and which achieves both high dynamic
accuracy and high speed operation. In addition, it provides preprogrammed
subroutines typical of those used in missile simulations, as an aid to the
analyst.

(U) The CAS simulation program is organized into four principal modules:
(1) universal seeker, (2) autopilot, (3) control surface, and (4) aerodyna-
mics modules. In addition, there'are six other minor or supporting modules
incorporated into the simulation. These are (1) initial conditions computer,
(2) aimpoint wander (target motion), (3) angle restoration bias (guidance
law), (4) blind range filter, (5) track, and (6) gyro. Each of the eight sub-
routines and the main program are discussed in the paragraphs that follow.
Also, there is a description of how the model is used as well as a descrip-
tion of the SADSAM programming technique,

(U) Paragraph 2. 2. 2 provides a brief overall description of the CAS
model,

2.2.2 Background

(V) The dynamic model of the CAS missile describes the motion of the
missile in three dimensions and makes use of all six degrees of freedom:
three positions, three velocities, three attitude angles, and three angular
rates. The two vector equations (translation and rotation) applying Newton's
Second Law to the rigid missile are rigorously applied, and the kinetic and
kinematic behavior of the gimballed seeker is also described in great detail.
All significant contributors to seeker drift are represented as well as all
significant aerodynamic forces and moments.

(U) The program is arranged in four basic modules describing the seeker,
the autopilot, the control surfaces, and the aerodynamics. The modular
representation is used because (1) it permits the model to be programmed
and checked out more easily; (2) it permits changes and substitutions to be
made more easily; and (3) it provides a good correspondence with the actual
hardware elements of the missile, so that subsystem specialists can parti-
cipate in the performance evaluation process in a more direct fashion,

(U) The simulation is exercised by the operator inputing values of all the
system constants and setting the initial conditions of the system to the
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desired values. Due to the extensiveness of the simulation, numerous inputs
are required for a complete initial conditions set. These are provided as
the output of the initial conditions subroutine in a form convenient for use

in the simulation. The input required for this subroutine establishes the
missile configuration at the time of launch and is fully described in para-
graph 2,3.3. The simulation begins with all dynamic elements at their
steady state conditions. The printout interval and maximum simulation
time is also input for each run, and at the option of the operator, any or

all the system variables may be printed in any sequence.

2.3 DESCRIPTION OF DATA USED IN SIMULATION

2.3.1 Coordinate Systems

(U) Four different coordinate systems are in use in the simulation:

(1) earth, (2) missile body (control surface), (3) autopilot, and (4) seeker.
Earth coordinates are simply fixed in inertial space with the missile located
at the origin, The Z-axis is vertical downward, and the X-axis is aligned
with the ground projection of the original line-of-sight vector. The missile
body axes are fixed in the missile with the X-axis aligned longitudinally and
the Y- and Z-axes aligned with the control surfaces. Since the control
surface orientation is nominally at 45-degree angles with the horizontal and
vertical, these axes are also rotated in this manner. The autopilot axes
are also fixed in the missile body with the X-axis oriented longitudinally
but with the Y- and Z-axes rotated 45 degrees from the missile body axes,
The seeker coordinates are fixed to the seeker head and are aligned with
the autopilot axes when the seeker gimbal angles are set to zero.

(U) A fifth set of coordinate axes is used in the aerodynamics calcula-
tions. These are the maneuver axes which are obtained by rotating the
missile body axes about the X-axis through the aerodynamic roll angle.

In addition, a sixth coordinate set is also used for miss distance calcula-
tions. This miss distance coordinate set may be obtained from the inertial
coordinate set simply by a rotation about the Y-axis which aligns the X-axis
with the initial line of sight. When miss distance is measured in this
coordinate set, it is taken as the missile-to-target distance at the point
where the x- component of range reduces to zero.

(U) The coordinate sets described above are listed for convenience in
Table I. Figure 4 depicts the Euler angle relationships among the various
sets by means of piograms (or resolver chains). With the exception of
earth-fixed coordinates, these coordinate systems are also shown graphic-
ally 1a Figure 5.

2.3.2 Main Program

(U) Within the simulation, ‘each subroutine or module deals, for the
most part, with only a single set of coordinates. Transformations between
these coordinates are therefore performed largely in the main or call



TABLE L

SIMULATION COORDINATE SYSTEMS

Coordinate System

Description

Inertial (Earth)

Miss Distance

Autopilot

Missile

Seeker

Fixed in earth with the origin at initial
missile location, X-axis is horizontal and
aligned with ground projection of initial line
of sight and positive in direction toward
target. Z-axis is vertical and positive down-
ward, Y-axis horizontal and positive in the
sense to complete a right-handed system,

Fixed in earth with X-axis aligned with
original line of sight and positive in direction
toward target. This coordinate set is
obtained by a rotation of the earth
coordinates about the Y-axis.

Fixed in the missile body with Y- and Z-axes
at 45 degrees to the planes of the control
surfaces, and with the X-axis in the longitu-
dinal axis of the missile, positive in the
direction of flight, This set is related to the
inertial system by three Euler rotations in
the following sequence:

Earth-Yaw-Roll-Pitch-Autopilot

The positive sense of these rotations is the
same as the positive sense of the axes about
which the rotations take place.

Fixed in the missile body with the Y- and
Z-axes in the planes of the control surfaces.
This coordinate set is obtained by a rotation
of the autopilot axes through 45 degrees
about the positive X -axis.

Fixed to the seeker head with the X -axis
aligned with the boresight. This set is
related to the autopilot system by two gimbal
rotations in the following sequence:

Autopilot-Elevation-Azimuth-Seeker

The gimbal rotations, elevation, and azimuth
are taken about the nominal autopilot Y- and
Z-axes, respectively, with the positive sense
of rotation being the same as that of the axis
about which it takes place,




TABLE 1. SIMULATION COORDINATE SYSTEMS (CONCLUDED)

Coordinate System Description

Maneuver This coordinate system is related to the
missile coordinate system but is not fixed in
the missile body. The X -axis is aligned with
that of the missile set, but the Z-axis is
selected so that the missile velocity vector
lies in the XZ-plane. The direction of the
lateral component of missile velocity fixes
the positive direction of the Z-plane. The
angle through which the missile axes must be
rotated about the negative X-axis to coincide
with the maneuver axes is called the aero-
dynamic roll angle, §,. When no lateral
component of velocity exists, 0, is taken to be

45 degrees.
NOTE:
All systems are in right-handed rectangular cartesian
coordinates,
——-—/ /_-——ﬂ o

program which serves primarily to direct signal flows among the four func-
tional subroutines and to permit the input and output of data.

(U) A FORTRAN listing of the call program appears in Table II. The
flow chart and block diagram for this program appear in Figures 6 and 7,
respectively. Table IIl is a glossary of the terms used in this program.
This includes the dimensions and coordinate systems referred to as well as
the subscripted variable or constant number used to identify the term.

2.3.3 Initial Condition Subroutine (Setic)

(U) The primary purpose of this subroutine is to accept the data which
specifies the missile conditions at the time of launch and to convert this
data into initial conditions useable by the simulation. Since the values of
certain system parameters are also subject to change over a series of
simulated trajectories, this subroutine also provides for a common area of
data input shared by these parameters and the initial conditions. This
common area is the T-array provided by the SADSAM system. The inputs
and outputs of this subroutine are shown in Tables IV and V, respectively.
The physical relationships between the various input quantities are indicated
in Figures 8 through 10, The definition of the output quantities is the same
as that of Table III.
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9 tVI3I)LALPHA ) (V(34), ALPHAP) L, (VEID) L AL PrHAY ), (VL A), VXE )
Ful ] VALENCF

bo(v(37),VYE Y, (VI3B),V2F do VeIV, 1o (V4N yM Y,
¢ (V(41),AM Y, (V(42), AP ). (V(43),ACY )elV(ad), iuX v,
S (V(4s), DAY ), (V(46),Dbh/ Yo (V(42),0hNAn D), (vi4R), uDPC ),
HOAVI49),DNDYC )L (VD) , TSMISS), (VIB1),YSHISS),(VIH?),/SHISS),
6 tVv(53),WXP Yo (V(H4),WYP Yo V(5D , 2P Yo(VIHA), HUXP ),
7 (V(5)),Duvp Yo (V(5B),nuZP Yo (V(S59)sAXP YoV ), AYP ),
bo(V(61),A2P Y, (V(62),VXP Yo (V(AS),VYP ). (V(h4), V7P )
Xo (VA7) ,RXNM ), (V(OB),RYN Yo (V&Y ), R/M )

FuUTVAILENCH

1 (V(72),AXF Yo (V(73),AYE Yo (V(T74),A2F )2 (VIIB),ARRH ),
7 (V(76),ABRY Yo (VETT),HOKRKT Do (V(7d),VERIBT),(V(]9),516MAF),
S VB0, XISIMFY, (VIRT) ,XLUS DL, (V(RZ2),YLOS ), (V(n3),2L0S8 ),
A4 \v(85%),DF Y. (V(86),NFXS)

FaltL VAL ENCF

1OAVOLLI0), WML ) (VETLR), TEYD Do (VOIIQ), TERD D, (vEI20) 060 ),
¢ (V(121),ETAD Y, (v(322),WXP ), (V(123), WY ). (V(124),u2D ),
9 (V(125), XLOSD), (V(126), YLOSH) » V127D, 20L0Sh), (V126),ANT .
4 (V(129) YAUD Yo (V(130),ROLLM A (VLSE),PITD ), (V(132),NED ),
S5 (V(133),DEXSD), (V(134),DR), (V(132),DFE1),(V(137),FLAR)
Ful'IVALENCE

1CC(1N9), XK1, _ (C(110).XK2),  (E(111),PA1), (C(112),TAu),
ZCCOI13), TAU2Y, T (C(114), TH), (1157, 7C)

FONIVALENCE :

1((116),HW38), (C(117).82T1), (CCI1A), UMP) , (C(1356),P0),

? (CC159),DEV(1))

TS MODEL HAS THE MISSTLE FLYTNR aT A 45 NDEG. HOLI ANGLE
§HK22220.0
READ=1.0

6 COUNT=0,0

CALL LNAD
TuX=Il8
fry=1c
NELI1=TC=-TH
ni2=-1.
R17=0,

10

CcALLuP1O

CALLuNAY
caLLrNGu
cALLPYIAY
crpLLAYITY
catL"12n
cALL10
CAILL 140
CALLAISN
Catl Jen
cALL Y70
caLL"1GN
Ccalt L2190
CALLA?2AY
ALy 210
caLl m22an
CALL"Y3Y
CALL 2?4
CALLE2SD
CAbLn?4n
Cal L 270
CALLY 2R
FALL"?290D
CALLOAND
CALL: 31n

CALLA3?N
CALLP 33N
CALL® 340
CALLNASY
CALLC36N
caLLr3za
CALLN3IAO
CALLHIAY
CALL»3A?



TABLE II. MAIN PROGR;.AM FORTRAN LISTING (CONTINUED)

Ci1=0. ,
Jl'no e oy
c c(1) THROUGH C(12) ARE RESEHVED FOR THE MAIN PROGRAM CALLN39Y
_C _ C(13) TMROUGH C(42) ARE RESERVED FOR THE SEEKER SUBROUTINE ___ CALLD40D
c C(43) THROUGH C(72) ARE RESEAVED FOR THE PILO  SUBROUTINE CALLN410
c H RESERVED FOR THE AERO __SYBROUTINE CALLN420
g g::z;)!ulouou €(102) ARE RESERVED FOR THE FLIPPER SUBROUTINC caLLr4a3p
c r(aosp -~ C(108) ARE RESERVED FOR AIN POINT WANDER ROUTINE CALLN44p
c___ - VED FOR RMAX DATA _ -
c C(1)=AUYOPILOT G BIAS CALLP450
C C(2)=AUTOPILOT ACTIVATION PELAY IN SECONDS CALL1460
c C(3)= BLIND RANGE PITCH CALLNA470
c Ct4) = C(4)oD/DTICAYCMD) =GATE ANGLF ERRQR _ LALL0NA4BY
c C(5) = BLIND RANGE FILTER TIME CONSTANT, SEV1 10 0.0 TO EXCLUDE GRFCALLN490
€ C(6) = ANGLE RESTORATION GAIN ., - o CALLDSOU
c C(7) = REFERENCE RESTORATION ANGLE CALLNS10
_C C(8) = TIME CONSTANT ANGLE RESYORATION FILTER CALLDPS2u
c C(9) = BLIND RANGE YAMW CALLES3N
c V(118)10 V(333) SPECIAL PRINT NUT VARIABLES
CALL SETIC caLLNS 40
___RTOD=57,2957795 S
110 =1
20 COUNT=COUNT+1.0 o CALL"550
if (COUNT.GT.2,) GO TO 304
N1zl .
TR=¢. = =
c12=C3 o -
GO T0 330
3u4 T1=TIMEDELT B »
C1=AINT(TL/TC)
B1=AINT((T1+DELT1)/TC) L
IF (C1.€Q0.C17) GO 10 310
305 N1=1 L _
TR=TC
_c12:=C1 e ’ = .
G T0 330
310 IF (B1.EQ.R1Z) GO T0 320 o
Niz0
TR=1H - e B _ =
R1Z=81
Gu YO 339 e = _
320 N1=-1
TR=AMOD(T1,T() y .
330 CUNTINUE
c ANGLE RESTORATION BIAS - == _ _ CALLNS6D
(F (TIME.GY.C(2)) CALL ARB CALLNS70
c _ I e cALLOSB
(2 OLIND RANGE FILTER CALLPSOD
IF(FLAG.BQ,1.)CALLRRF
TF (C(5).0Y.0.0) CALL BRF CALLNG10
c e N __CALLnADD
50 CAI L MAERD . CALLNe?2n
120 1=2 il

11



TABLE I. MAIN PROGRAM FORTRAN LISTING (CONCLUDED)

12

CALL MPILOY catLlnea3o
130 (=3
CALL NFLTP CALLNG4U
140 1=4 L AL e y
CALL RASR(NX, WY, WZ,WXP,NYP,WZP) CALLrPASD
CALL EULANQ(WXP,WYP,NZP,YAM,ROLL,PITCH) o L __CALLD660O
CALL RASR(DWX,.DRY,DNZ,DNXP,DNYP, DWZP) CALLPATO
CALL RASR(AXM,AYM,AZM,AXP,AYP,AZP) CALL:6B0
CALL RASR(VXM,VYN,VIN,VXP,VYP,VZP) CALLN690
CALL EULTRN(1,1,VXE,VYE,VZE,VXP,VYP,VZP, YAW,ROLL,PITCH) CALLO700
CALL MSEEK d , CALLN710
150 135
CALL SEKTR (0, =1, RXM,RYR, WZM. RYS,RYS,R2S,SEGA.SAGA) ‘cAaLLN720
1606 126
CALL EULTRN (0,1,RX,RY,ALT,RXM,RYY,RZN,YAW,ROLL,.PITCHY CALLN730
170 =7
CALL EULTRN(N,1,AXE,AYE,AZE,AXP,AYP,AZP,YAN,ROLL,PITCH) CALLN740
- RSQ=V(29)0e2+V(30)082+V(1)0e2 CALLN?770
XLOS=(V(30)evV(3B)-V(1)eV(I7))I/RSO caLLnr780
YLOS=(V(1)eV(36)-Y(29)eV(3B))/RSO e __CALLP790
7L0S=(V(29)eV(37)=-V(30)eV(36))/RSO CALLORND
_ XLOSD=zX)L 0SeRTON i L L
YLOSD=YLOSeRTOD
ZL0SD=ZLO0SeRTOD L -
WADz=HXeRTOD
WYDzWY*RTON _ . o
WZNzWZ*RTUD
_TEYD=TEAYeRIND y
TcPD= TEAPeRTON
UND=SEGA®RTOD , o
ETAD=SAGA*RTOD
YAWD=YAWORTOD
RULLD=FOLLaRTOD
__P1T1D=PITCHeRTOD . —— o,
DED=DE*RTOD
NEXSD=DEXSeRTOD ~ o _‘
ANTZzSOQRY ((AYM)oa24(AZM)es2)

_ _ V(651512345 N T _CALL"ALN
c 1F (TIME.LT.THX) 60 To 40 CALLNA2X
C _ ___IBXx=sIgreYC . cALL"821
€ 60 CALL TTEST(TBX) CALLMR22

__1F _(TIMEL.LY.YCX) GO 10 70 i
TEX=TCXe TC
720 _CALL TIESTIC(ICX) o
CALL PRINTS(-V(22))
. _CALL BMAX B s R S
1F C(IEND) 20,1000,1000 CALL A40
1000 WRITE (6,1001) COUMNY = b AN CALLDBS0
1091 FORMAT (1M1,28H TOTAL NUFBER OF ITERATIONS=,1PE15.7) CALLN860
GuU_T0 6 CALL"920
END CALLNO30



(U) A listing of this subroutine is shown in Table VI, and a flow chart
appears in Figure 11,

(U) Several points must be clarified regarding two of the inputs to this
subroutine. The effective tracker time constant T(13) is used to establish
initial tracking error angles only; it is not used thereafter. The assump-
tion is made that, at time of launch, the tracking loop has achieved steady
state, so that tracking error is proportional to the product of line-of-sight
rate and tracker time constant. This initial error may be eliminated by
setting this input to zero. In this case, the performance of the simulation
would be otherwise unchanged.
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X
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X
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AUTOPILOT SEEKER
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(%)

Figure 4. Piograms Showing Euler Angle
Relationships Between Coordinate Sets
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y, AND z, ALIGNED WITH AUTOPILOT AXES

y AND z ALIGNED WITH MISSILE BODY
@ (FLIPPER) AXES

MANEUVER AXES
Figure 5. Simulation Coordinate System
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AXE

XLOS @ X AUTOPILOT
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TRANS

r—. AUT(.:'.)EILOT AYE
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AXM —p{ TRANS :
MISSILE
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— o MisSILE
DWY TO GEAY
d
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TABLE III. CALL PROGRAM GILOSSARY, V ARRAY

Coordinate
Namg Quantity Units System
V(1) hm, Missile altitude above ground ft Inertial
V(2) bac Aileron deflection command deg Missile
V(3) Spc Pitch deflection command deg Missile
V(4) byc, Yaw deflection command deg Missile
V(5) 6a» Aileron deflection deg Missile
V(6) &p* Pitch deflection deg Missile
V(7) Sy Yaw deflection deg Missile
V(8) Vy,» Missile velocity X-axis ft/sec Missile
V(9) Vy’ Missile velocity Y-axis ft/sec Missile
V(10) V,, Missile velocity Z-axis ft/sec Missile
V(1) W Angular velocity rad/sec Missile
v(12) Wy, Angular velocity rad/sec Missile
V(13) | w,, Angular velocity rad/sec Missile
V(14) Ax, Propulsion and aerodynamic g Missile
acceleration
V(15) Ay, Propulsion and aerodynamic g Missile
acceleration
V(16) | A,, Propulsion and aerodynamic g Missile
acceleration
V(17) A, ., Elevation maneuver command g Autopilot
V(18) Ayc' Azimuth maneuver command g Autopilot
V(19) ¢, Euler yaw angle rad
V(20) ¢, Euler roll angle rad
V(2l1) 6, Euler pitch angle rad
v(22) R,, Seeker boresight range ft Seeker
V(23) Ry’ Seeker lateral range ft Seeker
V(24) Rz, Seeker normal range ft Seeker
V(25) €,» Tracking error angle, pitch rad Seeker
V(26) €y Tracking error angle, yaw rad Seeker
v(27) v, Seeker elevation gimbal angle rad
V(28) N, Seeker azimuth gimbal angle rad

19




TABLE III. CALL PROGRAM GLOSSAKY, V ARRAY (CONTINUED)
Coordinate
Name Quantity Units System
V(29) R;, Horizontal longitudinal range ft Inertial
comgponent
V(30) Rj, Horizontal lateral range ft Inertial
component
V(31) €gz? Gate error angle, pitch rad Seeker
Vv(32) ‘gy’ Gate error angle, yaw rad Seeker
V(33) a, Total miss angle of attack deg Missile
V(34) ap, Missile pitch angle of attack deg Missile
V(35) aQys Missile yaw angle of attack deg Missile
V(36) V;, Horizontal longitudinal velocity | ft/sec Inertial
component
V(37) Vj. Horizontal lateral velocity ft/sec Inertial
component
V(38) Vk, Vertical velc.ity component ft/sec Inertial
V(39) q, Dynamic pressure 1b/ft%
V(40) Total missile velocity ft/sec
Vi{41) Missile Mach number
V(42) acps Acceleration command pitch g Autopilot
V(43) acys Acceleration command yaw g Autopilot
Vi(d) “x Scalar components of mis-
V(45) tby sile angular acceleration rad/sec? | Missile
V(46) in missile axes
2
V(47) 8ac’ Aileron command rate deg/sec Missile
V(48) 5pc’ Elevator command rate deg/sec Missile
V(49) | §yc» Rudder commaud rate deg/sec Missile
V(50) Closest approach at end of flight ft
V(51) Range component in Y seeker axis ft Seeker
V(52) Range component in Z seeker axis ft Seeker
V(53) w!
P Missile body rates in ;
V(54) y | Autopilot axes rad/sec Autopilot
V(55) w!

20




TABLE III. CALL PROGRAM GLOSSARY, V ARRAY (CONTINUED)
Coordinate
Name Quantity Units System
'
| ik “x Scalar components of mis- 2
V(57) w'y sile angular acceleration rad/sec Autopilot
v(58) | wp in autopilot axes
'
Y Ax Propulsive and aerodynamic
V(60) A'y acceleration components in g Autopilot
autopilot axes
V(61) Al
V(62) LA
V(63) v Missile velocity components Pt/ #ec Aot
4 in autopilot axes e
V(64) X
V(65) Special test variable - used as
system diagnostic
V(66) Total miss distance ft Miss Distance
V(67) x component of range ft Autopilot
V(68) y component of range ft Autopilot
V(69) z component of range ft Autopilot
V(70) y component of miss ft Miss Distance
V(71) z component of miss ft Miss Distance
V(72) x component of acceleration g Inertial
V(73) y component of acceleration g Inertial
V(74) z component of acceleration g Inertial
V(75) y component of acceleration at g Miss Distance
blind range
V(76) z component of acceleration at g Miss Distance
blind range
V(77) Blind time in yaw channel sec
V(78) Blind time in pitch channel sec
V(79) Final line of sight arfgle (vertical) rad Inertial
V(80) Final heading angle (horizontal) rad Inertial
V(81) x component, LOS rate rad/sec Inertial
V(82) y component, LOS rate rad/sec Inertial
V(83) z component, LOS rate rad/sec Inertial
V(84) A, Guidance gain

21
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TABLE III. CALL PROGRAM GLOSSARY, V ARRAY (CONTINUED)
Coordinate

Name Quantity Units System

V{(85) DE Total yaw precession rate

V(86) DEXS  Total pitch precession rate

V(87) E Yaw gyro inertial angle

V(88) Cl Yaw look angle (indicated)

V(90) Gl Forcing function cross-
coupled equation 1

V(91l) DGl Derivative forcing function
cross-coupled equation 1

V(92) G2 Forcing function cross-
coupled equation 2

V(95) DG2 Derivative forcing function
cross-coupled equation 2

V(94) GIN Integral forcing function
cross-coupled equation 1

V(95) G2N Integr:l forcing function
cross-coupled equation 2

V(96) FFE Forcing function yaw axis

V(97) DFE Derivative forcing function
yaw axis

V(98) | FEXS Forcing function pitch axis

V(v9) DFEXS Derivative forcing function
pitch axis

V(100)

v(lol)

V(1l02)

V(103)

V(l04)

V(105) NOT USED

V(106)

vV(1l07)

V(108)

V(109)

V(110)

22




TABLE IIL

CALL PROGRAM GLOSSARY, VARRAY (CONCLUDED)

Coordinate
Name Quantity Units System
V(111) | Suml - Tracker sampler bias sec
V(112) | TEAYD Tracker error yaw - deg
RKAMG
V(113) | TEAPD Tracker error pitch - deg
RKAMG
V(114) | TEAYS - Tracker ZfH output deg
Signal, Yaw
V(115) | TEAPS - Tracker Z¢H output deg/sec
Signal, Pitch
V(116) | VSYP - Tracker output signal deg/sec
Pitch
V(117) | VSPP - Tracker output signal yaw deg/sec
V(118) | TEYD - Tracking error - yaw deg
V('19) | TEPD - Tracking error - pitch deg
V(120) | UND Seeker elevation deg
V(121) | ETAD Seeker azimuth deg
v(l22) | WXD
V(l23) | WYD Missile angular velocity deg
V(l24) | WZD
V(125) | XLOSD
V(126) | YLOSD LOS Rate, Inertial deg/sec
Vv(127) | ZLOSD
V(128) | ANT (New)
V(129) ¢ Yaw D
V(130) | ¢Roll D Error Angle deg
V(131) 0 Pitch
V(132) | DED Total precession rate, yaw
deg/sec
V(133) | DEXSD Total precession rate,

pitch
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TABLE IV. INPUT TO SUBROUTINE SETIC

Input

Location Quantity Units
T(1) R, Total range to target ft
T(2) V,» Launch velocity ft/sec
T(3) o,+ Line of sight angle deg
T(4) YEV? Heading error, vertical deg
T(5) Ygy, Heading error, horizontal deg
T(6) ¢., Aircraft roll angle deg
T(7) Aa.L' Aircraft normal acceleration g
T(8) A,y, Aircraft lateral acceleration g
T(9) “po' Aircraft angle of attack, trim deg
T(10) g—;:, Angle of attack, gain deg/g
T(11) ¢y, Missile mounting angle, roll deg
T(12) 8y, Missile mounting angle, pitch deg
T(13) Effective tracker time constant used sec

10 calculate initial tracking error angle

T(14) w, rad/sec
T(15) (“’y Missile body rates in autopilot axes rad/sec
T(16) W, rad/sec
T(17) Rpy» Blind range, horizontal ft
T(18) Ry, Blind range, vertical ft
T(19) Steering bias, pitch g
T(20) Steering bias, yaw g
T(21) Roll rate bias rad/sec
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TABLE V. SUBROUTINE SETIC OUTPUT

Output Coordinate
Variable Quantity Units System

V(1) h, Missile altitude ft Inertial

V(8) o 4

Missile velocity "

V(9) Vy somponknts ft/sec Missile

V(10) Vz

V(1l) Wy

v(12) ¥ Missile angular velocity tad/ sbe Missile

4 components

V(13) w,

VEER g Missile Euler angles in

V(20) ¢ yaw, roll and pitch rad

vl 0 sequences

v(22) Reo

V(23) Rys Target range components ft Seeker

V(24) R,

V(27) v, Seeker elevation gimbal angle rad

V(28) N, Seeker azimuth gimbal angle rad

V(29) Rj, Horizontal range component ft Inertial

to target

V(67) Rom

V(68) Rym Target range components ft Autopilot

V(69) Bt

25




AIRCRAFT
LOCATION

%
¥ 4
IN x-z PLANE R
")
TARGET

X, ¥, 2 INERTIAL COORDINATE AXES

Vie Vi, Vi AIRCRAFT VELOCITY COMPONENTS

THE INERTIAL AXES ARE SELECTED SO THAT THE INITIAL
RANGE VECTOR IS CONTAINED IN THE x-z PLANE

Figure 8. Launch Geometry in Inertial Coordinates
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%
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ANGLE OF ATTACK COMPONENTS ARE CALCULATED
WITHIN SETIC AS FOLLOWS:

e = %0 + (%x-) AaL
°y =(%%) AaY

Figure 9. Launch Geometry in Aircraft Coordinates
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W
INERTIAL AIRCRAFT
AXES AXES

w >z,
AIRCRAFT AUTOPILOT
AXES AXES

¥, AND 8, ARE COMPUTED WITHIN SETIC,
ALL OTHER ANGLES ARE PROVIDED AS INPUTS.

Figure 10. Euler Angle Relations Between Coordinate Axis Sets
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TABLE VL SUBROUTINE SETIC FORTRAN LISTING

FORTRAN DECK i :
SET ThIVIAL COMDITIONS ]
SURROUTINE SFIIC

FOITVALENCE

3

COMMON /SSAM2/ vV  (250),T (2%0),¢

(258)

(TC 1), RANGE ), (TC 2),VEL Yo UTC 3),SIRKA D, (TC 4),HEY )
(TC 5),bEH Yo (F( 6),ACROLLISCTC 7),ACCEL ), (TC 8),ACLELY),
(TC 9),ALPO ) (T(10),NALDA D, (T(L11),PHIL ), (T(12),THETAL),
CTCI3Y,TAUA D), (T(14),HX o 0T(15), MY 1J,01(16),u2 )

NPATA RTUD/ST7.205%74/

c(oy=1(1\7)

C(¥)=T(18)

GAMV(SIGHA-HEV)/RTOD
TALLY=TAN(GAMY)

HFEHEANDZMEH/ZRTUD

TAMHSZTANCHEIIRAD)

VELOCLTY COMPUNENTS [N EARTH AXES
VISVEL/S0RT(LeNeTANCYS 24 TANHe02)
VizvieTANY

VAzV]elAkLY
ALPHAPZC(ALPOCDALNASACCEL)/RIOU

Al PHAYSHALDA®ACLUELY/PTOD
TA*AP=TANMLALPHAP)
TAMAY=TANCALPUHAY)

VFLOCITY COMPUPENTS IN AZC AXES

VUSVEL/SORTI1.0+TANAP#s2¢ AL AYSRD)

V=Vl TANRY

Vhz Ve TANAP
AVH)=ACRULL/RTND
SPHI=STHCAPHIT)
CPHI=COSCAPHT)

FATARLISH A/C FULER ANGCLES
COtizyveSPHlsvHOIPH|
COr2=SQRRT(VYUsVUI*CUNTLOLONT)

THFVAA=ARSN(RUN] 760012 ) =ARSN(VK/0L0ON2)

ComMssSHENI(VIeVIeV.IaY]))

PSTASARSH(VI/LORI)=ARSN((VVeCPHT-VWeSFHI)/CUNYS)

SPSI=SINGIPSIA)
CPS1I=2CNS(PSIA)
STHi =SINCTHETAA)
CTHESCOSCIHETAA)
THF TLR=THETAL/RIOY
ST =SINCTHETLR)
CiI't =COSCTHETLR)
PHIt R=PHIL/KTUD
SPHI =sSINI(PHILR)
CPHIL=CNS(PHILK)

Al3z=STHECCIHLSCTRERSPHIoSPRL s STHL-CTHECCPH] o PiLeSTHL

A?23= CTHESSPHIaCPrL ¢CTHESCPHT #SI'HI

A?212 (CPSIsSTHESSPHI=SPSIsCHH ] )aCPHL

SPhL
CONAzSURT(L.0=A238A2Y)
ESTARLISH MISSILE EULER ANGLES
PHIZARSN(A2])

THF TAZARSN(=A13/CON4)
PSIFRZARSN(=A21/0UN4)
S316G=SIN(SIGNAZRTND)
CS1:2CNS(SIGMAZKTUD)

RAMILF COMPONENTS IN EARTH AXES
RI=IANGE®CS]G
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¢ (CPSToSTHEOCPHI+SESIeSPH] )

SFTivo1L
StV10020

SETIO0NS0
SETI006C
SeTionyc
SET1I0080
StTlon90
Strioloo
SETIO0110
StT1012¢
SETIN1 30
StT10140
SETIN16y
SeTli0160
SeTIN170
StTinia
S¥T10390
SrTi0200
SETI0210
SiTin22v
SETI0230
SETI0240
SETI0250
SETI0260
SeTi0270
SETlu28v
SI-T10290
SFTI0NGO
SETI0310
SFTI0320,
SETIO3Sv
SFTI034u
SEr1odse
StTlo3en
SETIO37V
SeT10380
StTI0390
SFTID4OV
SITI0410
SETIN420
SFETIG430
SETIN44y
StTiv4Se
SFETID46Y
StT10470
SET10480
StTInag9y
StTl0500
Striuste
SET10520
SETI0530
Sellus4q
SFT10%50
SETIO%6N
SETI0572¢
StT10580
SETIUS90
SETILG6OO



TABLE VI. SUBROUTINE SETIC FORTRAN LISTING (CONCLUDED)

RK=RANGE®*SSIGC SFTI0610
c ESTARLISH TRACKINID ERROR VECTOR SETi0a20
CONA=VKeCSIG=-VIeSSIG SETI0630
EI=TAUACONGeSSIQ SETIVAAO
FJd=z TAUA®V) SETI0650
EXz=-TAUA®CONS*CSIG ' SETI0660
Pl=zRI-E1 . stTios70
PK=RK-EK SET10480
c ESTABLISH SFERFR OIMBAL ANGLES ScTi0690
CALL FULTRN(1,=1,PLl,EJ,PK,RX:KY,RL,FSIPR,PH],THETA) StT10700
c VEILOCITY COMPUNENTS IN MISSILE AXES SEViIN710
CALL EULTRNU=1,~1,V1,VJ, VK, VX, VY, v2,PSIPR,P1I,THETA) SETIO0720
G RANGE COMPONENTS IN MISSILE AXES StT110730
CALL EULTiUN(=1,=1,RI,0.0,KK,RXM,RYM,RZM.PSIPR,PHI,THETA) SETIN740
c VELOCITY COMPUNENTS IN AULIOFILOT AXES SET10750
CALL RASF(VX,VYaVZI, VXM, VYN, VM) SFETI07060
UN=ATAN2(=RZ,RX) SFTIU770
FTA=ATANZ(RY,SOFT(RX®RX*RZeRZ)) SETIV780
€ RANGE COUPOMENTS IN SLEKER AXES SET10790
CALY SEKTR(1,1,RXM, RYM,RZM.RXS, hYS,RZS.UN,ETA) SETI0A0LY
V(B):VXM SKET10810
V{9)=VYH SFETI0H20
V(10)=vZIHM SETI0830
V(19)=PSIPR SETI0AR40
¥(20)=PHI SETI0850
V(21)3THETA . SETI0860
V(27)=UN SETI0870
V(28)=ETA SFYI0AQO
V(1 )=RK - SETI0390
v(29)=RI . SETI0900
V(67)=RXM StTi0910
V(68):z=RYNM SFTI0920,
V(69 )=RIN’ SETI0030
v(22)aRXS SET10940
V(23)=RYS SFETIE0950
V(24)=R2ZS SET10960
CALL. RASF (WX, 4Y.HLoVI11),V(12),V(13)) SETI0970
RETURN SETIU980
END SET10990

(U) Also, the 45-degree rotation of the missile axes relative to the
mounting hooks is not contained in the input T(11), $p- This angle will
nominally be approximately zero or +90 degrees depending upon whether
the missile is mounted on the bottom or sides of the pylon.

2.3.4 Universal Seeker Subroutine

(U) Input to the Universal Seeker subroutine are the components of the
missile linear velocity and acceleration components as well as the angular
velocity and acceleration components, all in autopilot axes, This subroutine
performs the coordinate transformations of these quantities to seeker axes
and performs the appropriate integrations to yield seeker range components
from which tracking error angles in the pitch and yaw planes are computed.
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OA .29578/ ¥
CO=T(17 IN EARTH AX
C(3=1(18) ..4?..22?(:?3‘" i
GAMV=(SIGMA-HEV)/RTOD RK=RANGE*SSIGC
TANGV=TANMGAMY)
HENRAD=HEH/RTOD y
TANH=TAMHEHRAD) ESTABLISH TRACKING ERROR VECTOR
CONG=VK*CSIG-VI*SSIG
=TA !
VELOCITY COMPONENTS IN EARTH AXES T
VISVEL/SQRT(1 .0+ TANGV**2+ TANH**2) EK=-TAUA*CONG*CSIC
Vi=VI*TANH PI=RI-El
VK=VI*TANGV PK=RK-EK
ALPHAP=(ALPO+DALDASACCEL)/RTOD T
ALPHAY=DALDA*ACCELY/RTOD
TANAP=TAMALPHAP) ESTABLISH SEEKER GIMBAL ANGLES
TANAY=TANALPHAY) CALL EULTRM(1,-1,P1,EJ,PK,RX,RY,RZ, PSIPR, PHI, THETA)
[
VELOCITY COMPONENTS IN A/C AXES VELOCITY COMPONENTS IN MISSILE AXES
VUSVEL/SQRT(1,0+TANAPY*2+TANAY*+2) CALL EULTRM(-1,-1,V1,VJ,VK,VX,VY,VZ,PSIPR,PHI, THETA)
VV=VUSTANAY e
VW=VUTANAP
APHISACROLL/RTOD RANGE COMPONENTS IN MISSILE AXES
SPHI=SINAPHI) CALL EULTRM-1,-1,R1,0.0,RK,RXM,RYM,RZM,PSIPR, PHI, THETA)
CPHI=COS(APHI) I
¢
VELOCITY COMPONENTS IN AUTOPILOT AXES
ESTABLISH A/C EULER ANGLES CALL R4SF(VX,VY,VZ,VXM,VYM,VIM)
CON2=SORTVUMLACONL-CONL) oty e
=y + »
THETAA=ARSNCON1 /CON2)-ARSN(VK/CON2) e St
CONS=SQRTIVIVI+VI*VJ) SRR, 1
PSIA=ARSN(VJ/CON3)-ARS NVVAC PHI-VWFSPHI)/CONS) RANGE COMPONENTS IN SEEKER AXES
SPSI=SIMPSIA) CALL SEKTR(1,1,RXM,RYM,RZM,RXS,RYS,RZS ,UN,ETA)
CPSISCOS(PSIA} VB VXM
STHE=SINTHETAA) VORVYM
CTHE=COS(THETAA) V101=VZM
THETLR=THETAL/RTOC V19)=PSIPR
STHL=SIMTHETLR) VI20)=PHI
CTHL=COS(THETLR) V(21=THETA
PHILR=PHIL/RTOD V27=UN
SPHL=SINPHILR) VI2B)=ETA
CPHL=COS(PHILR) Wi
A13=STHE*CTHL+CTHE*SPHI*SPHL*S THL-C THEAC PHI*C PHL*S THL 1
A23=CTHE*S PHINCPHL +C THE*CPHISPHL . i
A21(CPSI*S THESS PHI-SPSHCPHIMC PHL-HCPSHS THE*CPHI+SPSI*SPHIN 4
SPHL 5
CONA=SQRT(1.0-A23*A23)  ° ey
¥ w23)=av';'
; V(24)=R2
ik s el [ CALL RASFOWX,WY,WZ,V(11),V12),Vti3)
THETA=ARSN-A13/CON&)
PSIPR=ARSN(-A21/CONA)
$SIG=SINISIGMA/RTOD)
CSIG=COS(SIGMA/RTOD)
L

Figure 11. Subroutine Setic Flow Chart
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(U) The Seeker subroutine has been modified for the CAS system simula-
tion to accommodate two other subroutines which simulate tracker and gyro
dynamics. The respective subroutines are Track and Gyro; their addition
facilitates the replacement of different trackers and gyro models into the
simulation,

(U) The Track subroutine accepts error signals from the Universal
Seeker subroutine and simulates the tracker dynamics. Its output signals
are the missile acceleration commands to the autopilot and precession rate
signal to the gyro torquer,

(U) The Gyro subroutine accepts the inputs generated by the Track sub-
routine and simulates the gyro dynamics including drift, Its outputs are
the gimbal angles and gimbal rates.

(U) A FORTRAN listing of the Universal Seeker Track and Gyro sub-
routines are shown in Tables VII, VIII, and IX, respectively. The subroutine
block diagram and flow charts appear in Figures 12, 13, 14 and 15, respec-
tively. Tables X, XI, and XII contain a glossary of terms.

2.3.5 Aimpoint Wander Subroutine

(U) The Aimpoint Wander subroutine, GWAND, is called out within the
Seeker subroutine and either simulates the apparent target motion caused by
the wandering of the seeke: airpoint or the actual motion of an evasive target.
In both cases, the subroutine input is the boresight range Ryg.

(U) The equations implemented in each of these options are shown in

Tables XIII and XIV, respectively. If neither option is desired, setting the
parameter C(103) to zero will cause the entire subroutine to be bypassed.

(U) A FORTRAN listing of this subroutine appears in Table XV and its
flow chart is shown in Figure 16.

2.3.6 Angle Restoration Bias (ARB) Subroutine

(U) The Angle Restoration Bias subroutine serves to implement the guid-
ance law incorporated in the CAS missile. It operates on the acceleration
commands from the Seeker subroutine to provide steering cormmands for the
Autopilot subroutine., A FORTRAN listing of the subroutine appears in
Table XVI. A block diagram and flow chart of the subroutine appear in
Figures 17 and 18, respectively.

2. 3.7 Blind Range Filter (BRF) Subroutine

(U) This subroutine simply provides the filtering for commands to the
autopilot subroutine when blind range is reached. The FORTRAN listing
for this subroutine appears in Table XVII. The subroutine block diagram
and flow chart appear in Figures 19 and 20.
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TABLE VII. UNIVERSAL SEEKER FORTRAN LISTING

T T TORTRANCCRWOULEEER T T T T T T T TR T T T T SeTT T
CUSEK UNIVFRSAL SEEKER :
SUBROUTINE MSEFK SFLkAN20
. COMMON /SSAML/ READ,DELT,AUTOT,TINE AL Yy ey
COMMON /SSAM27° Vv (250), T  (250),€ (2%0) ==SpFi-prL W ¥ '
COMMON /TRAKER/ COUNT,TR,N1,GFFX,QFFY \
CUMMON /TRA¥Z 7 TEAPG.TEAYN,DTEAP,NTEAY,MYSC,WZSE
__CuUPMON/GYR/VSY,VSP, WXS, HYS, W25 £ e
EAUIVALENCE AT b =55 SFFKANT70
1 (v(?22),RXS ), (V(23),RYS Vo (V(24),R2S V. (V(25),TEAP ), SEEKN080
2 (V(26),TEAY ), (V(17),A2CHD ), (V(18),AYCHD ), (V(27),UN ), SEFKN09N
3 (V(28),ETA | N (V(S1),EP1), (V(32),EP2)
FOllfVAI ENCF SEEKN110
JAVUB3), MK ), (VIS4 WY ), (V(5h), M2 IRERACTE RN ) S SEEKN120
2 AVI(57),NuY T ), (v(58),NNe Yo (V(59),AX Yo lv(aN),AY ), SFFEKN130
3 Vel , AL Yo (v(62),VX Yo (VIAS), VY Yo(Vind),v2 ) SFEKNI 4
Fall b VAL ENCE
(v(1N4),VS52), (vi10%),vs1), (vi11n), WND)
EollJ VAL ENCF SFEKP150
I(V(bé).IOIVIS).(V(7u).ENJ )L, (VIT1),EMK ) SFFKNI AN
2o UV(90), TSMISSIH (VIDL), YMISS ) (V(52),IM15S ) SEFKn1740
© FJUIVALENGCF
1(L013), TARNGE) , (N(14), 0K Yo (GULS) W TALARP) L (CC1A ), WMEGAL)
C(17),C1 D, (C(18),62 N, (CLL19),C3 ), t(20),04 ), (' (21),05 ), SFFKNZNN
o(n(??)-CG ))(C(?S’l“’ ).(6(94).Cﬂ )o(ﬂ(25,1L9 )5(L(26)lcl")l S’FR"?Z“
4(1.(27),C11), (CE2R),0612),(C(29),C13),(C(I0),C14),((O1 ), 1), SFEKP21D
S00032),C16), (LE33),C17),(0(34),CI19),(0L(S5),C32),(C(3A),062), SHFK 230
COLE37)o 0210, (CC3R),C22),(L(3Y)sC23),(L.C40),AKL),(E(41),T0 StFKr240
FLILEVAL ENCF
1 t3n9}),%Xn1), (Ccli1p), xr2), (C111),PRL, (C(112), 1401,
¢l t1138),Tanyy, (C(114),18), (Cej1s)y), 10
NaTA  WION/%7,24%7745/
NAMEL S T/ZWAVS/ZRXS, IRRSEMIo MR, TOTHIS, T(Mr,BEN T
(v (READSED LA N) 6 TH BN SFFR1250
r FE13) THRUGY C(42) AWF RESERVFY Fiin IH]S SOURROUTIHE SITFR"24A0
( CUAZ) 1S DeIFT CANIROL, SET TU 1,0 T INCLUDE WRIFT SEFK270
TLAP==42S/0YS SEI-Y 2P
ftAYZRYS/HYY SIFKu?oy
W/Sh=zite SHEKIL 30
d1€hzp.0 SILERBA20
SIMGTGLESTR(T (S /7RT0D) SFFRIAZY
Cash 1 G=C0SEYCSY/RTOD) SIFK"34n
1 (COINI) ol Nefaf) CALL GWAIU(RXS,FNY,FRZ) SFFERNAGN
'd SEFKn A M
C JCACKEMG cwbdR ANGIFS StFRNRJRY

a1

CONTINLF

1 ACIPI)Latt) GO TO 5

CrLE AwAND (XS, FRY,FERZ)

AL FULTRN (A, o) s 0D ERY s ERL XM bn Y~ FRLIM, YAM,RILLL,PTICN)
Al SEKTR (0,3, FRYPLRYM,FRZ 4, FEXS,uYS,FZ5,UNLFIA)
P SUM3 ¢NSeEYS

155k YSetYS

7014S=H7S+¥ 28

TR Y

FullMsRYS

Y)18S=+YS

7 11582128

1t AP==/MISS/E SN

v avzsyr |Soz-sut

1 (ABSUTEAP Y oGl « TARNGE ) GU Hu A2
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SEEKRPOON
SEfFnbann
SFFEANAaty
SEFREAZD
SEFN-4%D
SEFKLA40
SEFA" 460
SIFR 44N
SEFKL AT
SEFKY 1R
SEER' 400
N g SOLY (R}
SFEvusy
SEFANEDN
SEFRuS4N



TABLE VIL UNIVERSAL SEEKER FORTRAN LISTING (CONCLUDED)

IV (AMSCTEAY) . RELTARNGF) GO T 62 SEFK"S80
CALL DIFCTFAP,NTEAP, TFAPO) = ; ¥ ) SLEKINSAQ
CALL DIFCTEAY,DTEAY, TEAYOD) SFERNHTN
1V (DTEAP) KA,A2,R]1 SEFK &71
A0 CatL SFTEST(TEAP,NTEAP,-TARNGE) ] SLFA 572
Rt 10 A2 SFFK 573
nY CALL SPTEST(TEAP,NHTEAP, TAPNGE) SIFK %74
of 1t _(DTEAY) 83,R5,84 : bk I SEFK 75
H3 CALL SPTEST(TEAY,DTEAY,-TARNGH) STFK “76
fn 10 &5 SFER »77
4 CAlL SPTEST(TEAY,NYEAY, TARNGF) SIEK =74
a5y CONTINLE 8 SEFR L79
G T0 6% SEFKORAN
n? TEAP2Q.0 SLEKNS QD
WIFAP=DP,0 SFFKNARD
TeAPO=z1, 0 SLEK"ALD
TrAYz0,.0 SEFKn620
NIFAY=z(,0 SFFK"AJN
THAYO=0,0 SIFRrA4D
C SEFK RN
r CONIROL CONMAND SFEK.AAN
ah BONINLE
AL TRACK
CANL BYRO
AL SFKTR(1,1,=VX,=VY,=VZ,VRXS,VRYS, VR2S,UN,FTA) SEFK1200
B L VECTVIVRXS, VRYS, VRS, RXS, RYS,RP/S, WS, NYS, WZ2S, NKRXG . WRYS, D7) SEFK1220
C2rL SETFSTY(RXS,DRRS,C(S)) St FK1322
CAILL SPTEST(RXS,DKXS,C(9)) SEFKYD24
Coll SFTEST(RXS, DHXS,10.,) SIEN'?24
1F (VL)Y 0o JAND(ESUMGTLLD, ")) RY TN 140 SEFKI1 280
Witiz  =(ESHM/DRXS) SEFN1 240D
1=NN=z1.0 SEFK12A0
YAISS=YH]SSeNTNSNRYS SiFK179n
7418S=7MISSeNTNeNR7S SFFKY.ANN
VISLIZSNRTIVIST )ea2eV (KD )ew?) . StFRAY A h
Y(T77)=C(9)/VRXS SrFEK1321
VeTE )=t (J)/7vRXS SLFN* 330
VI79)=pTAN2(V(1),V(29)) STFENY M4y
VIRLDIAFAN2(V( oN),V(29)) SIFR136Y
140 Call IMTEHINRXS, Nw¥l, uRXZ2,PASH,RXS) NN J ST
CALL IMTERCDPRYS, NieY1,DPY2,RYSH,RYS) SrFER1 T4
CALL IMTERCHPZS, DRI, UEZ2,0250, RINY SEEK1)RY
RI=V(2v)eCNSSIGeV(1)eSINSIG StFR139)
CRELT RN SHEK140N
PrzeV(79)eGINSTLeV(T)eCSSIG SEFEK141 4
VIzVIS6)enNSSINnsV(IH)eSINSIG SFFn142y
Viazv($7) SFFK1A3D)
vezaV(An)eSINSILOVISB)eCNSSIG SfFK144y
FodsRI-Rlevyrsvi SFEKYASN
FerzRK-plevr/V] SEFRIVAAY
THTMIS=SORT(EMJs e eFMKea?) SEEK147y
1F(RXS.LE.TR,) WRITF(6,NANS)
120 Wi TURW C{rKkIABY
Fup SLEK140]
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TABLE VII. TRACK ROUTINE FORTRAN LISTING

A2 MAVIL TRACKER A=6 MITH LAR OMLY
SURROUTINE TRACK
COMMON /SSAML/ READ,DELI,AUTOT, TINE
COMMON /SSAM2/ ¥__(25Q).T7 (250).6 (23%0) =3
COMMON /SSAM/ TEND,ND, TNEXT,VHIN, STPNX,$12345,SUN222
1.CETA,SFYALCNU.SNU, THAX NLLNV(S0), TITLE(2%90),0LLTO,RITILE(D)
2, IFGEN, IMFBEN,MFQEN2, IFG2N
COMMON /GYR/VSY,VSP, XS, HYS,N2S
COPMON /TRAKZ 7 TEAPO,TEAYN,DVFAP,DVEAY,UYSC,wZISC

JERUIVALBNEE o w0l o e e

1(v(17),A2CHD), (vi18),AvCHD), (V(?5) TEAP). (v(26),TEAY),
2(V(22),RXS); (V(312),TEAYD), (V(113),TEAPD), (V(114),VSYP),
3(V(117),VSPP) e

EQV VALENCE .
1(C(142),5K), (C(143),4KT), (C(144),71S8), (C(145),0nFBLY)Y,
2(C(146),6KK), . (C(L147),RIAS), (CL148),TLRP), (C(149),TLGP), .
3(Ct150),TLNY), (C(1%1),TLBY), (C(152),5P0F)

NAMELIST

A/NAMB/
BTEAY, TEAYD, TEAP, TEAPN, TEAYS, TEAPS, SUML,VSYP, VSPP, AYLMD, AZLNMD, VSY,
CVSP, TIME,GLV5YN,GLVSPO, ILDP, TLGP, TLDY, TLAY, TEAPK, TEAYK . NKAMG, SPXE
DATA RIOD/57.295779%/ =8 X

SPXSsRXS/SPOT

CALL FGEN1(RDUMG,.SPXS,RKANR,-1)

IF(RFAD,NE.D,0) GO TO 10

GO 10 14

SUM12BIAS 3

“Q 10 16

IFCTIME.LT.SUNL)Y BC TO 20

TEAPKzTEAPORKAMG

1EAYK=TEAYoRKAML

TEAYDzRTODeTFAYK

TEAPN=RTOD» TFAPK
CALL FAENLOINUMY, TEAYD.TEAYS,=1)

CALL FGENL(TDUMP,TEAPD, TFAPS,-1)

CONIst,

SUPLESUMITS

CALL TVEST(SUM1)

VSYPSAKT®[EAYS

VSPPaAKT®TFAPS

CALL DIFCYSYP,DVSYP, VOUNY)

CALL DIFCYSPP,NVSPP, YLOUNP)

CALI LARCYSPP,DVSPP,GLVSPO,GLYSP,OLGVSP, TLGP,NUNP)

CALL LAG(VSYP,hvSYP,GLVSYN,CLVSY,DLGVSY,TLOY,GNUNY)
AYCHDagKKeGLYSY

AZCHDs-GKKaGLYSP

CAI'L LIMITCGLYSY, DLBYSY,O0NEGLD, -OMEGLD)

CAIL LIMEI(GLVSP,DLUGVSP,OMFGLD.~OMNEGLD)

VSYzRLVSYeSK

VSPzGLVSPeSK

IF(CONT.EQ.1.) WRIVE(6,NAMY)

CONY=0,

RETURN

END
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LLOY
tLoe
LLoe

-LLog

LLeO
LLoo
LLoY

LLGD
LLov
LLoo

LLoo
LLoO

LLDe

LLoo
LLoo
LLoo
LLov
LLoo
LLov
tLno
LLoo

1Loo0
LLoo
LLoo
LLov
LLny
LLOY
LLoe
LLoo
LLOW
LLno
LLoo
LLno
LLeo
LLno
LLOO
LLoo
LLoY

LLoY
LLeo
LLOY
LLeo

20
N

50
60
70
8y

90
100
110

120
13
140
1%
160
170
168u
19
200
210
220

240
240
26y
270
280
290
00
310
J2u
Jan
J4u
kLY
Jou
370
38y
Jon
400

a9y
500
510
LY}



TABLE IX. GYRO SUBROUTINE FORTRAN LISTING

Coyro _GYRO_SIPE RAJL . ____GNUT QPYION
SUBROUTINE GYRO

DIMENSION FO1B(4),F12E(4),FO4R(3)
CUMMON /SSAM1/ READ,DELT,AUTOT,TINE
COMMON /SSAM2/ ¥V (250),1 (250),8 (250)
COMMON /TRAKER/ COUNT, TH,N1

e s

+GFEX.OFFY

COMMON

1/GYR/VSY,VSP.CE.WYS, NZS

EQUIVALENCE ;

1Ve27), 0N, (V(28),ETA) .

EQUIVALENCE

1(V(53).4A), 1vi54).4Y), . Ay158),82), (V(50):PuA)-

2(V(57),0uY), (V(58),042), (V(59),04A), (V(60),AY),

3(V(61),A2)

EQUIVALFNCE

1(V(85),nE), (V(86),NEXS), (N(07),E), (v(uB8).EXS).,

2(vi89),01), (v(90),01), (v(91),001)., (V(92),062),
_4(ve93),n62), (V(94),01N),. _4X(95).62N), (V(Y6),FFE),

4(V(97),DFE), (V(9B),FEXS), (V(99),DFEXS)

FQUIVALENCE

1(C(116),W3S), (C(117),K217), (C(118),DUNP), (CU110),KATIL)

2,(C(136),08NUT), (C(137),DFR), (Ct138),NS1), (CL139),050),

3(C(140),0AN), (C(141),0BU), (C(153),CF1)s (C(1954),CF2),

4(C(15%55),CF3)

"REAL 11R, I1PXE,12E,12S., 126Y$, 13S, 13T, 14C, 14hs 14DXC, 1 1E
REAL MC,MP,LR,KD1B, kN2, K12F,K04C, WPX,KIE, KIS, K2E K25, R2FEXS,K1E,
IK1BXE, M3, M23.,M123,K27
REAL KRR, KRT,KGT,xGk,M235,M1238
NAMEL IS
A/NANZL. - I i
BYEF, E. FHS, FFXS,ET,EXS,EXSS,EXST,042,08P,8EP, HUXCD,. KUR, KL T,
CKI2V KRN+ KRT, M1235,M23S,SE w3, XEQM, XGEXS, XGSE, AKG, XKK,
DXKRM, XTE» XU
E/NAMA/
1A1,A2,AC8,ACE,R,B1,R2,01,CA,CH,CD,CE.CF,CH,COSR,CUSE,COSD.CNSE,
2COUNT,CX1,CX2,CX3, PIN,D2N, PP, DOX,DC,"NDB,DLEI,DDXC, DL, VEL,
JDEEXS, DEX, DEXS, AFE, WFLE XS, DGL1,DR2,DX,DuA, PuORE.DUDXC.E-F1.EXS,
4FR, P CLFDB,FNC,FDF,FE.FFE,FEXS,C1,01N,612,02,04N,822,0H,GR2,0G8L,
568 XF,uC,0E,BEL,GEXS,GS,HRDXC, ML, MP. RELI,RF2,.RXL,kX2,5ASF,SEN2,S5FLA,
6SECC,SECD, SECE,SINB,SINC,SIND,SINE,STAN, TANZ, TANC ., TANE,
7HANY, TE, TEA, TEDU, YE) o TEP, IES, TEU, TEXS, TEXSA, TEXSF, TE XSSP, TEXSS,
BTERSU, TXDU, WY, W32, 02, MA, WUXE, NP, WOXC  HE, WEBXE WM. NT, AFN,
PXMK, XMP . XIM,XIMC, ES,XS
Ao TAND, TIME,DELT,CX4L
c MAVERICK OYRO FSTIMATED AND CALCULATED PARAMETERS (7-15-69)
UATA .
1135, 187,128, 12S, 12EXS/4.27F 4,7 .04F 4,2,36F 4,2.96F 4.2.70E 4/,
2110, 11F, J11BXE/1.46F 4.1.853F 4,?7.94€ 4/.
314C, 14D, 14NXC/1.75k 3,1.94F 3,2,08F 3/,
AMI M2, M12371.12€ 3.2.58E N,2.95E 3/,
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TABLE IX. GYRO SUBROUTINE FORTRAN LISTING (CONTINUED)

SKIF . KIS, KLF, KIRXF/0.426-7,2.10F<7,0,52E=7,1.00F-7/»
6K2F, K25, K2FXS/0.30E=7,0.79E-7,0,79E=7/,
IRCA,RPL,GCA,OPL/10,,4540,,20,.,45%40./,
07.1“/33.'.7.3:1.’:0.22/.
9"2&/22-5020‘0“.51.o‘b/}
AFQ4c/11.8,1.3,0.4/, ,
BV:N‘?.KBII-KIZE.KO‘C/I.2.159.....0.:.-/.
CV018,Y12E,VN4C/4.0+1,5:2,3/, _ 5 i
‘DUS, UBXE, UE, UEXS, UD, UDXC,MPX/1.00,1400,1,80,1.00,0.5V,0.50,2,0/,
ELR,OL,07,DUB, THET/0.215,12.0,21,0372,0,%50,0./,
FG,R/980.:57.2957795/

IF (READ.EQ.N.) GO 70 3

c
€CCCC INITIAL COMPUTATIONS
c

M23SEN230e?
M123SzM123002
EXSSs[2FXS-~12S
HDXCD=140xC-14D
ETz 2« 13T _ .
BEH=1JPXE-T1F
EEXS=[2E~-12EXS
SE=[2S-12E
EXSTs]3T12¢&XS
EASE)1Re 128
WidznySel3S
BRAP=GPL /M123
GEF=RPL/M23
KRR39 ,F=7eRCA/RPL*9.E~-10eRCA
KR1z1,4E~3/(RPLORCA)¢] . 9E=7/SORT(RCA}
KB131 ., 4E=3/7(CPLOGCA)+1.9E=-7/SORT(GCA)
KGR29 ,F=7eGCA/GPL*9.E-10eGCA
XKP=K3E=K3ISeKRR=-K®T
XKRzK2F +KGT=KGCR/ 2.
XKPMsXKkROMI002
XCSEsXKRMeM23So (XKG-K2S)
XREXS=p23Se (XKG-K2EXS)
XTEaXKRMOMPISe(R2L XS-K2S)
XERMEN)23Se(KIE~-KLIRXF)
UBA?:GA0e?2
XispUAeWISee2/980,
XUsGNITe XU
WRITE (6,HANZ)
IF(RAI)L ,EQ.1.0) RN 10 2%
HEliN
E1=ETaA
GO0 10 24

25 CON1 INUE
Bsf 1A
ElzUN

26 CONI INbF
EXS=h
EsF)
ES3¢E
(S=tXS
KOUNT=D
KDUMPzRUMPe 01

c
CCCCC MISSILE FRAMF RATES AND ACCELEWATIONS
c
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TABLE IX. GYRO SUBROUTINE FORTRAN LISTING (CONTINUED)

3 CONTINUE
KOUNTzKNUNTo1
N82:2GQee2
AGD=ABRS(0B)

IF (AGR.LE.GAP) GU TO 210
AOLsAGR~-0BP
60 10 220

210 GBL=0,

220 CONTINUE

"FBEFOL1R(1)+1 01R(2)eRAL*FOLIR(I)2SORT(CA2enCo02)¢t 01B(4)0LALOe2
FBsFBeCF1 .
F0§fﬂdc(1)00720(F04C(2)OABS(00)ofﬂdC(S)oSOll(GAZOUOZ))00FJ

¢ MISSILE BALIL PUSITION

: IF(RAIL.EQ.1.0) GO 10 40

c PoOTTOM RAIL
WB=KY
WC=w2 .
DWb=zDuY
DHC=pN2
BB=AY
GC=A2
GELI
E1=t VA
VEsVSY
VEXSsVSP
GO 10 42

40 CONTINUE

(A SINPE RAIL
WB=n?
WC=WY
UNkzDu?
ONCzONY
HH=A2
uCsAY
AzFTA
ElsUN
VE=VSP
VEXSsVSY

42 CON)INVE
DEEXS=UF*HEXS
SINgsSIN(A)
CoSH=CcOS(8)
SINESSIN(EY)
COSEsCNS(EL)
SECEz1./C0S¢
TANE=[AN(EL)
TAN2=TANE® ey
SELZ=SFCFee?
STAN=SFLFRe 1 ANE
SINCesCuSBeS | NE
C1=zaARSM(SING)
LOSL=COS(CY)
SECC=1.,/C0SC
TANC=TANICY)
COSNECL5BeCONSE/COSC
SECp=L,./COSD
SIhp2SINR/COSC
TAND=SIND/COSD
WEEWAeSINAIWCeCOSH
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TABLE IX. GYRO SUBROUTINE FORTRAN LISTING (CONTINUED)

WBXEsHALCNSN-NCeSINY
WDz-NA®SINCeWBSCOSC
WDXCaWACUSCHWBeSINC
DNBXE=NWASCOSB=DHNCeSIND-NBeOnE
DUNXC=IWHASCOSCoDUBeSINCeNCeND
WEUXEsWiE*NBXE

DDXCayheWBXC
HOLXC=HDXCDeDDXC

c
CcCcC TE COMPUTATIONS

MCz=«SINDOTANE® (1, +LReSINC)

MPECOSDe (CNSB=LReSINBee2eSINE)/COSH
XIMe]4CoNp P

GEXSECEeWBXES TANEODEXS
CFe2,eSINDeSECCeSINAOTAND

CX2aS [NCOSINDee2eNE*CFeDEXS .,

CA=FRSeSEC20 TANF
CX1=TANNSDHDXC-SECDoe20DDXC-TANCOSECCoDEXS002
CD*SECEe( (189 ( TANESDWUXE=-SEC2eNERXE )*BEEPWEUXE )
CH® 12SeTANEe (SFCFeDNBXE~-STANeUFRXE)
CXIzTANCOSECCoDEXS*CFoDE

CA= |ANNReDNOXC=-SErNee2sNDXC~ SINPO(SIND'DE)002
REV1=X[MeCHOHDXCDoMPoDUXL

RE2zEXSSeCFeNEXS- HlJOhFXS'lIHOC!IONDILDONPODDIC

CCCCC TEXS COMPUTATIONS

XiMC=z14CeNC
RXLzCNe(:HeSE eSECEONBXEGDE+WISeDE¢XIMCoCBoHNXCLONCODUXC

RX?2=CheCH ¢XIMCOCXLehDXCDODNXCoNC
c
CLCCC PRECESSION i0RQUE
c
N 1EXSP=(VEoSHCECVEXSOML)OK2T
TEPz=VFXSeK2TaMP
c
CCCCC UNHALAMNCE TORUUE
c
BE=(GAeSINHeGReCUSH
UBXEsGAeCOSH=-CCoSINR
BS2GACOASACCNSE+CHOS INE=-GCoSINReCQSL
SRSHaS|NBeSINE
SECHSSINFOr0SB
GElSl-PAOSFPROOBOCOSFOOCOSISF
WYUK (GASSINC-GReCOSC)IoUDO(NASCONSL+RBeSINC)
XMPsNPYe(1.=COSHeLROSINHOSASE)
TEXSUS(HSeUNXEeSFCE-UEXSo IANE)oCE=-UE@SECFeGUXroUUsHL
1=XPiranFoMPXo(1,¢) NOSECH)eSINDeCS
fEUR=1ISOREXSCUFXSeGSsUUONP-XNPeGENS
[
CCCCt: FRICTION TNRQUE
c

OHT=NHoWA+COSRe TANE=NLOeSINAOTANE¢NEXSeSENE
DEV2=NCeCOSN-WACSINBODF
DC=COSPaNELI-SINDeSINEeDY

IF(NA.FN.0.) FNHszO,

tnc=sient1., 00)

IF(DC.EQ.0,) FNC3u,
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TABLE IX. GYRO SUBROUTINE FORTRAN LISTING (CONTINUED)

230
240

c
cccce
c

[
¢gccc
c

c
ccecec
c

c
cccce
c

ccecc

FOt=SIAN(L,.,DEY)
IFADEL.EQ.0.) _FDE=u,
AGE=ARS (GE)

IF (AGE.LE.GEP) nO 10 230

OE! =AGF-GEP

G0 10 240

GEL=0,

CONTINVE.

FE1sF12F(1)eCF?
FE2s(F312E(2)e0EL*F12E(J)eSORT(P2+BBXF002)¢F12F (4)0LEL0e?)aCFI
FESFEL1FE2

XFMzFCoFDCovO4ConC

1EXSFs=(FB eFNH+vV018eDB)SECE-XFMeNC

VEbz<(FE. oEDE¢Y12E*DEL) =XFHONP

SPhINO FORQUE

TANYZ [AN(YoFY1) 5
XMK=K04C*COSBeTANY
IEXSSz~(KOJReSECE*KU2 ) TANC(YeR ) =XNKONC
TESB=(K12F¢K020COSH)eTANY=XNKaMP

ANTSOELASTICITY TORQUES

TEXSAzGSOGFOXGS) ~GFoREXSe TANESXGEXS*CAXEeGESSECEOXEHN
TEA=-GEXS#GSeXTE

DYNAMIC UNRALANCE TURUUE

WT=W3Se FIMF+THE /R
IXHUzXeSINI(WT)
TEbUS XL COS(MNT)

FINAL COMPUTATIONS

TEEGO(TLP+DFROTEFONSTOTESINSUSTEUDANCTEASDDUCTEDY)
TEXSsUe (TEXSPoDI ROTEXSFoNSTeTEXSSONSUTEXSUCDANOTEXSARUIEOTXNVY
CIFLUNUTLED.2.0) 60 10 250

GYKD WITHOUT NUTAT]uUN

CXACE14CONVNXCOSIND/CUSN= JACoDLXCOSECLOSECPONLXIDODI XL
IXGIa(ChoCH)eCXAC oMY,

TEGIsCX4Cemp

TEXSE(FXSeTXR]

TE=I1E+TFG]

NErIEXS/W]Y

NEXSS=-TFH/WID

GALL INTERC(DE,DEML, hEM2,EUQ,E)

CALL INTER(DEXS,NXM1,0XM2,FX0,tXS)

< CAIL INTFR(DR,DRM1,VLAN2,ALN,A)

ccce

CALL INTER(DF1.NELML,DFLIN2.£30,E1)
80 10 240
CONT INHS

GYRU WITH NUTAYINN

ALZETeX [ MerOSD

Hlz=X]®eSINhe TANF

A2=XIMCeCOSH

A2z XST=XIMCoSINDeTANES I LBeSECT e 12S0TAN2
BXzAl1eH2-A72sR1
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TABLE IX. GYRO SUBROUTINE FORTRAN LISTING (CONCLUDED)

W1z (=R2e(EXSSeCE-N]s=XINeCX])
Ao0de(CpenEotEXSeTANEOE*SECTANEQDE-X1RCOCXN))/0X .
H2=(ALo(CACDEXSeSECCE* NI~ XINC'CI!OEE!SODEISOlAhE)Ol?OKlNOCIZ)IDl
G112 (Q20 (TE-RF1)=Q10(TEXS~RX1)) /DX
028 (AL (TEXS=RX2)=A20(TE-RE2)) /DX
CALL DIF(01,001,DUNA)
CALL NIF(02,D82,DuUNB)
CALL GPATE(1.01,D61.G12,Q1N.DIN,DUMKL)
CALL GRAVE(1.02,D02.622,062N,D2N, 00”!2)
‘CAIL DIF(DA,DPB, DUNR)
CALL DIy (DEL1,DDE1,DUMU)
CALL ORATE(1,DB,DUB,R2,H,0RX,DUNT)
CALL GRATE(1,DEL,DDEL1,EL2,E1,DEX,DUPS)
Mi2ziieng |
WNESL T (N12)
FRE=(Q1eN1002L)/N12¢ES
CALL DIF(FFE,DFE,DUNC)
FEXS2(R2-H7e832)/W12+XS
CALL DIF(FF XS, DFEXS,DUMD)
CGALL LDSFC(FEE.DEEE2 E Dk )loalaabiMala,DUNYS, DPrXE)
CALL LDSEC(FEXS,DFEXS,EXSZ,FXS - DEXS»0.,3,,4N.%.,DUNRS, DUNXE)
260 CONTINUE .
IFC(RAIL.EQ.1.0) B0 10 270
WYS=DEXS
W25S=0E
NEH
ETA=zF)
A0 Y0 240
2706 CONTINUE
WYS=EDE
W2SEDEXS
UNzp1
ETAzR
280 UONIINUE
KXEMOD(KOUNT, KDUMNP)
IF ((KX.ru.0 ) +OR.(CUUNT.LE. 5.)) NRITE(A,NARA)
RETURN
END
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PITCH
ROLL

Ry

1

ETA

!

11T

AXS RYS RZS

ERXM
EARTH | auToriLoT |LEXS
TO ERYM _ T0 EYS I
AUTOPILOT 7| SEEKER
TRANS LERZM | TRAns | Ezs |t e | o [EEA pkl —a :o—r ZeH
> > > . Ty
ART
0 {L [ Y ' 3 o
ERY ERZ
SUBROUTINE THACKING
GWAND f ’
ML _—
Rk
AIMPOINT GAIN
WANDER) VARIATION
[ Y
RXS y h
. ¥ hIISS : TEAY Ak
RYS e — —p: | qi E (e ral BT i
RZS
UNIVERSAL SEEKER
SUBROUTINE
UN ETA WXSWYSWZS
1 l s l 1 1 XS . TRUCK
vVRX | 2L | ROUTI
VX =1 AUTOPILOT ${SUBROUTINE > — RXS SUBROUTINE
A VRYS | vectv
" TO > Cc DRYS =l L - RYS
SEEKER VRZS (CROSS =
V7 cmip] TRANS | COUPLING) DR?J: _1_ — RZS
S

COMF




m

Figure 12.

Universal Seeker/

Gyro Subroutine Block Diagram
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(The reverse of this page is blank., )

SEEKER
AZCM
ZaT 0 DRIFT
WYSD WzsD
GK v
1
4 RT¢D RT¢D
| i
1 VSP 1 4 2 + wYS " ony | 1 UN
—>1 P V1 cos? , sin?, COS7{COS v -0.215 SIN 7 SINZ v : »| SEC 7 |- = [ =
L |
FORWARD
LooP SIN v TAN 7 {140,215 COS ¥ SIN 7 )
COMPENSATION
+
VSY + + w2s DETA 1 ETA
— — > sec 7 > > — -
LG + s
L
v
v
GK
UN  ETA SIN 9
] Ll .
AYCMO WX WXSR e WXS
=% auTOPILOT = G
Wy = TO WYSR
®1  SEEKER
we TRANS WZSR
—_—
GYRO
= SUBROUTINE =



TEAP RZA/RXS
TEAY-RYS/AXS

ATOD- 180.0/) 1415027
w250 0.0

WYSD 0.0

SINSIG SINITI3/RTOD)
COSSIG *COS{T(31/RTOD}
GK1-GK*ATOD

[ELL GWAND(R!S,ERV,ERZ!

50 CONTINUE

1

CALL DIF{TEAP .DTEAP TEAPO)
CALL DIE{TEAY,DTEAY TEAYO)

CALL SPTEST
{TEAP,DTEAP,. TARNGE}

CALL SPTEST

{TEAP DTEAP TARNGE

L |

CALL SPTEST
{YEAY DTEAY TARNGE}

CALL SPTEST
{TEAY.DTEAY,TARNGF )

L |

ESUM AXS
YMISS~AYS
2NiSS=R2ZS

CALL GWANDI(RXS.ERY ERZ)

CALL EULTRNIO-1,00ERY,
ERZERXMERYM,
ERZM.YAW,ROLL PITCH)

CALL SEKTR{0.LERXMERYM,
ERZMEXSEYSEZSUNETA)

ESUM-RXS+E XS

YMISS-AYS+EYS

ZMISS RZS+EZS

y

TEAP 2MISS/ESUM
TEAY:= YMISS/ESUM
TANETA-SETA/CETA

TEST
ABSITEAP,

< TARNGE

< TARNGE

TEAP-00
OTEAP-Q O
TEAPO-00
TEAY-00
DTEAY -0
TEAY0 OC

< TAANGE

Figure 13,

|

'

CONTINUE

CALL TRACK
CALL GYRO
CALL SEXTR(1,1, VX, VY, VZVRXS VRYS VRZSUN ETA!}
CALL VECTVIVRXS VAYS VRZS RAXS RYSRZS,
WXS WYS W25 DRXS.DRYS DR2ZSH
CALL SPTEST(RXSORXS.C(3)}
CALL SPTESTIRAXS DRXS CI91)
CALL SPTEST(RXS.DRXS,10)

45

1= ANDHEGUN =10

f

070 -(ESUM/DRXS|

1END 10O

YMISS-YMISS+0TO+ DRYS
2ZMISS ZMISS+0TD+DR2ZS

Vi50) SQRT(VISTI®*2+V(52)°°2)
VIi77)- Ci91/VAXS

v(78) C(3)/VAXS

V{781 ATANZ(VI1) . VI29))
VI(80)-ATANZ{V{30) V{29

d

4

CALL INTERIDAXSDRX1,0RX2 RXS0,AXS!
CALL INTERIDAYS.DRY! OFY2RYSORYS)
CALL INTERIDRZS.DR21,DRZ2,A2S50.A2S)

1

RI V(29)°COSSIG+V{1)*SINSIG
RJ-V(30)

AKX VI29)*'SINSIG+V(1)*COSSIG
VI VI36)*COSSIG+V(38) ‘SINSIG
VI-v{3n

VK V(36 *SINSIG+V(38)"COSSIG
EMJ RJRI*VI/VI

EMK -RK RI*VK/VI

TOTMIS ‘SQRTIEMJ® *2¢EMK *"2)

Seeker Subroutine Flow Chart



SPXS = RXS/SPOT
CALL FGENI (RDUMG, SPXS, RKAMG, -1

SUMI = BIAS

TEAPK = TEAP*RKAMG

TEAYK = TEAY*RKAMG

JEAYD = RTOD“TEAYK

TEAPD = RTOD*TEAP!

CALL FGENI(TOUMY TJEAYD, TEAYS,-1)
gaklf F(liENl(TDUMP TEAPD TEAPS,-1)

SUM1= SUM1 + TS

CALL TTEST(SUMD)

VSYP = AKT*TEAYS

VSPP = AKT*TEAPS

CALL DIF(VSYP,DVSYP, voum)

CALL DIF(VSPP,DVSPP.VDUMP)

CALL LAGIVSPP, wspv’ chspo ,GLVSP, DLVGVSP,TLGP, GDUMP)
CALL = LAGIVSYP DVSYP,GLVSYO,GLVSY,DLGVSY, TLGY, GOUMY)
AY CMD = GKK*GLVSY

AZCMD = -GKK*GLVSP

CALL LIMIT(GLVSY,DLGVSY,0MEGLD, -OMEGLD)

CALL LIMIT(GLVSP,DLGVSP.OMEGLD, -OMEGLD)

VSY = GLVSY#SK

VSP = GLVSP*SK

WRITE (6,NAMB)

‘ RETURN >

Figure 14, Umversal Subroutme TRACK Flow Chart
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Coe THOIIPIBLOA+ L0 JD+LVILYVDS.(E)HL0J 1HD . (C)HLIO04+11)BL04=84 |

t

ANNILNOD

0=789

ozz

489D-80v=189

BDISEY -80Y
L. .89-L89

L=ANMON- LNMON

INNILNOD

10" + dJWNA = JWNAOM
0 = LNNOX

SX3 = 8X

SX3 =83

8 = SX3

t3 =3

9z

Nn=13
vi3i=g

vid=13
N =8

1

L0 +dNNA=dWNAaN

0-1NNOY

SX3=SX

3-53

8-5x3

13-3

(ZWWYN ‘9) 3L1dMm
086/Z..SEM.B8NA=NX

Ce e VO=LVD
A3IXGLAH-TIAN)LSETIN=-NEIX
(STH-SXITH}.SETW+WHIAX=3LX
(SXITH ONX) e SECW=SXIOX
(STAH-ONX ). SEZW+WHNX=3SDX
Ze e ENHAX=NHINX
T/HONLOMN+IZDN=DUX
LHN-HUN+GEN-IEN=HANX
v99.01°3 6+1dD/vI9.L-36=HON
(YOO} LHDS/L-36' L +(¥DD. 1dD)/E ¥ 1= LON
{VOU) LHDS/L-36 L+(VYIH.dTHI/E- IV L= LU
VOH.0L 36+ 0dH/VIH.L I 6=HHN
€ZW/1dD=d39

£ZLW/1dD=d8D

SE1.SEM=EIM

SZ1+811-583

SX3Z1+1€1-15X3

3z1-521-3S

SX3ZI-321-Ex33
3LI-3IX8L1-339

1€1+321-13
Avl-OXAarl=-adxaH

SZ1 SX3ZI-SSX3

Z..EZLWN SEZtN

Z..£ECW SETN




IXAaQ.adIXAH=IXaaH

IXOM. aM=IXQa

3IXBM. IM-IXEIM

aM. OM+ONIS. 8MQ+IS0D. YMA-IXAMA
3M. SM-8NIS. DMQ-8S0D. vMa - 3IXGMA
ONIS. 8M#+IS0. YM=IX M

2502, 8M«INIS. VM= OM

ENIS. OM-8S0. VM- 3X8M

8S02. DM+8NIS. Y M= IM

g asOJ/aNIS-aNV L
2S02/8NIS=ANIS

GS02/'1-a23s
2502/3502.8502-0S0D

1INV L-DNVL

US0D/ 1-0035

{19)502-2S09

{DNISINSHV=1D

3INIS.8S0D-INIS

3INVL.3D3S=NV1S

2..3238=¢23S

Ce s INVL=ZNVL
(L3INVLE=3INVL
3S00/°1=323S
{13)S02=3S02
{LIINIS=3INIS
(8)S0D=8S00
{BINIS=8NIS
$X3Q.3Q-5x33Q |
zv
ASA = SX3A dSA = SX3A
dSA = 3A ASA = 3A
NN =1i3 vi3d=13
vi3=8 NN =8
AV =09 2v =29
2v = 89 AY = 89
AMA = DMA ZMa = OMa
ZMa = ama AMQ = SMQ
AM = DM ZM = DM
ZM = 8M AM = M

Z..789.(vi8

(Z8O+ZVYDILHDS. (€)DP04+(DD1SEV.(21D404+ (1)DP04-24
104+(Z2..09+ZVv Ol LHDS. (£18104+189.(2:8104+(1)8104-84

t

INNHLN

0-189

d89-89v=189

|
Gyro Subroutine

Flow Chart (CAS 6 DOF

igure 15,

Simulation)
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(8a" LINDIS-804

80d.3NIS.INIS 130.3S02=20

30+8NIS. YM-85S02.0M=130
303S.SX30+3NV1I.8NIS.OM INVL.8500. vM+8M-=80

3NDYOL NOILDIHS

SX39.dAWX-dW.NN+SD.SXIN+SXID.SN-="3L
SO.8NIS.(8D23S.HT+ L) e XdN+3ID.dNX ~
JW.NN+3X89.3D3S.3N°3D.(INVL.SX3N-3D3S. IXBN+SNI=NSX 3L
{3S835.8NIS. H1+8S00 " 1)« XdW=dWX
(ONI1S.89+2S02.V9O).AN+{JS0J.8S-INIS. ¥9D). DXAN=NN
3S8S.09+3500.89+823S. VD =8X39

8S00.3NIS=803S

3NIS.8NIS=3S8S
3S02.8N1S.29-3NIS.89+3500.8S00,.V¥9=58D
8NIS.09-85S00.Vv9=3X89

9S02.09+8NIS.¥v9=39

3NDHOL IDNVIVENN

dWe LZH.SX3IN-=d3L
LT (OW.SX3IA+3D3S. IN)=dSX 3L

3N0HOL NOISS3J34d

OW.OXAQ.AIXAH+EXD. DNIX+ HO+QJ=ZXY
OX3A.OW.QIXAH+83. DWIX+30.EIM+3Q. IXEM.3D3S. 3S+HD+QI=L XY
OW.OPI=JWIX

SNOILVINdWOD SX 3L
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TABLE X. SEEKER (MSEEK) SUBROUTINE

Coordinate
Name Quality Units System
V(17) AZCMD A,., Elevation maneuver g's Autopilot
command
V(18) AYCMD Ayc, Azimuth maneuver g's Autopilot
command
V(22) RXS Rx, Seeker boresight range | ft Seeker
V(23) RYX Ry, Seeker lateral range ft Seeker
V(24) RZS R,, Seeker normal range ft Seeker
V(25) TEAP €ps Tracking error angle, rad Seeker
pitch
V(26) TEAY €y, Tracking error angle, rad Seeker
yaw
V(27) UN V, Seeker elevation gimbal rad
angle '
V(28) ETA n, Seeker azimuth gimbal rad
angle
V(53) WX Wy
, | Missile body rates in ;
V(54) WY wy Susopilet aak4 rad/sec Autopilot
V(55) WZ Wy
V(56) DWX wy } Scalar components of
. { missile angular 2 :
V(57) DWY Oy L e calfatinn W SuiHe rad/sec Autopilot
V(58) DwWZ w, ! pilot axes
V(59) AX Ay ) Propulsive and aero-
+ {dynamic acceleration . :
V(60) AY AY components autopilot g'S Autopilot
V(6l) AZ A, laxes
M VL Vx | Missile velocity
V(63) VY Vy | components in auto- ft/sec Autopilot
V(64) VZ Vz' pilot axes
V(66) TOTMISS| Total Miss Distance ft Miss Distance
V(70) EMJ Y Component of Miss ft Miss Distance

V(71) EMK Z Components of Miss ft Miss Distance
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TABLE X. SEEKER (MSEEK) SUBROUTINE (CONTINUED)

Name

Quantity

Units

C(13) TARNGE

C(14) GK
C(15) TAUAP
C(16) OMEGAL
C(17) C1
C(18) C2
C(19) C3
C(20) C4
C(21) C5
C(22) Cé6
C(23) C7
C(24) C8
C(25) C9
C(26) C10
C(27) C11
C(28) C12
C(29) C13
C(30) C14
C(31) C15
C(32) C16
C(33) C17
C(34) C18
C(35) C19
C(36) C20
C(37) C21
C(38) C22
C(39) C23
C(40) AK1

¢max
2

K , Guidance gain

Th, Tracker time constant

QcLe Precession rate limit

Seeker drift term
Seeker drift term
Seeker drift term
Seeker drift term
Seeker drift term
Seeker drift term
Seeker drift term
Seeker drift term
Seeker frift term
Seeker drift term
Seeker drift term
Seeker drift term
Seeker drift term
Seeker drift term
Seeker drift term
Seeker drift term
Seeker drift term
Seeker drift term
Seeker drift term
Seeker drift term
Seeker drift term
Seeker drift term

Seeker drift term

K1 » Tracking loop velocity gain

, Half the seeker field of view

rad

g's/deg/sec
sec

rad/sec
rad/sec
rad/sec

rad/sec/g

1/sec
1/sec

sec

sec
rad/sec/g
rad/sec/g

1/sec/g
2

2

rad/sec/g
rad/sec/g
rad/sec/g2
rad/sec
rad/sec

rad/sec/g

1/sec

sec
rad/sec/g
rad/sec/g
rad/sec/g?

1/sec
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TABLE X. SEEKER (MSEEK) SUBROUTINE (CONCLUDED)

Name

Quantity

Units

C(41) TG
C(42)

C(109)
C(110;}
C(111)
Cc(112)
C(113)
C(114)
C(115)

Gimbal preload

Drift control, set to 1.0 to include

drift

Not used

55




TABLE XI.

TRACKER GLOSSARY OF TERMS

Coordinate
Name Quantity Units System
V Array
V(17) Azc’ Elevation maneuver command Autopilot
V(18) Ayc' Azimuth maneuver command Autopilot
V(22) Rx’ Seeker boresight range fit Seeker
V{(25) €, Tracking error angle, pitch rad Secker
V(26) ey, Tracking error angle, yaw rad Seeker
V(1l12) TEAYD Tracker error yaw deg
RKAMG
V(113) TEAPD Tracker error Pitch deg
RKAMG
V(116) VSYP - Tracker output signal deg/sec "
Pitch
V(117) VSPP - Tracker output signal deg/sec
Yaw
C Array
C(142) SK Torquer gain coefficient V/deg/sec
C(143) AKT - Tracker gain cConstant lsec
C(144) TS = Sampling period sec
C(145) OMEGLD - Precession rate limit | deg/sec
C(146) | GKK - Guidance gain g/deg/sec
C(147) BIAS - Sampling rate offset bias sec
C(148) TLDP - Tracker .filter lead sec
time constant pitch
C(149) TLGP - Tracker filter lag time sec
constant pitch
C(150) TLOY - Tracker filter lead time | sec
constant-Yaw
C(151) TLGY - Tracker filter lag time sec
constant-Yaw
C(152) SPOT - Tracker spot size ft
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TABLE XII. GYRO GLOSSARY OF TERMS

Coordinate
Name Quantity Units System
V Array
V(27) v, Seeker elevation gimbal angle rad
V(28) M, Seeker azimuth gimbal angle rad
V(53) w,'(
) Missile body rates in ;
V(54) wy sutohilot wiees rad/sec Autopilot
V(55) w!
z
. !
Vi(36) it Scalar components of 2 |
V(57) P missile angular accelera- rad/sec Autopilot
V(58) Y tion in autopilot axes
z
!
YAl Ax Propulsive and aerodynamic
V(60) A' acceleration components in | g Autopilot
V(61) AY autopilot axes
z
V(85) DE Total yaw precession rate
V(86) DEXS Total pitch precession rate
V(87) E Yaw gyro inertial angle
V(88) Gl Yaw look angle (indicated)
V(90) Gl Forcing function cross-
coupled equation 1
V(91l) DGI Derivative forcing function
cross-coupled equation 1
V{(92) G2 Forcing function cross-
coupled equation 2
V(93) DG2  Derivative forcing function
cross-coupled equation 2
V(94) GIN Integral forcing function
cross-coupled equation 1
V(95) G2N  Integral forcing function
cross-coupled equation 2
V(96) FFE Forcing function yaw axis
V(97) DFE Derivative forcing function
yaw axis
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TABLE XII. GYRO GLOSSARY OF TERMS (CONCLUDED)
Coordinate
Name Quantity Units System
V Array (Continued)
V(98) FEXS Forcing function pitch axis
V(99) DFEXS Derivative forcing function
pitch axis
C Array

C(116) 3S - Gryo motor speed rad/sec
C(117) K2T - Precession torque gem/V

coefficient
C(118) Dump program control logic B=0
C(119) - Rail control logic S=1.0
C(136) GNUT - Program logic control -

w/0-0, W=1,0
C(137) DFR Coulomb friction drift Dim

factor
C(138) DST Spring torque drift factor Dim
C(139) DSU Unbalance drift factor Dim
C(140) DAN Anisoelastic drift factor Dim
C(l41) DDU Dynamic unbalance factor Dim
C(153) CFl Friction factor coefficient D
C(154) CF2 Friction factor coefficient D
C(155) CF2 Friction factor coefficient D
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TABLE XIII. SUBROUTINE GWAND USED TO SIMULATE
AIMPOINT WANDER

(This option is exercised when C(106) # 0)

For

C(103) = RXS s 8.35* C(103),

H*RXS
ERY = E(103)% C(105)% C(106)
Apparent target motion
is y and z earth axes
IRE = -Z*RXS

C(103)* C(105)* C(106)

Otherwise

ERY = ERZ = 0.
Where
= fl(a) functions f) and f, are described by
_ function generators 1A and 1B
" fz(a)
and
) C(103)
= % A - =
a C(104) 0.563 + J2.45 2.42 (l RXS)
or

a = C(104), whichever is smaller

59




-

TABLE XIV. SUBROUTINE GWAND USED TO SIMULATE

TARGET MOTION

(This option is exercised when C(106) = 0)

YT

Where

is target displacement in the positive earth fixed y
direction.

V. [t -7(1-e /M)

YT g
o = Ve (1 - et
VT = ae-t/T

= C(103)* 32.2, initial target acceleration
= C(104), final target velocity
= Vf/a

= time measured from the point when boresight range equals
C(105)
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TABLE XV.

SUBROUTINE GWAND FORTRAN LISTING

s FORTRAN DECK
CWAND ALH POINT WANDER WANDOO10
SURROUTINE GMANI(RXS,ERY,ERZ) WANDO020
COPMON /SSAKL/ KEAD,NELT,AUIOT, TIHE
COMMON /SSAN2/ ¥ (2500, (250),C (250)
FOUIVALENCE (C(103),RF),(C(104),A),(C(105),PLOTK), (C(106),PHUTUKINANDUOSO
£O1F CO103)1S SET TO U, THIS SURRGUIINE WILL UE BYPASSED WANDONG U
C IF C(106)1S NON 0,AIM PUINT UANDER WILL BE SIMULATED WANDOOZ70
C IF CC106) IS SET TU U, TARGET MOTION WILL HE SIMULATED WHERE WANDOOBO
c 1) CC103)=INITAL TARGET ACCEL. IN 6 WANDBUOO
c 2) CC104)=F INAL TARGEI VELOCITY [N FPS WAND0100
c 3) C(105)=SEFKER RANGE AT START OF 1ARGET MOTION WANDO110
€ TARGET MOTION OBEYS THE FOLLOWING EGUATIONS WAND0120
c DDYz AEXP(=T/TAY) WANDO130
c DYz ToAe(1-LXP(-T/TAU)) WANDO140
c = 1A (T=-TAUS(1-EXP(=T/TAU))) WANDO150
IF (REAN.EG.0.0)GU TO 50 WANDO160
6X=PLOTK®PHUTUKSRF WANDO170
ERY=0.0 NANDO180
ER2=0.0 WANDO190
SMAZ0,0 WANDO200
CALL FEENL(1A,ShALH,=1) WANDO21
CALI. FGENL(1A,SHA,Z,=1) WANDO22
IF (C(103).E0.0.0) GO TO 100 WANDO230
RTST=8.355¢RF WANDO240
AC=32.2¢C(103) WANDO250
1AC=C(1u4) WANDU260
TAU=TAC/AC NAND0270
60 10 100 NANDO260
50 IF (C(103).€0.0.0) GO TO 100 WANDO290
IF (C(106),EN.0.0) GO TO 200 RANDO3 U0
IF (PXS.OT.KTSI) GO TO 100 WANDO310
IF (RXS.LT.KF) 6O TO 100 NANDOJI20
RHO=(th=RF/RXS) KANDUJ3O
SHAZA®(=.983¢50PT(2.45-2,422RH0)) RANDO340
, IF (SMA,GT.A) ShA=A WANDU'S50
CALL FGENLCIA,SHALH,=1) WANDOS6
CAIL FRENL(1B,SMA»Z,=1) WANDO37
ERY=HeRXS/GX WANDO380
FH2=-ZoRXS/GX WAND0390
100 RETURN +ANDO400
200 IF (RXS.LT,C(105)) GO TO 250 WANDO410
TSTART=TIME NANDO420
CALL. NIF (RXS,DPRXS,RXS0) WANDO430
CALL SPTEST(=KXS,=DRXS,=C(105)) WANDO440
60 TO 100 WANDN450
250 TTT=TIME-TSTARY NANDO460
ERY=VACO(TTT-TAUS(1.P=EXP(=-TTT/TAU))) WANDO470
0 10 100 WANDO 480
WANDO490O

END
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1
7
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A

TABLF XVI

FORTRAN DECK

CUIUANCE LAN MODIS ICAVION

SUHRVINTINE ARV
CUPHDN /SSAM2/ ¥

(2%0),71

(2%9),0

(250)

COMMAN /SSAML/ HEAD,DELT.AUTON, TINF

EUNIVAI FNCE
(VE 1), ALY
(V( %), NA
(VL 9), VYN
(V(13), N2
(V(17),A2CHD
(V(20),PITCH
(VI25), 1EAP
(V(29),RX
(V(33), ALPHA

EOUIVALFNCE
(V(37), VYE
(VEA1), AN
(V(4%) , NWY
(V(49), hoye
(VI58), WA
(V(57), huye
(VA1) ALP

FONIVALFNCE

(CC1U9) . PSIPRY L (110D, 0P, (L(LLL), AKSEQP)

o l¥(2 ),NAC
YoV 6), 0P
Yol VIIN), VYN
Yo (VE14),ANN
Yo CVCIR) ,AYCNHD
Yo (4(22),RXS
Yo (V(28),TEAY
Yo (VISN),RY

dolvt S),.NPC
YalVe 7),DY

PatV(T) ), WX

o tVI19),AYN
1,(V(19),YAM
o tV(2S8),RYS
1,(V(27),SEQA
Do (VLIL),CLAP

Y.(v¢( 4),DYC
). (vl 8),VXH

DelwlL2), WY

Yo(VUL16),AZN
), (V(20),R0OLL.
1V, (VI24), 1028
), (V(28),5A064
1,(V(32),GEAY

YoV S4A) LALPHAP) L (VLSH ), ALPHAY), (VLI6), VXE

Yol VIIN), V2E
Yo (V42D , ALY
Yol V(AA) , W7

Yoty(i9),0
JolVIAS), ALY
)o(Vi47),DoAC

1, (vi4a0), VM
), (v(44), X
).(v(48),0DPC

SUBROUTINE ARB FORTRAN LISTING

)
),
)

Yo V(L) , FSHISS) VIR, YONISS), (V(92), LSHISS),

Yo (VE%3),WYP
1,V (HR),bd2P
Yo vla2),VXP

lf(l(FM‘.f'l)...) an tll l.

Pitlitt=0.

FHRUR=SI GAOST 295 /ReC(T)
IF (FRROR.GL, U, B) EVRORZ0,0

nil
1AL

CAlY
LYN

CEHRUR DL, F D)
LY 0t 0 8ASE L BEASEN, DICEAS,C(B8), DUMDUN)

NOPSIPzAZCHND/Z(14)

CAL)

PSIDFP=SIP=-PS Ko
IFeSInEPoLl JU0,) PSIENY P20,
ACEP=AZCHD NP e ARSTOPSRLTDFP

ACY-AYCHDOT(DP0)
ACPzACP=RIASEeC(8)
If (READJEQ.O.

ACP=N,
ACY=0,
RETURN
END

119
) 40 10 50

.

Vo lvinh ), Wen
Vo lVLhY ), ALP
dolvias),vyp

INTERCUPS)E, BUNL, DUM2,PSIP.PSIPN)
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YolviuaA), hWap
), (v(Au) ,AYP
), lvib4),V2P

),
),
)

ARS

AKRY
Al
ARM
Akl
ARD
ARD
ARR
AKR
AR
AkN
ARM
ARY
ARR
AhB
ARR
AKB
AKN
ARY

AkR
ARRK
AKRD

0020

0060
onzo
00nd
un9u
0100
0t19
0120
0130
40
01%0
N1A0
niz0
H1R8y
0199
0200
V2190
022y
n230

0250
n2é60
0270
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10
20

40
50

TABLE XVIL SUBROUTINE BRF FORTRAN LISTING

FORTRAN DECK

BLIND RANGE FILTER

SUBROUTINE BRF
COMMON /SSAM2/7 ¥

(250), 1

(250),C

(250)

COMMON /SSAML/ READ,DELT.AUYOT, TINE

ENUIVALENCE
(Ve 1),ALY
(V( 5), DA
(VC 9), VYN
(v{13), W2
(V(17),A2CHD
(V(21),PITCH
(V(25), TEAF
(V(29),RX
(V(33),ALPHA

EQUIVALENCE
(V(37),VYE
(V(41),AM
(V(45),0HY
(V(49),NDYC
(V(53),HXP
(V(57),DuYpP
(V(61),A2P

VBNV &GN

DN N WD

IF (READ.EQ.N.

COSSIR=COS(T
SINSIG=SINCT

V(75)=V(73)
GO 10 20
ACY=XXYN

Yo (V{2 ), DAC
dslvl 8),DP

Yo (VUID), VN
Yo(V(14),AXNH
Yo(V(18),AYCMD
Yo (V(22),RXS
Yo (V(26), TEAY
Yo(V(30),RY

YoV 3),DPC
YoV 7),DY

) (VIL1), HX

Yo (VI15),AYN
Yo (V(1Y), YAY
1o (V(23),RYS
),(V(27),SEQA
1,(V(I1),GEAP

).(v( 4),DYC
Yo(v( 8),VXH
), (V(12), WY
Y,(vil16),AZM
),(v(20),R0LL
1, (v(24),R2S
), (V(28),SAGA
), (V(352),0EAY

Yo (V(34),ALPHAP), (V(3Y),ALPHAY), (V(J36),VXE

Y2 (V(38),VIE
). (V(42),ACP
Yo(V(4A), D2

1,(Vv(39),0
), (V(45),ACY
1.(V(47),00AC

Y. (V(40),VH
1,(v(44),DuX
), (v(48),Dh0PC

),
),
),

Yo (V(5D), TSHISS), (VIB1),YSMISES),(V(52),25m]1SS),

YoV (DA, uYp

Yo (V(58),DaZP
Ya(v(62),VXP

0) GO r0 5

Jo(V(55),W2pP
YotV (59),AXP
1oV (63),VYP

(3)23.3415927/180.0)
(3)03.1415927/180.0)
1F (RXS.LT.C(9)) 0 YO 10
CALL DIF(V(43),DSIGY, DIINZ) 3
CALL LAGIVC43),DSIGY, XX U, XXYN,UIXXY,C(5),DUN6)

IF (RXS.LT.C(3)) GO TO 40
CALL NIF(V(42),DSIGP,DUNM])
CALL LAGIV(A42),0816P.XXPO, XXPN,DYXP,C(5),DUN5)
V(76)2=-V(72)sSINSIB¢+V(74)eCUSSIGC

G0 10 50
ACP=XXPN
RETURN

END
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), (v(56),DUXP
), (v(60),AYP
Yo (V(64),V2P

)y
}e
)

HARF
BRF

ARF
BRF
RRF
RRF
ARF
BRF
BPF
BRF
BRF
RRF
BRF
BRF
NRF
BKF
BRF
BRF
RRF
BRF
ORF

HeF
HRF
RRF
BRF
RRF
HRF
HRF
BRF
RRF
GRF
BRF
BRF
BKF
BRF

0010

0020

0070
0080
0090
0100
0110
0129
0130
0140
0150
0160
0170
0180
o190
0200
0210
0220
0230
0240
0250

0280
0290
0300
0310
0320
0330
0340
035u
0360
0370
0380
0390
0400
0410
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=0

©

COSSIG=COS(T (3)*3,1415927/180.0)
SINSIG=SIN(T (3)*3,1415927/180.0) °

TEST “\,<C6) il serssoiii

O

=C(9)

CALL DIF(V(43),DSIGY ,DUM2)
CALL LAG(V(43),DSIGY'_.XXYO +XXYN,DXXY,C(5),0UM6)
V(75%V(73)

TEST <C(3)

RXS -» ACP=XXPN

2C(3)

vl

CALL DIF(V(42),DSIGP,DUM1)
CALL LAG(V(42), DSIGP,XXPO ,XXPN , DXXP,C(5), DUM5)
V(76=-V(72)*SINSIG+V(74)*COSSIG

e

Figure 20. Subroutine BRF Flow Chart
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2.3.8 Autopilot Subroutine (MPILOT)

(U) This subroutine simulates the behavior of the missile autopilot. It
accepts inputs from the ARB and BRF subroutines as well as linear and
angular acceleration components of the missile. Its outputs are the command
control deflections in yaw, pitch and roll. A FORTRAN listing of this sub-
routine appears in Table XVIII. The corresponding flow chart and block
diagram appear in Figure 21 and 22, respectively. A glossary of terms

used in this subroutine appears in Table XIX,

2.3.9 Flipper Subroutine

(U) The Flipper subroutine simply accepts the outputs of the Autopilot
subroutine and processes them to obtain the actual control surface deflections
in the three control axes. The listing, block diagram, and flow chart are
shown in Table XX and Figures 23 and 24, respectively. A glossary of terms
appears in Table XXI.

2,.3.10 Ae€rodynamic Subroutine

(U) The Aerodynamic (Aero) subroutine is the most complex of the entire
program, The complete set of aerodynamic equations for forces and moments
on the missile (as available from wind tunnel tests or actual flight tests) is
programmed. Table XXII contains the subroutine listing, and Figure 25 is
the block diagram of this portion of the simulation. A flow chart is shown

in Figure 26, and a glossary of terms is contained in Table XXIII.

(U) The aerodynamic data is readily available only in maneuver axes;
therefore, the force and moment coefficients are generated in these axes.
Because of the complexity of the final equations of motion, the aerodynamic
coefficients are generated in a series of steps which are labeled intermediate
expressions, secondary expressions, and primary expressions; these steps
are shown in sections (A), (B), and (C), respectively, of Table XXIV. It

is desirable to integrate the equations of motion in missile coordinates; so
the coefficient generates in maneuver axes are transformed to missile axes,
as shown by the equations in Table XXV. The final six equations of motion
in missile axes are shown in Table XX VI,

(U) This subroutine contains numerous parameters which are input as
function generators and are used in the generation of the aerodynamic coeffici-
ents, This is achieved through curve fitting techniques applied to raw
aerodynamic data. A separate list of the parameters contained in the function

generators is supplied in Table XXVII.

(U) Among the options available in this subroutine are the selection of
different values of missile mass and moments of inertia during several
stages of thrusting, Three points in time are chosen (corresponding to the
thrust interval) and corresponding values of mass and moments of inertia are
also selected. During the portion of the simulation contained within this
initial interval, the mass and moments of inertia are varied linearly between
the selected values.
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TABLE XVIII. AUTOPILOT SUBROUTINE FORTRAN LISTING

FORTRAN DECK
MAVERICK AUIOPILOT
SHRRNUT INE wPILOTY
COMMON /SSAML/ KEAD,DELT,AUTOT,TINE
COMMON /SSAM2/ v (250),T (2%0),C (250)

ECUIVALENCE

1 (V(12), WY Yo (V(13), M2 1,(V(11), WX 1, (v(20),PHI )
2 (V(42),ACP Yo (V(14),AX Yo (V(43),ACY ), (v(2 ),DAC )
J (v(3 1,DPC Yo(vi(a ),DYC )

FOUIVALENCE

1 (V(60),AY Yo (vi61),A2 ), Iv(47),DDAC ),(V(48),D0PC ),

2 (V(44),DNX Yot v(45),DHY )o(V(46),DN2 ),(v(49),DDYC )
ENUIVALI ENCE
1(C(43),CSW ),(Cl44), AK Y. (C(45), BY ). (CL48),PHIY ),
2(0(47), ACCLIM),(CUABILNIFLIMIL(C(49),1YALD ), (C(50),TYALG )»
J(r(51), TYDLY ), (C(52), TYDLG ), (CC53),LEANT ), (C(54),0R0LIM),
4(C(55), TRCLG ),(C(56),RSH Vo (C(HT7 ), TAUACC), (C(58), TAUKR )»
SOC(59) LPHIY ), (CLODDI,0ALT )L (C(61),TRY ),(C(62),TR2 )
e{C(O3), ALY ), (C(64),DAL2 ) (C(65),h6L )
CeA8) THRFOUGH C(7¢) RESERVED FOR THIS SURROUTINE
IV (READGEULN.0) 60 TU 51
CiINZ180.0/3.1415927
RK=CONaRJ
PHIRSCONSPHIL.I
NPHIK=PPHIJoCUN
YIN1=0,0
PIMI=0.0
PHIN=PHI
PHIO=PHI
NPHI=0.0
1Su=0
nAL=DaALY |
PHIOST(6)/(TRCLUSCON)
FUINST(6)/(TRULGACON)
YIN3O=H,
wit=0,0
LXLO=n,0
THETAX=0,0
‘FTAXN=000
NAC1=0,0
AZN=0,0
A21=0.0
PIN2=0.0
PIN20=0,.0
hYL=0,.0
WYLO=0,0
PIN3=0.0
PINIO=0,0
AYN=0.0
AY1=0,.0
YIN220,0
YlN?O:l\..
wZL=0.0
hWZLDz0.0
YIN3I=(0.0
A20=0,
NUPIN=0.
AYO=0,
NUYINz0,
YIN3Oz0.
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PILO0010
PILOOO2V

PILO00SO
FILO006Y
PILODO70
PILO0NBO
FILUONGY
PILOC100
PILOUL1D
PILO0L20
PILUD130
FILOOL40
PILUO150
PI1LO0160
PILO0170
P1LU0180
PILOO19D
PILO0200
PILU0210
P1L00220
FILO0230
PILO0240
P1L00250
P1L00260
P1L00270
P1LO02R0
P1LO0290
PILUG300
PILOO310
P1L00320
PILOO330
PILUO34Y
PILON3S0
PILOU3AO
PILUN370
PILO03BO
PILO0390
PILO040Y
PILO0410
PILU0420
PILO0O430
PILO0O44V
PI1LO0450
PILO0O46V
P1L00470
P1L00480
PILO0O490
PILO0500
PILOUSIN
PI1LOOS2Y
FILO0S30
PILO05S40
PILOOSSD
PILOOS6O
PILOOST70
PILOOSEO
PILOOS90



TABLE XVIII

50

6n

65
70

90

100

(CONC LUDED)

NM1=0,
nM2=z0,
Nm3=0,
DM4=0,
DM5=0.
nM6=0,
DM7=0.
DMAa=0.,
nM9 =0,
DM10=0,
nM1l1=0.
nM12=9.
GO TO0 65

PITCH CUNTROL

(FEABS(WX) GE.RSH) [Sk=1

TFCCAXoGT.GSHW) UR.(TIME.LT.DEADT)) GO TO 65

CALLL DIFCAZ,DAZZ,AZ0)

CALL LAGCAZ,DAZZ,A21,AZN,DAZ, IAUACC,DN1)

CALL DIFCACP,LACP,ACPO)

CALL LIMIT(ACP,UACP,ACCLIM,=ACCLEIM)

PINL1=AK®# (ACP-AZ1)

CALL OIF (PINL,DPIN,DUPIN)

CALL LDLAG(PINTI,DPIN ,P1420,PIN2,RPINZ, TYALD, IYALG,DM2)
CALL LIMITC(PINZ,DPENZ,DIFLIR,=DIFLIVM)

CALL LAGCWY MUY, HYLO»YYL, UWYL, TAURG,DFI)

CALL LIMITOWYL, hWYL, #GLs =WGL)

CALL LDULAGIWYLO®*BK, D /YLSRKsPINIU,PINS,DPINI, TYOLD, TYDLG,DM4)

YA¥ CONTROUL

CALL 0IFCAY,DAYY,AYOD)

CAI L LAGCAY,DAYY,AY1,AYN,HAY,TAUACC,DVFS)

CALL DIFCACY,DACY,ACYUL)

CALL LIMITCARY,DACY,ACCL IM,=ALCLINM)

YINI=AKe(AYL1=-ACY)

CALL DIFC(YINLLDYIH,DUYIN)

CALL LDLAGCYINTNYIHl »YIN20,YIN2,uYIN2,TYALU,TYALG,DUM6)
CALL LIRIT(YIN2,DYIN2,DUFLIM=NIFLIM)

CALL LAGCHZ NAZeNZLO W21, DH2L, TAURG,DNMT7)

CALL LINMIT(wZL,dpiL,wGLy=WGL)

CALL LDLAG(WZLO®RK,1'v/L®B8K, YINIO, YINI, DYINI,TYDLD.TYNLG,DNAR)
DPC=PIN2U*PININ*YIN20O

DDPC=NPIN2+DPINIeDY N2

NDYC=YIN20+YINSO-PINZ2O

NDYC=NYIN2¢DYENI-DPIN2

RNLL CONTROL
JFCCTIMNELT.NEAPT) Ao (JSH.EWa)) GO TO 100
CALL LAGOHX DuXsWXLO, WXL, DWXLs TAUKG,DF9)

CAILL LIMIT(wXL,huXL,BkNLIM,=CROLINM)

CALL LAGC 0.0, 0. u,PHIO,PHIN,DOPIH]T, THCLG,DN10)
WXI=WXLO*PHIO*T(21)

DUX1=RKXLeDPHI

CAIL CRATE(I,wWwXY, PN, THETAX, TEFTAXN.DTAX,DM11)
RINI=OPHIKeWX1¢PHIKsTHETAX
DRINLI=DPHIKaDWXIoPHIRANTAX

CALL LDLAG(RImI.NDRIML,DAC,DACL,DDAC,TRL, TR2,DM12)
IF (TIME«GT.NALT) DAL=DAL2

CALL LIMITCUACYIDGAC, UAL,=DALY

CALL DIFCAX,NAXX, UAXXO)

CALL SPTEST(=AX,=DAXX,=-GSW)

CAILL TTEST(DEADT)

CAIL TTEST(LALT)

RETURN -

" END
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AUTOPILOT SUBROUTINE FORTRAN LISTING

PILOOGOD
PILUO0ALD
PILOUG2D
PiILOOGIO
PILOOOG4O
P1LU06S0
PILO06AO
FiLO0670
PILONGBO
PILODAYO
PILONT700
PILOV71V
PILONT29
PILON/ 30
PILOV7 40
PILLA7S0
PILUN760
PILUDT770
PILVO780
PILU 785
PILOO790
PILOOBOU
PILOOB10
PILOOA20
PILOOB3O
PILO0AA4O
PILOOYSO
PILUDRGD
PILOONBT7O
PILUOBSO
PILOORYD
PlLUO9OOC
PILO 905
PILUO910
PiLUB920
PiLung 3o
PILUUS40
FILV09S0
PILUOY60
PILU0970
PILOO0YGO
PILO0990
PILL100V
PILULINLO
PILO102D
PILOIOJY
PILO104Y
P1LO10BY
PILO106O
PILO1O70
PiLO1060
FILOL109O
PILV110O
PILU1110
PILOL120
PILUL1130
P1LO1140
PILUL1SO
PILO1160
PILO1I 7O
PILUL180O
PlLuil90
PlLUL200
PILUL210
PILVU1220
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TABLE XIX. AUTOPILOT (MPILbT) SUBROUTINE

Coordinate
Name Quantity Units System

V(2) DAC 6acs Aileron deflection deg Missile
command

V(3) DPC 6pc» Pitch deflection deg Missile
command

V(4) DYC byc, Yaw deflection deg Missile
command

V(1) wX w., Angular velocity rad/sec Missile

V(12) WY wy, Anguiar velocity rad/sec Missile

V(13) Wz wz, Angular velocity rad/sec Missile

V(14) AX A, Propulsive and g's Missile
aerodynamic acceleration

V(20) PHI ¢, Euler roll angle rad

V(42) ACP A_.,, Acceleration com- g's Autopilot
mand pitch

V(43) ACY Acy, Acceleration com- - g's Autopilot
mand yaw

V(44) DWX d)x, Scalar, components

Vi45) DWY | @, | of missile angglar rad/sec’ | Missile
y acceleration in

V(46) DWZ d)z, autopilot axes

V(47) DDAC bac» Aileron command deg/sec Missile

, rate

V(48) DDPC épc' Elevator command deg/sec Missile
rate

V(49) DDYC 5yc’ Rudder command rate deg/sec Missile

V(60) AY a.y missile lateral g's Missile

V(6]) AZ coeleTabion g's Missile
z } components

T(21) Roll rate bias rad/sec Missile

C(43) GSW Autopilot lateral channel g's
activation switch level

C(44) AK K,, Lateral channel gain deg/g
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TABLE XIX. AUTOPILOT (MPILOT) SUBROUTINE (CONCLUDED)

Name Quantity Units
C(45) BJ K, , Damping gain deg/deg/sec
BK Kb, Damping gain deg/rad/sec
C(46) PHIJ ¢k’ Roll channel gain deg/deg
PHIK ¢k' Roll channel gain deg/rad
C(47) ACCLIM Acceleration limit, lateral g's
channels
C(48) DIFLIM Command limit, lateral deg
channels
C(49) TYALD Ten’ Lead time constant sec
C(50) TYALG Tod’ Lag time constant sec
C(51) TYDLD Thn' Lead time constant sec
C(52) TYDLG TYDLG' Lag time constant sec
C(53) DEADT Autopilot activation delay sec
C(54) GROLIM Roll rate signal limit rad/sec
C(55) TRCLG Tra sec
C(56) RSW Roll rate switch level rad/sec
C(57) TAUACC Tacc» Lateral channel time sec
constant
C(58) TAURG TRG» Lateral channel time sec
constant
C(59) DPHIJ q‘SK, Roll rate gain deg/deg/sec
DPHIK q'SK, Roll rate gain deg/rad/sec
C(60) DALT Roll channel limit change sec
time
C(61) TRI T Lead time constant sec
C(62) TR2 oo Lag time constant sec
C(63) DALI Roll command limit deg
C(64) DAL2 Roll command limit deg
C(65) WGL Lateral channel rate limit rad/sec

1%




TABLE XX. FLIPPER SUBROUTINE FORTRAN LISTING

s FORTRAN DECK
CFILIF FLIPPFR WITH THRESNHOLD PROVISION FLIPOO1O
SURKOUTIME MFLIP FLIPOD20

COMMON /SSAML/ KEAD,WELT,AUTOT, TIRE
COMMON /SSAM2/ V. (250),Y (250),C (250)
EMiIVALFNCE FLIPODS0

1 (vt 2).0AC Yo (v(47),DNAC ). (VL J),DPC Y,(v(48),DDPC ), FLIPOOAY
2 (vt 4),bYC Yo (V(49),NDYC ), (V( 5),DA )o(vl 6),0P )y FLIPOOZ70
J (vt 72),DhY ) FLIPOOAD
ENNIVALENCE . FLIPNNGY
1 (P(97),GAIN ), (C(YB),TAY ), (C(99),VLIM ), (C(100),PLIM ), FLiPO100
2 (C(1n1), THRES) FLIPO11Y
IF (RFAb.ENQ.NeN) GO YO 10 FLIPNIZ20
fl=n,0 FLIPUL3D
N2=10,.0 FLIPO140
N3=n,0 FLIPOLSO
Nd4zv.0 FLIPU16O
pni=0n,0 FLIPOL7O
Nh2=0,0 FLIPD18O
nny=0,n FLIPV19O
Nidzp .0 ’ FLIPO?20O
TA121,0/GAIN FLIPN210
1IN [0 (TyeeS.ENH,0) GO 10 1S FLIP0220
Fiz(hyc-DAC-NL)®GAIN FLIPY230
NMFY=(NYC=NOAC=-LDI)efAIN FLIP0O2490
F2=(LACSLPG-NZ)SGAIN FLIPO2%0
DE7=(NRACeNPPC=1N2)eAIN FLIPO2AD
FastNYCsDAC=-NI)EGALIN FtLIPO270
NFAzZ(NDYCeNDAC-DpI ) eBALIN FLIPU2KO
FAz(NPC=-DAC=-N4)*GAIN FILIPOD290
NEAz(DNPC=DHAC=-UD4)eRALIN : FLIPOJOO
G 10 20 FLIPOJS1D
15 Fi1zhYC=-DAC FLIPUJ20
NF1=PpOYC=DAC FLIPO33O
F2z=nAC+DI'C FLIPO34O
NE2=hPAC+DDPC FLIPO3SO
F3=LWYC+DAC FLIPOJBO
DFX=NNYC*NPAC i FLIPO370
F4z'PE-NAC FLIPA3AO
NFA=NNPC=-DDAC FLIPU39O
CAIL LAG(FI.0FL1,n10,01,0n1, TAl,DUL) FLIPO40D
CALE VLIMITAUDNLOLDL, 001, VI IM,~-VLIN) FLIPOALO
CAlL LIMITUIL.DDBL,PILIM, =PLIN) FLIPO42V
cAlL LAG(F2,bF2,820,02,1h2,TA1,DU2) FIIP0430
CALL VEIPITUONZN N2 DL2,VLIM,=YLIM) FLIPD44O
CALL LIPITCU2,n02,Pi M, =PLIM) FLIPO4SO
CANl  LAGCFI,UF3,n30,D3,003,TALDLY) FLIPOA4GO
CAt) VLIMET(NS0.DY, DEIL VI IM,=VLIN) FLIPOD470
CAMIL LIMULIC(I3DPILPLIM,=PLLINM) FLIPO4BO
CAlL Y LAG(FA,UF4,940,04,0D4,TAL,NU4) fFLIPO49D
CALL VLIMIT(DAO, DA, DD4, VLIM,=VLINM) fLIPOS0O0
CALL LINITCha, D4, PLINM,=PLIN) 1L1P0510
G 10 30 FLIPOS520
2n CALL LAGC(FL1,DF1,210,71,D02,TAU,DLY) FLIPOS530
fAL) DHANDCZIO,DZ,271, THRPES, = IHKES) i FLIPOS40
CALL LInIT(Z21,020, VLIM,=VLIN) FLIPOSSY
CAlL GRATE(1,221,021,D30,D1,001,002) fLIP0S560
CALL LINLE (DL,0DDL,PLIM, -PLIN) FLIPOS70
CAll LAGU(F2,NF2,220,22,0Z,TAU,DL3) FLIPOS8O
CALL DRANDC220,0Z2,222, THRES, ~THRES) | FLIPOS590
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TABLE XX. FLIPPER SUBROUTINE FORTRAN LISTING (CONCLUDED)

Jn

CALL LIMIT(222,12,VLIN,=VLIN)

CALL GRAT(C(1,222,02,020,02.002,004)
CALL LIMIT (D2,UN2,FLIM, =PI IN)

CALL LAG(TIsNFI 200,78,07,TAU,DUS5)
CALL DHANNLZIO, V2,273, THRES, ~THKRES)
CALL LINITCZ2S,L2, VL 1M, =VLIN)

CALL GRATEC(1,2723,02,030,03,003,0y6)
CALL LIMLTICDI DDIPLIM, =PLINM)

CALL LAG(FA4,nFA4,740,24,0Z,TAU,DU7)
CALL DRAND(240U,07,2724, THRES,~THRES)
CALL LIMIT(ZZ4,02,V1.IM,=VLIM)

CALL GRATF(1,224,:42,040.,04,004,008)
CALIL LIMITC(DA,DLA,PLIM,=-PLIM)
NAz,258(D2=-N4=DlenI)

nPz,5¢(D2+D4)

Dyz.5¢(P1+DJ)

RFTURN

END
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FLIPOGOO
FLIPOG1O
FLIPGG2D
FLIPRG63D
FLIPOAa4O
FILIP0O6S5O
f1L.1PY66O
Fi.IPns70
fLIPNABY
FLIPAG9O
FLIPDZ700
FLIPUZ710
FLIPO720
FLIPD730
FLLIP0740
FLIPO750
FLIPO0760
FLIPO770
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‘NUNL3y

(€Q+10).50=AQ
(¥Q+20).50=dQ
£Q+10-¥0-20).ST0=-vQ

xYy
.

jr1eyd molg suynoiqng iaddiyg

"$2 2and1g

Il

(WITd- " WINd'¥AQA°PA)LINIT T1TVD

(WA WITA'PQQ ¥Q'0PA)LINITA T1TVD
(*NA°LVYL'vAQ’PQ'0FQ’P4Q'Y4)OVI 1TV
(WM WINJ'EAA’EQ)LINIT 1TVI

(WA WITA’EQQ'EQ’0EAL. "WITA 11VD
(ENQ’LYL'EAQ'EQ’0EA'E4Q’E4)OVI 1TV
(W4 'WINA'ZAA’ZA)LINIT T1TVD
{(WINA-WITA'ZQQZQ’'0ZA)LINITA 1TV
(ZNQ’'Lv.1'Zaa’zaQ’oza’z4a°z4)om1 11vd
(NI WIS LA LA LINIT 1TVD
(WNAWITA LA LA0LA)LINITA TTVD
{INA’tvLi’'tag’'iaota’tia’t 4)ovi 1Ivd
dvaq-2daa=v4iQ

IvQ-0da=t4

(W14 WITd'YAQ vO) LIWID
(8NQA’vQQ'Ya’'0Pa’'Z2A’'¥2ZZ° 1)ALVHD
(WIIA-WITA'20'pZ2) LIWI
{SIYHL-'SIUHL'¥22°20°'0vZ)ONVEQ
{LNA'NVL'ZA'¥Z'0rZ'E4Q'P 1OV
(WINd-"WITd'EQa’'EQILIWIT
(9NA'€AA’EA’'0€A"2A'EZZ'L)ILVHD
{NITA-WITA'ZQ'E2Z) LINIT
|(SIYHL-SIUHL'EZZ'20" 0€Z)ONVEq
(8NA’'NVL1'2Q'€Z'0EZ'E4Q'E) OV

| (NINd“WINd'ZAQ'Za)LINIT
{¥NQA'200'ZA°'0C0°'2Q°'2ZZ°1)ILVYHD
(WIMA-WITA'Z0'222) LININ
(SFYHL-"S3UHL'TZZ’'20°'0ZZ)ONVEA
{ENQ’'NYL'Z2Q'TZ'0Z2'240'24)O9V
(W WINd'Laa’La)LINIT
Zna’1aa’1a’01a’12@’12Z°1)3LVEO
' (NIA-WITA' L1201 Z2Z) LINN
| {SIUHL"S3HHL'12Z2'20°'01 2)ONVEQ
(NA’'NVL20°'1Z'01Z°'130° L)V

T1IVvD
1vD
L £
T1IVI
1IVI
T1IVvD
1IVvI
1IVI
1IVO
1IVI
T1IVI
1IVvI
1IVI
T1IVO
TIVI
1IVI
IIVI
1IVI
1Ivd
TIIVO

1

dvaa-0AQa=£4a
Jva-OAG=€d
940Q-0vaa=z4a
Jd0-0va=Z4
dvaag-0AQa=t4a
Ova-ODAQ)=1d4

| NIVO.{¥Q0-0vQQ-0400)=p4Q
_ NIVO.(#G-Ova-04Q)=vd
NIV9.(€QQ-0vaQ+0AQQ)=€4Q
! NIVD.(€Q-OVA+JAQ)=Ed
NIV9.(200-0400+0vAqQ)=Z4Q

| NIVD.{Z0-2dQ-Ova)=Zd
| NI¥D.{€0Q-0vAQ-0AQQ)=1 40
NIVO.(1Q-OVG-DAQ)=Ld

|

0=

‘av3y

NIVO/O L=LVL
0'0=-¥aq
0'0=£AaQ
00=2aa
00=100

00=rQ
0'0-£0
0'0-2a

! 00-10

K )

153L_~"os

NOISIAOHJ QNOHSIHHL HLIM H3ddITd
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TABLE XXI. FLIPPER (MFLIP) SUBROUTINE

Coordinate
Name Quantity Units System
V(2) DAC 6ac» Aileron deflection deg Missile
command
V(3) DPC 6pC’ Pitch deflection deg Missile
command )
V(4) DYC 5yc’ Yaw deflection deg Missile
command
V(5) DA 6,, Aileron deflection deg Missile
V(6) DP 6p, Pitch deflection deg Missile
V(7) DY by, Yaw deflection deg Missile
V(47) DDAC dac» Aileron command deg/sec Missile
rate
V(48) DDPC 6pc,» Elevator command deg/sec Missile
rate
V(49) DDYC éyc» Rudder command deg/sec Missile
rate
C(97) GAIN Kg, Servo velocity gain 1/sec
C(98) TAU 7§, Control surface sec
time constant
C(99) VLIM 61,, Control surface deg/sec
velocity limit
C(100) PLIM 61,, Control surface deg
angle limit
C(101) THRES 6th: Control surface deg/sec
rate threshold
D1 61, Control surface deg
No. 1 deflection
D2 65, Control surface deg
No. 2 deflection
D3 63, Control surface deg
No. 3 deflection
D4 64, Control surface deg
No. 4 deflection
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TABLE XXII. AERO SUBROUTINE FORTRAN LISTING

3 FORTRAN DECK
CHAERN MAVIERICK AEK) AFROCOO10
SURKOUTINE EAERO ALROO0020
COMMON /SSANL/ READ, DELT,AUN0Y,TIN AERO J0

COMMON /SSAM2/ ¥V (250),T (250),C (250)

EOJIVALENCE AEROONS0
1 (VU 1).RELALTY(VC S5),DA »o(V( 6),DP )otvel 7),DY | N AEROONGO
2 (VL 3),VXHM YoV V), VYN JolVi10),VIN ), (v(11),HX ), AFRO00O70
J (V(12),uY Yo (v(1 3, H2 Yo lv(14),AX ), (Vv(15),AY ), AEROONRO
4 (V()a),AL Yo (VCOS )L ALPHA D, (V(I4), ALPHAR) , (V(35),ALPHAY) AFRVULN9O
ENVIVALENCE AERUDLOO
2 (v(45),buy Yo (v(d6),0d2 },tvid9),0 Yotv(en),vM ), AEROOLLO
J (V(41),AN Yo (V(4A4),DUX Yo (V(B4),CAPLAN) AERO0120
FCUIVALENCE AEROO1J30
1(C(73),S ). (C(74),D Yo (L(75),FSL )»(C(76),TOOST), AFROD140
2CG(77), TSUST D, (CU70),FLTH Do (C(79),XBAR ), (C(BU),CLP ), AERUO0150
J(C(81),AE 1, (C(82),A0%0 Do CC3) A% 1 D, (C(BA),AIXT ), ACROO160
QUCIES)Y L AIYD ), (CLOA),AJYY ), (CLU7),AJYT ),(C(88),AMASSV), AtROD170
SCC(R9)Y, AMASST ), (CLIU), ANASST) : AEROO180
6, (C(91), TSEPAR) » (C(92), IG1ALT) ) : ALRUD190D
DATA RN2/114,.99155/ AcR0O0200
DATA RTOD/S7.29n708/ AERVO210
IV (RFADFQ.N.0) 6O TO & ALROO22Y
FLUR=Z]1,414213/7(82.2¢4%7.29578) AERU0230
SN = SeD AFRU0240
6=32.2 AFROD2590
pnve=n/?2.0 i AFROD26U
RKXB=RN2s (XHAR/D)we2 AECRUVO270
AFOS=AF/S AFRON2A0
CUNALF=2.0#XRAR®02/(3J.al)ae?) AERU0D29)
PO IB=N/ELTH AERUDIDO
NAJXL=CAJL0=-AUX1 )/ THUIDST ) ALROV310
NAJYI=(AJYN=ALY1 )Y/ ThOUST ALRUGI20
NHASS=(AMASLA=-AMASST1)/THNOST LERUDSIO
TNIF=TSUST=1RUOST AFRU0340
DAIX2=(AIXL=AJXT)/TINLF AFRO03%0
DANY2=(AJYL=AIYILD)/TDLF AL-RUO036O
NMASS?2=(AMASSI=AMASST)/ZIN]F AERO0J7v
§ VYZ2zVYHes2ey Mea? AFRUNJIRD
VYZ7zSNRT(VYZ2) AFROV3IGU
VSN=VYZ2+¢VXMe®2 AERUO4N0
VM=SORT(YSO) AFRUN410
TIME=STIM*TSLPAR AFROO420
AL T=RFLALTTIQIALT AERUU42%
r AERUO0A4J30
€ MACH MHUMBER AFRUO0440
CALL FGFELI(I1,ALY,SVEL,-1) AtRUU4S
AM=VM/SVEL AFRUD460
c AtRUVAT70
C AERCUYNAMIC ROLL AMGLE, I'M1A 0 ALROD4YO
I¥ (VYZ.HE.U,4) GO TO 10 AEROO49Y
CPHIA=.70711 AFROUS00
SPHIA=,.70711 A-ROO0S10
6O 10 2¢ ALRO0520
10 CPHIAZVZN/VYZ ACRONRSJO
SPHIA=VYN/VY2 ’ . ALRUNS 40
c : AFRUO0SS0
C ANGLF OF ATTACK, aLpita AtRO0%60
20 ALPHASATAN(VYZ/VXM)eRTOD AELRUOS570
ALPHA2=ALPHA®®2 AFRO0580
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TABLE XXII.

an

xRy ]

aAaMdMAON

an

ALPHAI=ALPHA20ALPHA
ALPHAP=ALPHASCPHIA
ALPHAYSALPHASSPHIA
CALL DIFCALPHAP,DALF®,DALFP1)
CALL DIFCALPUHAY,DALFY,DALFY1)

FLIPPER DEFLECTIUNS IN MANEUVER AXES
0T=0PeCPHIA-DYeSPHIA
OR=LYSCPHIA+DPeSPIHITA

A XTLIARY FUNCTIONS
COS4PH=1.0-b,0eliPHIAB®2aSPHIAGS2
SINAPH=5.18¢ (ARS(CPHIA)=-ARS(SPHIA))SCPHIA®SPHIA
PH2V=A0V2/VH

MANFUVER AXFS AEROLYNAMIC COEFFICIENTS
FRBERINNPRINAINR IR RRORRRNRESY '
INTERMEDIATE EXPRESSIONS
C SUR SMALL MO
Nz=0
CALL. FGFNL(12,AM,5M1,N)
CALL FGENLI(I3,AM,5M2,N)
CALL FGENL(14,AM,5H3,N)
CALL FRENLC15,AK,5M4,N)

CSMO=SMLSALFHA+(SN2+SMISCOS4PH)I®ALPHA2 ¢ SHA®ALPHAJ

DELTA C SUM SHMALL M
CALL FOEN1(16.AM,545,N)
CAML FGEML(I7,AP,5M6,N,
CALL FGENLCLR,AM,5H7,N)
NCSM= (SM54(SHE ¢ SM7aCOS4PHICALPHAZ) DT

C SUR SMaLL NO
CALL FRENL(I9,AM,SN1,N)
CALL FGEHL1(110,AM,SN2,N)
CONOIZ(SNLISALPHAZ ¢ SN28ALPHASZ)@SINAPH

DFLTA C SUB SHALL N
CALL FGFM1(I11,AM,SN3,N)
CaLl FGENL(112,AN,SN4A,N)
CALL FGENLCI13,AM,SN%,N)
CALL FGEN1(114,AM.SN6,N)
CALL FGRENL1CI15,AMSN7,N)

CALY FOEN1(116,AM,SNB,N)
DCSN=(SNI ¢+ (SN4 + SK5eCNSAPH)I®ALPHA2)#DR

1 ¢ ((SN6 ¢ SN7aCOS4PH)@ALPHA ¢ SNB®ALPHA2:DT)eDA

C SuB NO
CALL FGEN1(117,AM.CNL,N)
CALL FGENL(I16,AM,CN2,N)
CALL FOFN1(119,AN,CN3ILN) -
CALL FGEN1(12VU,AM,CN4,N)

CNO=CN1oALPHA ¢ (CN2¢CN3sCOS4PHI®ALPHA2 ¢ CH4eALPHAD

LFLTA C SUR N ,
DCN=DOL TBeDCSH

C Sue Y0

CALL FOEN1(121,AM,Y1,N)
CALL FCENL1(122,AM,Y2,N)
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AERO SUBROUTINE FORTRAN LISTING (CONTINUED)

AERUO0590
AERU0600
ACRUOA1O
AEROU620
AER00630
AERV0A640
AER00650
AFRU0660
AERU0670
AERO06B0O
AEROD690
AEROD700
A-RO0710
ACRO0720
AERO0730
AEROO740
AERO0750
AERO0760
AEROO770
AERUV780
AERO079
AER00BO
AERO081
AERUVB2
AFRO2630
AEROOB40
AEROOH50
AERODBG
AEROOA?
ALRU0BS
AERO0R90
AERU0900.
AFRU0910
AER0OD92
AERO093
AEROU940
AER00950
AER00960
AERO097
AERVO9S
AERU099
AFRO100
AERO101
AERO1020
AER01030
AER01040
AER01050
ALRO1060
AERO1070
AFRU1UBO
ALRU1090
AERO1100
ALRO1110
AERU1120
AtRO1130
AERU1140
ALRO1150
AERO1160
AERO1170
ALRO1180



TABLE XXII. AERO SUBROUTINE FORTRAN LISTING (CONTINUED)

CYNZ(YLoALPHAZ ¢ Y2eALPHAJ)sSINGPH
c
C WFLIA C SUR Y
DCY=NDULTBeNCSN
c - y
C- C SYB O
CA L FGENL(12J,A4.CDY,N)
CALL FGEN1(124,AN,C2,N)
CAIL FGENL(I25,ANM,C3,N)
CALL FGFN1(I27,AM.CDF1,N)
CAtL FOLNL1(128,AM,CIF2,N)
IFCCTIMEGT.TSUST ) AND(READ.EU,U,U))IGO TO 30
= CALL FGFN1(1206,AM,CDH,N)
GD 10 40
30 C"R=0.0
40 CHF=ALTY*(CDI1 + ALTeCDF2)
C1=CDW ¢+« CNF ¢ CDB#AEOS
CUN=C1+C2@ALPHASCInALPHA2
c
¢ DPFLIAC SUB C
CALL FGFNLCI30,AM,Ca,.N)
CAIL FGENL(131,AM,C5,N)
NCC=C4s (ALPHAPeUP-ALLPHAYSDY)*C5eNToe2
c
C C SuR LO
CALL FGENL(132,AM,S1LL,N)
CALL FGEN1(I133,AM,SL2,N)
CALI FGIN1(I34,AM,SL3,N)
CALL FGENL(132,AM,SLA,N)
CALL FGFN1(130,AM,SLS,N)
CALL FGEN1(CLI37,AM,SLB.N)
CALL FGENL(I38,AM,SL7,N)
CAlL FGRFN1(139,AM,SLS,N)
CALL FOENL(14U,AM,SLI,N)
CALL FGENL(N4U,AM,SL1D,N)

CLO=(SLL *SL2¢ALPHA ¢ SLI®ALPHA2 ¢+ SLASALPHAJI)®ALPHA2eSIN4PH

20

PELTA C SUB L

DEL2CSLY ¢ (SLE+SL7COSAPH)eALPHA )aDA¢(SLA®ALPHA*(SLY+SL10eCOS4PH)

1AL PHA?)®0LR d
IF CCVTIME.GT.TSUST).AND(READ.EQ,N.VU)) GO TO 50
1F (TIMEGT.THOOST) GO TO 4%
AMASSz=AMASSO-UMASS*TIME
AJYZAIYU=-UAJIYLe ) IME
AJXZAIX0=DAJLL1eTINE
GO TO 44

4% 191F=TIME=-THOUST
AMASS=AMASS1=-UMASS2eTDIF
AJYZAIYL=-DAJIYZ2eTDIF
AJX=AIXL=DAJX2eTDIF

46 AJXYS(AJIY=AJUX)/ZADY

€ 1.0 - DELTA L/LTH

CALL FGEN1(141,11ME,PLOD,-1)
CALL FGFN1(142,114E,0/DLOL,~1)
CAtL FGLENL(I44,V1HE, THRUST,-1)
CAlL. FGENL1C(145,ALT,PRES, 1)
TOM=( THRUST ¢AFe(PSL=-PRES))/ZAMASS
60 10 60

5" '0"'—'0 oo

60 CALL FGENLCIAJ,ALT,RHO,=1)
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ALRO1190
AERU1200
AERO1210
AFRO1220
AERO1230
AELROUL1240
AERUL250
AERU126

AELROUL27

AERO128

AFERO129

ALROL130NO
AFROU1310
AERU1320
AERU1330
AtRUL34Y
AERO1350
AERU1360
AERO1370
AERO1380
AFERU1390
AEROL400
AERUL410
AERU1420
AERO14AJ30
AERO144y
AERUL1450
ALRU1460
AFRUL1470
AFFRO1480
AFRO1490
AERO1%00-
AERUL1M1W
AERO1520
ALRULIS]

AFRO1540
AFRO1%%90
ALRO1560
AFRU1%70
ALRULSKD
AERO1590
ALROL160D
AtRO1610
AFRO1620
AERO}630
ALRU16040
ALRUL1650
AERO1660
AEROLAT70
AtRO16AR0
AtRU1690
AtRO1710
AFRUL1700
ALRU1720
AERU1730
ALRU1740
ACROL1750
At RO1760
AERULL1770
AELRUL1780



TABLE XXII. AERO SUBROUTINE FORTRAN LISTING (CONTINUED)

C
(o PRIMARY EXPRESSIUNS
CSUFM=CSHO=DLUDeCHO*ONDLOLSICSH
CSICNsCSNOsLLUD®CYO«OMDLOL#LCSN P
CSHUMN=CNO+DUN :
S cSUpY=CYO=-NCY
cstic=Cccospce
CSI'l.=CLO + DLL
CNOALP=CML¢ALPHAS(CH2¢CNIeCOS4PHIALPHACCNG)
CMO=RXKeCNOALP
CMDALF=DO2VeGCUNALFeCNOALP
[N
c L]
¢ AFNODYNAMIC COEFFICIENTS IN MISSILE AXES
CSURMR=CSURMOCPHEACCSICNeSPHIA
1 ¢+ CHOALFeDALFP
CSLUNB=ZCSLCheUPH I A=CSUBMOSPHIA
1 « cHnalF o DALFY
CSUKNRZCSURNSCPHIA -CSUBYeSPHIA
CSUHYI=CSHEYECPHIA sCSUBMNeSPHIA
C DYMAMIC PRESSURE, Q
(i=RIi0evVS0/2.0

(M

. ACCELFRATIONS
CON1 = NeS/AMASS
cone NeSD/AIX

t n

COMY = QeSD/AJY
C0Y==n02VeCLP

CNYZ==N02VaiNI)
TANWY=1.D/(CuXeCON2)

TAUZ =21.07¢(0uNYZ8CONI)
TS=wXeA)XYeTAUZ

AXMzCONTECSURL ¢ TOM
AYMCONLeCSUBYB
A/M=CONTI*#CSURNR

CALL EULTRN(O,=1,0,0,0,0,003,6X,0Y,GZ,YAN,ROLL,PITCH)
CALL RASKU(BX,BYsGLiGXM,8YM,GZN)

a

IX=CSURL/COX

CALL DIFCTX,DIX.pX1)
TY=CSURMB/COYZeTSeNL

CALL O1FCTY.DIY,DYY)
TZ=CSLCNB/COYZ-TSeNY

CALL NIF(TZ,DTZ.DZLY)
IF(RFAD +EQ. V,0)G0 YO 70

IX = WX
1Y = Wy
12 = M2
DIX = 0.0
DTY = 0.0
ntY7 = 0,0

70 DVX=AKM BXMeNZaVYM=UNYSVIN
DVYSAYMeGYMeHXaVZH=HZoYXN
DVZzAZMeGZMeNYaVXM-UXOVTM
CALL INTER(DVX,XX1,XX2,VX0,¥XM)

CALL INTER(DVY,YYL,YY2,VY0,VYM)
CALL INTER(BVZ,221,222.V10,V2IN)
CALL LAG (TX,NTX,WX0,kX,DNX, TAUX,DUMX)
CALL LAG (TY,UTY,WY0,hY,DNY, TAUZ,DUNY)
CALL LAG (YZ-U!Z,IZO.HZ;D“Z-'lUZcOUNZ,
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AERUL1790
ACRUIBOO
AERU1R10
AFRULK20
AHRO1830
AERO1840
AFRU1850
ALRO1AGO
AERU1BT70
AERD1880
AFRULE90
AERU1900
AERU1910
AERU1920
ALRU1930
ACRULO40
AERU19%0
AERU1960
AERN1970
AERU1980
AFRO1990
AFRV2000
ALRU2010
AERU2020
AFRU2030
At-RO2040
AERO2050
AFRU2061
ALRU2070
AERU2080O
AERO2090
ALRU2100
AERV2110
AERU2120
AERV2130
AERD2140
AERU2150
AERV2160
AERU2170
AERO2180
AERV2190
AFR02200
AERCO2210
AFRO2220
AERVL2230
AER02230
AERU2240
A¥RO2250
AERD2270
AERO2280
AERO2290
AERO2300
AERO2310
AERO2320
AERU2330
AERO2340
AERO235%0
AFRO2360
AERD2370
AERO238¢



TABLE XXII. AERO SUBROUTINE FORTRAN LISTING (CONCLUDED)

AX=AXN/G AFR0O2390
AV=AYN/G AFRO240V
A2=AZn/0 i ALRU2410
2AP12C(44)eC(14)01,414213 ALRO2420
2AP2zC(44)eV(40)eFLUA ALRO2430
7AR322 ¢ AMASS/ (RHUSV(4D)aS) FIRU2441
2AP4=(CHI4 (CN24CNSOCOSAPH)IOALPHAGCNACALPHE2) /7 (SH1+(SH2+4SMIaCUS4PH)ALRV2450
1 sALPHA*SNA®ALPHA2)=-DOLTB AERU2460
IAP5=SNH5+ (SHA*SMT78CUSAPH) e ALPHA2 AERV2470
CAPLAM = ZAPL1/7(ZAP2¢C(45)-2AP3/(2AP422AF5e57,295787)) AERU2480
RETURN ALR02490
END , AERO2500
85
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VAN AM TIME DA 0P [
AR R 1 1 l
k- FUNCTION 11 euncTion || [RESOL
GENERATORS| | /e ot e
y Vv L J 12 TO 140,
141, 142 P,
GENERATE GENERATE . K40
GENERATE -
p SING > S IE
cose ; W)
4
_[GENERATE |_S!N4PH - SIN L I ‘
b pS T]sin
i 2| £ > cos‘d’ : tsids b o4 GENERATE AERO
2 5l & 49, COEFFICIENTS .
< ph 2 g ALPHA -
w
>
GENERATE V—— W R Pk MA:ig:ER
OK’ANDOV xf ALPHAY
) >
I ALPHAP a g 5 5 z
v 21 21 2121 2
ALPHAY -y b 8 8 8 8
e y
ALRRA N AESOLVE
RELALT » THROUGH
, &, | K —
: ALT FUNCTION | | sveL |GENERATE| A
SGENERATOS ol MaCH b  » . I
. " NO. g g:)
ALT ® u‘
TGTALTY (8]
FUNCTION e " a
GENERATOF -»{ SENERATE > ) W
143 U wXx
WY
———
A GENERATE
ANGULAH . e
S o Acceien X
IN
vM MISSILE -
_—
ALPHAP AXGS
LPHA FP
o[ 50AL i
ALPHAY J——15 DALFY | ¥2
L=
y s
x >
> >
q L ¢
GENERATE
bd o MOMENTS
OF
INERTIA

Figure 2
131
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SOLVE FOR THE MISSILE ANGULAR RATES

AS OUTPUTS OF FIRST ORDER LAGS RATHER

THAN BY DIRECT INTEGRATION. FOR THIS

REASON THE FEEDBACK DAMPING 1S

AN TIME OA DP DY ALT TIME
”;;’:‘;I"%';S runcTion || [RESOLVE FUNCTION VXM
uvrouo CENERATORS THRU PPIGENERATOR
: : 141, 142 ¢ 144 VYM
x40 . f
= o
o] 4 ] — VZM
g
[ ;S e, WX
SiINS (=
—y FUNCTION 9 GENERATE prem——— WY
COSIPH
i GENERATE AERO GENEI’::TOR | mass, R
COEFFICIENTS rress|  T/m
ALPHA IN
P E— Q
MANE UVER
ALPHAP AXES
ALPHAY &
g =
s sl zY 2] > '
of p] O| ] @
3| 3l 3| 3 2
o] 6t o]l O] © 9 y ]
1 ) Ovx 1 VXM
RESOLVE s i
THROUGH
"% = i di il pvy 1 VYM
LINEAR
R AL
[ CSUBYB s ACCELERATIONS s
i IN
@ [-+]
zl 2 CSUBNB - MISSILE AXES - o
2]
21 a 1 ey
(%) 124 $
Q (8]
I
y
WX x| & 1 | & W
— — &
$
WY 2 |
e ——— '%Fclp |
w2 GENERATE |
- ’ ANGULAR '
Q ACCELER Tv 1 £ * wy
a IN 3
VA " MISSILE pos. |
PHAP DALFP AXES TV 1|1|-4 — |
- > I
Frdy JALFY
- .E choc - & W’
z 1 Y 2 |
x > '-IEII_
2 2 | ,]-'hl' ""rnu :
LikE GENERATE I
o MOMENTS | |
OF | |
INERTIA I
i
I NOTE 1T ISCOMPUTATIONALLY EXPEDIENT TO
|
|
|

B s e =

Figure 25.

INTRODUCED SEPARATELY FROM OTHER

ELEMENTS OF THE ANGULAR ACCELERATION
EXPRESSIONS, AND THE EQUIVALENT LAGS
ARE PROGRAMMED IN THE SIMULATION

Block Diagram

87

Aero Subroutine

(The reverse of this page is blank. )



WAV RN AQRO

TESY ™~ _'0

READ -
” COS4PH=1,0-8.0*CPHIA** 24SPHIA* 2
0 SINAPH- 5. 1B*(ABS(C PHIA)-ABS(SPHIAYC PHIA*SPHIA TEST
DO2V=DOV2/VM TIME
FLUS 1 314213 (32,2957 29578) <TSUST
$0 §° 1
GuAaR. 2 N=0
DOV2:D 2.0 CALL FGENI1(12,AM,SM1,N)
RA\B-RD2*(\BAR/DI~2 CALL FGENL(13,AM,SM2,N)
AE0S -AE/S CALL FGEN1(14,AM,5M3,N)
CONALF -2 0*XBAR®™2/(3,00D**2) CALL FGENL(15,AM,SM4,N)
DOLTB D ELTB CSMO=SM1*ALPHA +{SM2 + SM3*COSAPHI*ALPHA2 + SMA*ALPHA3
DAJN] -(AJX0-AJX1)/TBOOST ‘
DAJN1=(AJY0-AJY1)/TB00ST
DMASS = (ANMASSO-AMASS]) / TBOOST LCALL FG{NX(I?b,AM,CDB;m]
TDIF=TSUST-TBOOST CALL FGEN1(16,AM,SM5,N)
BAJINZ “(AJXT-AINTI/TDIF CALL FGEN1(I7,AM,SM6,N)
CAUY (A L-ANT)/TDIF CALL FGENM(18,AM,SM7,N) >
OMASS2-(AMASSI-AMASST)/TDIF DCSM=(SM5+{SM6+SM7*COSAPHIALPHA2*DT !
CDF ALTHCDF1+ALT+CDF2)
! C1-COW+CDF +CDB*AEOS =
- . + *
CALL FCENI(9,AM,SNLN) CCO-C11C2 ALPHAIC I ALPH
4 CALL FGEN1(110,AM,SN2,N)
W22 VYM™2+VIM™2 CSNO=(SN1*ALPHA2 +SN2*ALPHA 3)*SINAPH 1
VY Z-SQRTIVWZ2) CALL FGENIUI3(, AM,CA,N)
VSQ=VYZ2-VXM2 CALL FGEN1(I31 AM,C5,N) :
VM=SQRTIVSQ) DCC C4*(ALPHAP:DP-ALPHAY*DY)+C5*DT**2
TINE-TIM+TSEPAR CALL FGEN1(I1]1,AM,SN3,N)
ALT-RELALT-TGTALT CALL FGENL(I12,AM,SN4,N)
CALL FGEN1(I13,AM,SN5,N)
CALL FGEN1(I14,AM, SN6,N) CALL FGEN1(32,AM,SL1,N)
4 CALL FGENL(I15,AM,SN7,N) CALL FGEN11133,AM,5' 2,N)
CALL FGENI1(I1,ALT,SVEL,-1} CALL FGEN1N16,AM, SNB,N) CALL FGENL(134,AM,SL3,N)
AM-VA SVEL DCSN=(SN3+(SN4+SNS*COSAPHI*ALPHA2I DR CALL FGEN1135,AM, SL4,N)
T +((SN6 +SN7*COSAPHIM*ALPHA + SNB*ALPHA2*DTI*DA CALL FGEN1(I36,AM,SLS,N)
CALL FGEN1137,AM,S5L6,N)
CALL FGENi(38,AM,SL7,N)
4 CALL FGEN1(137,AM,SL8,N)
CALL FGEN1UI17,AM,CN1,N} CALL FGENL1O40,AM,SLY,N)
CALL FGEN1(18,AM,CN2,N) CALL FGENL1(K40,AM,SL10,N)
CALL FGEN1(I19,AM,CN3,N) CLO (SL1+SL2*ALPHA SL3*ALPHAZ
g CPHIA=VZM VY2 CALL FGEN1(120,AM,CN4,N) +SL4-A_PHA3PALPHA2*SINGPH
SPHIA-VYMAVYZ CNO=CN1*ALPHA +(CN2 +CN3*COSAPH)*ALPHA2 +CN4*ALPHA 3

[cPua-0.70711 1
SPHIA=0 70711 ’ DCL (SL5+(SL6+SLT*COSAPHI*AL PHA)
DCN-DOLTR*DCSM l DA +(SLB*ALPHA +(SL9 +SL 10+COSAPH)
*ALPHA2P CR
|
v 1
ALPHA ATAN(VYZ VXMRRTOD CALL FGENIUIZ1,AM,YI,N)
ALPHAZ -ALPHA®2 CALL FGENL(122,AM Y2.N) e
ALPHAZ-ALPHAZ AL PHA CYO-(Y1*ALPHAZ +Y2+AL PHA3ISINGPH Lok

ALPHAP=ALPHA*CPHIA

ALPHAY-ALPHA*SPHIA <TSUST
CALL DIF(ALPHAP,OALFP,DALFPL)
CALL DIF(ALPHAY DALFY.DALFY1) [ DCY-DOLTB*DCSN
v
CALL FGENL(123,AM,CDW,N)
OY=DY~CPHIA-DY*SPHIA ¢ ’ H
5% . e Mara o BB, CALL FGENL(123,AM,C2,N)
ir A i CALL FGEN1(125,AM.C3.N)
CALL FGEN1(127,AM.CDF1,N)
CALL FGEN1(128.AM.CDF2.N)




t
']
-
|
&
&
IC‘\LL FGEN. Vb A\',rDB,N)I

AMASS=AMASSO-DMASS* TIME
AJY =AJYO-DAJY1*TIME
AJX=AJXO-DAIX)*TIME

1

2

TAUX-1.0/(COX*CON2)
TAUZ = 1.U/COYZ*COND)
TS -WX~AJXY*TAUZ
AXM-CON]1*CSUBC: TOM
AYM-CON1-CSUBYB
AZM-CON1’CSUBNB

CALL EULTRN(Q,-1,0.0,0.0,G,GX,GY,GZ,YAW ROLL,PITCH)

CALL R45SF(

GX,GY,GZ ,GXM, GYM,GZM)

TDIF=TIME-TBOOST
AMASS=AMASS1-DMASS 2 TDIF
AJY=AJY]1-DAJY2*TOIF
AJX=AJX]-DAIX2*TDIF

I

COF ALTCDF ] -ALTCDF2)

S1°COW«CDf )B*AEDNS

SCO-CleC2nLPHA-C3*ALPHAZ
1

FGENL(I3C 2% T3 N

FGENLU3L &% C5 N

4+ (ALPHAP* 10 AL PHAY*DY)+CS*DT**2

ALL FGENLO32,
ALL FGENI(
ALL FGENLO
ALL FGENILC
ALL FGENLU3#
ALL FGENI!
ALL FGENLI
AcL FGENLGT
ALL FGENIO4
ALt FGENI(»:
LO(SL1+SL/ A

AN SLLTLN)
AN S 2.N)
AN SL3 N)
AN SLA N)
AN SLS,N)
AL SLE,N)
AN SLTOND
AM,S5LE,N)
AN SLY N)
AN SLL10, N

PHA-SL3*ALPHA2
SSLACA_PHAYALPHAZSINAPH

. 4

l AJXY =(AJY-AJX)/AJY I

]

CALL FGEN10141,TIME,DLOD,-1)
CALL FGEN1(142,TIME,OMDLOL,-1)
CALL FGEN1(144,TIME,THRUST,-1)
CALL FGEN1(145,ALT,PRES,-1)

TOM=(THRUST+AE*{PSL-PRES))/AMASS

Y
[caLL Foentaas,actrmo, 1]

y

(SLS-tSLE
DA «(SLB*ALPHA
ALPHAZPI LR

‘COSAPHI*ALPHA)

SL#+SL10°COSAPH)

I'

?\M}

[rsus

CSUBM=CSMO-DLOD*CNO+OMDLOL*DCSM
CSLCN=CSNO+DLOD*CYO+OMDLOL*DCSN
CSUBN-=CNO+DCN

CSuBY=CY0-DCY

€SuBC=CCO-+DCC

CSUBL=CLO+DCL

CNOALP=CN1+ALPHA*(CN2+CN3*COSAPH+ALPHACN4)

CMQ=RXB*CNOALP
CMDALF=D02V*CONALF*CNOALP

+CMDALF*DALFP

-CMDALF*DALFY

CSUBNB:-CSUBN-CPHIA-CSUBY*SPH!IA
CSUBYB=CSUBY*CPHIA+CSUBN*SPHIA

CSUBMB=CSUBM*CPHIA+CSLCN*SPHIA

CSLCNB=CSLCN*CPHIA-CSUBM*SPHIA

b
|Q‘»RNO‘VSQ"2.C|

) 4
CON1=Q*S/AMASS
CON2=Q*SD/AJX
CON3=Q*SD/AJY
COX=-D02V-CLP
COYZ=-D02V~CMQ

Figure 26.
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 J
TX-CSUBL/COX

CALL DIF(TX,DTX,0X1)
TY CSUBMB,/COYZ+TS*WZ
CALL DIF(TY, DTY,DYD)
T2-CSLCNB/COYZ-TSWY
CALL DF(TZ,DTZ,0ZD1)

f TH Wi
Ty WY
T4
DTR-0 €
Ty 0.0
prr-o

W——

DvX
Ovy=
bvi-
CALL
CALL
CALL
CALL
CALL
CALL
AX <A

ZAP1

2AP4

CAPL

AXMGXM - WZ P VYM-WY vZ it
AYMCYMeWX - VZIM-WZ -VXM
AZM-CZM WY VXM-WX VY 12
INTER'DVX,XX1,XX2, VXC, VXM
INTERIDVY YY1, ,YY2, VY0, VY M
INTERIDVZ,221,222,VZ0, V2N
LAGITX, DTX WXO , WX, DWX, TAUX, DUMX)
LAGITY DTY WYO, WY, OWY, TAUZ, DUMY)
LAGITZ,DTZ,W2Z0,WZ,0WZ . TAUZ ,DUMZ
XM/G

AY AYMN/G
A2=AZM G

Ct34):C'14)+1.414213

ZAP2-Cl34)*v/Ia0)-FLUB
ZAP3=2 *AMASS IRHO V(40)*S)

(CN1+(CN2-CN3-COSaPH)
TALPHA-CN3rALPHAQ)
(SMI-(SM2-SM3°COS4PH
*ALPHA-SMIALPHAZ)-DOL TR

ZAP5=SM5-(SMb+SMT7-COSIFHI"ALPHA2

AM-ZAP1/(ZAP2-C135)-ZAPY/
(ZAP4-2AP5-57.295787))

Aero Subroutine
Flow Chart

h 4

( RETURN >

(The reverse of this page is blank,)




TABLE XXIII. AERODYNAMICS (MAERO) SUBROUTINE

Coordinate
Name Quantity Units System

V(1) RELALT hm, Missile altitude above ft Inertial
ground

V(5) DA 64+ Aileron deflection deg Missile

V(6é) DP 6p' Pitch deflection deg Missile

V(7) DY Sy Yaw deflection deg Missile

V(8) VXM Vs Velocity X-axis missile ft/sec Missile

Vv(9) VYM Vy' Velocity Y-axis missile ft/sec Missile

V(10) vVZM Vz, Velocity Z-axis missile ft/sec Missile

Mgl “x Components of angular

V(12) WY Wy velocity in missile rad/sec Missile

V(13) WZ w, 11%8%

Viha) A Ag Propulsive and

V(15) AY AY aerodynar.nic g Missile

V(16) AZ Az acceleration

V(33) ALPHA a, Total missile angle of deg Missile
attack

V(34) ALPHAP ap, Missile pitch angle of deg Missile
attack

V(35) ALPHAY a,, Missile yaw angle of deg Missile
attack

V(39) Q q, Dynamic pressure lb/ft2

V(40) VM Total missile velocity. ft/sec

Vi41) AM Missile Mach number

V(44) DWX (bx Scalar components of

V(45) DWY Gy ;“C‘C“‘esl‘:‘r’:t“i‘f:l;f rad/sec Missile

V(46) DWZ w, 'autopilot axes

C(73) S S, Missile ref. area £t

C(74) D d, Missile ref. diameter ft

C(75) PSL Pg., Sea level pressure 1b/ft?

C(76) TBOOST t,,» Booster burn time sec

C(77) TSUST te, Sustainer burn time sec

C(78) ELTB lTB’ Tail length (burnout) ft
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TABLE XXIII.

AERODYNAMICS (MAERO) SUBROUTINE (CONCLUDED)

Coordinate
Name Quantity Units System

C(79) XBAR X, cg to control surface ft

trailing ecge distance
C(80) CLP C1,., Roll damping 1/rad

coefficient

C(81) AE Ae’ Nozzle exit area ft2
C(82) AJXO J,o Launch roll inertia slug- £t
C(83) AJX1 Jx1+ End-of-boost roll slug-ft’

inertia
C(84) AJXT Jxt» End-of-sustain roll slug-ftz

inertia
C(85) AJYO Jyo: Launch lateral inertia slug-fi:z
C(86) AJY] Jyl’ End-of-boost lateral slug-ftz

inertia
C(87) AJYT Jyt- End-of-sustain lateral slug-ff;2

inertia
C(88) AMASSO M,, Launch mass slugs
C(89) AMASSI Ml’ End-of-boost mass slugs
C(90) AMASST Mt' End-of-sustain mass slugs
C(91) TSEPAR Burn time prior to launch sec
C(92) TGALT Target altitude ft Inertial
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TABLE XXIV. AERODYNAMICS SUBROUTINE

Intermediate Expressions (A)

A
& et |
€y = Cpy * (Cppy * Cppp Wb+ |[Cpp |
6p = & 008 $, - 6Y sin ¢_
bp = 6y cos ¢a + 6p sin ¢a
4. = 4¢) = 1-8 sin’ 3
cos 4¢, = cos ( ¢a) = 1-8 sin” ¢ cos” ¢
gin 4¢a = §.1'8 (lcos ¢a l - Isin ¢a ') cos ¢a sin ¢a

Secondary Expressions (B)

7v Cmg

mla + (m2 + m, cos 4¢a) aZ + m, a3

3

2
N, +(N2+N cos4¢a)a +N4a

1 3

(m5 + (m6 + m, cos 4¢a) az) 6T

2 B s
(rl1 o +n20')sm4¢a

2 3. L
(yla +yza)sm4¢a

2 2
(n3+(n4+n5 cos 4¢a) a) 6R+((r16+rx7 cos 4¢a) a + ng @ 6T)6a

2
C1+Cza +C3a

(C4a +C5 6T) 6T
2

2
(!l+l2a + !30 + 1403)0 sm4¢a

2
(15+(16+17 cos 4¢a) a) 5a+(18a +(19+ llocos 4¢a)a ) N

=2
d 2X
3V (Nl + oz(N2 + N3 cos 4¢a + aN4)) (_3d2)
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TABLE XXIV. AERODYNAMICS SUBROUTINE (CONCLUDED)

Primary Expressions (C)

G v B LI +(1-A—)AC
no TB
AR +%£c +(1-—AL)AC
n o yo TB
By =, Gog d ac,_
-
G * ¢ = —d—AC
y yo Lrp n
C = 'C HBE
C CcO C
Gy = Gy, +AG

TABLE XXV. AERODYNAMIC COEFFICIENTS IN MISSILE

BODY AXES
Cmb = Cm cos ¢, + Cn sin ¢a
Cnb = Cn cos ¢a - Cm sin ¢a
Cyb = CY cos ¢a + Cn sin ¢a
CNb = CN cos ¢a - Cy sin ¢a
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TABLE XXVI. EQUATIONS OF MOTION IN MISSILE BODY AXES

V. = B¢c g+ tev —wv
x m ¢ "% m zy y z
v =2 ¢ tg tw V -w V

y m yb y B E X

v - 48 x

Vz > CNb+gz +uyvx way

J -J
. _ qsd 3 C d ( _ . ) ; X
o = + wer + C it
y Jy mb 2V mq y m, %y ‘Jy z x
J -17J
z J nb 2V mq =z m; % J Xy
z a z
Juy # o
y z
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TABLE XXVII.

FUNCTION GENERATORS IN AERODYNAMIC

SUBROUTINE
FGEN No. Input Output Symbol Units
I | ALT SVEL Sonic velocity ft/sec
1 2 AM SM1 m, 1/deg
' 3 AM SM2 m, 1/deg
5 A AM SM3 m, 1/deg2
1 5 AM SM4 m, 1/deg’
I & AM SM5 mg 1/deg
17 AM SM6 my 1/deg’
I .8 AM SM7 m., 1/deg”
I 9 AM SN1 n, l/degZ
I 10 AM SN2 n, 1/deg®
I 11 AM SN3 n, 1/deg
I 12 AM SN4 n, l/deg:
I 13 AM SN5 ng 1/deg
I 14 AM SN6 ng 1/deg?®
I 15 AM SN7 n, 1/deg?
I 16 AM SN8 ng 1/deg*
1 17 AM CN1 N, 1/deg
I 18 AM CN2 N, 1/deg?®
I 19 AM CN3 N, 1/deg?
1 20 AM CN4 N, 1/deg”
1 21 AM Y1 £ l/degz
1 22 AM Y2 Y, 1/deg
1 23 AM CDW e =
I 24 AM C2 C, 1/deg
1 25 AM c3 &, 1/deg®
1 27 AM CDF1 Sniri l/ftz
1 28 AM CDF2 Sk 1/t
1 26 AM CDB = =
I 30 AM C4 Cy4 1/deg
[ 31 AM cs c 1/deg?

(%]
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TABLE XXVII. FUNCTION GENERA'TORS IN AERODYNAMICS
SUBROUTINFE (CONCLUDED)

FGEN No. Input Output Symbol Units
1 32 AM SL1 1 1/deg®
ol AM SL2 1, ey
I 34 AM SL3 1 1/deg*
I 35 AM S1L4 2y l/degs
1 36 AM SL5 L 1/deg
1 37 AM SL6 1 1/deg®
1 38 AM SL7 L, 1/deg?
I 39 AM SL8 tg 1/deg”
I 40 AM SL9 1 1/deg"
K 40 AM SL10 ', 1/deg’
1 41 TIME | DLED At/d =
1 42 TIME | OMDLOL | 1 - Af/f,p -

I 44 TIME THRUST Rocket motor thrust 1b
I 45 ALT PRES Ambient pressure Ib/ft?
1 43 ALT RHO Air density slug/ft>

2.3.11 Program Glossary

(U) A master program glossary defining all the elements appearing in
both the V and C arrays is contained in Tables XXVIII and XXIX, respectively.

2.4 TYPE OF SIMULATION FACILITIES TO BE USED

(U) The only equipment that is required is the GE-635 or any other digital
computer capable of compiling FORTRAN IV source decks. No training equip-
ment or mockups are required.

2.5 INSTRUMENTATION

(U) None is required.

2.6 DATA REDUCTION AND ANALYSIS TECHNIQUES

(U) No special data reduction techniques are required.
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TABLE XXVIII, MASTER GLOSSARY, V ARRAY

Coordinate
Name Quantity Units System
V(1) hm, Missile altitude above ground ft Inertial
v(2) 6, ¢ Aileron deflection command deg Missile
V(3) 6pc’ Pitch deflection command deg Missile
V(4) 6yc’ Yaw deflection command deg Missile
V(5) 2 Aileron deflection deg Missile
V(6) 6p’ Pitch deflection deg Missile
V(7) 6y’ Yaw deflection deg Missile
V(8) Vx, Missile velocity X-axis ft/sec Missile
V(9) Vy’ Missile velocity Y-axis ft/sec Missile
V(10) Vz, Missile velocity Z-axis ft/sec Missile
V(11) W s Angular velocity rad/sec Missile
V(12) wy, Angular velocity rad/sec Missile
V(13) w Angular velocity rad/sec Missile
V(14) A,, Propulsion and aerodynamic g Missile
acceleration
V(15) A,, Propulsion and aerodynamic g Missile
acceleration
V(16) A,, Propulsion and aerodynamic g Missile
acceleration
V(17) Azc’ Elevation maneuver command g Autopilot
V(18) Ayc' Azimuth maneuver command g Autopilot
V(19) Yy, Euler yaw angle rad
V(20) ¢, Euler roll angle rad
V(21) 6, Euler pitch angle rad
v(22) Rx' Seeker boresight range . ft Seeker
V(23) Ry’ Seeker lateral range ft Seeker
V(24) Rz, Seeker normal range ft Seeker
V(25) €, Tracking error angle, pitch rad Seeker
V(26) ¢ , Tracking error angle, yaw rad Seeker
V(27) v, Seeker elevation gimble angle rad
v(28) M, Seeker azimuth gimble angle rad
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TABLE XXVIII., MASTER GLOSSARY, V ARRAY (CONTINUED)

Coordinate
Name Quantity Units System
V(29) R;, Horizontal longitudinal range ft Inertial
component
V(30) R;, Horizontal lateral range ft Inertial
component
V(31) ‘gz’ Gate error angle, pitch rad Seeker
V(32) egy’ Gate error angle, yaw rad Seeker
V(33) a, Total missile angle of attack deg Missile
V(34) a_, Missile pitch angle of attack deg Missile
V(35) ay, Missile yaw angle of attack deg Missile
V(36) Vi, Horizontal longitudinal velocity ft/sec Inertial
component
V(37) Vj, Horizontal lateral velocity ft/sec Inertial
component
V(38) Vi, Vertical velocity component ft/sec Inertial
V(39) q, Dynamic pressure 1b/ft2
V(40) Total missile velocity ft/sec
V(41) Missile Mach number
V(42) acp’ Acceleration command pitch Autopilot
V(43) acy’ Acceleration command yaw Autopilot
V(44) é
x ]
V(45) i Scalar components of mis- 2
wy sile angular acceleration rad/sec Missile
V(46) Oy in missile axes
V(47) éac’ Aileron command rate deg/sec Missile
V(48) b o’ Elevator command rate deg/sec Missile
V(49) 8yc’ Rudder command rate deg/sec Missile
V(50) Closest approach at end of flight ft
V(51) Range component in Y seeker axis ft Seeker
v(52) Range component in Z seeker axis ft Seeker
Missile body rates in ’
V(54) wy autopilot axes rad/sec Autopilot
{CL
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TABLE XXVIII.

MASTER GLOSSARY, V ARRAY (CONTINUED)

Coordinate
Name Quantity Units System
* W b

V&) “x Scalar components of missile 2
V(57) W' angular acceleration in rad/sec Autopilot
V(58) w?’ autopilot axes

z P L,

t ) )
v(59) Ax Propulsive and aerodynamic
V(60) | A acceleration components in g Autopilot
V(61) AY autopilot axes

z ) )
V(62) V! ] )

o Missile velocity components
V(63) V! ; : y P ft/sec Autopilot

y in autopilot axes
V(64) V'z
V(65) | Special test variable - used as :

system diagnostic
V(66) Total miss distance ft Miss Distance
V(67) x component of range ft Autopilot
V(68) y component of range ft Autopilot
V(69) | z component of range ft Autopilot
V(70) y component of miss ft Miss Distance
V(71) z component of miss ft Miss Distance
V(72) x component of acceleration g Inertial
V(73) y component of acceleration g Inertial
V(74) z component of acceleration g Inertial
V(75) y component of acceleration at g Miss Distance

blind range
V(76) z component of acceleration at g Miss Distance

blind range
V(77) Blind time in yaw channel sec
V(78) Blind time in pitch channel sec
V(79) Final line of sight angle (vertical) rad Inertial
V(80), Final heading angle (horizontal) rad Inertial
V(81) x component, LOS rate rad/sec Inertial
V(82) y component, LOS rate rad/sec Inertial
V(83) z component, LOS rate rad/sec Inertial
V(84) A, Guidance gain
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TABLE XXVIII. MASTER GLOSSARY, V ARRAY (CONTINUED)

Coordinate
Name Quantity Units System
V(85) DE Total yaw precession rate
V(86) DEXS Total pitch precession rate
V(87) E Yaw gyro inertial angle
V(88) Cl Yaw look angle (indicated)
V(90) Gl Forcing function cross-
coupled equation 1
V(91) DG1 Derivative forcing function
cross-coupled equation 1
V(92) G2 Forcing function cross-
coupled equation 2
V(93) DG2 Derivative forcing function
cross-coupled equation 2
V(94) DIN Integral forcing function
cross-coupled equation 1
V(95) G2N Integral forcing function
cross-coupled equation 2
V(96) FFE Forcing function yaw axis
V(97) DFE Derivative forcing function
yaw axis
V(98) FEXS Forcing function pitch axis
V(99) DFEXS  Derivative forcing function
pitch axis
\
V(100)
V(101)
V(102)
V(103)
V(104)
V(105) > Not Used
V(106)
V(107)
V(108)
V(109)
V(110) J
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TABLE XXVIII.

MASTER GLOSSARY, V ARRAY (CONCLUDED)

) Coordinate
Name Quantity Units System
V(lll) Sum 1 - Tracker sampler bias sec
v(112) TEAYD Tracker error yaw ° deg
RKAMG

V(113) TEAPD Tracker error pitch * deg
RKAMG

V(114) TEAYS - Tracker Z@H output deg
signal, yaw

V(115) TEAPS - Tracker Z@H output deg
signal, pitch

V(116) VSYP - Tracker output signal deg/sec
pitch

V(117) VSPP - Tracker output signal yaw deg/sec

V(118) TEYD - Tracking error - yaw deg

V(119) TEPD - Tracking error - pitch deg

V(120) UND Seeker elevation deg

v(121) ETAD Seeker azimuth deg

v(122) WXD

V(123) WYD Missile angular velocity deg

V(124) WZD

V(125) XLOSD

V(126) YLOSD LOS Rate, inertial deg/sec

v(127) ZLOSD

V(128) ANT (New)

V(129) ¥ Yaw D

V(130) ¢ Roll D Error angle deg

V(131) 6 Pitch

V(132) DED Total precession rate, yaw

V(133) DEXSD Total prece‘ssion rate, deg/sec

pitch
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TABLE XXIX. MASTER GLOSSARY, C ARRAY*

Name Quantity Units
C(1) Not used

C(2) Autopilot activation time sec

C(3) Blind range, pitch ft

C(4) Gate error angle/agt— V (18) _gr_}n%;_g
C(5) Blind range filter time constant sec

C(6) Kp’ Angle restoration gain g/deg
C(7). Bo’ Restoration angle bias deg

C(8) B Angle restoration filter time constant sec

C(9) Blind range, yaw ft

C(10)

C(11) Not used

C(12)

C(13) Half field of view, seeker rad

C(14) Kg’ Guidance gain g/deg/sec
C(15) .,.;, Tracker time constant sec

C(16) Precession rate limit rad/sec
C(17) C; rad/sec
C(18) C2 rad/sec
C(19) C3 rad/sec/g
C(20) Cy

C(21) CS 1/sec
C(22) C6 1/sec
C(23) C.7 > Seeker drift terms sec

C(24) C8 sec

C(25) C9 rad/sec/g
C(26) Cio0 rad/sec/g
C(27) Cll 1/sec/g
C(28) Clz rad/sec/g2
C(29) C13 - rad/sec/g2

*See Appendix V - Volume III - System Analysis Document for typical values
of the C array.
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TABLE XXIX. MASTER GLOSSARY, C ARRAY (CONTINUED)

Name Quantity Units
C(30) C rad/sec/ o

14 ) g
C(31) C15 rad/sec
C(32) Cl6 rad/sec
C(33) Ci7 rad/sec/g
C(34) C]8 s Seeker drift terms
C(35) C19 1/sec
C(36) CZO sec
C(37) C21 rad/sec/g
C(38) C22 x'a.d/sec/g2
C(39) C23 ) rad/sec/g
C(40) Kl’ Trackin~ Yoop velocity gain 1/sec
C(41) TG, Gimbal .. -load g
C(42) Drift controi \set to 1.0 to include drift)
C(43) Autopilot lateral channel activation switch g

level
C(44) K, ., Autopilot lateral channel gain deg/g
C(45) K, , Autopilot damping gain deg/deg/sec
C(46) ¢ ., Roll channel gain deg/deg
C(47) Acceleration lir...’ lateral channels g
C(48) Command limit, lateral channels deg
C(49) Tam’ Lead time constant sec
C(50) Ted® Lag time constant sec
C(51) Tbn'’ Lead time constant seu
C(52) TYDLG’ Lag time constant sec
C(53) Roll channel deadtime sec
C(54) Roll rate signal limit rad/sec
C(55) Time constant in autopilot sec
C(56) Roll rate switch level rad/sec
C(57) Tbe’ Lateral channel time constant sec
C(58) TRG’ Lateral channel time constant sec
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TABLE XXIX.

MASTER GLOSSARY, C ARRAY (CONTINUED)

Name Quantity Units
C(59) &K, Roll rate gain deg/deg/sec
C(60) Roll channel limit change time sec
C(61) ey Lead time constant sec
C(62) eyt Lag time constant sec
C(63) Roll command limit deg
C(64) Roll command limit deg
C(65) Lateral channel rate limit rad/sec
C(66) N

C(67)

C(68)

C(69) $ Not used

C(70)

C(71)

C(72) J 5
C(73) S, Reference area ft

C(74) d, Reference diameter ft

C(75) Sea level pressure lb/ft2
C(76) Booster burn time sec
C(77) Sustainer burn time sec
C(78) !TB’ Tail length, burnout ft
C(79) X, cg to flipper distance ft

C(80) Clp' Roll damping coefficient l/Zrad
C(81) Ae, Nozzle exit area ft

C(82) I, Launch roll inertia slug-fti
C(83) Jxl' End-of-boost roll inertia slug-ft
C(84) th, End-of-sustain roll inertia slug-ft2
C(85) J o' Launch lateral inertia slug-ft2
C(86) Jyl' End-of-boost lateral inertia slug-ftz
C(87) Jyt' End-of-sustain lateral inertia slug-ft
C(88) Mo’ Launch mass slugs
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TABLE XXIX. MASTER GILOSSARY, C ARRAY (CONTINUED)

Name Quantity Units
C(89) Mi' End-of-boost mass slugs
C(90) Mt' End-of-sustain mass slugs
C(91) Burn time prior to launch sec
C(92) Target altitude ft
C(93)
C(94)
C(95) Not used
C(96) '
C(97) Control surface servo gain 1/sec
C(98) Control surface time constant sec
C(99) Control surface velocity limit deg/sec
C(100) Control surface angle limit deg
c(101) Control surface rate threshold deg/sec
C(102) Not used
C(103) Dual purpose input:

Min. range of aimpoint wander when ft

C(106) # 0. Initial target accelera- g

tion when C(106) = 0. Subroutine

bypassed when C(103) = 0.
C(104) Dual purpose input:

A, used in aimpoint wander when

C(106) # 0. Final target velocity ft/sec

when C(106) = 0.
C(105) Dual purpose input:

PLOTK, used in aimpoint wander

when C(106) # 0. Boresight range at ft

which target motion starts when

C(106) = 0.
C(106) PHOTOK, used in aimpoint wander
C(107)

Not used

C(108)
C(109) LOS memory threshold in guidance law deg
C(110) G-Bias g
C(111) LOS memory gain in guidance law g/deg
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TABLE XXIX. MASTER GLOSSARY, C ARRAY (CONTINUED)
Name Quantity Units
C(112)

C(113)
C(114) | TB Sampling time (function of distribution
to target (0.0800)
C(115) | TC Sampling time control (0.1000)
C(116) | 3S - Gyro rotor speed rad/sec
C(117) | K2T - Precession torque coefficient gem/V
C(118) | Dump program control logic B=0
C(119) | - Rail control logic S=1.0
C(120)
C(121)
C(122)
C(123)
C(124)
C(125)
C(126) | Not used
C(127)
C(128)
C(129)
C(130)
C(131)
C(132)
C(133) [ PSIPQ® LOS Memory threshold guidance law deg
C(134) | BP - G-Bias g
C(135) | AKSIGP LOS Memory gain in guidance law g/deg
C(136) | GNUT - Program logic control - W/0-0,
W=1.0
C(137) | DFR Coulomb friction drift factor
C(138) | DST Spring torque drift factor
C(139) | DSU Unbalance drift factor
C(140) | DAN Anisoelastic drift factor
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TABLE XXIX. MASTER GLOSSARY, C ARRAY ' (CONCLUDED)

Name Quantity Units

C(141) | DDU Dynamic unbalance factor

C(142) | SK Torquer gain coefficient V/deg/sec

C(143) | AKT - Tracker gain constant 1 sec

C(144) | TS - Sampling period sec

C(145) | OMEGLD - Precession rate limit deg/sec

C(146) | GKK - Guidance gain g/deg/sec

C(147) | BIAS - Sampling rate offset bias sec

C(148) | TLDP - Tracker filter lead time constant - sec
Pitch

C(149) | TLGP - Tracker filter lag time constant - sec
Pitch

C(150) | TLOY - Tracker filter lead time constant - sec
Yaw

C(151) | TLGY - Tracker filter lag time constant - sec
Yaw

C(152) | SPOT - Tracker spot size Ft

C(153) | CF1 Friction factor coefficient

C(154) | CF2 Friction factor coefficient

C(155) | CF3 Friction factor coefficient

C(156)

C(157)

C(158) | Not used

C(159)

C(160)
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