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FOREWORD 

(l') This  report presents the  results of the engineering design study of the 
close air support weapon (CASWJ ctjnducted by Hughes Aircraft Company 
(IIA( ),   (lanoga Park,   California,  during the period from 23 September  1970 
to LL  December  1970 under Contract FÜ8635-7 I - f;-0048 with the Air P orce 
Armament  Labcjratory,   Kglin Air Force  i'ase,   Ilorida,    The  report consists 
of six volumes,   of which this is   Volume VI : Volume  I -  Management Summary; 
Volume  H  -  Operational Analysis and Warhead  Kffectiveness;  Volume  [II - 
System Analysis; Volume IV  -  System Design;  Volume V  -  Cost Analysis; and 
Volume  VI  -   Missile Simulation.     The contractor's  report number is C2448. 

(I   ) The program monitor for the Armament Laboratory was  Mr.   Vernon  L. 
Keierson   (DLWS)  •     The following contractor personnel from the departments 
indicated were significant contributors to this  report:   Operational Analysis  - 
Messrs.   .1.    R.   Oreeti,   W.   ,\.   Hragg,   Q,   O.   Latta,   F.   W.    Lindsey,   and 
R,   11.    Martin; System Analysis:    Dr.   K.   S.   Ibrahim and Messrs.   J.   E.   Almanza, 
D.   Herman,   L.   K.   Butts,   S.   K.   Milleman,   .1.   II.   Miller,    i.   Bi   St<jneh(juse, and 
L.   Wong; System  Design -   Dr.    K.  A.   Ilubach and Messrs.   S,   J.   G< Idberg, 
A.   L.   Baker,    J.   C.   Kern,   I).   X.   Perper,   M.   T.   Pelt,   andli.   E.   Rec.her; 
Cost Analysis   -   Messrs.   A.   II.   Schlueter,    R,   Ci   Ilendricks,   D.   D.   Lenhart, 
and  K.   V..   Rufener. 

(U) This technical   repor» has been reviewed and is approved. 

ANDALL L. PETTY, ColoneK U5 RANDALL I. PETTY, coioneK'usAF 
Chief, Air-to-Surface tk/ded 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. 

Distribution limited to U. S. Government agencies only; 
this report documents test and evaluation, distribution 
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) 
progrannming 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. 
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Figure 2.    Forward Loop Gain Variation Model 
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SECTION II 

SK-DEGREE-OF-FREEDOM SYSTEM PERFORMANCE 
DIGITAL MODEL 

2. 1   OBJECTIVES,   CONCEPTS,   REQUIREMENTS,  METHODS, AND 
TECHNIQUES 

Z. 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 

(U) 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 



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 dynannic 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. i. 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 in 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 I.    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 
aligneJ 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. 

8 



TABLE I.    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,   0a.     When no lateral 
component of velocity exists,   0a is taken to be 
45 degrees. 

NOTE: 

All systems  are in  ri^ht-hanciod rci tangular cartesian 
coordinates. 

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 III 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. 



TABLE II.    MAIN PROGRAM FORTRAN LISTING 

rcAi i MAvmcK itNUiftflOd 
rr.HMON   /SSAM/   I» NK.NO.TNFXT. \M(fj.STPHx,S1/i34^,SI)H/?J' 
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••ifRitiNir 
e^), OF: 
VAI ENCF 
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121 ). ETAD" 

12b).XI.0SD 
129), rAViO 

1 J3).l)PXSll 
VAIENCF 
ll9_),Xia). 
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(V(18) . AYCn 
(V(22),HXS 
(V(26),IFAV 
(V(3n),RY 
( V( J4 ). Al Pt'AP 

(V'(38) 
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TH 
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CALL 
CAI L 
f H 
TAl 
TAI 
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(Al 
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CAI I 
CAI L 
( M i 
rn i 
CALL 
TAI L 
I Al L 
("Ad 

TAI I 
CAI I. 
CAI L 
(ALL 
CAI L 

ii ri D (j 
i|n9ll 
"I (IM 

mi ii 
■•1211 
■■IT II 

■140 
■ISO 

1611 
)7(' 

1 jf»n 
1 1 O (I 

n?oii 

rm 
■22(1 
" ? 3 ■! 
'•?4ll 
H^ffl 
" 7 «. II 

;'7ii 
' 2Hli 
"29l> 

311 

rALLl32ii 
CAI L"33il 
rA|.L"34n 
CAl.L'l.^n 

CALI ''3611 
rALLr37(i 
rAI.Lii3R0 
CALLM.5»«! 

rALL"3«2 
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TABLE II.    MAIN PROGRAM FORTRAN LISTING (CONTINUED) 

ci = o. 
BJ'Bt 

C Cd) THROUGH  C(12)      ARE   RESERVED   FOR THE   HAIN  PROGRAM rAl I MOM 
C C(13) THHOllflH   C(4g) ARE   RESERVED   fOR THE   SfEKfcR   SUHPflUTIHL CALLO^QO 
C C(43) THROUGH  C(72)     ARE   RESERVED   FOR THE   PII.O       SURROUTINC CAI LMio 
C C(73) THROUGH  C(96)      ARE   RESERVED   FOR THE   AERO       5"BR0UTlNfc CALL^ZO 
C C(97)   THROUGH  C(102)   ARE   RESERVED   FOR   THE   FLIPPKR   SUR^OUTlNr CALLn43n 

_C CUü9> TMBnuBH r(i?fl) m  RgsFwvpn TOR  THE SEEKFR  «;imRnUTiNF  
C C(103)   -   C(10e)   ARE   RESERVED   FOR   AlH   POINT   HANDER   ROUTINE rALL<)440 

-C       C(19B)-C(2^D)   RESERVED   FOR   HHAX   DATA _      
C C(l )*AUTOPILOT  G  BIAS CALL',45n 
C C(g)gAÜTOPILOT   ACTIVATION   DEUV    lü JECONOS rAUL'i460 
C C(3)>   BLINP   RANGE   PITCH CALLM?!) 
C CU)   g   C(4)«D/nT(AYCHD)   sQATE   ANGLE   ERROR  LAIXIASJI^ 
C C(5)   «   BLIND   RANGE   FILTER   TME   CONSTANT.   SEI   To   0.0   TO   EXCIDOF   ltRFr*LLM90 
C C(6)   ■   ANGLE   RESTORATION   GAIN  CALL'I50M 
C C(7)   =   REFERENCE   RESTORATION   ANGLE TALLnMO 
.i    C(8)   =   TIME   CONSTANT   ANjPLE   RESTORATION   FILTER CALLP52U 

C C(9)   =   BLIND   RANGE   YAM rALL"i30 
C V(11B)10   V(133)   SPECIAL   PRINT   OUT   VARIABLES   

CALL   SFTIC rALLn«)4u 
 RTOn»57.29»779g  

iin  i«i 
?0   COUNTsCOUNT^I.n rAlL',550 

tF (C0UNT.0T.2.)   GO TO 304 
 Ml»l                           

TH«0. 
C12»C1   __ _ 
tO   TO 330 

3"4 T1=TIME»0E^T 
Cl«AlNT(Tl/TC) 
BlsAlNT((Tl*DELTl)/TC) 
IF (C1.E0.C1Z)  GO TO 310 

305. Nl = l 
TH=TC 
ClZsCl  
GO TO 330 

310 IF (Bl.EQ.RlZ)  GO TO 320 
Nl=n 
rn»TB 
BlZ=Bl 
Gu TO 330 

320 Nl=-1 
TR=AM0P(T1,TC) 

330 CONTINUE 
C     ANGLE RESTORATION BIAS CALLnSftO 

IF (TIME.GT.con CALL ARB CALLIK^O 

C   CALLO^eil 
"?             fLTND   RANGE   FILLER rAI.LP990 
     IFiFLAG.eo.DCALLPRF    
 ,r   (C<5>.6T.6.flJ  CALL  flftr tALLn610 

  . . CALLOftOO 
MAERO CALLii6?0 

U 



TABLE II.    MAIN PROGRAM FORTRAN LISTING (CONCLUDED) 

CALL NPILOT CALLOASO 
130    IB3  

CALL   NFLIP CÄLLÖMU 
140    IM  

CALL   R49R(UX,UV.MZ«HXP,HYP7¥lP) CALLl>A50 
CALL   EULANOCWXP.WYP.UZP.YAU,ROLL.PITCH) fALLnftftO 
CALL   R4"5ir(DMX.DHy,DMZ.0MXP.DMy#7W2^1 CALL(A7n 
CALL   R4gR(AXM,AYM.AZW.AXP.AYP,AZP) CALLi 6B0 
CALL   R45R(VXH.VYH,VZM,VXP,VYP,VZP) " CALLiftPO 
CALL   EULTRNd.l» VXE.V YE. VZE.VXP.VYP. VZP. YAW, ROLL. PITCH) CALL0700 
CAIL   HSEEK ' CALLn7in 

150    l»5  
CALL   SEKTR   ( 0 ,-rTRSH. RYh, i<7H7]<fS."HV5, fflS. SPffA . S*OA ) CALLn7?U 

160    l»6  
CAI L   EULTRN   ( 0 .1. RX. RY, AL I. «XM . RY1. «ZH , Y AW , ROLI .PTTCM ) TSC&fiY 

170    1=7  
CALL   EULTRNCq.r.AXE.AYE.AZE.'AXP.AYP.AZP.YAU.RnLl .PITCH) CALL" MO 
RSOsV(?9)««?*V(30)«»2*V(l)*«g CAI. Li'7 0 
XLns=(V(30)»V(38)-V(i)»V(37))/RSO CALL'78 0 
YL0Sg(V(l)»V(36)-V(29)*V(3«) )/RSQ      _ „CAIL^PO 
7LOS=(V(29)»V(37)-V(30)«V(36))/RSO TALLnson 
XLOSDsXLOS'RTOn   
YLOSD=YLOS«RTOn 
Z LO S D = ZLOS«RT ÖD  
HXD'=MX»RTOn 
WYD=MY»RTOn   
rtznswz'RTun 
If YDMEAV»RTn D 
TcPD=   TEAP«RTOn 
UHMJ EGA^RT 0 D_ 
FTAD-SAGA»RTOn 
YAWD=YAWRTOn 
RiiLLD = POLL«RTOP 

 PI2DSPJ TCH»_RT.OP         _    _  .      _   __        . 
ntDsÖE'RTUD 
n6XSD = DEXS«RT0D  _   _ _ 
ANTrSOPK (AYM)*»2«(AZH)«*2> 
 V(65) = S1234?    ..CVLL'ifllO 

C II    (TIHE.LT.THX)      00   TO   60 CALLnfl?X 
C     UX = iaJL».T£-  _    . CALLMe21 
r     hO   CAI L   TTESKT8X) TALL'ip?? 

U AlLtEs±l*l£Xl    ilLll 7Q        
TLX=TCX»TC 

7(1   TAI I     TTPST(TCX) 
CALL   PP|NTS(-V(25»)) 
CAIL   BMAX     _   __  
IF    (IEND)   20.1000.1000 rALL"R4a 

IflHO   UKITE   (6.1001)   COUKT          _           TALLtieSO 
IBH] FORMAT (lril,?8M TOTAL NUKBER OP ITERATIONS*.1PE15.7) CALLn860 
 QU   TO   6 CALL'PgO 

END rAI.Lno30 
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(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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DISTANCE 
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x 
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AUTOPILOT 
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■ x 
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Figure 4.     Piograms_Showing^Euler Angle 
Relationships Between Coordinate Sets 
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ya AND za ALIGNED WITH AUTOPILOT AXES 

y AND z ALIGNED WITH MISSILE BODY 
(FLIPPER) AXES 

@^PITCH 

MISSILE BODY AND AUTOPILOT AXES 

Vx (ALIGNED WITH X AXIS) 

MANEUVER AXES 

Figure 5.    Simulation Coordinate System 
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TABLE III. CALL PROGRAM GLOSSARY, V ARRAY 

Name Quantity Units 
Coordinate 

System 

V(l) hm, Missile altitude above ground ft Inertial 

V(2) 5     , Aileron deflection command deg Missile 

V(3) 5pC,  Pitch deflection command deg Missile 

V(4) 6yc»   Yaw deflection command deg Missile 

V(5) 6a,  Aileron deflection deg Missile 

V(6) 5   ,  Pitch deflection deg Missile 

V(7) 5   ,   Yaw deflection deg Missile 

V(8) Vxf  Missile velocity X-axis ft/sec Missile 

V(9) V   ,  Missile velocity Y-axis ft/sec Missile 

V(10) Vz,  Missile velocity Z-axis ft/sec Missile 

V(ll) wx, Angular velocity rad/sec Missile 

V(12) Wy, Angular velocity rad/sec Missile 

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

V(14) A   ,  Propulsion and aerodynamic 
acceleration 

g Missile 

V(15) Ay,   Propulsion and aerodynamic 
acceleration 

g Missile 

V(16) Az,   Propulsion and aerodynamic 
acceleration 

g Missile 

V(17) AZCf   Elevation maneuver command g Autopilot 

V(18) A     ,  Azimuth maneuver command g autopilot 

V(19) 4>,  Euler yaw angle rad 

V(20) ^,   Euler roll angle rad 

V(21) 6,   Euler pitch angle rad 

V(22) Rv,  Seeker boresight range ft Seeker 

V(23) R   ,  Seeker lateral range ft Seeker 

V(24) R_,  Seeker normal range ft Seeker 

V(25) €z,   Tracking error angle, pitch rad Seeker 

V(26) e   ,   Tracking error angle,  yaw rad Seeker 

V(27) v,   Seeker  elevation gimbal angle rad 

V(28) r\,   Seeker azimuth gimbal angle rad 
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TABLE III.   CALL PROGRAM GLOSSARY.  V ARRAY (CONTINUED) 

Coordinate 
Name Quantit/ Units System 

V(29) R^, Horizontal longitudinal range 
component 

ft Inertial 

V(30) Rj, Horizontal lateral range 
component 

ft Inertial 

V(31) i„z, Gate error angle,  pitch rad Seeker 

V(32) (~y,  Gate error angle,  yaw rad Seeker 

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

V(34) a   , Missile pitch angle of attack deg Missile 

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

V(36) Vj, Horizontal longitudinal velocity ft/sec Inertial 
component 

V(37) Vj, Horizontal lateral velocity 
component 

ft/sec Inertial 

V(38) V^, Vertical velocity component ft/sec Inertial 

V(39) q. Dynamic pressure lb/ft2 

V(40) Total missile velocity ft/sec 

V{41) Missile Mach number 

V(42) acp, Acceleration command pitch g Autopilot 

V(43) acv., Acceleration command yaw g Autopilot 

V(44) Scalar components of mis- 
V(45) y 

M 
Z 

sile angular acceleration rad/sec2 Missile 

V(46) in missile axes 

V(47) 5ac, Aileron command rate deg/sec Missile 

V(48) 5  „,  Elevator command rate deg/sec Missile 

V{49) 5     , Rudder comma-.id 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'        1                                                                                X 

V{54) W 
y 

Missile body rates in 
autopilot axes rad/sec autopilot 

V(55) Ml 
z 
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TABLE III.   CALL PROGRAM GLOSSARY,  V ARRAY  (CONTINUED) 

Name Quantity Units 
Coordinate 

System 

V(56) 

V(57) 

V(58) 

X 

Z 

Scalar components of mis- 
sile angular acceleration 
in autopilot axes 

rad/sec Autopilot 

V(59) 

V(60) 

V(61) 

A1 

X 
A' 

A' z 

Propulsive and aerodynamic 
acceleration components in 
autopilot axes 

g Autopilot 

V(62) 

V(63) 

V(64) 

V 
Vl         Missile velocity components 

y        in autopilot axes 
ft/sec Autopilot 

V(65) Special test variable - used as 
system diagnostic 

V(66) Total miss distance Miss Distance 

V(67) x component of range Autopilot 

V(68) y component of range Autopilot 

V(69) z component of range Autopilot 

V(70) y component of miss Miss Distance 

V(71) z component of miss 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 
blind range 

g Miss Distance 

V(76) z component of acceleration at 
blind range 

g Miss Distance 

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 ni.    CALL PROGRAM GLOSSARY,  V ARRAY (CONTINUED) 

Name Quantity Units 
Coordinate 

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) GZ 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) FEE Forcing function yaw axis 

V(97) DEE 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(llÜ) 

' 
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TABLE III.    CALL PROGRAM GLOSSARY,   V ARRAY (CONCLUDED) 

Coordinate 
Name Quantity Units System 

[v{lll) Suml - Tracker sampler bias sec 

V(112) TEAYD Tracker error yaw  • 
RKAMG 

deg 

V(113) TEAPD Tracker error pitch  • 
RKAMG 

deg 

V(114) TEAYS - Tracker Z0H output deg 
Signal,   Yaw 

V(115) TEAPS - Tracker Z0H output 
Signal,   Pitch 

deg/sec 

V(116) VSYP - Tracker output signal 
Pitch 

deg/sec 

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(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) 4>Yaw D 

V{130) <j>Roll D Error Angle deg 

V(131) 6 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) 
T(2) 

T(3) 

T(4) 

T(5) 

T(6) 

T(7) 

T(8) 

T(9) 

T(10) 

T(ll) 

Till) 
T(13) 

T(14) 

T{15) 

T(I6) 

T(17) 

T(18) 

T(19) 

T(20) 

T(21) 

R,  Total range to target 

V   ,  Launch velocity o 7 

a   ,  Line of sight angle 

Vatyi  Heading error,  vertical 

^EH» Heading error,  horizontal 

^' , Aircraft roll angle 

AT,   Aircraft normal acceleration 

AaY,   Aircraft lateral acceleration 

n     , Aircraft angle of attack,  trim 

ö^r. Angle of attack,  gain 

^£,  Missile mounting angle,  roll 

9«, Missil*» mounting angle,  pitch 

T ,  Effective tracker time constant used 
to calculate initial tracking error angle 

CO 

OJ 

w. 

Missile body rates in autopilot axes 

Rß^j, Blind range,  horizontal 

Rgy, Blind range,  vertical 

Steering bias,  pitch 

Steering bias,  yaw 

Roll rate bias 

ft 

ft/sec 

deg 

deg 

deg 

deg 

g 

g 
deg 

deg/g 

deg 

deg 

sec 

rad/sec 

rad/sec 

rad/sec 

ft 

ft 

g 

g 
rad/sec 
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TABLE V.    SUBROUTINE SETIC OUTPUT 

Output 
|     Variable Quantity Units 

Coordinate 
System        j 

V(l) h,  Missile altitude ft Inertial         j 

V(8) 

V(9) 

V(10) 

Vx      1 

vy V        1 z 

Missile velocity 
components ft/sec Missile 

Vdl) 

V(12) 

V(13) 

wx      1 

wz       ' 

Missile angular velocity 
components rad/sec Missile 

V(19) 

V(20) 
* Missile Euler angles in 

yaw,   roll and pitch rad 

V(21) Q         )sequences 

V(22) RxS 
1 

V(23) Rys (Target range components ft Seeke r 

V(24) R
2s 

V(27) v,  Seeker elevation gimbal angle rad 

V(28) 1, Seeker azimuth gimbal angle rad 

V(29) Ri, Horizontal range component 
to target 

ft Inertial 

V(67) Rxm 
V(68) Rym Target range components ft Autopilot 

V(69) Rzm 
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V 
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IN x-2 PLANEX ^ 

9 
TARGET 

x, y, z      INERYIAL COORDINATE AXES 

V,, Vj, Vk     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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u.w FLAU IE) 

S\       S\        *\ 
u, f, w        AIRCRAFT COORDINATE AXES 

AIRCRAFT VELOCITY COMPONENTS V Vv' Vw 

ANGLE OF ATTACK COMPONENTS ARE CALCULATED 
WITHIN SETIC AS FOLLOWS: 

=(TA") V 

^L 

Figure 9.    Launch Geometry in Aircraft Coordinates 
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INERTIAL 
AXES 

w 
AIRCRAFT 
AXES 

m 
AIRCRAFT 
AXES 

♦ X m 

■►v. m 

AUTOPILOT 
AXES 

fa AND ea 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 

f MiKTMAN   HFCK 
coffin           si-i  IkliMi co üIIIONS    i srnuoiü 

supfOiiTiNt spur; smopzu 
Cl'MHON   /SSAh2/   V     (25Ü),T     (2!)0),U      1250) 
FIIPI VALENCE SfTI0050 

i   (T(   D.HANGF  ).(T(  2),VEL      ).(T(  :n.sinKA  ).(r(  D.MFV      >. smnoöo 
f   «T(    5).htH         ).<r(   6I,AC«0LL).( ((    7).ACCEL    ).(!(   e),ACl.ELY). StTIOd/C 
3 (T( Q).ALPü    ).(T(in),n«LnA  ).(mi).Ph|L    ),(i(i2), IHHTAL). SMIOOBU 

^    (1(1.1),1AUA      ),(r(H),MX           I*lfflt|«ll1           ),<M16),WZ           ) llflftfl 
PAT»   KTllU/57.i?9,<7H/ SITI010U 
C<'>)»T(17) smouo 
C(.1) = T(18)                                                                                                          . SlTini2u 
OAMv = (sionA-iifeV)/«Tün Ifsflftll 
TAM.V = TAN(GAHV) G»T|Ü14II 
H^M«AII = •lFH/((T•ln smoisu 
TAVHsfArUrlEiiHAn) St TI016II 

c          viinniTv COHI'üMNIS  IN EAMH AXI-S seriowu 
VI=VFl./r.(JKT(l.n«TAN0v,»»2»rASH««2) SI Tlfllflu 
V l=Vl»TANM Bfflfltfl 
VK=VI»1ANHV srTi02on 
Al t,tiAI,= (AI P()»i)ALnA»ACCFL)/R10U                         * SITIU21U 
Al PHAVsMAl.nA.ArCtLY/i-'IOIl lEfltttl 
TAf AP=TA^ll Al PilA»') Sf TIU23U 
TlhAT = TAfH AlPHAV) ShT10?4n 

C             vriliCITY   COMPiiMMTS   IN   A/C   AXbS lEflftfl 
VI' = VFL/SOt<T( t.O»TANAP»»2»IAf.Ar»»2) S[TI0?6U 
VVrVIJ.TANAY SI-T1027I) 
VSrVIUTAHAP                                                                                                                                                             ' S(rT|U2eu 
A'-Ml sACKOI.L/RlOli Ifeflttfl 
SiM.|=SI'.(APIl| J Mflff)!! 
rPMi=cns(APiii) UTlMii 

C             FSTAHLIS'«   A/C   FiLt«   ANGLES SFTI032U. 
cnf'i =VV»SPIII»WH»(:PMI be r io33u 
(:n»'? = soKr(vu.vii«ciiNi»coNi) lfTit}4i 
TIT IAA--AKGNlrilK.J/i;Of?)-AKSH(VK/i,nN2) Se f I 0.1511 
r'iM,< = si!Kr( VI»VI «VJ^VJ) KTII3M 
PSlA = Al?S»i(VJ/COi13»-A'?SN(»VV»CHHI-VW.SHHI)/CuNJ) SfTI037U 
SPSI=SIN(I'SIA) smmao 
enti*ensii*tui stTinjvu 
S fMt =$!'*( 1HETAA ) SHT in4PU 
CTtK scnSMHI-fAA )' SITI041O 
I'H ll.l»=TMHAL/RlO'J StTI(142ü 
ST.Ii »SIN( 1HETLR) Sf ri0430 
CH'l =COS( IHMLR» SMin44U 
Pmi R = PHll./KTIID SIT IU45U 
S^MI sSIN(PHll.K) SrTI046ü 
CPHi =cns(PHiL»«) Se Ti047n 
A1.1 = -STHl.:«ClHL»CTrtF«SHHl»SPH. «SlHI -CTt-EtCPMl^cP'lLÄSlHL Sh TI048II 
A?3=   CTHf •Sl,Hl«t:pi|.»ClHt»rPHl<'SlHI StTln4)U 
A?l=   (rPSI»STHE»SPHI-SPSI«CI-«l )«Ct'HI    ♦ ( CPS I »S t He«CPM I «Se S 1 tSPH I ) •   SiTIÜ50U 

i          SPHL Si f iue.io 
rnN:4=S(JHT(l.n-A;'3»A2:') SEri0i2U 

;             ESTAPLISM   MISbllF   EULLR   ANGLES IfTIIMI 
Pt'l=AHSN(A?3) StriUb40 
TUT 1 AsARSN(-Al3/C0N4 I Sillfls^li 
PSirR=ARSN(-A21/rUN4» SfTlUbftfl 
Srili;sSIN(bICMA/»iT')0> SLTII)57U 
CSK^sCOSCSIGHA/t'TUI)) St T I 0580 

;             RAHi.F   COHHONENTS   14   fcAHlH   ifefl SeTlU59ii 
R I-I AMf.b'CSlG StTll^iOU 
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TABLE VL    SUBROUTINE SETIC FORTRAN LISTING (CONCLUDED) 

DK:KANGF*SSIO SFTI0A10 
;            FSTAPLISH   TRACKING   EDROR   VRCTOR StTiOA20 

CONh:VK*r.SIG-V|*SSIG SETI0630 
F1:1AUA«C()N6.SSIG SFTIUA40 
FJ:   TAUA*VJ SFTI0630 
EKs.TAUA«C0N6*CSm StT10660 
PIsHl-EI SLTI0670 
PKspK-EK SETIOASO 

I            ESTAHLISH   SFEKFR  OIHQAL   ANGLES S^TI0690 
CAI l.   FULTRN(t.-l,M,cJ.PK,HX,KY,R/,FS|PH,PH|.THE1A) StTI0700 
VFIdCITY   COMPUNENrS    |N   HISSILk   AXES Sf110710 
CAU   EUl.TRNv-l.-l.VI.VJ, VK.VX.Vt.vZ.PSIPH.Phl.TMETA) SET 10720 

I            RANCE   CUMPONENTS   IN   «ISSUE   AXFS 51110730 
CAI L   EUL;.<N(-1,-1.R| .U.O.KK,R)iH,R>M,RZM.PSIPR.PMl,TllETA) SI 710740 

I             VFIDCITY   COHPiJNENTS   IN   ADIOI'ILOI   AXFS S(f 10750 
CAI.I    H4bF(VX, VY.VZ.VXH.VYM, VZH) SFTI0760 
UN=ATAN?<-RZ,RX) SFTI0770 
rTA = ATAN?(RY,SOHr»RX«HX*RZ»HZ)) SET I 0780 
RANr.E   CfHlPUNENTS    IN   SkEKEH   AXES SETI0790 
CAI«    SEKTR(l,l.RXM,HYM,RZM.BXS.KYS.iJZS.UN.EIA) SFTIOflU.O 
V(8)-VXM SFTI0810 
V(9)=VYM SETIOH20 
V(10):VZH S£TI0e30 
V(19)=PSIPR SET|nft40 
V(?0)=PMI SFTlOfl50 
V(?1)5THETA StTI0860 
V<?7)=UN SITI0870 
V(2B)=ETA SFTI08U0 
VM >=RK Sl:ri089ü 
V(?9)=RI StTlU900 
V(67)=RXM SLT1091Ü 
V(68)iRYH SFTI0920. 
V(69)3KZN SETIOVjO 
V(??)=RXS SETI0940 
V(?3)3RYS Srri0950 
V(?4)3RZS SFTI0960 
CALL   R45F(HX,^Y.HZ,V(11),V(12).V(13)) SETI0970 
RHTOPN ShTIOVflO 
END SETI0990 

(U)        Also,  the 45-degree rotation of the missile axes relative to the 
mounting hooks is not contained in the input T(ll),  0«.    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. 

30 



DATA RT0D/S7.2997B/ 
C(9)=T(17) 
C(J>=T(18) 
CAMV=<SICMA-HeV)/HTOO 
TANGWAWGAHV) 
HEHRAO=HEH/«TO0 
TAI|H»TAIKHEmAD) 

VELOCITY COMPONENTS IN EARTH AXES 
VI=VEL/SQRT(1.0+TAN6V»2+TANH«2) 
VJ=VI*TANH 
Vlt=Vt*TA»(CV 
ALPMAP=(ALPO+OALDA«ACCEL)/RTO0 
ALPHAV=DALOA*ACCELV/RTOO 
TANAP=TAM(ALPHAP) 
TANAY=TAN(ALPHAV) 

VELOCITY COMPONENTS IN A/C AXES 
VU=VEL/SQRTI1.0+TANAP**2+TANAV**2) 
W=VU*TANAV 
VW=VU*TANAP 
APHI=ACROLL/RTOD 
SPNI-SIIKAPHI) 
CI>HI=COS(APHI)         

ESTABLISH A/C EULER ANCLES 
CONl>W*SPHI+VW*CPHI 
CON ?=SQR KVIWU+CON l«CON 1) 
THETAA=ARSN(CON1A:OH2)-ARSH(VKXON2) 
COH3=SQRT(VI*VI+VJ*VJ) 
PSIA>ARSN(VJ/C0N3>-ARSN((VV^:PHI-VW»SPHI)A:ON3) 
SPSI^SIMPSIA) 
CPSI'COS(PSIA) 
STHE=SIN(THETAA) 
CTHE=rOS(THETAA) 
THETLR^THETAL/RTOC 
STHL^SIWTHEtLR) 
CTHL=COS(THETlR) 
PHILR=PHIL/RTOD 
SPHL=SIN(PHILR) 
CPHL=COS(PHILR) 
A13=STHE«CTHL+CTHE*SPHt*SPHL*STHL-CTHE*CPHI*CPHL*STHL 
A23<THE*SPHI*CPHL-»CTHE*CPHI*SPHL 
A21=<CPSI*STHE*SPHI-SPSI«CPHI)*CPHL+<CPSI*STHE*CPHI+SPSI*SPHI)4 

SPHL 
C0N4=SQRT(1.0-A23*A23) 

ESTABLISH MISSILE EULER ANGLES 
PMI=ARSN(A23I 
THETA=ARSN(-A13/C0N4) 
PSIPR=ARSN(-A21/C0N4) 
SSIG=SIN(SIGMA/RTOO) 
CSIG-COS(SIGMA/RTOO) 

RANGE COMPONENTS IN EARTH AXES 
RI=RANCE*CSIG 
RK=RANCE*SSIC 

ESTABLISH TRACKING ERROR VECTOR 
C0N6=VK*CSIG-V1*SSIG 
EI=TAUA«CON6*SSIG 
EJ=TAüA*VJ 
EK=-TAUA*C0N6*CSIG 
PI=RI-EI 
PX=RK-EK   

ESTABLISH SEEKER GIMBAL ANGLES 
CALL  EULTRN(1,-1,PI,EJ.PK,RX,RV,R2,PSIPR,PHI,THETA) 

VELOCITY COMPONENTS IN MISSILE AXES 
CALL EULTRN(-1,-1,V1,VJ,VK,VX,VY,VZ,PSIPR,PHI,THETA) 

RANGE COMPONENTS IN MISSILE AXES 
CALL EULTRW-l.-l.RI.O.O.RK.RXM.RYM.RZM.PSIPR.PHl.THETA) 

VELOCITY COMPONENTS IN AUTOPILOT AXES 
CALL  R4SF(VX,VY,VZ,VXM,VYM,VZM) 
UN-ATAN2(-RZ,RX) 
ETA=ATAN2<RY,SQRT(RX*RX+RZ*RZ)) 

RANGE COMPONENTS IN SEEKER AXES 
CALL  SEKTR(1,1,RXM,RYM,RZM,RXS,RVS,RZS,UN,ETA) 
V(8)=VXM 
V(9)=VYM 
V(10)=VZM 
V(19)=PSIPR 
V(20)=PHI 
Vt21)=THETA 
V<27)=UN 
\«28)=ETA 
V(1)=RK 
V(29)=RI 
V(67)=:RXM 
V(68)=RYM 
V(69)=RZM 
Vt22)=RXS 
V(23)=RVS 
V(24)=RZS 
CALL  R45F(V»X,WY,WZ,V<11),V(12),V(13)) 

(RETURN) 

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 DC,   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 seekei airpoint or the actual motion of an evasive target. 
In both cases,  the subroutine input is the boresight range Rxs. 

(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 commands 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 

"1   " »PRTRÄM  L8T0U,D1ECK 
CUSE* IjglfMMi   SEEKER    

SiiBftOÜ1tM£  Itnfl §FJlfiTBTr 
COHMPN   /SS«H1/   REAOjDELTiAllTOT.TIM»?   
r.iivnöH /sstM2/ v ■<?50),T   tiltYHF71111 
"I-JNHON   /TRAKFR/   COUNT.TR.Nl.OFrX.OFrr 
euffMÜ   /TR«rZ   /   TE«Pb.TE*rn.OTF»R,hlEAV.MVSC,HZSC 
CHHMON/GYR/VSY.VSP.HXS.HYS.h^S _       

"F'HIIVAI ENCT   "'                                                            - -                 SFFK«n'70 
1    (V(?2),RXS        ).(V(?3).RYS        ).(V(?4),RZS        ).(V<?9),IF«P >.             SEEKnngO 
I    (V(?6),TtAY       ). ( VM 7 ■ .AZCIi    ) . ( V (1 H ), » YC r-p    ) . ( V (<>7 ) . UN ).               SFFKHOPO 
.<   (V(?8).ET*         ).              (V(Jl).EPl).               (V(3?).EP?I 

FMUVAIFNCF SFEKnuo 
i   (V(%3),MX         ItfViMltHf         ).(V(S')),KZ         i. (vc.ft) ,nu)i ),          SFFKni?n 
;-  (v(57).n.iv      ),<v<i8),nw/      ),Tv(9«r.»x        >.(v(^n),AV ),         SFEKIUO 

X   (V(«1),AZ            ).(V(62>,VX            ).(V(AJ),VY            l«(Vt*4t*V| )                <;FEKni4u 
r ililVAl ENCF 

i'(v(in4),vs?). (v( IO'J), vsi), (v(iin).uNn) 
F.IUVAI FNCF SfFKPt5ll 

1( V(66 ) , TOriMr.). ( V(7n >,tM,l          ),(V(71),EHK          ) |MI«|*I 
/.(VC^O ».TS^ISS). (V(^l ).Y>*1S&    »•tftillflNltl    > ShFKMl7U 

E'4l*|VAIffMef 
1(1(13), (ANMnr ). (r(i4 ),r,K     ). (CdS), iti AP), (TdISI.MNFRAL > ■ 
i(i(l7).ri   l*(tflltl*Cl   ).(i;(i«).C3   ). (i,(2(> ).(:4   ), d-ct) .r1» ).            sfFunj-nn 
.wr(22),c6  ),(r(?3),(;7   ), (i:r>4),(;«  i«t<>(tffl*Cf   >*IGtS*i<eifli sfFKir?» 
4(i (?7 > ,cu ).((;(?«),(:12), (i;(i'9).ci3).((;(30 i.ttt), (i;(on .riT), «u FKPPIII 

'JH (32 I .ri6), (C(.»3).C1 7), ((M.M ).C1'1>. ((. ( J'D.ri < », Cf m) ,(;? i ) ,               <;i FK   r9l 
< (i, 137 ) .i;2l ). (C(.lfl).C?i.'). (C(.vn .C?J I. ((. (4(1 ), Air 1 ), (CMI ) . TG >           MPiOXI 

(■'.IIIVAI f NI:F 
id (iii<>), XM ),         (C( UP ). «c/'i,         (Lditi.PHi.         (r( 11? i, urn », 
ir(> (113 ). TAI'^ ). (C(IM).IH), ((;(115),TC) 

II.'.IA    t«rrri/'. 7.9'('>77v5/ 
mH.UM/HAf'S/wXS.IPXf. .FXJ.I.HK.TniMS.TrMr.liFlT 
ll    (RMll.l:".l." )    <i(     Kl   M SfFKI^SO 

r         nu)   IHHIIHI;M r(*^)  ACF  RhSiRvfii rut.  IMIS IMUMMflM STFK'PAO 

r         ':(4y)   is ui'in r.iwiwoi.  sht  m »i.u TD  INIIUDI   I.RUI si-FKi?7n 
n »pi-t /S/uYr. bFi"n?« 
fl *t = «TS/i<»-, SI FH'^Oi) 
4/Sli:il.n SIFKt.tjn 
^i«f'i|| .0 r.l FK" '7(1 
SI»:, l(,= Sli<( I (3)/«*1i I') Sf FMi.»3il 
I^MS'. Ili = (;nS( 1 '3)/BTi I' ) SI FK" 34II 
II     (C( 1 n3 ) ,1 O.l'.O )    (ALI    r.NAiiii( VKS.r.MY,» KZ I «;i-FHi«6il 

r SLFK"(7(I 
n               I'AI'KIMi   L"('ilH   ANi.irS SIFM'3RU 

'iii   O'Kil I Ni F SI IR'MI 
II    (0(1 PI).I I).ii.ll )   1,0    III   •,! S^F^P4lltl 
C/ll    .IwANH   CJXS.FlM.FCZ) ItfHMII 
I.A|.|    (:i.|.rk-.( 11,-1 1.F.PY.m^.h (XH.Ir"Y'.FR/M. Y«W,R|.( I ,l'| ir^D SfFM^?n 
''HI    StKTI'    (0,1 .TKlit.t.HYK.Fl«/ I.FXS.t YS.M'i.lJN.F IA ) SI PK   430 
I '.l.M= />S»fcX'; StFMMAU 
( ISS = I-YS»FYS M-iM*« 
ZhISSal 7S«I ?S SI FK   tAii 
■ ;..   ir  b? SLFKI «711 

-.1    f iI'MsiOS SI FKi •tAH 
* ■ISS = ^ YS SI FK' 4911 
7   ISS = I/S sirmisnn 

■»}>   h AP=-/Ml;,s/| Siih SFI'II^I 

li »Y = Y^ ISj/l S'P «( FKH« ?ll 
II ( AMC ( TI.'.IM.r.l . I»HM;r )    (ill    I .1   f>? S»Flk'''4l| 
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StFK 'S9n 
ma '••ÄU 

Sf FH 'b7n 
SIFK •«71 
SIFK •j?? 
SFFK •»r.i 
S( FK ■.71 
SHFh '•75 
SrFK '•76 
srEK ,>77 
SIFK •7H 
SFFK •.7<> 
StFKI •■«n 
StEKi'OU 
SFFKnMIli 
StEK' frl n 
StFK' ft?0 
SFFK' A 3 ii 
St FM A4II 
SFFK f*n 
S^FK' ^Kn 

TABLE VIL    UNIVERSAL SEEKER FORTRAN LISTING (CONCLUDED) 

it    (MS(U*Y).nF.T«RNUF)   liO   T'i   62 
r.hli.   IHF(TFAP.PIF*P. IFiPfl) 
TAIL   ninTFAY.mFAV.TI «TO) " 
rt   (lUlAP)   «n,«?.Hi 

in   CAiL   SFTEi.l(TEAF.im*H.-T*BN(U I 
nn   10   H? 

"1   e«lt   Sf-TESTdEAP.IiTFAP,    lAMMMI 
nt   II    (DIFAY)   B3,»ü,(j4 
Rj   CM L   SFTEST(fE«r.TlTt»Y,-IAHNG»-» 

On   Tl  f5 
«14   C,.l L   SPTESKTtAV.IiTFAr,    IA>»NOFI 

n%   CiiNTlNl't 
'i.i in 6!) 

ft?  fWii-o  
niFAPiC.O 
Tl-AP0:li.n 
fKAYsO-O 
illFAYsl'.O 
11 A Y n = |i. 0 

c 
r ni/KiRni ciji'MANii 

»>   IMMINIE 
OIL    IPACK 
CM I    UYPO 
i;'.IL   SFKIK(l.l.-VX.-VY,-V/,VHXS,VMYS,VR?S,IIN.hTA) SfCKl?fll| 
I;ML   yf$1V(Vtl*«V«Vt*t9{i(Klt*«ft*«/t«lilt*tttl*Mlt<MClS.Mft«M>yM   SiFKi??«) 
c.'ii   si iFST(Mxs,ni/«s.f:(.n ) SIFKI'-?? 

'"ML    iFTE-iTIRXS. nM»S.r(9) ) SFFKi??4 
Cil L   Sf lESTCRXS. llrtHS. Id. ) SIFK'??ft 
ii   ((vii ).i!T,o.ii LAND. (rsiii.r.T.in.i') > no  tn n» SFFKir'An 
li|(i=      -(E'JiM/ni'XS) SIFK1^4(i 
iHMl-l.n SICK1?Rll 
»iISSzTMISStilT'l'nh'YS S( FK1"<»0 
'■,iSS:7MlüS»nin»nK;s SF^KI.UIII 

VCI, IrSORK V(51 (••7»V('iX)«»?) SlFK1.<1li 
V(77)=r(9)/VBXS SrFKM?1 
vi 7^)=( OJ/VWXS Slf K'.lS'l 
V(7V)=ArAH?(V(1).V(?9n SfFK'.Uu 
VlHC ):A |*W?( V(    Jil).V(?'i)l SIFK'.«50 

111'   UftU    IMEK(!IRXS.nK«l.uPX^,l'»Si1.MXS) BrMlMI 
CML    IMFi((l'RYS.ni(Yl,|IPY?,HYSi),l'YS) ScFKH7il 
■ Mil    |KIErf(|pl»ZS.IIK/l.lil/^.'»ZS I.R/M iftHMa 
H|^V(?'')»C!,SSI()«V(1 )«SIMS|i; SI FK1.■<<)!) 
H.i = »<.ii') SFCKMnn 
P>=-V(J'9>»SINSIl«V(l)»cnSblR 11111411 
VITVIj6)»i;nssin.v(.«8)«si(»bifi si FM«?« 

V.I=V(.17) BFtM43l 
v» = -V(.<h)«sirisui*v( Jfl )»cnssiti- klMi'4l 
Fl'.URJ-RI'VJ/VI BrM<4«l 
r-KiHK-Hl'Vf./VI KPftl4M 
TinMlS = SOl<I(FMJ«»>'«FMn».?) |>tK149l 
IMRXS.LF.I^. )            kHI TF(6.Mn<; ) 

|9*    u, TURN Tl rKMHu 
•^n SIFKI40Ü 
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TABLE VIIL    TRACK ROUTINE FORTRAN LISTING 

4? HAVII TKACKH» A-A  KITH 1 »fl ONLY 
SURHOUTINE TRACK 
COMMON /SSAM1/ RFAD.DELr,AUTOT.TIME 
roMHOii/S$AM2/*_i2ai».T   iiititt itm - - 
COMMON  /SSAM/   IfcND.NO.TNfXT.VMIN.STPMX.S12345,StiMZ?^ 

l.CrT*.SFl*.CNU,SNU.IMA)I.N^LNV(50)iTnUE(250),OtLlO,RI| ILt(9) 
Z.irOEN.IMrOEN.MrOEN?.ir02N 

COMMON  /OYR/VSY.VS^.HXS.MYS.NZS 
COMMON  /TKAKZ  /   TEAPO.TEAYO,DTFAf.D1EAY. MYSC, riZSC 
EOUKALEMCE   

(V(IB).AYCMO). <V(?5).TEAP). t V« 2»» >. TEA Y I. 
«V(H2). IFAYD),   (V(113).TE*PD»i   ( V(1U ). YSYP), 

?U 
30 
40 
bO 
60 
70 
ao 

(U(143).AKT). 
(0(147».RIAiJ. 

(C(144).TS). 
(C(llfiJ.TLDP>. 

ICU4'>>.OMFBLU). 
(i;(l4V>.IL0P).    . 

(0(141).TLOY).   (C(152),8P0T) 

1(V(17).AZCMD). 

3(V(117).VSPP> 
EOHiVAlfcNCE 

1(C(142).SK). 
2(C(146>«eKK>f 
3(0(190),TLOY). 
MMfiltf 

A/NAMB/ 
BTEAY.TFAYD.TE*P.TEAPn.TkAYS.TEAPS.SUMl.VSYP.VSPP,AVlNn.AZl.MD'VSY. 
CYSP.TIME.Ol ViYO.OLVSPO.ILOP.TLnP.TLOY.TLflY.IBAPn. tEAYi,.MKAMU,SPXS 

DATA     Rr00/57.2V«17799/   
SPXS«RXS/SPOT 
CAIL   rRENl(RDUM6.SPXS.RKAMn.-l) 
IF(KF*n.NE.O.(l)     60    TO   10 
UO   10   14 

in    SUM = BIAS 
0   TO   16 

14       (FdMF.L t.SUMI I   RC    TO   ^0 
16      IEAPK<TE«P*RKAH(, 

IEAYKtTlAY*RKAMI, 
TEAYD»RTOO«TFAYK 
TEAPD>HTO0*TFAPK 
CAll Fnr:Nl(ini»MY.IEAYD.TEAYS.-1 )  . 
CAIL   FGfcNKTnUMP.TEAPO.TFAPS.-n 
C0MI«1. 
SUPl*SliMl»TS 

20     CALL   TTEST(SUMl) 
VSTPMKTMFAYS 
VSPP»AIH«rFAPS 
CAIL   ÜIF(VSYP.nvSVP.Vl)(IMY» 
CAiL mnvspp.nvspp.vuuMP) 
CAll    LAlMVSPP.nvSPP.OLVSPO.GLVSP.OlGVSP.TLGP.i.DliNP) 
CALL   LAClVSVP.IIYSTP.OLVSYO.rLVST.OKiVSY.TLOY.OnuMY) 
AVLMDsOKK*OLVSY 
AZCMD«-GKK*6LVSP 
CAIL   LlHlKGLVST.NLOVSY.OMfcGLD. 
CAIL   LIMI llßl VSP.IUUVSP.OMFGLD. 
VSYxflLVSY.SK 
YSPxOLVSP»SK 
IFICONT.EO.l.>  URI IE(6.NAMU) 

RETURN 
IM 

LLOO 90 
LLOU 100 
LLOU 110 

•0ME6LIJ) 
•OMFGLD) 

LLOO 
LLOO 
LLOO 
LLOO 
LLOU 
LLOO 
LLOO 
LLOO 
LLOU 
I LOO 
LLOO 

I LOO 
LLOU 
LLOO 
LLOU 
LLOU 
ILOU 
LLOO 
LLOU 
LLOU 
LLOO 
LLOO 
unu 
LLOO 
LLOU 
LLOO 
LLOO 
LLOU 

120 
13U 
140 
IbU 
16U 
170 
16U 
19U 
20U 
?)U 
2?U 

241) 
iba 
26U 
^70 
?BU 
2911 
Jüü 
.mi 
J2u 
330 
3411 
■ibu 
36U 
370 
38U 
390 
40U 

LLOU 49u 
LLOO 900 
LLOU 910 
LLOO 5<n 
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TABLE K.    GYRO SUBROUTINE FORTRAN LISTING 

CCYHO ini   sine ROIL PHUT mm 
SUBROUTINE GYRO 
ÜI HENS ION  reiB(4>.M2E(4).r04r(3) 
CÜHMON /SSAH1/ REAO.DELT.AUTOT.TIHF 
CQMHON /SS»H2/ V  (290).T  (250),C  (291) 
CONHON /TRAKEH/ COUNT.TN.N1 

i    'OFUjOFn 
CONHON 

1/OYH/VSY.VSP.CE.UYS.UZS 
EOUIVALENCF 

1(V(27).IIN). (V(?«).E.T*) . 
EOU|VALENCE 

1<V(53).M»J, iy.(*4)d(YJJ llUSJxHZ)» <»(>*>.P«AJ' 
llfdfltNVI« (V(50).Ori2). (V(59),0*). (V(60).AV>. 
3(V(61),*Z> 

hOUIVAlFNCE 
i(V(85),nE). (V(«6).nExs).        (V(a7).E). (v(«iB).tx<,). 
2(V(B9).C1>. (V<90).ai). (ym).DOl). (V(V2).U2). 

j|fV(fli«Mit<        <vt94).aiiu-i_       <itiaj.02N)i      (v(v«),FrE>> 
4(V(97),|)FE), (V(9B).rEXS). ( V(99). OFEXS ) 

rOHlVALENCE 
1(C(116).M3S). (C(117).K2T), (C(lia).OUMP).        IC(119>.MAIL> 
2.(t(136).aNUT), (CI1J7).DrR). (C(13S).DST>. (Rl139 ) .DSU). 
3(C(140).OAN). <C(141 ).DDU).   (0(193).CFl )•      (C( 1-»4 ) ,Cf? ) , 
4(C<155).CF3) 

REAL   llR.liRXE.I2E.I7S. I2EYS> I3S. I3T. I4C. I4|i. HDXC. I IE 
HEAL   HC.Np,|.R.K01B.lin2.K12F.K04C.MPX.K3E.K.TS.K2t.K?^.K2E.XS,KlE. 

1K1BXE.MJ.H23.H123.K?T 
REAL   KRR.KRT.KGT.K(;R.M2JS.R123S 
NAHELI SI 

A/NAM2^ 
H«E(.E.FHS.FEXS.ET.EXS.EXSS.EXST.aA2.0BP.eER.NUXCD.KÜR.KbT. 
CK|2T.KKM.KRI.H123S.H23S.SE.ril3.XEliH.X6EXS.X0SL.kR0.JlKM. 
DXKRH.XTE'XII 
E/NAHA/ 
lAl.A2.AGB.A0E.R.Bl.n2.ri,CA.CB.CD.CE.CF,rH.C0SR.CüS(:.i:OSn.cnSk. 
2n0UNT.CXl.CX?.CX3. PlN.D2N,nB,BRX.llC,n08.DüF1.00xC.nL.ütl. 
30EEkS.PFX.nFXS.i1FE.ItFLlS.001.DR2.0X.DtiA.ni)BXE.DMDXC.E.El.EXS. 
4IR.)C.FUB.F0C.FDF.FE.FFk.FEXS.ri.01N.612.02.O^N.02Z.0H.(<R2.OBL. 
50BXF.UC.OE.OEL.GFXS.aS.HQUXC.HC.HP.REl.RF2.RXl«KI2.SBSF.SEn2.SFtR. 
6SErc,Stcn,SECE,SINB,SINC,blND.SIMF.ST*N. TAN2.TANC.TANt, 
7IANr.TE,TEA.TEDli,TE) .TEP.IES.TEU.TFXS.TEXSA. TfcXS^.Tl XSP.IklSS. 
STEXSU.TXDU.Wl.U]2.li2.l«A.HtlXE.HD>H0XCLl)E>MEBXE.UN>HT. «FH. 
9XNK.X>1P.XrH.X|NC.      ES.XS 
A. rANn.TIHE.DELT.CX4i: 

C I 
C HAVERICK   OYHO   FSTIHATLD   AND   CALCULATED   PARAHEIERS     (7-l»-69) 
C 

UA1A 
1I3S.IJT,I2E.I?S.I2EXS/4.77E   4.7.04F   4.2.16F   4.7.«BE   4.2.70E   4/. 
2I1H. I1F.11RXE/1.4AF   4.1.53F   4.7.94E   4/. 
3I4C.MP,l4nxC/1.75h   3.1.44F   3.?.8aF   3/. 
4H3>h?j.HliM/1.12F   3.2.9JE   *.?.'<**   3/. 
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TABLE IX.    GYRO SUBROUTINE FORTRAN LISTING (CONTINUED) 

&K3F.KiS.«lf.KlBxr/«.<ZE-7.?.llF-7,«.52E-7,l.l«r-7/. 
6K2F.!!£S.I<gFXS/ll.3Ut-7.ll.7»E-7.M.7»-7/, 
7MC*.RPL.OCA.OPL/IK.«4940..20..4^41./. 
eriiH/33.a.7.3,i.9.n.22/. 
9F12t/2?.9,2.1.n.9.0.16/. 
AFI4r/11.8.1.3.0.4/. 
RV.)l|i2.KOlB.K12E.K04C/1.2,19ü..O..O..I./. 
CVIlB.yil6.V(l4C/4.0.1.bi2,5^_   , _ 
DUS.IIBXE.UE.UEXS.UD.imxC, MPx/l.no.i.ofl.i.no.l.uo.o^u.if.in.z.o/. 
ELR.OL. 01.DUB.THET/0.219,12.0,21.0372.0.90.0./, 
FO.ft/980..97.2997799/ 
IF (REID.EO.O.)  00 10 3 

C 
CCCCC INITIAL COMPUTATIONS 

M23S»H23»»2 
Hl?3ScHt23««2 
EXSS>I2FXS-IPS 
HDXrD>MDXC-t40 
fcTIl26*llT     _    . 
BEMIIBXE-UF 
lll|a|N*mif 
SE«|2S-I2E 
I:XST«I3T*|7EXS 
■•••tlt*ltl 
ll|KiWt*IH 
OHPiGPl/H123 
Gfcl»nPL/H23 
KRI)s9.F-7*ftCA/RPL*9.E-lU*HCA 
KRU1.4E-3/<RPL*RCA>*1.9E-7/SOHT(RCA) 
X01sl.4E-3/(OPL«OCA)«l.V£-7/SOBT(OCA) 
K0R»9,E.7»r,CA/0PL*9.E-lü«GCA 
XKP:KJE-K3S*KRR-RtfI 
XKr.sK2F«KOT-KCH/2. 
MMMXBMMI*«! 
XO«>(;»XI>RM*M23S»(XKr.-K2S» 
XOf »S:»'73S«(XK0-K?EXS) 
XTf «XllPM»M?3S»(h2tX!)-K2S) 
XEPh«Hl?JS*tKlE-KlHXF) 
UA?rCA*<? 
XII«0UB*HJS**2/9H0. 
IU<0NIIT*XU 
WRITE   I6.NAH7) 
tnpAjl .tO.l.U)   M   10   29 • 
H>liN 
E1«ETA 
GO   10  2(S 

29        CONIINU^ 
BsFIA 
El^UN 

26        COMINI't 
IKtai 
E.Fl 
es»F 
(S'kXS 
KOUNTaO 
KDUH^*nilHP«.01 

c 
CCCCC   MISblLf    FRAHF   RATFS   AND   ACCELEKATIONS 
C 
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TABLE IX.    GYRO SUBROUTINE FORTRAN LISTING (CONTINUED) 

3   CONIINIIfc 
KOUMT«nnUWT»l 

IWMMtttl 
IF   (40ft.LE.RRP)     OU   TO   2tU 
nBl«A0P-0BP 
on 10 ?20 

21(1 OBI'S, 
220 CONTINUE 

KB«f 01B(l)M01B(2l»ORL»F0lB(3)«S0(IT(O«?»OC»»2»»HlB<4)»U«L«»2 
rB<FB«C>l 
rc<> 04r(i)*cr2«(ru4C(2)««i)S(oc)*rfl4C(9)*SQRT(UA2*uB/) fcrs 

c 
C HlSblLE BAIL  POSITION 

IF(K*IL.EU.1.0)   BO   10   40 
C BOTTOH   RAU 

■••Ml 
MC-UI 
IMValril 
UHCcQHZ 

H'llN 
fcl^HA 
Vt=VSY 
Mikaytf 
RO   10   4? 

4U        CONTINUE 
C SIDE   RAIL 

«I'M 

OwCsDriY 
'!H = *Z 
UC»AY 
H»FtA 
bl = liN 
Vt-VSP 
*E)ib«VSY 

42        CUNHNIIF 

S|NN*SIN(n) 

SlhF«SIN(b1> 
^OSL^CnslEl) 
sEr^n./rosi- 
rANl>(«N(El> 
TANZsrANEc'i* 
SEt?«SFCF»»? 
!>TANcSFr.E»IANE 
S|Kr«CI<SB«SINE 
EtMllMftlilCI 
UO?;L«COS(CI) 
SECLal./COSC 
TANC'TAN(Cn 
Cüsii«c('SB*cnsE/cnsc 
SECini./rosn 
SINlisUINH/COSC 
TANIiaSINtl/rOSO 
NEah«*K|NR»UC*CnSrt 
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TABLE DC.    GYRO SUBROUTINE FORTRAN USTING (CONTINUED) 

C 
ccccc 
c 

riB*E«iu«rnsn-Mc*si*iu 
HD«-W»»SIMC«MB»COSC 
MOXn«M*»C(ISC*HB»SIKC 
IIHHXE«Pri«»COSB-DWC«SINB-NB«ME 
bHnxC«liHA*COSC*DUR«SINC*UC*HD 
MEbXE«WMMBXE 
DDXC«un«HllXC 
HOÜXC=_HOXCD»DI)XC. 

TE   U0MPIII*TIONS 

HC=.SIM)»T*NE»(l.»l«»SINC) 
HP«C0SD* (CnSB-LI)«StNH*«2*SINE>/C0SB 

*:E«SECMMBXE«fm*DbXS 
Cr«2.«SIND*SECC*SINn«TAN2 
CX?ii |>iC«SIN0»»2«nE*CF»UEXS . 
C*«HBS*SEC2«TANr 
CXl«TA*n*DHDXC-SECD»»2*UDXC-UNC*SECC*DEXS«*2 
CD«SECE*(llB«(TAN£*0NUX£?SEC2tMEB)IEMBE£tHEHXt) 
CH=l2S«T»NF»(SFCF»DWBXF-Sl»N.MfBXE) 
CX^sTAI»r*SECC*DhXS*Cr*DE 
CR<l«Nn«DU0XC-SErn*«7«n0XC-S|NC*<SI»iD«DE)««2 
HE1=X|H*CH*HDXCD*HM0UXC 
HE?sEXSS*CF*nEXS-HI3»nEXS*X|M*nxl*HDXtD«HP*DDxr 

C 
CCCCC 
C 

FEXS   COMPUT«!IONS 

XIHUsMCoHC 
ltXl:Cll*i:H*SF 
«x?scn«rH 

• SECt>UIIXE«UF*HM*DE**IHC«Ca*HnxCll»HC*DliX(: 
*XIMC*CXt*hDXCO»On»C«NC 

C 
Ccccr 
c 

c 
ccccc 
c 

c 
erect 
c 

PRFCESSION   rOHUUF 

lfBS9«lff«tf8|*«tlt*l'CI««tl 
rEP«-VFXS«K2T«HP 

UNHALANCE TOHUUf 

ßE:(;«*S|NH*r.C*RüSH 
UBXEiQt'CO^H-OCaSINH 
ii&*b**rnSR«rn$F*oH«siNE-ec«siNH*cosi: 
SH<;MSINB*SINE 
SE(.H«SINF*r(iSB 
nEXS>-PA*SFrR*OB*COSP*OC«SBSF 
.IU=IJU<( •(u*»siNc-oB»c(isc)«iio»(n*tcnsr.nH»siNC) 
XHPiNPV«(l.-COSh«LII*SINH*bBSE> 
IEXSUs(liS*UliXE«SFCE-UtXS*MNE)*GE-IIE«SFCF*BHXl-*UU*Nt 

l-Xf|>«HF*NPX«(t.*|.H«SFCB)*SINB*RS 
(Eli>-IIJt«nEXS»UFXS»OS*UU*>«P-XMP«REXS 

FRICTION TOROUE 

0H>-UH*tU<COSR«UNE-hC«SINB*TANl*l)EXS«SErE 
iifci-.wr.cosn-w*.siNB»iiF 
nc=cnsp»nEj-siNn»siNF»nb 
f DR«sir.N(i..nB) 
IFinR.FQ'O.)   FRHsO. 
iir«|IM(t«*MI 
IFtDC.EU.O.)   FDCsU. 
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TABLE IX.    GYRO SUBROUTINE FORTRAN LISTING (CONTINUED) 

m«sinN(i..DEl) 
iMDEl.fO.n.)    men. 
A0ia«RS(0k) 
IF   (*ftt.Lt.(iEP)   00   TO   240 
OEI«AOF-REP 
00   10  ?40 

710  OEUO. 
240   COhTlNiiE 

FE1»ri2F<l)»CF? 
FE?«(F12E(?)»OfcL«F12F(3)«S0HT(nB2*O»*Xf,»?)*Fl?F(4)»(.EI ••?)»CFJ 
Fi«fll«fll 
vFHtrc*FOc»vo4rtnc 
IEXSF:-(F8     •FnH*V01B»DB)»SECE-XFH»fC 
IE^-(Ffc    »EDEtVlZE'DED-JIFilfHP 

C 
CCCCr.   bPKiNO   I0H0UF 
C 

TANY*|«N(Y*Ft) 
XHK:KU4C*C0SB«T*Nr 

.    IE*^Sz-CK0]R«SECE*kU2)»IAN(Itl.l=JUKfJlC 
rESs-(Kt2F«K02»COSH)tI»NV-XMK»MP 

r 
CCCCC ANISOEI «STICITY TUROUES 
C 

IEXS*'(i<;«(iF»XGSI -GFtnEXS« (»NE»XCE«S»OBXE»OE»Sfcrt »Xf.HM 
IE»=-ÜE1S»0S»X1E 

C 
CCCCC   UYNAHIC   UNRAI «NfF   TliRUUl 
C 

NT=U3S»rlHF*THtl/H 
lXIIU<Xli«S|N(UI > 
rEi>u>xi>>cos(un 

c 
CCCCC FINAL rOHpilTAIIdNS 
C 

rE>li*(T|P«DFR*T|-r>nSt«lkS*nSU«TEU«DAN«TEt*nOll*TFOU) 
IIIMt«! ItXSP*l)H»»U»SF»nST.TEXSS»nSUtTEXSU»D1N»TtXSA«niiil»Txnui 
IF(l.NUT.EU.l.U) no in 2!>0 

c 
rrCC      RYKd   WITHOUT   NUTAMUN 

rx4c*i4c*nMiixc*siNn/cusn-i4c«Di<xc«SEcii*SECn*Hi>xi O*DI xc 
ixhi>(rii*i;H)*cx4r*Hi, 
IE(-I>CX4C»HP 
IEXS>IFXS*TXRI 
rE»IE»TF0| 
nEMEXS/kM 
•)E>S«-T»-/Wl.t 
i;AI L    |NTFR(üF.ÜtMl.litM2,FuO.E) 
CAI L   IHTEl)(nEXS,nXPl.|IIH2.FX0.FXSI 
'Uli    |NTFH(0H.nPHl.UflM2,Bon,R) 
CALL   IfJERCnFl .nElPl.nFlM2.E10.Et) 
no   10   26» 

?*U      C0K1INMI 
c 
CCCC  ÜYRO UITH NUTA1ICH 

Al = n»xiH»rnsn 
it**ll**tl<IMf*M 
A?:)riMr«cof;n 
H2-|X;T-K|Mr»SINr)»IAhL»llB»',EC'»IZS»TAN2 
IIX-A1*N2-A7*R1 
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TABLE IX.    GYRO SUBROUTINE FORTRAN LISTING (CONCLUDED) 

i(l-(.R?.(EXSS«rE-MlJ.)(IH»CX3) 
i^wtct.Bc^gm.TAhfe.n^iE.Tiiif.Bi.mwc.eMaii/i»  
M2>Ul«(CMD£XI*8E«CE*lll3-XIMC»CXI*EEXI«DEXI«)«llE>**?*XIN*eX2)/DX 
Ol«(B2«(lE-RFl)-?l«(ltXS-HKlU/0X 
O?»(»l«(ltXS-RX?)-«2.(TE-REZ))/0X 
CALL   DirCSl.DOl.DUMA) 
CAU   niF<02.0B?.0UMH> 
•^A.U  Q£A.T£U.-eiiJ)PJdJUiai(LllUiLLlLäniJJL 
CAIL  0RME( 1.02.002.022.82N,D2N.DUMX?) 
CAM    Oir(DR.OPB.OUMR) 
CALL   niKIDEl.DnEl.DUHU) 
CALL   ORATE(l.DB. DUB.RZ.H.OHX.DIIM?) 
CALL  ORAtEd.OEl.UDEl.ElZ.El.OEX.DUfS) 

ja?? )L»HI .. 
UN'Sl ,T(M12) 
(rit<fs*(ii*tti)/ftt*ii 
CALL nirirrE.OFt.DHMC) 
FEXS<(P?-H?«01Z)/Mt2«XS 
CALL   DIMM XS.DFFXS.OUMÜ) 
CAU i n5EcaFE.DrE.t?.g.nh.u..i..yii.B..niiii»J.  umi 
CALL   LDSECCFEXS.DFEXS.EXS^.fXS.OExS.O.,!...-   '    .DUM»5.0UMX«) 

26»     COMIMUE 
ir(PAIL.(iU.1.0)   00   TO   2711 
KYSsOEXS 
H2S>DE 

ETAsFl 
00   TO   ?Hn 

•/./U     COM MUH 
MYSsOF 
MZSsDFXS 
M^>l 
ETAs« 

2HI)     UUMINKf 
KX'HOndtndNT.KnuMP) 
IF   ((KX.i-U.O   )   .OR.tCUUNT.LE.S. ))     bRI TECA.NAPA) 
METURN 
IM 

I 
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PITCH  • 
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i_L 
AUTOPILOT 

TO 
SEEKER 
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EXS 

EYS 

EZS 

ERZ 

SUBROUTINE 
GWAND 

(TARGET 
MOTION AND 

AIM POINT 
WANDER) 

& 

RXS 

RYS 

RZS 

ZMISS It AP 
—1-^ "Tnx; 

■vx. 

VY • 

■vz. 

UN    ETA 

11. 
AUTOPILOT 

TO 
SEEKER 
TRANS 

UNIVERSAL SEEKER, 
SUBROUTINE 

WXSWYSWZS 

LLL 
VRXS 

VRYS 

VRZS 

SUBROUTINE 
VECTV 
(CROSS 

COUPLING! 

^XS RYS RZS 

DRXS 1 

s 
' 

DRYS 1 

s 
^ 

)RZ3 1 

s 

K. 

RXS 

-* RYS 

♦• RZS 

TRUCK 
SUBROUTINE 



AZCMD 

GK 

SEEKER 

DRIFT 

WYSül 

HT^.D 

W^SU 

RTfD 

TLGS . 1 

VSP 

\/l    CÜS2 I   SIN2 . 

FORWARD 

LOOP 

COMPENSATION 

1 , (.'. •  1 

VSY 

GK 

AYCMD 

COb"(COSi- -0.215SINTi SIN ;IM2 ,,. 
WYS 

SIN f TAN" 'U0.215COS i'SIN '  ) 

SEC " -*<s> 

rtX 

WY 

UN       ETA 

AUTOPILOT 

TO 

SEEKER 

TRANS 

WXSR 

SEC 1 
DNU 

W^SH 

W2S X"^. DETA 

SIN 

UN 

ETA 

WXS 
-MX) » 

GYRO 

'SUBROUTINE" 

Figure  12.     Tniversal Seeker/ 
Gyro Subroutine  Block Diagram 
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TfcAP R2*/nxS 
TtAY   HYS RKS 
RTOO   1«0 0'3 141MJ7 
WZSD 0 0 
WYSD 0 0 
SINSIG SINITI3I/HTOD1 
COSSlb COSITIll/nTODI 
GKI  GK-HIOD 

CALL GW*SD(flXS,€HV.E« 

i-Z 
50 CONTINUE 

ESUW RXS 
'MISS'UVS 

ZN'ISS  RZS 

CALL  CWAND(HXS.ERY.ER2) 
CALL  tULTMNiO  1 OOfcHY 

ERZ.ERXM.ERVW. 
ERZM.VAVV.ROLL.PITCMI 

CALL SEKTR(0.I.ERXM.ERVU. 
EHZM.EXS.EVS.EZSUN.ETAI 

ESUU  RXS-EXS 
VMISS  RVS'EVS 
ZUISS  RZS-EZS      

TEAP ZMISS/ESUW 
TEAY YMISS/ESUM 
TANETA-SETA/CETA 

«  7ARNÜF 

I 
< TARNt| 

I« < 

TEAP-00 
OTEAP 0 0 
TEAPO-0 0 
TEAY 00 
OTEAV 0 
TEAVOOr 

CALL   D(F(TtAP.DTtAPTEAPOI 
CALL   DlklTEAV.DTEAV.TtAVO) 

CALL SPTEST 
(TEAP.OTfcAP. TAHNGEI 

CALL SPTEST 
ITEAP.DTEAP.TAHNGEI 

CALL SPTEST 
ITCAY,OTEAV, TAHNGE1 

CALL SPTEST 
(TEAV.OTEAV.TARNGM 

CALL TRACK 
CALL  GVHO 
CALL   SEKTHd.t. VK, VY, V^,VRXS VHVS VH/S.UN ETAl 
CALL VECTVIVRXS VRVS,VRZS:RXS RVS.R/S 

MXS WVS.WZS DHXS.DRVS.DHZSl 
CALL  SPTESTIRXS,DRXS.C)3)I 
CALL  SPTESTIRXS.ORXS.COII 
CALL   SPTEST(HXSDRXS.10 t 

DTO     (ESUMORXSl 
IENÜ   1 0 
VMISS   VMISS*0T0«ÜHYS 
ZMISS /MISS»0TO*ORZS 
v(so) SQRTivisir'ZfVtszi' 
V177I CWIVRXS 
V178» C(3} VHXS 
V(7g)  ATANZ(V[1I VI29)I 
V(B0I   ATAN/(V130J.V(29)> 

CALL INTF R(OflXS,ORX1,üR <2 RXSO.RXSl 
CALL INTER(DRVS.Üfl> ; HF V2 HVSO.RVSl 
CALL   INTEHfORZS.DHZl QRZJRZSO H^S1 

Rl  VlTSI'COSSIG'Vili'SINSlG 
RJ   V(30l 
RK     VlZgi'SlNSlÜ'VllJ'COSSlG 
VI   Vl36rCOSSlG«V(3ei'SINSKi 
VJ  VU7I 
VK     VlJerSINSiG-VISBl'COSSIG 
EMj   RJRI'VJ'VI 
EMK   HK flrVK/VI 
TOTMlS  SQHUtMJ'^'FMK*'?) 

Figure 13.    Seeker Subroutine Flow Chart 
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SPXS    RXS/SPOT 
CALL FGENIIROUMG, SPXS, RKAMG, -1 

YE5 

SUMI   ■   BIAS 

TEAPK ■ TEAP*RKAMG 
TEAYK = TEAY*RKAMG 
TEAYD= RTOD*TEAYK 
TEAPD^ RTOD*TEAPK 
CALL FGENKTOOMY.TEAYD, TEAYS,-1) 
CALL FGENKTOUMP, TEAPO, TEAPS,-1) 
CONT «I. 
SUMI- SUM1 + TS 

CALL    TTEST(SUMl) 
VSYP = AKT*TEAYS 
VSPP ■ AKT*TEAPS 
CALL     DIF(VSYP,DVSYP,VDUMY) 
CALL     DIF(VSPP.OVSPP,VOUMP) 
CALL    LACWSPP.DVSPP.GLVSPO.GLVSP.DLVGVSP.TLCP.CDUMP) 
CALL    LAC(VSYP,DVSYP,GLVSYO,CLVSY,DLGVSY,TLGY,GDUMV) 
AYCMD= GKK*GLVSY 
A2CMD= -GKK*CLVSP 
CALL     LIMIT(GLVSY,DLGVSY,OMEGLO, -OMEGLD) 
CALL     LIMIT(GLVSP,DLGVSP,OMEGLD, -OMEGLD) 
VSY - GLVSY*SK 
VSP = GLVSP*SK 

WRITE (6,NAMB) 

CONT = 0. 

c RETURN 3 
Figure 14.    Universal Subroutine TRACK Flow Chart 
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Figure 15.    Gyro Subroutine 
Flow Chart (CAS 6 DOF 
Simulation) (Continued) 
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TABLE X.    SEEKER (MSEEK) SUBROUTINE 

Coordinate 
Name Quality Units System 

V(17 )   AZCMD Azc>  Elevation maneuver 
command 

g's Autopilot 

V(18 )   AYCMD Ay.c, Azimuth maneuver 
command 

g's Autopilot 

V(22 )    RXS Rx,  Seeker boresight range ft Seeker 

V(23 )   RYX Ry,  Seeker lateral range ft Seeker 

V(24 )    RZS Rz,   Seeker normal range ft Seeker 

V(25 )    TEAP «p,   Tracking error angle, 
pitch 

rad Seeker 

V(26 )    TEAY «y,   Tracking error angle, 
yaw 

rad Seeker 

V(27 )    UN v,   Seeker elevation gimbal 
angle 

rad 

V(28 ETA H,   Seeker azimuth gimbal 
angle 

rad 

V(53 WX "x \ 

V(54 WY 
.    ' Missile body rates in 
V     autopilot axes 

rad/sec Autopilot 

V(55 WZ »i  ) 
V(56 DWX w^  | Scalar components of 

V(57 DWY 
.     missile angular 
Y   i acceleration in auto- 

rad/sec Autopilot 

V(581 DWZ oj^   ' pilot axes 

V(59) AX Ax Propulsive and aero- 

V(601 AY A« Ay 
dynamic acceleration 
components autopilot 

g's Autopilot 

V(61) AZ Az 1 axes 

V(62) VX Vx Missile velocity 
V(63) VY V; 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 -2^ , Half the seeker field of view rad 

C(14) GK K   ,  Guidance gain 
ß 

TJ^,   Tracker time constant 

g's/deg/sec 

C(15) TAUAP sec 

I      C(16) OMEGAL ilrit  Precession rate limit rad/sec 

i      C(17) Cl Seeker drift term rad/sec 

|      C(18) C2 Seeker drift term rad/sec            1 

i      C(19) C3 Seeker drift term rad/sec/g       [ 

C(20) C4 Seeker drift term 

C(21) C5 Seeker drift term 1/sec                 I 

C(22) C6 Seeker drift term 1/sec 

1      C(23) C7 Seeker drift term sec 

C{24) C8 Seeker drift term sec 

C(25) C9 Seeker frift term rad/sec/g       ■ 
C(26) CIO Seeker drift term rad/sec/g 

C(27) Cll Seeker drift term 1/sec/g 

C(28) C12 Seeker drift term rad/sec/g^ 

C(29) C13 Seeker drift term rad/sec/g^     j 

1       C(30) C14 Seeker drift term rad/sec/g 

C(31) C15 Seeker drift term rad/sec 

C(32) C16 Seeker drift term rad/sec 

C(33) C17 Seeker drift term rad/sec/g 

C(34) C18 Seeker drift term 

C(35) C19 Seeker drift term l/sec 

C(36) C20 Seeker drift term sec 

C(37) C21 Seeker drift term rad/sec/g 

C(38) C22 Seeker drift term rad/sec/g       I 

C(39) C23 Seeker drift term rad/sec/g^ 

C(40) AK1 Kj,   Tracking loop velocity gain 1/sec 

54 



TABLE X.   SEEKER (MSEEK) SUBROUTINE (CONCLUDED) 

Name Quantity Units 

C(41) TG Gimbal preload g 
C(42) Drift control,   set to 1 .0 to include 

drift 

C(109) "N 

C(110) 

C(lll) 

C(112) > Not used 

C(113) 

C(114) 

C(115) J 
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TABLE XI. TRACKER GLOSSARY OF TERMS 

Name Quantity Units 
Coordinate 

System 

V Array 

V(17) A     ,   Elevation maneuver command zc g Autopilot 

V(18) A     ,  Azimuth maneuver command yc g Autopilot 

V(22) R   ,  Seeker boresight range ft Seeker 

V(25) e   ,   Tracking error angle,   pitch rad Sepker 

V(26) €   ,   Tracking error angle,  yaw rad Seeker 

V(112) TEA YD Tracker   error yaw 
RKAMG 

deg 

V(113) TEAPD Tracker   error pitch 
RKAMG 

deg 

V(116) VSYP - Tracker  output signal 
Pitch 

deg/sec t' 

V(117) VSPP - Tracker  output signal 
Yaw 

C Array 

deg/sec 

C{142) SK Torquer gain coefficient V/deg/sec 

C(143) AKT - Tracker gain constant Isec 

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  pitch 

sec 

C(149) TLGP - Tracker   filter   lag   time 
constant pitch 

sec 

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

sec 

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

sec 

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) ^t  Seeker azimuth gimbal angle rad 

V(53) i 
wv 1 

V(54) 
X 
1 

"y 
Missile body rates in 
autopilot axes 

rad/sec Autopilot 

V(55) »i 
V(56) 

Scalar components of 2 
V(57) . 1 missile angular accelera- rad/sec Autopilot 

V(58) 
y tion in autopilot axes 

V(59) A' 
X Propulsive and aerodynamic 

V(60) A' acceleration components in g Autopilot 

V(61) 
y 

A' 
z 

autopilot axes 

V(85) DE Total yaw precession rate 

V(86) DE} CS    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) GIN Integral forcing function 
cross-coupled equation 1 

V{95) G2N Integral forcing function 
cross-coupled equation 2 

V(96) FF5 '       Forcing function yaw axis 

V{97) DEE '       Derivative forcing function 
yaw axis 
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TABLE XII.    GYRO GLOSSARY OF TERMS (CONCLUDED) 

Name Quantity Units 
Coordinate 

System 

V(98) 

V Array (Continued) 

FEXS       Forcing function pitch axis 

V(99) DFEXS    Derivative forcing function 
pitch axis 

C Array 

C(116) 35 - Gryo motor speed rad/sec 

C(117) K2T - Precession   torque 
coefficient 

gcm/V 

C(118) Dump program control   logic B = 0 

C(119) - Rail control   logic S = 1. 0 

C(136) GNUT - Program   logic   control - 
W/O-0,   W = 1,0 

C(137) DFR Coulomb   friction drift 
factor 

Dim 

C(138) DST Spring   torque  drift factor Dim 

C(139) DSU Unbalance drift   factor Dim 

C(140) DAN Anisoelastic  drift  factor Dim 

C(141) DDU Dynamic unbalance  factor Dim 

C(153) CF1 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(I06) i 0) 

For 

C(103) < RXS S 8.35* C(I03), 

ERY   ■ 

ERZ 

 H*RXS  
C(103)* C(105)* C(106) 

 -Z;::RXS  
0(103)* C(105)::: C(106) 

Apparent target motion 
is y and z earth axes 

Otherwise 

ERY   ■   ERZ   ■   0. 

Where 

H 

Z f2(a) 

functions  fj   and  f^  are described by 
function generators   1A and   IB 

and 

or 

a   =   0(104)* w -0.563   +  %2.45 - 2.42 
/        C(103)\ 
V "   Rxs / 

a   =   0(104),  whichever is smaller 
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TABLE XIV.    SUBROUTINE GWAND USED TO SIMULATE 
TARGET MOTION 

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

yT is target displacement in the positive earth fixed Y 
direction 

yT - vf [t-T(l .e-t/T)] 

yT - vf (l-e-t/T) 

yT   --   a e -t/T 

Where 

a =   C(103)* 32.2,   initial target acceler ation 

Vf 
■   0(104), final target velocity 

T =   Vf/a 

t =   time measured from the point when boresight range equals 
C(105) 
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TABLE XV.    SUBROUTINE GWAND FORTRAN LISTING 

% rOKTRAN   DECK 
rwiND AIM   POINT   WANDER hANDOQlO 

SIIPHOHTINE   CW4MlMKXS.FRV.FR2) »ANUOOZO 
COMMON   /SSAMl/   kPAD.nfeLT.AUIOI.TlME 
COMMON   /SSAI'?/   V      (2S0),r      (250),C     <250) 
TOUIVAlkNCE    (C(lflJ).Rr),(C(lJ4),A),lC(l05).PLüTK),    (C(106 ).PHOTUK)WANUU050 

r   If   roiMHS   SET   TO   U,   THli   SUHROUIIKE   WILL   HE   BYPASSEU WAN00n6U> 
C    IF   <:(10ft)|S   NON   O.AIM   POINT   UANIiEH   h|LL   BE   S|HULATEO WAND0070 
C   IF   C(U)h>IS   SET   TO   o,    TARUET   MOTION   UIU   HE   SIMULATED   HHEHE hANDOOSO 
C 1)   C<10J) = IN1 UL   TAHQt-T   ACCIL.   IN  OS hANüqu90 
c 2) ronosriNAi  TARGEI VELOCITY IN FPS UANDOIOO 

C     3) r:(in5)sSbEKER MNft AT STAHT OF IARGET NOTION hANDOllO 
C TARHET MOTION ObFTS THE FOLLOWING EQUATIONS WAND0120 
C     DDY= A»EXP(-T/TAIJ) WANU0130 
C     nY= T»A«(l-lXPC-T/TAU)) WiNU0V4ü 
C     Y= I«A (T-TAll«(l-EXP(-T/TAU))) WAND0150 

IF («I »n.RQ.O.OGO TO $0 MAND0160 
r,X = l'I.OTK»PHÜTUK»HF WANU0170 
EKYsO.O hANUOlBO 
hKZ=0.0 WANU0190 
SNtsn.O WANU02Ü0 
CALL FGENK I4,SM.H.-1) WANIJ021 
CAM FGENKin.SHA.Z.-l) WAND022 
IF (C(in3).t0.n.O) GO TO 100 WANU0230 
RTSl=8.o5»RF WANU024U 
AC-J2.2»C(1U3) WANU0250 
TAC=C(t»4) WANDU260 
TAII=TAC/AC WAND02/D 
GO 10 1X0 MANÜÜ260 

50 IF (r(lU3).FQ.0.0) GO TO 100 WANDQ290 
IF (C(lli6).EO.0.n) GO TO 200 MND0300 
IF (PXS.GT.HTSD UO TO 100 WANU0310 
IF (RXS.LT.KT)   GO TO 100 WANUÜ32U 
RIIOsd.li-RK/RXS) WAN0U330 
SMA = A*(-.5A3*S0f!T(2.45-2.42«RH0)) hANU0 34 0 

, IF (SNA.GT.A) SHA^A WANOU )50 
CALL FGEN1(IA>SHA.H.-1) UANO0J6 
CAI L rr.ENK IB.SMA.Z,-1) bAN0U37 
fRY=H»RXS/GX UANOOaeO 
FH2=-Z«RXS/GX   , UAN00390 

100 RETURN kANDMOO 
200 IF (RXS.LT.C(105)) 60 TO 250 HAN00410 

ISTART=TIME UANO0420 
CALL IMF (RXS.pf'XS.RXSO) WANU0430 
CALL SPTEST(-HXS,-DKXS.-C(109)) WAND0440 
00 TO 100 UANDM^O 

250 TTT=TIHE-TSTAHT WAND0460 
ERY=TAC»(TTT-TAU«(1.0-EXP(-TTT/TAU))) WAND0470 
GO TO 100 bAN00480 
END WANUÜ490 
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TABLE XVI.    JUBROUTINK AUH l-'OUTUAN LUTING 

KFAD.DH l«*UTOI.I|HI 
(291) 

H 
g 

).(v(? ),nAc 
).(V(   6).HP 
)><V(1ll>.V/H 
».(Vd-t ».AXM 

>.(^(2^I.KXS 
).(V(/AI.THAY 
).<«(jni.KY 

).(V( Ji.ncc 
).IV(   /).DV 
),IV(II ).UX 
t. I V (1 •>). A T H 
),(V(1V).VAU 
>,<V(?J),«YS 
).(V(?/),S»:0A 
).(V«.U ),GI AC 

« »ni»T(»AN   HECK 
CARM ClilOANCh   I AW   MaHIMCAIIUM 

SIMIfUIITINt AMU 
CüPHOM /&SAH?/ 
COMhON /SSAMl/ 
EUIIIVAI I NCE 

(V(   D.AI.T 
(V(   '^.OA 
(V(   »l.VYH 
(Vd.ll.Ml 
(V(l/).AZCMn 
ivitt>*^irtfN 
(V(?'>). IhA»' 
(vcxn.Kx 
<V(.Vn. ALPHA 

I   (V(37>.VyE 
•f    (VI11 ). AM 

•> (v(i>»).nnvi; 
f>   «VI'i.O.MXP 
/ (vcin.mivi' 
H    (V(All.A^P 
HuiiivM i-Ncn 

I  (C (1 »9 >. rs i ou > • < t; ( u u >. OH >. (c (u i) • AK s I QP > 
ii (KFAn.f'i.o.» m TO i« 
PS I I'M-0. 

in   |t»W(iK-.St f;A«'>7.9'''>/(l»C«7J 
n   if HHit^.r.i .u.ii) OKHKSO.O 
CAM   mi   (Fi'Kiip.ni..on ) 
CMI    I AU   (UM .HI .illAäl .HUS>N.III<ur,.C(a).l)UHIIIlH 
ni'sii'sA/rnn/iMiA) 
CAM     IN II MniPSII'.iKIHl.DtlHP.I'SIP.PSlPN) 
I'Mlifl'sl'SW-l'SII'O 
I»d'Sini p.LI .u.) psm P»«. 
Ani^A/rMU-ni'^AkbioptHMiirp 
*i;Y-»rcMii»r(?ti) 

■ll»   AOI^MM'-lllASr'lMA)»       ICI9» 
If    (Kt AH.I U.O. )   (Id   10   90 
ACP-H. 
AI:Y:O. 

•><»   JJFTMRH 
END 

). ( *(.H ). Al. I'HAP).1Y I.I'>). ALPHA r 

).(V(.ilU,V^F »,(V(.«,O.0 
). (V('t?>.ACP I.IVM.D.ACY 
). ( Y(1<S).I>M7 ).( VM/).IIIIAC 
). (V (•>>)). I SHI SS>. (V Cil ).YS>1IS''1 

»,(V<«>4).WY|' ).(VI'>,>),M/P 
I*l«f%tl*»ift9 >.( VI*>V),AXP 
).(»</.? I.VXC ).( Vt(.J),VTP 

ARD 0020 

IM 0060 
I.IYC    4).PVC         ) i          »Mi un/o 
I.IVI   8).VXh         ) 1                AKII otino 
),(V(1?).WV           ) .                Akli Uli 90 
),(V(16).AZH          1 ,               AKl) 0100 
).(V(^0>,MOI.|.       > ,           AM 0110 
).(V(24).I<ZS        ) ,             AHII 0120 
>(<Vltt>*t*N     > ,              AHH 01.10 
l.(Vl.t?),üEAY      ) 1             AHii OMU 
),(<(.i6i.vxr      > AXU Ol'iO 

A Kit niAO 
>.(V(40>.VN           ) AKII II I/O 
).(VM1).|IWX          ) AKM ii mo 
).(VM8),linPC      > A Ml OIVU 
),(v('>2). itniiti •M u?nü 
) , ( Vl'.M, I1WXP       >. AKIi 0/10 
).(V<AU).AYP         li AKli il/^O 
),(V(A4).V/P         I AKIi (1230 

A 1.1) OP'jU 
AKH 0/60 
AKfl   0270 
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TABLE XVIL    SUBROUTINE BRF FORTRAN LISTING 

s 
Cbi»F 

1U 
20 

40 
50 

FORTRAN DECK 
BLIND R* 

SURROUTINE BRF 
COMMON /SSAM?/ 
COMMON /SSAMW 
EQUIVALENCE 

(V(   D.ALT 
(V(   5).UA 
(V(   9),VYM 
(V(13),HZ 
mm.AzcMD 
(V(21),PITCH 
<V(25),TEAf' 
(V(2<)).RX 
(V(33>,ALPHA 

EQUIVALENCE 
1 <V(37).VYE 

(V(41).AN 
(Vi^Sl.DMY 
(vH9).nim 
( V(S3),wxp 
(V(57).nHVP 
(V(6t).AZP 

ir (RF.An.EO.n. 
COSSIO=COS<T 
SINSI(i = SlN(T 
IF   (RXS.LT.C(9 
CALL   Dir(VMJ) 
CALL   LAr5(V<43) 
V(7!>) = V(73) 
GO   TO  20 
ACY=XXYN 
IF   IRXS.LT.C<3 
CALL   lirffK»! 
CALL   LAn(V(42) 
V<76)s-V(72)«S 
GO   TO  90 
ACPsXXPN 

RETURN 
END 

NUE   FILTER 

V     (250).f 
HEAU.DtLT.AU 

(250),C 
10T.TIME 

HRF 0010 
BRF 0020 

(290) 

(V(2   I.UAC 
(v(   6).DP 
(V(13).V/H 
(¥(14),AXM 
mm.AYCH 
(V(22).RXS 
(V(26).TFAY 
(V(3S),HY 
(V(3-4),AI.PH AP 

. (V(    U.OPC 

. ( V (    / ). 0 T 

.(VdD.UX 

.(V(t5).AYM 

.(V(lv),YAM 

.(V(2J),RTS 

.(V(27),SEGA 
,(V(31),6EAP 
, ( V(3b)<AI.PHAY 

(V(38),VZE 
(V(42),ACP 

).(V(4ft.),D IZ 
).(V(50), TStlISS 
)>(V(54 I.M/p 

)»(V(62).VXP 
o> oo ro 5 
(3)»3.J41'>9?7/180.0) 
(3)«3.1415927/)a0.0) 
))   >iO   TO   10 
.tlSIGY.DUH?) 
.DSIGY,XXili.XXYN,|iXXY.C(5>,0UM6) 

.(V(39),0 
,(V(43>,ACY 
.(V(47),DliAC 
.(V(51).YSM|SS 
. ( V(V>>.W2P 
.(V(59),AXP 
.(V(6J).VYP 

V(   4),DYC 
v(   8).VXr1 
V(12),WY 
V(16),AZH 
V(20).HOLL 
V(24).RZS 
V(28),SA(iA 
V(32),GEAV 
V(36),VXE 

V(40),VM 
V(44).DHX 
V(48),n0PC 
V(>>2>.ZSH|SS 
V(56).DUXP 
V(60>.AYP 
V(64),VZP 

)) UO TO 40 
,i)sinp.i)UMi > 
.nsiop. XXHI), x 
|NSIO«V(74)«C 

XPI«.DXXP.C(5),DUM9) 
USbIG 

BRF 
HRF 
BRF 
HRF 
BRF 
HRF 
HPF 
URF 
DKF 
HRF 
DRF 
RRF 
ORF 
BRF 
BRF 
HHF 
BKF 
BRF 
ORF 

HKF 
HRF 
BRF 
BRF 
PRF 
BRF 
BRF 
ORF 
BRF 
BRF 
BRF 
BRF 
BRF 
BRF 

0070 
0080 
0090 
0100 
0110 
0120 
0130 
0140 
0150 
0160 
0170 
0180 
019U 
0200 
0210 
0220 
0230 
024U 
0250 

0280 
0290 
0300 
0310 
0320 
0330 
0340 
035U 
0380 
0370 
0380 
0390 
0400 
0410 
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TEST      ^ = 0 
READ 

COSSIG=COS(T (3)*3.1415927/180.0) 
SINSIG=SIN(T (3)*3.1415927/180.0) 

TEST   \<C(9) 
RXS ACY=XXYN 

CALL DIF(V(43)/0SIGY/DUM2) 
CALL LAG(V(43)#DSIGY.XXY0#XXYN#DXXY,C(5)/DUM6) 
V(75)=V(73) 

<C(3) ACP=XXPN 

CALL DIF{V(42)#DSIGP.DUM1) 
CALLLAG(V(42)/DSIGP.XXPO/XXPNfDXXP#C(5)/DUM5) 
V(76)=-V(72)*SINSIG+V(74)*C0SSIG 

(^RETURN) 

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 XDC. 

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   Aerodynamic 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 XXVI. 

(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 

« FOKTttAN   DECK 
CMLC                  MAVbRICr.   AUlOPILOr PILO0010 

SnBROtillNE   IPIL"! PIL0002Ü 
CiiMfiON   /SSAMt/   KFAn.DfcLT.AUTOI.TlhE 
ruHHON   /SS4M2/   V     (250)#T     (2!)0),C      (?50) 
E<:UI VALKNCE PILO0090 

1    (V(l?).wy           ).(V(13).WZ ),(V(U),UX           ).(V(20).PHI         ><             nLUOOAU 
?    (VMXI.ACP        ).(y(14).AX ),lV(43),ACy        ).(V(2   ),DAC         ),              PILO0070 
.5    (V<3    ).0PC        ).(VM    ),DYC >                                                                                               PILOOOSO 

F'<UIVAI F.NCE P|LU0n9Ü 
1 (V(6li).AY           ).(V(61),AZ ), (V(47),DUAC      ), (V( 48), DDPC      )•              PILO010U 
2 (V(44).DWX        ).(VM5),U.O ) . ( V ( 46 ). OWZ        ). ( V( 49). DOTC      >                 PILOUUU 

E'MilVAiFNCE PILO012U 
l<r;(43).GSW         ),(r(44).    AK >.(C(49),   BJ         ),(C(46).PHIJ      )»                 PILO0130 
?(r(47),ACCUM),(cHHl.niFUM.(r(49),iYALD   ». (C<5U ). TYALO   )» riL«0140 
3(r(5i), 1 YULII   MetitlftVHI   »»ICI»i>#liAtl   ».(C(54),OPOI. IM», PILUOUO 
4(C(i>5).TPCLC   ».(C156),HSW ). ( C('J7 ), T AUACC ). (C(58 ). T AURO   ).                 PILOOIÖO 
bn(09).r.PH|J   ),(C(M1).0ALT ),<t(M),1Rl         ).(C(62),TR2        )#                riLO0l70 
6(t;((.3), HALl      ), (Clftl ),nAI 2 >> (C(6'>)>kGL         >                                                         PILU0180 

C             rt4SI    TtlPOIMill   cm)   ntStRVED   fOH   THIS   SUBRünllNE PIL0019U 
II    ( Ki Ali.m.n.o )   ill   TÜ  50 PILU0200 
r.1N = lfln.0/3.l4lt>927 PILU0210 
PKrCON»HJ PILO0220 
P'.|K=cnN»PHI I riLÜ02J0 
nt'HIKrnPHIJ'CUN PILÜ0240 
YIN1=0.0 P1L00260 
PIN1=U.U PILO0260 
PHIN=PH| PILO0270 
PiilO = PHl PILÜ02A0 
nPHI=Ü.O PILO0290 
ISWsO PILU0300 
rUL = rMLl   . PIL0031U 
PH|()=T(6>/( IRUIU.CON) PILO0320 
r i|N3r(6>/r( IRCLG*UON) PILO0330 
YIN^nsh. PILÜ034U 
hXLsP.P Pll.00390 
l;XLI) = n.O                • PtLÜU3A0 
TMETAX=n.O PILÜ0370 
1l-TAXN=0.0 PILOO30O 
iiArisn.o              , PILU0390 
AZN=0.0 PILO04ÜU 
AZlsQ.u PIL0041Ü 
PIN2=Ü.O PILÜ0420 
PIN2P=n.O P1L00430 
l,YL = n.O PILO044U 
k¥LO=n.O PIL00450 
PIN3=0.0 P1LÜ046Ü 
PIN3O = 0.0 P1I.O047U 
AYNsO.ft f'lLO0480 
AYl=0.n P1LÜ0490 
YIN? = l).n PILÜ0500 
YlN?o-n.l PiLOu&in 
kZL=0.0 P1LÜ0»2U 
U/Ln = 0.0 I'lLOOfcSU 
YIN3 = 0.(I PILÜ0540 
AZn=0. PIL00550 
nupiNsO. fiiuoibi 
AYO=n. PILO057U 
niiYIN = 0. PIL005BO 
YIN3O=0. PILÜ0590 
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TABLE XVÜI.    AUTOPILOT SUBROUTINE FORTRAN LISTING 
(CONCLUDED) 

nMi=o. PiLüOf.oo 
nH?=0. PILU0610 
nH3=0. PILOU620 
014=0. P(L006JO 
DM5=0. PIL00640 
nM6=0. PILU0690 
0M7=0. PILO0660 
0MB=0. FILÜ0670 
ONPsO. PILOn680 
DMIOaO. PlLOI)ft90 
nf11l = 0. PILOI1700 
OMlZsü. PILÜU71Ü 
GO   TO  65 PILUi)720 

B PliM/Sf 
C.              PITCH   CONTROL PIL0U;4ü 

'Jd    |F(;,BS(UX).GF.RSH)    ISWsl PILI'I)790 
IP((AX.UT.CSU).ÜR.(TIME.LT.nEADI))   CO   TO 69                                                         PILO0760 

6(1   CALL   Ulf (AZ,nAZ2,A70) PlLün77U 
CA(L   LA(i(AZ.nA27,AZ1.AZN.üAZ> lAUACC.DKl) PILO0780 
CALL   OIF(ACP.ÜACP.ArPO) PILÜ   785 
CALl    LIMKACP.ÜACP.ACCLIM.-ACCLIM PILUn790 
PIN1=AK»(ACP-AZ1) PILU08ÜU 
CALL   DIF    (PINI.UPIN.OUPIN) PILO0810 
CALL   LnLAr,(PIhl.D?IN   . P I N?0. P I h2 , PP 1 N«:. T YALI). f TALG. DM2 ) PILOOHJO 
CAI L   Lnm(P|N2,DfMfc2.niFLlH.-nirL IM PILO0830 
CALL   LAH(rtY.nwY.v!TLü.^YL.liHrL.TAUr<C.Dr3) PILUOS-IO 
CALL   LIMlT(WYL.IiwrL,.JCL.-WGL) PILÜOH50 
CALL   LDLAGCWYLO'BK.il lYL'Sn . P CN30 , P I NJ. DP I N3, TYOLD, TYhLG. DM4 ) PILÜOH60 

C P1LO0H70 
C              YAH   CONTROL PILOOflSO 

CALL   Ulf(AY.OAYY.AYO) P1LO0890 
CAI L   LAR(AY.nAYY.AYl.AYN,llAT.lAUACC.Df5> PILO0900 
CALL   OIF(ACT.nACY.ACYU) P1LÜ   905 
CAI L   LIMI r(ArY.[lACY,ACCl IM.-ACCLIM) P1LU0910 
YIN1=AK«( AYl-ACT) Pll.(J092ü 
CAI L   DIF( Y|Nl,nT|H,OiiY|N) PILUn93U 
CALL   LnLAü(Y|Ml.nriN   . YM20> YIN2,iiYIN2. TYALli.rYALG.UH6) PILUU940 
CALL   LlMT(YIN?.nYIM?.nirLl>'.-niFL If") PILÜ0950 
CAI L   LAR(UZ>n^7>UZLO, kZL. liUZL> TAUMR.DK? ) PILO0960 
CALL   I.IMI r<HZI..iiM^L.»!CiL.-UGL ) PILO0970 
CAI L   LD(.AG(MZLnopK.(i«.7L«*)K.YIN30.YIN3. DY I N3. T YOLD, TYDLG. DM8 ) PI LOO 96 0 
DPC=PIN2U»P(Nin*YlN?0 PIL0099» 
DnPC=nPIN2»nPlN3»UYIN2 PILO100« 
nYrsVlN?0*YINJ0-PIN20 PILOIOIO 
DDYCsnYIN2»nYlfß-üP|N2 PILO1020 

C PILÜ103U 
C              ROLL   CONTROL PILÜ1040 

65   ir((T|ME.LT.nEAnT).A«n.( ISU.Eu.ll) >   GO   TO   100 PlL0105a 
ZO   CALL   LAO(UX.nNX>HXLll. WXL.OWXL.TAUI'R.D^) PILO1U60 

CAI L   LlHlT(i;XL.IiWXI.,nhnLlM.-GROI.|M) PILU107U 
CALL   LAR(   0.0«   0. U. I'MIO. Pl«l N . IIPH I , ThCLG. OHIO > PILO1060 
WX1=WXLÜ»PHI0«T(21J FILO1090 
D<4Xl«nkXL*DPHl PILO1100 

90   CAI L   CRATEd.HXl.OUXl.THETAX.IElAXN.nTAX.DHll) PILDUIO 
RINlsnPHlK»^Xl»PHlK»TMET*X PI Lull 20 
ORINlaDPHIMDUXltPHIMDTAX PILU1130 
CM L   LDLAR(R|<tl.nK|Hl.nAC.DACl.DDAC.Ti;i,TR2.DH12> PILÜ1140 
IF    (TIHE.UT.nAll)   n*L = DAI.2 PILÜ1190 
CAI L   LIMI TdiAt'l.OliAC.bAL.-DAU« PILO1160 

100   CALL'DIK(AX.nAXX.UAXXO) PIL«H7U 
TAIL   SPTEST(-AX.-0AXX,-G8wl PlLUltSO 
CAI L    TTFSKüEAnT) PILU1190 
CAI L   TTESTtUALT) PILÜ1200 
RETURN PILU1210 
END P1LU1220 
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TABLE XIX.    AUTOPILOT (MPILOT) SUBROUTINE 

; Coordinate 
Name Quantity Units System 

V(2) DAC 6ac, Aileron deflection 
command 

deg Missile 

V(3) DPC 6pc.  Pitch deflection 
command 

deg Missile 

V(4) DYC 6yC,  Yaw deflection 
command 

deg Missile 

V(ll WX w
x. Angular velocity rad/sec Missile 

V(12 WY Wy, Angular velocity rad/sec Missile 

V(13 WZ u)z, Angular velocity rad/sec Missile 

V(14 AX A   ,   Propulsive and 
aerodynamic acceleration 

g's Missile 

V(20 PHI ^,  Euler roll angle rad 

V(42 AGP A     , Acceleration com- 
mand pitch 

g's Autopilot 

V(43 ACY ACy., Acceleration com- 
mand yaw 

g's Autopilot 

V(44 DWX el)   , }   Scalar, components \ 

V(45 DWY 
of missile angular 
acceleration in 

rad/sec Missile 

V(46 DWZ "«• autopilot axes 

V(47 DDAC 6ac, Aileron command deg/sec Missile 
, rate 

V(48 DDPC 6pC,   Elevator command 
rate 

deg/sec Missile 

V(49 DDYC 5     ,  Rudder command rate deg/sec Missile 

V(60 AY V 
a 

z 
Roll 

missile lateral g's Missile 

V(61 

T(21 

AZ 
acceleration 
components 

i rate bias 

g's 

rad/sec 

Missile 

Missile 

C(43 GSW Autopilot lateral channel 
activation switch level 

g's 

C(44) 

1 

AK Ka,   Lateral channel gain deg/g 
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TABUE XIX.   AUTOPILOT (MPILOT) SUBROUTINE (CONCLUDED) 

Name Quantity Units               j 

C(45 )   BJ K, , Damping gain deg/deg/sec 

BK K. , Damping gain deg/rad/sec       | 

C(46 )   PHIJ ^. , Roll channel gain deg/deg 

PHIK ^. ,  Roll channel gain deg/rad 

C(47 )   AC C LIM Acceleration limit,  lateral 
channels 

g's 

C(48 )   DIFLIM Command limit,  lateral 
channels 

deg 

j        C(49 )    TYALD T    ,   Lead time constant sn sec 

C(50 )    TYALG T ,,   Lag time constant sec 

C(51 )    TYDLD T,    ,   I-ead time constant sec 

C(52 )    TYDLG TYnTr,   Lag time constant sec 

C(53 I   DEADT Autopilot activation delay- sec 

i        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>   TAteral channel time 
constant 

sec 

C(58 TAURG TRQ,   Lateral channel time 
constant 

sec 

!        C(59 DPHIJ 0„,  Roll rate gain deg/deg/sec 

DPHIK ^K,  Roll rate gain deg/rad/sec       > 

C(60 DALT Roll channel limit change 
time 

sec 

C(61 TR1 T ,,   Lead time constant sec 

C(62 TR2 T    ,   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 
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TABLE XX.    FLIPPER SUBROUTINE FORTRAN LISTING 

% fOKTHAN    OECK 
Cn IF rumH   UlTH   THHFSIIOLD   HRIiyiSION 

SHMKOiniMt   MfLIH 
COMMON   /SSAM1/   KEAD.UELr.AUIOl.TIhE 
rOHMON   /SSAM?/   V      (?50),T     (Z!.0),C     (25n) 
EOMVALMiCE 

1    (V(   ?).DAC        >• (V(47).0»AC     l.(V(   3).DHC        ), < V < 46 ), finPC 
X    (V(    4),I'YC ). (V(49>,|)nYC      ).(V(   5).0A ).(V(    6 >, UP 
^   (V(    7).nY ) 
f'|ii| VAI. I NCE 

1    (r(97).0A|M      )>(C(9B).TAU ),(C(99).VLIM      ) ,(C(1 00 ) ,PL IM 
X   IflMI ). IHKFb) 
If  (ftrAii.EQ.n.n)  on TO in 
ni=".o 
n2 = il.O 

n-i^o.o 
urn =n.o 

ni).< = 0 .0 

IM -1 .O/tiAIN 
in   11    i THxr'J.E'l.H.O)   60   10   l*» 

r i = ( itrr-iuc-nj MGAIK1 

nn r( iinvn-iiDAC-i'Di )»rtAiN 
rv-1 \iir*:it'r,-nd )»0rtlN 
in >-i i)iiAr*ni,i'C-i,i)<?)»(}AiN 
r i=< Pre»üAC-f)J)«GAIN 
nr.i^dniYr »n!JAC-Dn.n»nAiN 
r 1 = 1 iuM-ii.>c-n4 )»OAIM 
IU '<:(nn('c-ni)AC-UD'«)»',AiN 
en TO ?u 

is IUHYC-DAC 

nn=niiY(;-iiDAC 
r?riiAr*iirc 
i>r?=iiiiACM)0PC 
F^rhvc»IIAC 
nK.T = nnY(:»i)UAC 

rr-i-nrtPOüDAC 
CAM     LAIMF) .uFi/nin.iu.nni.lAi.nui) 
CAII   vi i M i T i inn. ni. um . vi IM,-VUM) 
TAI l    Ll^l TdH.OI't .PI. IH, -PUIH) 
CM l      LAC(r2.lir?,>l20.|i2.|>li?,TAl.Dll2> 
CAM   vi in T(i)<:n.n<'.n(jz. vLif ,-VLIM) 

CM I I 11  I MUX.ni^.Pl  IU. -PLIt«) 
CAM       I.AGO'J.liFJ.M3(i.D3.Uli3. TAliDU3) 
CAM VI  I Ml M I^OM).». Ui 3. VI IM.-VLIM) 
CAM Ll'-I r(l'3'nl'3.PL|M,-PLIt') 
CAM       I AG(F1.uF4,.Ml).l)4.r04. TA],nU4) 
CAM VI IMI KDIO. D^.rtP*. VLIM.-VLIM) 
CAM L Mi H (IM. DM. PL I H,-PL IM 
C'i   10   30 

I'M   CAM LA0(Fl,nU.710./1 .nZ.TAU.DH» 
(AM UHAr<ll(/1ll,0Z.Z/] . )HPES.-IHI<ES> 
(All LPlI MZZl.LZl,    VLIM.-VLIMl 
CAM   r,MATi:(i.zzi.i)Z] .Dio.ni.oui.nu?) 
GAIL   LlMir   (ni.UOl.FI.IM.-PLIN) 
CAM    LAU(F2>nr?.Z2Ü.Z2.üZ.TAII.Dli3) 
CM t    ORAMKZXU.DZ.Z/Z.THRtS.-IHKES) 

FLIP0010 
FLIP0020 

FLIP0050 
)« FLIFOOAO 
). FLIP0070 

FLiPooan 
FLiPnn90 

>. FLIP0100 
FLIPOIIÜ 
niMiti 
FLIPU130 
ri.IP014l) 
FLIPOIÜO 
FLIPU160 
FLM,Ü17U 
FLIPOISO 
Fl Il,0190 
FLIPOPOO 
FLIP021Ü 
FLIPn220 
FLIPa230 
FLIP0,>40 
FLIP0250 
FLIPO^ÜO 
tl\P027U 
fLlP02HO 
FLIP0290 
FLIP0300 
Fl IPOJIO 
FLIPU320 
FLIP0330 
FLIP0340 
FLIP0350 
FLIP0360 
FLIP03/0 
FLlPn3«0 
FLIPÜ390 
ILIP0400 
fLIP04lO 
FLIP042U 
FlIP0430 
FLIP0440 
FLIP0450 
n IP0460 
FLIP0470 
»LIP0480 
FLIPU490 
FLIPOSOO 
ILIP0510 
Fl IP0520 
FLIPOSSO 
KIP0540 
FLIP0^$U 
rLIP0*6O 
FLIP0570 
FLIPOiSO 
FLIP0590 
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r>BLE XX.    FLIPPER SUBROUTINE FORTRAN LISTING (CONCLUDED) 

in 

C«ll    LIMlT(7Z2.lZ.VIIM.-VLIM> 
CAM.   fiMATTd. Z7?.üZ. üi?0.ri2.DÜ2,ÜUO 
CAI.l   LIMIT    (DÜ,111)2,HLlM,-PI IH) 
CALL   LAIi(r3>nf 3>7.iO.M.I)/.TAU.DIi5) 
TALI    HIAMf tSV»*t*I79i TMRfcS.-lHI<FS> 
TAU   LI^IT<7?J,17.VI1M,-VLIH) 
CAI I   r,KATK<1.77J,uZ.0<in.li.l.bnj.liU6> 
CAU   L^'n(P3.nli3.Pl IM.-CLIU) 
CAL1    I AC (f 4. Of 4.7'10. Z^. I) Z, TAU, 007) 
CAM    0RAN0(Z4O.i)Z,Z74,THReS,-THRES) 
CAM   I.|MIT(/:Z4,IIZ.VI IM.-VLlh) 
TALI    GRATF (1. Z74 >^Z. 040. M> 1)04.1)1)8) 
CALI    LIMIT(Ü4.DU4.PI.IM,-PLI^,) 
nA=.?i»(D2-n4-ni»"3) 
ni'=.5»(D2»04) 
nt:.9*(L)l»D3) 
HFTUPN 
END 

MIl'OAOO 
FLIPOMO 
Fl IP0620 
FLIPOöSÜ 
rLIP0640 
Fl IP0690 
Fl IPfl660 
FI.IPn670 
Mipnfteu 
Fl.lPn690 
FLIPUZOO 
Ft.iPmo 
H IPO/20 
Fl IP0730 
Fl IP0740 
FLIP0750 
FUP0760 
FLIP0770 
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TABLE XXI.    FLIPPER (MFLIP) SUBROUTINE 

i      Coordinate 
:              Name Quantity Units j          System 

|    V(2) DAC j      6aci Aileron deflection 
j        command 

deg |         Missile 

i     V(3) DPC 6pC ,  Pitch deflection 
command 

deg Missile 

V(4) DYC 6yC,  Yaw deflection 
command 

deg Missile        ] 

1     V(5) 
DA 6a,  Aileron deflection deg Missile        \ 

|     V(6) DP 6p,  Pitch deflection deg Missile 

V(7) DY 6y,   Yaw deflection deg Missile 

1     V(47) DDAC 6ac » Aileron command deg/sec Missile 
rate 

|     V(48) DDPC 6pc.  Elevator command 
rate 

deg/sec M'ssile        j 

i 

j     V(49) DDYC 6yC,  Rudder command 
rate 

deg/sec Missile        1 

C(97) GAIN Kff,  Servo velocity gain 1 /sec 

j    C(98) TAU Tg,  Control surface 
time constant 

sec 

cm) VLIM WJ^I  Control surface 
velocity limit 

deg/sec ■ 

\     C(100) PLIM ^L»  Control surface 
angle limit 

deg 

1     C(101) THRES 6th    Control surface 
rate threshold 

deg/sec 

Dl 5],   Control surface 
No.   1 deflection 

deg 

D2 t>2.,   Control surface 
No. 2 deflection 

deg              j 

D3 63,   Control surface 
No. 3 deflection 

deg              | 

D4              j 64,   Control surface 
No. 4 deflection 

deg 



TABLE XXII.    AERO SUBROUTINE FORTRAN LISTING 

I 

r. 
r. 

c 
C 

(ORTKAN   DECK 
Rfl MAVIRICK   «EKO 

SunkOilTINIE   KAHRO 
COMMON   /SS4H1/   K't*n.uFI.I.»U101.TlN 
COMHO1*   /SSAM?/   V 
MWIVfttfMM 

1    (V(    1 ).R(LALt),(V( 

(ü-i«».?     (2!>fl».C     (25U) 

2 (V(   H).VXH 
3 (V(l?),wy 
<    (V(J.ft).*Z 

POUUALKNOE 
2 (VM'>),m 
3 (V(41 ),AM 

POUIVMENCE 
icciyji«! 
2(':(77),TSUST 
3(r(Bl),AE 

9).DA 
).(y(   <)),VYh 
»*f«flSI«N| 
»i(V(o3),ALPHA 

)•(V(46),üW; 

).(c«74),n 
),iet7»l«FLfl 
), (C(8?)>AJXll 
). (C<f>M.AJYl 

b(i:(ri9),AHASS1l.(Ct9ll),AflASST 
0,(C(On,TSE»'AH).(o(f'?),iü1AL 

DATA   i<l)?/H1.,>915'>/ 
DATA   kTOD/b/.^Q-»?«/ 
If  (RF*D.F:0.n.n)  '.o  ro 5 
FL(IB = 1.4H2l3/(.»?.^»'<7.2'*'>78) 
SO   =   r,»D 
0=52.2 
nnv?=n/?.0 
KXB = Rli^»(XHA»/0)»«2 
AF(lb = AF/S 
Ci)NALF=?.0»xnAfl»»2/(1.0»IJ»»2> 
101 IffaN/CLTH 
nAJXl=(AJXO-AJXl )/Tt<10ST 
nAJYl = ( AJYn-AJYl )/Thi)(lST 
nfASSrCAMAS^il-AMAbSlJ/THOUSl 
T'llf sfSUSl-lHilOST 
P*JX2 = (A.)X1-A JXl )/TI>IF 
I)AJY?=(AJYI-A.IYI )/T|llF 
ri"ASS? = (ANASSI-A(1ASSI )/rniF 

5   WY72=VYM»«2»V4M»»2 
VY7 = Snf?T(VYZ2 ) 
VSOiVY7?«VXM»»2 ' 
Vi=SO«I(VSO) 
TIML=T|M»TSLPAR 
Al TsRFLALIMRlAI T 

HACH    MUHHFH 
CALL   FGrM(Il,AlT.SVFL,-l) 
AH=VM/SVtL 

AFKO'IYNAMIC   ROLL   Af'GLE.    I'MIA 
IF    (VY7.M-.U.0)   Ql)   TO   10 

CPHIA=.70711 
SPMIA:.70711 
On   TO   ?0 

10   Ct'HIAsVZM/VYZ 
SPHIAsVYM/VYZ 

AM!LF   (IF   ATTACK.   ALPHA 
20   AlPHA:ATAN(VY//VXH>*RrOD 

ALPHA?=ALPHA**2 

i (V(   6).OP 

. (V(11),AX 

),<V( 7).DV 
), < VdD.WX 
),<V(15),AY 

(V(34),ALPrtAP).<V(J*),ALPHAY) 

(V(«n),VH 

)> 
). 

(V(39).0 ) 
IV(M),CAPLAH) 

<t{/5).FSL 
(C(79),X8AR 
«(;((«3),AJX1 
( C < J 7 ), A J Y T 

).(C(76)>Tli00ST)> 
).(C(HU>,CLP ). 
).(C(H4).AJXT      ). 
),(C(aB),AHASSU). 

AFPOOOIO 
AlRO0n20 
AERO  30 

AEROOO^O 
AFRü0n60 
AFRÜ0070 
ALRuonno 
AFRUUII90 
AERUniOO 
AERÜOUO 
AFRO0120 
AERU0130 
AFRU0140 
ALKO0150 
ALRU016U 
Al HUIll 70 
At-HUOlflO 
AIRUU190 
Ar ROÜ^OU 
AFRUUPIO 
ALK0a220 
ALRUQ?3a 
AFRU0240 
AFRO0?5fl 
AFRf)0?6U 
*tRU0?7U 
AFHOnpflO 
ALRU«?90 
At f?U0300 
AlROÜ310 
AI-RUÜ320 
Ar RUUvUO 
ATRU0340 
AFRÜ03»,U 
Al»00360 
AtRUO.WU 
AFRün.lfiO 
AFRUU39U 
At HÜ04II0 
AKRUn410 
AFR00420 
AFRUU42!> 

AFRU0430 
AlRÜ0440 
AtROlM»» 
AtRU0460 
AlRUÜ470 
Al Rl)04HO 
AlRÜ049U 
AFROtlbOO 
AlROOblO 
ALR00520 
A(Runbjo 
AI.RUn^40 
AFRUOb^U 
A|-HÜ0t.6U 
AlRU0&7O 
AFRÜ0580 
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TABLE XXII.   AERO SUBROUTINE FORTRAN LISTING (CONTINUED) 

Al PHA1rMPH*2«ALPHA AfcRUO590 
ALPMAP = ALPHA*CPtir4 AFRUI)600 
ALPI'äY-ALPHA«SPH(* ALRU0610 
CAL1     flH (ALHHAP.DAlff.DALFPlI AkRUU620 
CALL   [)l» (ALPIUr.DALrY.PALrri) AfcR00630 

C AFRUOMO 
C     ri IPPEK   nEfLLCllUNb   IN  HANEtiVfEK   AXES i A(:Rn0690 

(ir = np.rPHiA-n».SpHfA AFRU0660 
PHsLYtd'HIA'DPtSPMlA AERU0670 

C AFROOASO 
C      AIXILlARr   FUNCTIONS Aft<Ü(l690 

Cl><;4PH = 1.0-b.U«i:PNlA**?«SPHIA«*2 Af RUU70 0 
SIN4PH = &.18«(ApS(CPHtA)-ARS(SPHlA))«CPHIA*SPHIA Ar ROD710 
ni)?\:nOV2/VM ACROO/20 

C AERO0730 
C      hArjPIlVFR   AXES   AEHfll'YNAMC   COEFFICIENTS AtRO074U 
r ••••••••••••••••••••••••••••« AFRO0790 
C      iMTPRHFniATE   EXPHESSIONS AERO0760 
C     C   SUf»   SMALL   MO AEROI)770 

MM AERUa/SO 
CALI    FGPNK|?,AM.SM1,N) AFHO079 
CALL   FC( Nl(I3.AM,SM?.N) AERO0B0 
CAt L    Ffil M( I4.AH.SHJ.N) AbROOSt 
CAIL   rt(ltl{|f«ifl(tlM*H| AERUO02 
C<;;MO = SMl»ALf'HA»«Sl,'2*SM3»CnS4PH)»ALPhA2   ♦   SM4»ALPHA3 AFRÜ0fi30 

C AtROOMO 
C      DELTA   C   SUM   SMALL   M AERO0H50 

CALL   FCtM(l6.AM,SH5.N) AEROOBd 
CAIL    rMNlllf*Ai>«MM«ll4 AFRO0H7 
CALL    FGHNK|fl.Ah,bM7,N) ALRU088 
nCSM=   (SM5*(SM6   ♦   SM7»CUS4PH)«ALPHA2)»DT AERÜ0B90 

C AERÜ0900. 
C      C   SIR   SMALL   NO AERU091U 

CALL    FRHNK I9.A».SN1,N) AERU092 
CALL   FGEMK lt)).AH<SN?>N) Af.R0l)93 
CiMlirCSNltALPrtA?   ♦   SN2»ALPHA3)«SIN4PH At-RO09'(0 

C Ar-RO09!>0 
C      DELTA   C   SUU   SHALL   N AhRO0960 

CALL   FGENKI11.AH.SN3.N) AERO097 
TALL   FGENK I12,A,H.SN1,N) AERU09a 
CAIL    FGt Nl( IIJ.AM.SN'J.N) AERU099 
CALI    FGHNK IH,AM.SN6.N) AERO100 
CALL   FGLNKllb.AH.SN7.N) AER0101 
CALI    FOf Nl( M6,AM,SHa,N) A(R01fi20 
0CSN=(SN3   ♦   <SN4   »   SN&»COS<HH)«ALHHA2)»DR AERÜ1030 

1   *   ((SN6   •   SN7*C0.i4PH>*ALPHA   •   SN8«ALPHA2*0T)*DA AERO1040 
C AER010SO 
C     C   SUP   NO ALR01060 

CAIL   rCCNl(|l7,AH.CNl.M) AI:ROln7ü 
CALL   FGFNK llb,AM.CN2,N) AKRU1U80 
CALL   FRFN1(I1V,AM.CN3,M) AFRÜ1U90 
CALL    rr.r.Nl(12U.AN.CM4.N) AbROllOO 
CNO=CNl»ALPHA   ♦   (CN?»CM3»C0S4PH)«ALFHA2   ♦   C^»ALPHA3 ALROlllO 

C AERU1120 
C      UFLTA   C   $UH   N AIR01130 

DCN:DOLTB»DCSH AbRUU40 
C AIRU1150 
C     C   SUB   YO ALRU1160 

CALL   FGFNK 121,A«,Yl.N) AIR(I1170 
CALL   rCbNKI22,AH.Y2.N) ALR01180 
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TABLE XXII.    AERO SUBROUTINE FORTRAN LISTING (CONTINUED) 

C>n=(n.ALPH*2   ♦   Y2»M.PHA3)»SIMPH »»:R(U190 
C MRU1200 
C     OFlI»   C   SU«   V *tR0l21ü 

0t;Y = l)UL1B»nCSN *fR01220 
C   ■ *fR012JO 
r- r «;i)B ro »LR01240 

CAM    FGtNK 12J,*M.CDM,N) »t-RU1250 
CALL   FGENK I24,AM.C2.N) *fcRUl26 
CAIL    FGf:Nl( I25,AM,C3,N) ALR0127 
CAIL  rnrNK i2;,AH,cnn.N) AfH0i2a 
CAIL   mi Ni( |2B,AM,CI'r2,N) ARH0129 

i IM ( TlhL.liT.TSUST   ).Akn.(READ.biJ.U.U))GO   10   30 AfROUOO 
CALL    FÜFNK l26.AM.CDrt.N) AFHOIJIO 
GO   TO   40 AtRU1320 

3n   cnH=0.0 AkRU1330 
40   Clir:ALT»(CnU   ♦   ALT'COFZ) A»RU134U 

Cl = rDrt   ♦   CPF   ♦   C0IUAEOS AfHO13,50 
CUn = Cl*J;2«ALPMA»C3»ALPMA2 AtRU136 0 

C AERÜ1370 
r      PFLIA   C   SIIÜ      C AfcROUBU 

BALI    FGFNK l3n.AH>C4.N) AfRUl.WO 
CAN    |T,tN.l( l31.Ah,C5.N) AKROH00 
ncr=ri»(ALP>'AP»up-ALPHAY«or)»c5«ni»«2 AERUL^IO 

C AtRUl42U 
C     C   SUM   LO Af:PO1430 

CAII    FßFMK l32>AH'.SI.t>N) ALH0144U 
CAIL   FOFMK I33.AH.SL2.N) AtROl450 
CAM     FGI.NK I34.AH,<;L3.N> ALK(ll460 
CALL    rpF.NK I33,AM.SL4,N) AfRU1470 
CAIL  r«^Xifil«**il*fi«*NI Ar-HOi4ao 
CAIL    F(il Nl( 137.AM,SL6.N) AFRO1490 
CAH    FRfNK I3",AM.SL7,N) AFROlt>00- 
CA| 1    FPlNl( I39.AM.SLS,N) ALROiblU 
CML    FnFNK 14ü,AM,SL9.N) AtRU1620 
CAIL   r8£Mlf^4l**N*tilt*NI AtRUlb3 
CLOMSL1   ♦SL2«AlPtiA   ♦   SL3»ALPHA2   ♦   SL4»ALPHA3 )»ALPHA?»S IN4PH AI-RÜ1540 

C AFROlb-JO 
C      MFI TA   C   SHI)   L ALRÜlböU 

DCI sCL'J^CSI 6*SL7»C0S4PH)«ALPHA    )• PA ♦( SL««ALPHA» ( SLV*SLln«CüS4PH )   Al RU1«>7U 
1 .41  I'HA? )»I/R , AtRUlSfiU 

IT    (( IIML.GI.ISliSi).AND.(READ.EO.n.U))   GO   TO   50 AlHUlb9U 
If    (TIH .r.T.TilODSD   SO   TO   45 A(.RÜ16P0 
AHASS=AMASSn-üMASS»TlHE ALRÜ1610 
AJYsAjVn-LlAJYl»! ME AfR0l620 
AJX = A.IX0-IIAJX1*T|ME AtR016Ji) 
GO    10   4iS AIRUln40 

4'i    miFsTIME-THOUST AKRU1650 
AMAbS=AMASSl-UMASS2«TDir AFR0166Ü 
AJY = Ajn-DA.IY2»lniF AfPOl670 
AJX = A.)Xt-llAJX2»TnlF AHJÜlftftO 

4f   AJXYs(AJY-A.IX)/AJY AIRÜ1690 
r      I.I   -   HELTA   L/LTH ALRÜ1710 

CALl    FCtNl ( Ml, 1 IMF. 1<10D,-1) AFRU1700 
CALL   FCFNM 142,IlrtE.OrnLOL.-l) ALRU1720 
CAM.   FGI NU 144,THE, THRUST.-1) AFRÜ1730 
CAM    FGLNK l4!i,ALT,PRkS.<l) ALRU1740 
IOH=(|HHUSI   »AF'lPSL-PRESjJ/AhASS ACRO1750 
GO   TO   60 At R01760 

bn   TOMsO.O ALRÜ177Ü 
6n   CAM    FfiFNK M3.At.T.K!IO,-l ) AIRIJ1780 
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TABLE XXII.    AERO SUBROUTINE FORTRAN LISTING (CONTINUED) 

C AER01790 
r    m-APn  pxt'RESSiunS ATRUIHOO 

rsiiiHrnsHu-nLOo«CHO»nKnLOL»iicsH AKRüIPIO 

rsi i:N=csNii*iiLi)n»c>n*onon)L«i.csN      .. AFRUIHZO 
irSIlHNrl-NCMDCN AhRUlB30 
rSll('Y = rYO-nCY AbR01fl40 
rsi'iic^cco+occ AfRuieso 
rsuHiscio ♦ net. ALRüIB60 

f;Nf>ALP = (:M»Al.t'HA«(CN2»CN3tCf,34PH»Al PHA»CN4) AhRI)ie7 0 
rKOrRxM.CMOALK AEROlflSO 
rMDALr = .0fl2V»C'JN*LF»CMÜALP Af:Rl)1090 

8 A(:RÜ19l)Ü 
C   * AERIJ1910 
C      AFhcnYNAMIC   COhrflClüNTS   IN   MlSSILt   AXES AF:RÜ1920 

CSllt:MH = l:SUB^•CPH|A♦CSI CN'SPHIA ALRII1930 
1   ♦   CH'jAi.F^DALFP ACRU194(I 

CSI (:Nil = t;SLCN»i;P^rA-CSHBh«SPHIA AJ Rlll9'>0 
1   -   IJHUAlF   •   RALfY AEnül960 
n'il^NHsLSOPN.CPHIA   -C5UeY»SPHIA AFRni970 
CSIihY < = nSilBY»CPIt| A   «CSIIHNvSPHIA AtRDlQSO 

C      IV*>*NI€   IMMstfUtf.   > AF.HU1990 
i.:P|.O.VSü/2.n AFHU2U00 

C A»RU2010 
C      ACCFLFKATIONS AFRU2020 

niNl   =   utS/AMASS AFRU2n30 
ri)M2   =   0»bD/AJX A»R02II40 
COCa   =   (J»SD/AJV AFRO2050 
rnx = -l)ti2V»CLP AFRU2060 
C'tY/ = -l)n2V»i;M« AtRü2n70 
tAlix = l.n/(CuX«CON2) AfcRO2fl«0 
TAIIZ   il.0/(i;nYZ«nON3) *FR02U90 
Tb=wX«AJXY*TAUZ ALRU210U. 
AXM = (:i)M»CSOBC   ♦   TOM AERU2110 
AYM = Ci)M»CSOBYB AFRU2120 
A/M = cnM«CSURHB AERO2130 
CALL   CULTiUKn.-l . fl.0.il.0.(!.G«.Gt,G7. YAH.ROLL-PI ICH) AERU214 0 
CALL   R45F(OX,liY>riZ.UXh,tiYM.(:ZM> AERU21»0 

C AERU2160 
IXsCSiWL/COX AERU2170 
CAIL  i)ir( ix,orx#^xi) AFRO2IAO 
rY = CSilRrB/CÜYZ»TS«WZ AfcR02190 
CALL   ;llF(TY.orY.DYl) AFR02200 
TZ=CSLCNB/C0YZ-1S»WY AERÜ2210 
CAII    niF(TZ.DTZ«D/l) AERÜ2220 
IF(RFA0   .EO.   U.iiXJO   TO  70 AERU2230 
TX   ■   WX AER02230 
TY   ■   MY AERÜ2240 
TZ   ■   WZ At-HO2250 
IITX   =   0.0 AERn2270 
DTY   «   0.0 AER0228d 
nT7   ■   0.0 Ab'RO2290 

7(1   nVX^AXH   r>XH*WZ«VVM-WY«VZH ALR02J00 
nVY=AYM*CYM*wx.vzi-M7»VXM AHRÜ231I 
nvZ:AZM»GZH*MY«VXM-HX*VTN At «02,120 
CALL    INfER(liVX.XXl.XX2,VXO.VXH) AERÜ2330 
CALL    INTERdWY. YYt,YY2.VYU. VVH) AbR02J40 
CAII    |NlER(liVZ.ZZl>ZZ2.VZO.VZH) AERÜ2350 
CALL   LAG   (TX.MTX.wXP.kX.DWX.TAUX.OUrX) AER02360 
CALL    LAO   (TY.UTY.HYO.kV.DUV.TAUZ.OUHV) AEH02370 
CALL   LAG   (TZ.UTZ,tfZO.WZ,DHZ,TAU2.DU*Z) AER0238« 
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TABLE XXII.   AERO SUBROUTINE FORTRAN LISTING (CONCLUDED) 

AX = AXH/G AFRO2.190 
»YsAYM/O «FHU210U 
A7=AZH/0 ALRÜ2410 
ZAPI«C(44)*C(14 )•!.414213 AFH02420 
ZAP?sC(44)»V(40UFLUB AtHü2430 
/AP3 = ?.»AMASS/(HHll»V(4»)»S) AIRU24 4U 
ZAP4=(CHlMi:NZ*CNJ»CQS4Pli)»ALPHA*CN4.ALPH*2)/(S'11«(SH2*SHJ»CÜS4PH)*| RÜ245U 

1              •4LPHA«<;M4»ALPHA2)-POLT8 AF:RU246a 
ZAP^ = SN5*(SM6*S«/»CüS4PII)»AL»,HA2 ♦tRü247ü 
CAPIAM   s   ZAP1/(ZAP2*C(4!>>-ZAP3/(2AP4*ZAP9*5;.29*>7H7)) AFRü24flO 
RFTURN ALRÜ2490 
ENH A^.Rü^^oo 
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I v«»u« w »C«C 

sr s*o 
ö  •: : 
DOVj  D I 9 
«Xß  RP^'iXBAR.O»"? 
»tCS   AE S 
COMALf    :   ^'XBAR«: (3.0-0—2) 
DM T6   0 ELTB 
DA^Xl   .AJXO-AJXT'TBOOST 
OAJVl-tAJVC-AJ'.l) TBOOST 
DMASS    AMASSO-AMASSl) TBOOST 
TOIF   TSl'ST-TBOOST 
OAJX2 ,AJXI-AJXT; TOIF 
^•».\: .Ajv i-Aj>T)/"rDiF 
DVASS:   ;AMASSI-AMASST>/TD1F 

V>Z2   WM-2'V7M-2 
V^Z   S0RT(WZ2) 
\SQ  WZ2-VXM-2 
VM   SQRT(VSQ, 

TIVE   TIW-TStPAR 
ALT   RELALT-TCTALT 

CALL   FC.EN1((1,ALT,SVEL,-1> 
AM   VW SVEL 

CPHIA   0.70711 
SPHIA   0  70711 

1 
CPHIA   VZM VYZ 
SPHIA   VYM VYZ 

ALPHA   ATANIVYZ VXMfRTOD 
ALDHAZ   ALPHA--2 
ALPHA3- ALPHA2-ALPHA 
ALPHAP-ALPHA'CPHIA 
ALPHAY    ALPHA-SPHIA 
CALL   DIFiALPHAP.DALFPOALFPl 
CALL    OIF'ALPHAY   DALFY.DALFYl) 

OT-DT-CPHIA-OY-SPHIA 
OR  DY-CPHIA-OP'SPHIA 

C0S4PH   1.0-8 O'CPHIA^^SPHIA"? 
SIN4PH   S  lfi«(ABS(CPHIA)-ABS(SPHtA)»*CPHIA'SPHIA 
002V-DOV2/VM   

NO 
CALL FGEN1(12,AM,SM1,N) 
CALL FGEN1I13,AM,SM2,N) 
CALL FGEN1(14,AM,SM3,N) 
CALL FCEN1(15,AM,SM4,N) 
CSMO   SMl*ALPHA.(SM2»SM3,C0S4PHl^LPHA2tSM4'ALPHA3 

CALL FGEN1(I6,AM,SM5,N) 
CALL FGEN1(I7,AM,SM6,N) 
CALL FCEN1(I8,AM,SM7,N) 
DCSM  (SM5»(SM6*SM7'C0S4PH>*ALPHA?r*DT 

CALL   FGENKI'J.AM.SNl.N) 
CALL   FGEN1(I10,AM,SN2,N) 
CSNO  (SNl'ALPHA2*SN2'ALPHA3)4SiN4PH 

CALL FGEM(I11,AM,SN3,N) 
CALL FGEN1(I12,AM,SN4,N) 
CALL FGENUI13,AM,SNS,N) 
CALL FCEN1(I14,AM,SN6,N) 
CALL FGEN1(I15,AM,SN7,N) 
CALL FGENldlb.AM.SNH.N) 
DCSN (SN3MSN4tSN5'C0S4PHPALPHA2>*0R 

»((SNf)'SN7,C0$4PHr'ALPHA.SN8,ALPHA2'üT>*UA 

CALL FGEN1(I17,AM,CN1,NI 
CALL FGENl(llö,AM,CN2,N) 
CALL FGEN1(I19,AM,CN3,N! 
CALL FGEN1(I20,AM,CN4,N) 
CNO  CN1'ALPHA•(CN2tCN3'C0S4PH),ALPHA2.CN4-ALPHAS 

OCN   DOLTR'DCSM 

CALL FGEN1(I21,AM,Y1,N) 
CALL FGEN1(I22,AM,Y2,N) 
CYO   (Yl*ALPHA2tY2'ALPHA3»'SIN4PH 

DCY   DOLTB'DCSN 

CALL FGEN1(I23,AM,CÜW,N) 
CALL FCEN1(I24,AM,C2,N) 
CALL FGEN1(I25,AM,C3,N) 
CALL FGENl(i27,AM,C0Fl  N) 
CALL FGEN1II2Ö,AM,CDF2,N) 

COB   0.0 

t TSUST 

CALt    rr,(NUI26,AM,CDB,N) 

CDF  AIT'<CDF1*ALT>C0F2) 
Cl   COW«CDF<COB*AEOS 
CCO  Cl ■C2'ALPHA>C3'ALPHA2 

CALL FGENUHf AM,C4,N) 
CALL FGENUIV, AM,C5,N) 
DCC   C4"(ALPH.-,   •DP-ALPHAY*DY)'C'i*DT"2 

CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL F 
CLO ISL 

•SL 

GEN1'I32,AM,SL1,N) 
GENri33,AM,SI 2,N) 
GtNll34,AM,SL3,N) 
GEN1'I35,AM,SL4,N) 
I.EN1(I36,AM,SL5,N) 
C.EN1'I37,AM,SL6,N) 
GENia38.AM,SL7,N) 
r.rNi(i3'>,AM,sLa,N) 
r,ENl'l40,AM,SL'*.N> 
GLNl'K40,AMrSL10,N) 
l-SLZ'ALPHA-SLS'ALPHAi 
4-A^PHA3>*ALPHA2,SIN4PH 

DCL   (SLS'lSLfc'SL 71C0S4PHI*ALPHA) 
'DAMSL8*ALPHA.(SL'V-SL10-COS4PH: 
»ALPHA2>,CR 

TOM   0.0 

?TSUST 



Ä 

3 
CALL rcf. SV CDB.N) 

LX"   ALT«iC, • I -AlT-CDF?! 

:i row-coi    OB**EOS 
:co ci •(:?•■■■ PM*«C3,»LPH*? 

FCtNlMSC,/'-'." C4,N! 
FCENUm.AVC^.N) 
•l'(ALPHAf"   •   ALPHAY'DV)-C5'DT"2 

VIL F&tMIC ,',AM,SL1,NI 
kLL F&ENK iAW.S' 2,N) 
»Ll FCEN1('-;,AM.SL3.N) 
ML FCENlH ^^1^,514.^) 
»LL rCCIIl<l36,AM SL5,N) 
*LL   FGENl«  • ',AM,SLb,N) 
»LL FGENU 
UL FGENli 
»LL FGLNl' 
ML FGENU- 
.0 ISLI-SL. 

AW SL7,N1 
AM.SLH.N) 

AW SL9,I») 
AV   SLIÜ.N! 

, CHA-SI 3'ALPHA2 
•SL4-A.I"-.3-AL('MA2-SIN4PH 

'SL^'iSLfc'Sl /•C0S4PH1'ALPHA) 
JAWSLH'AL! .(A-'SL'<.SL10*C0S4PH) 
MPHA^r-W 

> TRnnc, T 

< TBOOST 

AMASS   AMASSO-DMASS'TIME 
AJY   AJYO-DAJYl'TIME 
AJX   AJXO-DAJXl'TIME 

TDIF   TIME-TBCXJST 

AMASS  AMASS 1-DMASS2,TDIF 
AJY  AJY1-DAJY2'TDIF 
AJX-AJX1-DAJX2*TDIF 

AJXY   (AJY-AJX)/AJY 

CALL   FGENl(l41,TIMt,DL0D,-l) 
CALL   FGEN1(I42,TIME,ÜMDL0L,-1) 
CALL   FGEN1(I44,TIME,THRUST,-!) 
CALL   FGEN1(I45,ALT,PRES,-1) 
TOM  'THRUST'AE'(PSL-PRESI)/AMASS 

CALL   FGEN1II43,ALT,RH0,-1 

CSUBM  CSMO-OLOD'CNC>OMOLOL'ÜCSM 
CSLCN-CSN0>DL0D*CYO->0MDLOL-DCSN 
CSUBN  CNO-OCN 
CSUBY  CYO-OCY 
CSUBC  CCO-DCC 
CSUBL   CLO-OCL 
CN0ALP-CN1*ALPHA'(CN2»CN3-C0S4PH-ALPHA-CN4> 
CMQ-RXB'CNOALP 
CMDALF   D02VC0NALF'CN0ALP 

CSUBMB  CSUBM-CPHIA-CSLCN-SPHIA 
•CMDALF'DALFP 
CSLCNB  CSLCN-CPHIA-CSUBM'SPHIA 
-CMDALF-DALFY 
CSUBNB  CSUBN-CPHIA-CSUBY-SPHIA 
CSUBYB-CSUBY-CPHIA-CSUBN-SPHIA 

Q   RHU-VSO  2.0 

COM   0*5 AMASS 
C0N2-Q-SD AJX 
C0N3   Q'SD AJY 
COX  -D02V'CLP 
COYZ--D02VCMQ 

TAUX   1.0 (C0X'C0N2) 
TAU2   i .ü/iCüYiitüni3' 
TS   WX'AJXY'TAU/ 
AXM  COM  CSUBC • TOM 
AYM  COM-CSUBYB 
A/M   COM-CSUBMi 
CALL   E UL TRNIO, -1,0.0, 0.0,G,GX,GY, GZ, vAW, ROLL, PITCH) 
CALL   R45F(GX,GY,G2,GXM,GYM,GZMi 

TX  CSUBL  COX 
CALL   DIF'TX,0TX,DX1) 
TY  CSUBMB,C0Y2'TS'VV2 
CALL   DIF'TY.nTY.DYl) 
T?  CSLCNB C0Y2-TS^VY 
CALL   0IF(T2,DT2,DZ1) 

DVX  AXM-CXM-vVZ'VYM-rtY-V/V 
DVY = AYM.GYM-ax-V2M-WZ-VXM 
DVZ^AZM-GZM'VU'VXM-WX'VY ■•' 
CALL   IMER'DVX,XX1,XX2,VXC,VXM1 

CALL   INTER(DVY,YY1,YY2,VY0,WM) 
CALL   INTER,DVZ,ZZl,ZZ2.VZ0,VZMi 
CALL  LACCTX.DTX.WXO.WX.OWX.TAUX.OUMXI 
CALL   LAG(TY,DTYAVYO,WY,DWY,TAUZ,0UMY) 
CALL   LAG(TZ,OTZ,WZO,WZ,DWZ,TAUZ,DUMZ; 
AXAXM/G 
AY  AYM/G 
AZAZM C 
ZAP1   C!44i-C'14)'l.414213 
ZAP2-C'44)-V'40)-FLUB 
ZAP3   2.-AMASS,'fRH0-V'40)-S) 
ZAP4  (CN1-'CN2-CN3-C0S4FH) 

■ALPHA-CN4'ALPHA2 / 
'SM1-'SM2-SM3-C0S4PH 
■ALPHA-SM4-ALPHA2l-D0LTB 

ZAP5=SMS-iSM6.SM7'C0S4FH'-ALPHA2 
CAPLAM  ZAP1/VAP2-C'4S;-ZAP^'' 

(ZAP4-ZAP5-S7.295787': 

rPLTURNJ 

Figur« 26.    Aero .Subroutine 
Flo«  Chart 
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TABLE XXIII.    AERODYNAMICS (MAERO) SUBROUTINE 

j             Name Quantity Units 
Coordinate 

System      | 

V(l) RELALT hm,  Missile altitude above 
ground 

ft Inertial       1 

V(5) DA 6a, Aileron deflection deg Missile       j 

V(6) DP 6   ,   Pitch deflection deg Missile       i 

V(7) DY 6y,   Yaw deflection deg Missile 

j    V(8) VXM Vx,  Velocity X-axis missile ft/sec Missile 

V(9) VYM V ,  Velocity Y-axis missile 

V ,  Velocity Z-axis missile 

ft/sec Missile       1 

V(10 )   VZM ft/sec Missile       j 

V(ll 

V(12 

V(13 

)   WX 

)   WY 

)   WZ 

wx 

wy 

Components of angular   1 
velocity in missile            1 
axes                                        j 

rad/sec Missile       j 

V(14 

V(15 

V(16 

)   AX 

I   AY 

AZ 

Ax 

Ay 

Propulsive and                    ) 
aerodynamic                         f 
acceleration                        ) 

g Missile 

V(33 ALPHA a,   Total missile angle of 
attack 

deg Missile 

V(34 )   ALPHAP Qp,  Missile pitch angle of 
attack 

deg Missile       | 

V(35 ALPHAY Qy,   Missile yaw angle of 
attack 

deg Missile       j 

V(39 Q q,  Dynamic pressure lb/ft2 

V(40 VM Total missile velocity. ft/sec 

V(41 AM Missile Mach number 

V(44) 

V(45 

V(46] 

DWX 

DWY 

DWZ 

hi X 

"y 1 
wz   ' 

Scalar components of      j 
missile angular                  f 
acceleration in 
autopilot axes                       ' 

rad/sec Missile 

C(73 S S,  Missile ref. area ft2 

C(74 D d,  Missile ref. diameter ft 

C(75) PSL Pgj^,  Sea level pressure lb/ft2 

C(76 TBOOST tu,  Booster burn time sec 

C(77) TSUST t   ,  Sustainer burn time 
9 

sec 

C(78) ELTB           1 1TB,   Tail length (burnout) ft 
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TABLE XXIII.   AERODYNAMICS (MAERO) SUBROUTINE (CONCLUDED) 

Name Quantity Units 
Coordinate 

System 

C(79) XBAR X,  eg to control surface 
trailing edge distance 

ft 

C(80) CLP C]   ,  Roll damping 
coefficient 

1/rad 

C(8]) AE A   , Nozzle exit area ft2 

C(82) AJXO Jxo,  Launch roll inertia slug-ft 

C(83) AJX1 Jxl,  End-of-boost roll 
inertia 

slug-ft2 

C(84) AJXT Jxt,  End-of-sustain roll 
inertia 

slug-ft2 

C(85) AJYO Jyo,  Launch lateral inertia slug-ft2 

C(86) AJY1 Jy], End-of-boost lateral 
inertia 

slug-ft2 

C(87) AJYT Jytl End-of-sustain lateral 
inertia 

slug-ft2 

C(88) AMASSO M0,   Launch mass slugs 

C(89) AMASS 1 Mi,  End-of-boost mass slugs 

C(90) AMASS T Mt,  End-of-sustain mass slugs 

C(91) TSEPAR Burn time prior to launch sec 

C(92) TGALT Target altitude ft Inertial       j 
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TABLE XXIV.   AERODYNAMICS SUBROUTINE 

Intermediate Expressions (A) 

A 
CI    = CDW 

+ (CDF1   f CDF2 h) h +    CDB   s' 

5T   = 6p cos 0a -   6y sin 0a 

6R   = 6ycos ^ + 6psin ^ 

cos 1 40a   ■ cos (40 )   =    1-8 sin    0   cos    0 
3.                                                   a                        a 

sin 40     = S.18 (   cos 0       -     sin 0    ) cos A    sin <t> 
'a                 ra             ^a           a 

Secondary Expressions (B) 

C mo 
■ m.a-    f (m? + m, cos 40   ) o    f m.  o 

CNo = NjO   + (N2 + N3 cos 40a) Q
Z
 f N4 a3 

AC 
m = (m5 + ( m,   ♦ m_ cos 40 ) a  )  6T 

C 
no 

= I«,  a2 + n. a ) sin 40 

C 
yo 

= 2 + y:>o)sin4^ 

AC 
n = (n3 + (n 4 +n5 cos 40a) a  )  6R Min^ + n7 cos 4 0a)  a + ng a    6T)6a 

C 
CO 

= Cj + C Za   +C3*2 

AC 
c 

= (C4a   | C-  ß-p)  6_, 

*o 
= (1, + i 2a   +   i3 a

2 +   i4 a3) o2 sin 40a 

ACj = («5 "Ml 6 + l7 cos 40a) oOoa+dgO- Hl9+  i10cos 4?ia)a2) 6R 

d 
2V Cmä 

= 
ZV (Nl 

+ a(N2 + N3 cos 40a + oN4)) ("^y ) 
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TABLE XXIV.   AERODYNAMICS SUBROUTINE (CONCLUDED) 

Primary Expressions (C) 

:     ■ c      -^c     ♦ 
m mo       d      no 

:    = c      + ^- c     + 
n no        d      yo 

(i - JtL) Ac 
\ TB/        * 

\ ' TTB) ACn 

N No       lTB m 

C      =   C        -   7 
y        y»     * 

AC 
TB 

n 

C      =   C       + AC 
C CO c 

Cl    =   Clo + ACi 

TABLE XXV.   AERODYNAMIC COEFFICIENTS IN MISSILE 
BODY AXES 

mb = 
  

C      cos A   + C    sin 6 m          wa        n         ^a 

C   u nb 
■ C    cos ^    - C     sin ^ n          ^a         m         ^a 

c u yb 
■ Cy cos *a + Cn sin *a 

CNb = C,T cos ^    - C    sin ^ N          ^a        y         ^a 
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TABLE XXVI.    EQUATIONS OF MOTION IN MISSILE BODY AXES 

V      =aic+g+—   +wV     -wV 
x mcBxm zy yz 

V      =^C,+g+wV-ojV y m      yb     e,y        x   z        z   x 

V      -   ^- C...   + g    + w   V     -  oj   V 
z m     Nb        z        y   x x   y 

%=tlc.^c(A[t(^ 

y J     j     mb       ZV    y   mq   y m Ät 4*r) 

W    CO 

y ■ 

Jz " Jx 
\-~—-   lOJ   w 

J I      Z    X 

00 = ail j c , + ^  /c   M z J     J     nb     ZV     I   mq   z m »*P) M^^- — J I    x   y 

J       =    J 
y z 
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TABLE XXVII.   FUNCTION GENERATORS IN AERODYNAMIC 
SUBROUTINE 

FGENNo. Input Output Symbol Units 

I       1 ALT SVEL Sonic velocity ft/sec 

I      2 AM SMI m, 1/deg 

I      3 AM SM2 m2 
1/deg2 

I      4 AM SM3 m3 1/deg2 

I      5 AM SM4 rn4 
1/deg3 

I      6 AM SM5 m5 
1/deg 

I      7 AM SM6' rn6 
1/deg3 

I      8 AM SM7 m7 1/deg3 

I      9 AM SN1 nl 
1/deg2 

I    10 AM SN2 n2 
1/deg2 

I    11 AM SN3 n3 
1/deg 

I    12 

I    13 

I    14 

AM 

AM 

AM 

SN4 

SN5 

SN6 

n4 
n5 
n6 

1/deg3 

1/deg3 

1/deg2 

I    15 

I    16 

AM 

AM 

SN7 

SN8 

n7 
n8 

1/deg2 

1/deg4 

I    17 AM CN1 Nl 
1/deg 

I    18 AM CN2 N2 
1/deg2 

I    19 AM CN3 N3 
1/deg2 

I    20 

I    21 

AM 

AM 

CN4 

Yl 

N4 
Yl 

1/deg3 

1/deg2 

I    22 AM Y2 Y2 1/deg3 

I    23 AM CDW CDW - 

I    24 

I    25 

AM 

AM 

C2 

C3 

C2 
C3 

1/deg 

1/deg2 

I    27 AM CDF1 CDF1 
1/ft 

1/ft2 
I    28 AM CDF2 CDF2 
I    26 AM CDB CDB 

1/deg2 
I    30 AM C4 C4 

AM C5 C5 
1/deg2 
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TABLE XXVII.    FUNCTION GEN KU A TORS IN AERODYNAMICS 
SUBROUTINE (CONCLUDED) 

FGEN No. Input Output Symbol Units 

I    32 AM SL1 «1 1/deg2 

I    33 AM SL2 
'2 

1/deg3 

I    34 AM SL3 
^3 

1/deg4 

I    35 AM SL4 
'4 1/deg5 

I    36 AM SL5 h 1/deg 

I    37 AM SL6 
'6 

1/deg2 

I    38 AM SL7 h l/deg^ 

I    39 AM SL8 H 1/deg2 

I    40 

K    40 

AM 

AM 

SL9 

SL10 
'9 
'io 

1/deg3 

1/deg3 

I    41 TIME DL0D A//d — 

I    42 TIME 0MDL0L 1   - AI/ITB — 

I    44 TIME THRUST Rocket motor thrust lb 

I    45 ALT PRES Ambient pressure lb/ft2 

I    43 ALT RH0 Air density slug/ft3 

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 XXVIU.    MASTER GLOSSARY,   V ARRAY 

Coordinate 
Name Quantity Units System 

V(l) hm,  Missile altitude above ground ft Inertial 

V(2) 6    ,  Aileron deflection command ac deg Missile 

V(3) 5 ,   Pitch deflection command pc 
6 ,   Yaw deflection command yc' 
6  , Aileron deflection 

deg Missile 

V(4) 

V(5) 

deg 

deg 

Missile 

Missile 

V(6) 5 i   Pitch deflection 
P 

6 ,  Yaw deflection 
y 

V  ,  Missile velocity X-axis 

deg Missile 

V(7) deg Missile 

V(8) ft/sec Missile 

V(9) V ,  Missile velocity Y-axis 
y                        y 

V ,  Missile velocity Z-axis z 

ft/sec Missile 

V(10) ft/sec Missile 

V(ll) u  ,  Angular velocity rad/sec Missile 

V(12) w , Angular velocity rad/sec Missile 

V(13) w  ,  Angular velocity z rad/sec Missile 

V(14) Ax,  Propulsion and aerodynamic 
acceleration 

g Missile 

V(15) Ay,  Propulsion and aerodynamic 
acceleration 

g Missile 

V(16) Az,  Propulsion and aerodynamic 
acceleration 

g Missile 

V(17) A     ,   Elevation maneuver command zc g Autopilot 

V(18) A     .  Azimuth maneuver command yc' 
4»,  Euler yaw angle 

g Autopilot 

V(19) rad 

V(20) ^,  Euler roll angle rad 

V(21) 9,  Euler pitch angle rad 

V(22) R   ,  Seeker boresight range ft Seeker 

V{23) R  , Seeker lateral range 

R   , Seeker normal range 

ft Seeker 

V(24) ft Seeker 

V(25) t   ,  Tracking error angle,  pitch z rad Seeker 

V(26) c   ,  Tracking error angle,   yaw rad Seeker 

V(27) 
7 

v,  Seeker elevation gimble andjle rad 

V(28) Ti, Seeker azimuth gimble angle rad 
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TABLE XXVm.    MASTER GLOSSARY,   V ARRAY (CONTINUED) 

j    Name Quantity 1      Units 
Coordinate   i 

System 

I   V(29) Ri, Horizontal longitudinal range 
component 

j    ft Inertial           | 

V(30) Rj,  Horizontal lateral range 
component 

1    ft Inertial           1 

V(31) e     ,   Gate error angle,  pitch 

«     ,   Gate error angle,  yaw 

j    rad Seeker 

|   V(32) j    rad Seeker             \ 

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

V(34) a   ,  Missile pitch angle of attack 

a  |  Missile yaw angle of attack 

Vj^, Horizontal longitudinal velocity 
component 

deg Missile 

|   V(35) deg Missile 

i   V(36) 
1 

ft/sec Inertial 

V(37) Vj,  Horizontal lateral velocity 
component 

ft/sec Inertial 

i   V(38) V^,   Vertical velocity component ft/sec Inertial 

V(39) q.   Dynamic pressure lb/ft2 

V(40) Total missile velocity ft/sec 

V(41) Missile Mach number 

V(42) a     ,  Acceleration command pitch 

a     ,  Acceleration command yaw 
g Autopilot         | 

V(43) g Autopilot         \ 

V(44) 

V(45) 

V(46) 

wx Scalar components of mis-      1 
sile angular acceleration 
in missile axes                               ) 

rad/sec Missile 

V(47) 6    ,  Aileron command rate ac deg/sec Missile 

V(48) &     ,   Elevator command rate pc' 
5     ,   Rudder command rate 

Closest approach at end of flight 

deg/sec Missile           j 

j   V(49) deg/sec Missile 

V(50) ft 

V(51) Range component in Y seeker axis ft Seeker              j 

V(52) Range component in Z seeker axis ft Seeker             1 

V(53) 

V(54) 

V(55) 

wx         1                                                              1 (Missile body rates in                  ( 
wy         I autopilot axes                                 ( rad/sec Autopilot         1 
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TABLE XXVIII.    MASTER GLOSSARY,  V ARRAY (CONTINUED) 

Coordinate 
Name Quantity Units :          System 

V(56) CJ' 
X Scalar components of missile 

rad/sec V(57) 1     0)' .        angular acceleration in Autopilot            i 

V(58) 1     0)' 
z 

autopilot axes 

V(59) A1 ' 
X 

■ 

Propulsive and aerodynamic 
V(60) A' 

y 
i   A' z 

t       acceleration components in      , g Autopilot 

V(61) autopilot axes 

V(62) i v X 

v 
I    y 

V(63) Missile velocity components 
'        in autopilot axes ft/sec Autopilot 

V(64) !   V z 
V(65) j   Special test variable - used as 

i       system diagnostic 

V(66) Total miss distance Miss Distance 

V(67) !   x component of range Autopilot 

V(68) y component of range Autopilot 

V(69) z component of range Autopilot 

V(70) y component of miss Miss Distance 

V(71) z component of miss 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 
blind range 

g Miss Distance 

V(76) z component of acceleration at 
blind range 

g Miss Distance 

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 XXVIU.    MASTER GLOSSARY,   V ARRAY (CONTINUED) 

Name Quantity Units 
|     Coordinate 

System        j 

V(85) DE Total yaw precession rate 

i   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 

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

V(95) G2N Integral forcing function 
cross-coupled equation 2 

V(96) FEE Forcing function yaw axis 

j  V(97) DFE Derivative forcing function 
yaw axis 

V(98) FEXS Forcing function pitch axis -   • 

V(99) 

V(100) 

DFEX S       Derivative forcing function 
pitch axis 

V(101) 

V(102) 

V(103) 

V(104) 

)        Not Used V(105) 

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 • 
RKAMG 

deg 

V(]13) TEAPD Tracker error pitch ' 
RKAMG 

deg 

V(114) TEAYS -  Tracker Z0H output 
signal,  yaw 

deg 

V(115) TEAPS -  Tracker Z0H output 
signal,  pitch 

deg 

V(116) VSYP -  Tracker output signal 
pitch 

deg/sec 

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) 9 Pitch 

V(132) DED Total precession rate, yaw 

V(133) DEXSD Total precession rate, 
pitch 

deg/sec 
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TABLE XXIX.    MASTER GLOSSARY,  C ARRAY* 

. 

Name 

L 

C(l) 

C(2) 

C(3) 

C(4) 

C(5) 

C(6) 

C(7) 

C(8) 

C(9) 

C(10) 

C(ll) 

C(12) 

C(13) 

C(14) 

C(15) 

C(16) 

C(17) 

C(18) 

C(19) 

C(20) 

C(21) 

C(22) 

C(23) 

C(24) 

C(25) 

C(26) 

C(27) 

C(28) 

C(29) 

Quantity 

Not used 

Autopilot activation time 

Blind range,  pitch 

Gate error angle/-j- V (18) 

Blind   range filter time constant 

K   ,   Angle restoration gain 

n   ,   Restoration angle bias 

To,   Angle restoration filter time constant 

Blind range,   yaw 

Not used 

Half field of view,   seeker 

K  ,  Guidance gain 

T' ,   Tracker time constant 

Precession rate limit 

C,     "N 

C-       )   Seeker drift terms 

10 

11 

12 

ai. 

Units 

sec 

ft 

mills 
g/sec 

sec 

g/deg 

deg 

sec 

ft 

rad 

g/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 

rad/sec/g' 

rad/sec/g 

*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{31) 

C(32) 

COS) 
C(34) 

C(35) 

C(36) 

C(37) 

C(38) 

C(39) 

C(40) 

C(41) 

C(42) 

C(43) 

C(44) 

C(45) 

C(46) 

C(47) 

C(48) 

C(49) 

C(50) 

C(51) 

C(52) 

C(53) 

C(54) 

C(55) 

C(56) 

C(57) 

C(58) 

C14^ 

c 

Seeker drift trfrms 

'15 

16 
C17 
C18 
C19 
C20 
C21 
C22 
C23   J 
K.,  Trackm    'oop velocity gain 

TG, Gimbal ,,   load 

Drift control v^et 'o 1 .0 to include drift) 

Autopilot lateral channel activation switch 
level 

K   , Autopilot lateral channel gain 

K. , Autopilot damping gain 

0K, Roll channel gain 

Acceleration lir .1'    lateral channels 

Command limit,  lateral channels 

sn 
Lead time constant 

T j,   Lag time constant 
SCI 

T.    ,   Lead time constant bn 
''YDLG*   ^^^ t^me constant 
Roll channel deadtime 

Roll rate signal limit 

T     ,   Time constant in autopilot 

Roll rate switch level 

lateral channel time constant 'ace 

RG 
lateral channel time constant 

rad/sec/g4, 

rad/sec 

rad/sec 

rad/sec/g 

1/sec 

sec 

rad/sec/g 

rad/sec/g 

rad/sec/g 

1 /sec 

g 

g 

deg/g 

deg/deg/sec 

deg/deg 

g 

deg 

sec 

sec 

sec 

sec 

sec 

rad/sec 

sec 

rad/sec 

sec 

sec 
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TABLE XXIX.    MASTER GLOSSARY, C ARRAY (CONTINUED) 

Name Quantity Units 

C(59) 4K, Roll rate gain deg/deg/sec 

C(60) Roll channel limit change time sec 

C(6l) T  |,  Lead time constant sec 

C(62) T _,  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) ^v 

C(67) 

C(68) 

C(69) ) Not used 

C(70) 

C{71) 

C(72) J 2 
C(73) S,  Reference area fr 
C(74) d,  Reference diameter ft 

C(75) Sea level pressure ib/ft2 

C(76) Booster burn time sec 

C(77) Sustainer burn time sec 

C(78) £TB,   Tail length,  burnout ft 

C(79) X,  eg to flipper distance ft 

C(80) 

C(8I) 

C»   ,  Roll damping coefficient 

A   , Nozzle exit area e 

1/rad 

r.2 

C{82) J     ,  Launch roll inertia 
xo 

slug-ft 
2 

C(83) J   , ,  End-of-boost roll inertia 
xl 

slug-ft 

C(84) J  .,  End-of-sustain roll inertia 
xt 

slug-ft 

slug-ft 

slug-ft2 

slug-ft 

C(85) 

C(86) 

C(87) 

J     ,   Launch lateral inertia 
yo 

J  .,  End-of-boost lateral inertia 

J  .,  End-of-sustain lateral inertia 
yt 

M   ,  Launch mass o C(88) slugs 
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TABLE XXIX.   MASTER GLOSSARY, C ARRAY (CONTINUED) 

Name Quantity Units 

C(89) 

C(90) 

C(91) 

C(92) 

C{93) 

C{94) 

C(95) 

C(96) 

C(97) 

C(98) 

C(99) 

C(100) 

C(101) 

C(102) 

C(103) 

C(104) 

C(105) 

C(106) 

C(107) 

C(108) 

C(109) 

C(110) 

C(lll) 

M.,  End-of-boost mass 
i 

M.,  End-of-sustain mass 

Burn time prior to launch 

Target altitude 

Not used 

Control surface servo gain 

Control surface time constant 

Control surface velocity limit 

Control surface angle limit 

Control surface rate threshold 

Not used 

Dual purpose input: 

Min.  range of aimpoint wander when 
C(106) i 0.    Initial target accelera- 
tion when C( 106)   =   0.    Subroutine 
bypassed when C( 103)   =  0. 

Dual purpose input: 

A, used in aimpoint wander when 
C(106)   i  0.    Final target velocity 
when C(106)  -  0. 

Dual purpose input: 

PL0TK, used in aimpoint wander 
when C(106)  i  0.    Boresight range at 
which target motion starts when 
C(106)   =  0. 

PH0T0K,  used in aimpoint wander 

> Not used 

LOS memory threshold in guidance law 

G-Bias 

LOS memory gain in guidance law 

slugs 

slugs 

sec 

ft 

1 /sec 

sec 

deg/sec 

deg 

deg/sec 

ft 
g 

ft/sec 

ft 

deg 

g 
g/deg 
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TABLE XXIX.   MASTKU QL08SARY, C ARRAY (CiONTINUL'D) 

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 (0.1 Ü00) 

C(116) 3S - Gyro rotor speed rad/sec 

C(117) K2T - Precession torque coefficient gcm/V 

CdlS) 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) 

0(131) 
C(132) 

C(133) PSIP0 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) OMEGT.F) - Precession rate limit deg/sec 

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

C(147) BIAS - Sampling rate offset bias sec 

C(148) TT.nP - Tracker filter lead time constant - 
Pitch 

sec 

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

sec 

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

sec 

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

sec 

C(152) SPOT - Tracker spot size Ft 

C(I5S) 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(l60) 
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