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FOREWORD

This report was prepared by the Industrial and
Experiment Staticn, Department of Mechanical Engineer-
ing, University of Florida, Gainesville, Florida, under
Contract No. F08635-71-C~0073 with the Air Force Arma-
ment Laboratory, Eglin Air Force Base, Florida, during
the period from 9 December 1970 to 9 December 1971,
Lieutenant Robert J. Karner (DLWG) mcnitored the pro=
ject for the Armament Laboratory.

The principal investigator for the contractor was
Dr. J. Mahig.

This report consists of two volumes. Volume I is
devoted to the Six-Degree-of-Freedom Simulation while
volume II is concerned with the Three-Degree=-of=Freedom
Simulation., This is vVolume I.

This technical report has been reviewed and is
approved.
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H. STRONG-

Acting Chief, Air-to-Sur Guided Weapons Div.
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ABSTRACT

This report describes a six-degree-of-frecdom pro=-
gram which can be used to determine the trajectory and

; miss distance of a missile system. The options for the
} ! program are such as to permit variation of the aerody-
namics, seeker, autopilot, actuator, and missile motor
performance for the purpose of accurately simulatinc a
given missile design and evaluating the effects of any
changes in system parameters. Sufficient detail has
been included in the text in order to minimize the users'

effort needed to know how to update or modify the prograr
for his purposes.
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Distribution limited to U. S. Government agencies only;

asooutnd=porereiegputns distribution limitation applied
December 1971. Other requests for this document must be
referred to the Air Force Armament Laboratory (DLWG),
Eglin Air Force Base, Florida 32542.
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SECTION I
INTRODUCT ION

The purpose of this report is to provide a ref-
erence which will enable ready access to the use of a
six-degree-of-freedom program which is capable of ac-
curately determining the trajectory and miss distance
of a semi-~active or passive guided missile. The pro-
gram is divided into convenient blocks, called modules
or subroutines, which do specific tasks: e.g., deter-
mine aerodynamic forces, seeker output, state of auto-
pilot, current value of thrust, etc. As a result, the
user will be able to easily locate the section of the
program where specific calculations are performed and
modify them or, if necessary, to add modules to achieve
other purposes.

This program has been derived from a program in
the library of the North American Rockwell Company,
Columbus Division, and is described in NR 70H-232-1
and -2. The purpose of the program was to determine
trajectory and miss distance of an air-to-air or air-
to-surface missile. This manual goes into somewhat
greater detail in identifying the variables and defin-
ing coordinate svstems than heretofore. This has been
possible because of the extensive work carried out with
the program by the author in satisfying the requirements
of this contract and information supplied by Mr. K. D.
Ehrich and P. D. Capcara of the North American Rockwell
(NAR) Corporation, The program described below has been
modified from the original version supplied to USAF by
North American Rockwell Corportion by personnel at the
Air Force Armament Laboratory to permit the considera-
tion of the effect of a random spot moticen on the miss
distance of a laser guided missile, Incorporated into
the version presented in this report are additional
capabilities which provide an accurate simulation of
the gquadrant detector, range closure, proportional lead
guidance, simplified program reset mechanism for multi-
ple runs, greater target maneuverability in air-to=-air
simulations, and a more general high freguency actuator
routine which will accept either experimental or theo-
retically derived transfer functions,

-« 1 wte .




SECTION IT
PROGRAM DESCRIPTION

2.1 Subroutines, Modules, and Tables

A complete listing of this program appears in
Section V. The program consists of three types of
subprograms:

(a) Tables of aerodynamic coefficients in block
data form.

(b) Modules describing missile subsystems,

(c) Executive subroutines and the main program.

The block data subroutines must be physically loca-
ted at the front of the program deck after the main pro-
gram for proper operation. Data is extracted from these
tables in the module Al which makes use of the table
look=-up subroutines TABLl, TABL2, and TABL3 which form
a part of the executive routines.

For each module (e.g., Al, C4) the programmer has
the option of using an associated initialization module
(e.g., C4I). These initialization modules may be used
to compute initial conditions from input data or add to
the list of state variables to be integrated. The ini-
tialization modules are executed only once at the start
of each simulated mission., It is in the modules them-
selves (e.g., C4) that the derivatives of the state
variables are computed. Time is incremented by a fixed
amount (At) after every other pass since a predictor-
corrector integration algorithm is used.

A large block common array, called C, allows the
communication of certain variables between modules and
subroutines for input/output, integration, and control
curposes.

The mathematical relationship of various modules
and subroutines are shown in Figure 1, and a corres-
ponding list of the modules is given in Table I.
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TABLE I. SUBROUTINE AND MODULE LIST SIX-DEGREE-

OF~FREEDOM DIGITAL PROGRAM

II

III

v

GEOPHYSICAL AND EXTERNAL ENVIRONMENT

G2 - Steady winds

G3 - Air data - including dynamic pressure,
density, speed of sound |

G4 = Terminal geometry - computes miss distance

G5 ~ Transformations of position and velocity
between various coordinate systems

SENSORS

Cl0 -~ Spot metion - including boresight error,
aiming error, hotspot motion, etc.

S1 =~ Seeker - Seeker performance and platform
motion

QUADET - yuadrant detector simulator

COMPUTERS

Cl - Autopilot - computes steering commands
from seeker output

C4 = Actuators -~ includes flap motion and
limits

AIRFRAME

Al ~ Aerodynamics coefficients - table look-up

A2 - Aerodynamic forces and moments - in wind
axis, includes forces and moments on.lugs
while missile is on rail

A3 - Engine - computes thrust forces as well as
c.g. shifts and mass changes.

DYNAMICS

D1 - Translation dynamics of missile - accelera-
tions in body axes are transformed into
eartih coordinates and integrated into
velocities and positions.

D2 - Rotational dynamics of missile = computes
rotational accelerations and velocities
referred to missile body axes.

[ S
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3.2 A2 = Aero Forces and Moments

Figure 2 shows the relationship between the body axis
and wind axis coordinate system. In addition, the coor-
dinate directions are shown for the posRitive direction of
the dimensionless aerodynamics' coefficients in both the
body axis system and the wind or primed axis system. The
body axis system and the wind axis system are related by
the following system of eguations:

XB X'B
YB = ¢ Y'B
Zg Z'B

The aerodynamic coefficients are functions of the
aercdynamic roll angle (¢') and angle of attack a'. It
can be seen that the angles ¢' and a' locate the wind
vector in much the same way that a magnitude r and angle
6 locate a vector in polar coordinates. With reference
to Figure 2, it is apparent that the plane containing the
wind vector is obtained by rotating the XgZp; plane through
¢' about the missile centerline (Xg axis). The wind vec-
tor is located in this plane by the angle o' measured from
the X, axis. The angles ¢' and a' are related to the angle
of atEack o and sideslip B by the following equations:

Cos a' = Cosa CosB

]

3
Sin ¢' = Sin B/(l=Cos?a Cos?B)*
where if a and R are small, one finds

a'? = a? + B2,

Since if o and 8 are small, o' will similarly be
small and it will be found that

B = a'Sing’
a = a'Cos¢’
tan¢' = B/a
al =‘¢E?:_E??







¢'A is the aerodynamic roll angle referenced to zero
with the missile flying in the + configuration. If the
missile is intended to fly in the X configuration, ¢',
equals 45° with B8 = 0. Thus, ¢' = ¢'A - 45°,

It will be found that the following relatiorships
hold with respect to ¢ and ¢'p:

Cos 4¢'p = -Cos 4¢'
Sin 4¢'p = -5in 4¢'

Cos (¢p = 45°)

Cos ¢

Sin (¢p - 45°)

Sin ¢'.

Some of the above relations can be experienced in
terms of the angle ¢'.

In order to facilitate applicatisn to the program,
Table II lists the correspondence between variable names,

commonly used aerc symbols, and their COMMON location in
the program,




TABLE II.

CORRESPONDENCE BETWEEN VARIABLE NAMES,

AERO SYMBOLS, AND THEIR COMMON LOCATION

Common Common

Name Symbol Location Name Symbol Location
CcxX Ca 1203 CLDRP Cn'/dr 1225
CcY Cy 1204 CNQ ch'/8q 1226
CZ Cz 1205 CLD Cp'/Sp 1227
CLP Cep 1206 CLMP Cn' 1228
CMQ Cmq 1207 CLNP Cp' 1229
CiNR Cnr 1208 BDEFL | 8] 1230
cL C,' 1209 cDCM Cp' (4" 1231
cH CM 1210 BDL. 6p 1232
CN Cx 1211 BDM 8q 1233
cXo Cp 1212 BDN 8, 1234
CXC CA'(trim) 1213 CDCN CN'(¢') 1235
CNPT CN'(a') 1214 CL2 CQ,(¢) 1240
cy2 Cyr (s 1215 CL3 %1 (6) 1lug 1241
cHo CM'(a') 1217 CNPU CN'(¢',a') 1244

| CN2 Cxt (") 1218 CYPU Cyr (8) 1245
CZQ CN'/éq 1219 CcMP Cm'(a',¢') 1247
CZR CN'/G: 1220 CNP Cn.(¢.) 1248
CHDOP | Cyy /0 1221 CLR ot 1249

!cma Cur/sr 1222 czp Cyo 1250
CYR Cyt /sr 1223 cyp Cy 1251
CYQ Cy./ﬁq 1224
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2.3.1 D1,D2 - Translational and Rotational Dynamics Module

The following list of symbols applies to the equa-
tions of motion which are developed in paragraph 2.3.3
for modules D1 and D2.

2.3.2 List of Symbols

m = F(t) instantaneous mass (slugs)

p = Rolling velocity = angular velocity along
X axis (rad/sec)

g - Pitching velocity = angular velocity along
Y axis (xad/sec)

r - Yawing velocity = angular velocity along
Z axis (rad/sec)

I - Moment of inertia about X axis (slug-ft)
Iy - Moment of inertia about Y axis (slug-ft)

I, - Moment of inertia about 2 axis {(slug-ft)
(I = Iy for a perfectly symmetrical missile)

U = Linear velocity along the X body (XE) axis

(ft/sec)

V= U, = Linear velocity along the Y body (Yg) axis
(ft/sec)

w=1Ug - Linear velocity along the 2 body (ZB) axis
(ft/sec)

Xp:Y¥gr2p = Airframe axis system that moves with
airframes

XerYer2e - Earth coordinates
a = Angle of attack = angle between a fuselage
reference line and the relative wind in the
Xg,Zp plane (rad)
Tan a = W/U;a=W/U
B8 = Angle of sideslip (rad)

Tan § = V/ U? + W?; B = V/U

~ g o,
c\ .

M B bl s o e




MIRE gy e

Euler angles
v,8, and ¢

g

T

CurCyrCorCr
mr-n

C'NIC'Y’C'C
C'ch'mlc'n

AX

ij
d'

¢l

¥ is the rotation about Zg, © is the
rotation about Yp, and ¢ is the 1ota-
tion about Xg in that order (rad)
Acceleration due to gravity (ft/sec?)
Thrust along Xp

Dimensionless aerodynamics coefficients
(body axes)

Dimensionless aerodynamics coefficients
(primed axes system - Figure 2)

Density (slug/ft?)

Dvnamic pressure = %pU? (1b/ft?)

Body reference cross sectional area (ft?)
Reference body length (ft)

Shift of center of gravity from a refer-
ence point along the Xp axis (ft) -
negative aft

Centrol surface deflection (rad)

Control surface deflection to give pitch-
ing motion (rad)

Control surface deflection to give rolling
motion (rad)

Control surface deflection to give yawing
motion (rad)

Dimensionless aerodynamic derivatives

Aerodynamic or wind angles of attack
(rad) - Figure 2

Aerodynamic roll angle (rad) - Figure 2
Aerodynamic roll angle (rad) referenced to

zero when flying in the + configuration.
¢'A = ¢' + 450

10




2.3.3 Equations of Motion

, The six~degree-of-~freedom equations of motion im=
plemented in the computer program in terms of the body
axes are given below*., (See Fiqgure 3 for coordinate
system orientation.)

vongitudinal Force

EFy = m{U + Ugq = Upr] = qSpC, - mgSiné + T

Lateral Force

IFy = m[d/dt(UB) + Ur - Uap] = qoS54{Cos¢'C'y -
Sing'C'y) + mgCosbSing

Vertical Force

IFZ = m[d/dt(Uu) + Upp ~ Ug) = =goS,[Coso'C'y +
Sin¢'C'Y] + mgCosbCosé¢

Rolling Moment

Ty = Iyp = qoS RICy + &/2UC P)

Pitching Moment

Iy = Iyq + (I, - I;)pr = qQSHE[Cos¢'C‘m + Sing'C' +
/20 Cpoq = AX/%(Sind’C'y + Cose’C'y) )

Yawing Moment

iNg = I;r + (Iy = Iylpg = g S, L[Cos¢'C' - Sin¢'c'm +

/20 Cnrr - 4X/2(Cose'C'y - $in¢'C'y) ]

: * UsU 0 velocity in X direction
! VAl velocity in Y direction
: W\Ug velocity in 2 direction

11
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Missile c.g.

Launch poin? ANy
(-X OOI—ZO . .

o Fixed point
target on
earth's sur-
face

Initial range, Rg

X'
Launch lugs .
zarth=-fixea
coordinate
Fin orientation systemnm
Yb

Missile body-fixed
Z coordinate system
b {looking forward)

Figure 3. Definitions of Angles and Coordinate Systems
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The Euler transformations of

¥ = p = rlos¢/Cosh + gSing/Cosb
6§ = q = gCos¢ - rsing
¢ =r =p + (rCos¢ + gSin¢) tané

The velocity, in terms of the earth axes, can be obtained
as:

X = UCos@8CosY + Ug (Sin¢SinBCosy - Cos¢Siny)
+ U, (Cos9SinfCosy + Sin¢Siny)

Y = UCosbSiny + Ug (Cos¢Cosy + SinySindsSing)
+ Ua(Cos¢SinSSinw - Sin¢Cosy)

7 =

- USiné + UBSin¢Cose + UaCoseCos¢

The Euler angles, shown in Figure 4, and the posi=-
tion of the missile in earth coordinates can be obtained
througlr an integration of the above eguations,

The block diagram of the implementation of the equa-
tions of motion and the Euler transformations are shown in
Figure 5,

2.4 Subroutine G2

This subroutine is called the wind and gust module.
This module determines the velocity and direction of the
wind. The module assumes that there is no wind above an
altitude RHW. Below that altitude the wind direction and
magnitude are assumed to be constant throughout a layer
RWINC in depth. (It should be noted that RWINC is measured

" along the line of sight. Since most missiles fly with only

small deviation from the original liue of sight, the alti-
tude increments, if needed, may be readily estimated.) Two
random variables are associated with the wind in each layer:
the magnitude and angular orientation which are considered
constant in each layer. The mean value of the wind magni-
tude is VWTE, and its standard deviation is given as S%, The
mean value of the angular orientation of the wind in a layer
is BPSIW, and the standard deviation of the angular variation
is SWl. The current value of the wind magnitude and direction
is given by VWTEV and BPSIWV, respectively. The relationship
between these mean values and the inertial coordinate system
is shown in Figure 6,

13
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Figure 6, Coordinate System Associated
with Wind and Gust Module
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2,5 Subroutine Cl0

This subroutine determines the ground plane coordi-
nates of that point in the area illuminated by the laser
beam which the missile seeker physics causes the autopilot
to consider the designated target., This distinction is
necessary since some seekers are hotspot trackers while
others are centroidal trackers. The procedure used to de-
velop this apparent target is accomplished first through
the designation of the coordinates of the illuminator
(XIL, HILL) which may eitker be on the forward air con=-
troller or on the launch aircraft. The maximum errors
generated on the ground are considered to be made up of
three parts: the maximum boresight error (BORE), the maxi--
mum pointing error (WAND), and the maximum deviation of the
hotspot from the resulting beam centroid, which is desig=~
nated as {RADIUS). Each of these variables is considered
a random variable with a uniform distribution., The re=-
sulting random variables generated are, respectively,
BEOREF, WANDF, ani SPWID.. The variables are considered to
vary independently in the XE and YE directicn and are then
appropriately summed in order to determine the apparent
target location. The coordinates of this point are desig-
nated as the variables ZLASR and YLASR., The location in
earth coordinates may be found by eguating ZLASR to XE and
YLASR to YE and setting ZE equal to zero.

2.6 Subroutine QUADET

Subroutine QUADET is called by S1 for the determina-
tion of the signal generated to the autopilot by the quad-
rant detector (Figure 7). The guadrant detector is orient-
ed such that the dead zone is in the same direction as the
fins, assuming the missile flies in the X configuration.

The subroutine determines the current size of the circular
image through the assumption that the image size increases
inversely proportional to the range of the missile from the
lagser spot. RTl is the variable designating the ratio of
the size of the current spot to its size at infinity. The
laser image on the detector is assumed to be circular. 1In
order to determine the portion of the area of each guadrant
covered by the laser image, the area of the detector is sub~
divided into LT segments. (In the current program LT is set
egual to 16.,) In order to effect a dead zone, an area round
the axis of the coordinate system equal to half the segment
width is not included in the area of the image which cover
these segments. If a portion of the laser image falls off
the assumed circular detector's surface, it is not consid-~
ered, The variable DETRID is half the instantaneous field
of view of the detector in degrees. DEFICS is half the

17
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instantaneous field of view intercepted by the image of
the laser spot on the detector. The subroutine will de~
termine if the following blind range and breaklock cri-
teria are met and print this informatien on the line
printer. The breaklock criteria is met if there is no
portion of the laser image on any of the four quadrants.
The blind range criteria is met if the image of the laser
spot on the detector exceeds 90 percent of the total area
of the detector.

2.7 Subroutine S1 {(Mcdule)

The purpose of the 81 Module is to simulate the re-
sponse of several types of seeker models and to generate
the commai s which are transmitted to the autopilot.

The subroutine will simulate the seeker response to
either a continuous information source or a sampled data
source. This is5 accomplished by setting the variable
OPTKR either to zero or one, r-spectively. I1f operating
from a continuous information source, the seek2r is as-
sumed by the module to be a proportiocnal seeker. 1In the
sampled data mode the seeker can be programmed as either
a proportional or a bang-bang seeker by the choice of the
magnitude of the variable DEFOCS. If this variable is

chosen so that it is equivalent to DELF [detector radius/LT
{in current program)], the seeker will simulate a bahg=-bang

laser seeker; whereas, if this variable is chosen so that
it is larger than DELF, it will produce a proportional
laser processor.

In the sample data mode the seeker will simulate
either a pursuit or a proportional navigation system by

setting the variable CAGE egual to zero or one, respective-

ly. 1In the continuocus information mode, corresponding
changes in the guidance law will occur. In either mode
of operaticn the PLG option may be implemented. This is
done by removing the C from the two cards following the
PLG OPTION card.

The mode of operation of the subroutine in either
mode is to initially determine the true location of the

5~ p
L 26
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target in the gimbal axis coordinate system (RXG, RYG, and
RZG) and then determine the angles the lines of sight make
with the RYG, RXG plane and the RZG, RXG planes (BEPSY and
BEPSZ, respectively, shown in Figure 8 and Figure 9j.
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The rate of pulse loss is determined by the value,
between zero and one, initially given the variable VLAZRP,
This is done by comparing a uniformly distributed random
variable [C(103)] whose range is also between zero and one
with VLAZRP. If it is greater, it is assumed that the in-
formation in the pulse is lost. If pulse loss has not
occurred, then the apparent location of the target is de-
termined in the gimbal axis coordinate system which has
resulted from boresight errors, wander, etc. Subroutine
WQUADET is then called to determine the output of the gquad-
rant detector. This output is used to generate the re-
guired gimbal rate and autopilot commands. If pulse loss
has occurred, previously generated commands (=2.g., gimbal
rate, autopilot signals) are maintained.

In addition, Appendix I shows the mechanics of the
coordinate transformation from the body axis to the gimbal
axis system for easy reference.

2.8 Cl Autopilot Module

The following high and low frequency autopilot block
diagrams are suitable representations for an autopilot
that would prove to be consistent with either a propor-
tional or bang-bang seeker. The block diagrams for each
of those autopilots are given in Figures 10, 11, 12, and
13. These systems correspond to those mechanized in the
program listing found in Section V for the low frequency
autopilot and in Appendix III for the high frequency auto-
pilot.

2.9 C4 - Actuator Module

The actuator module simulates the action : f the
actuator up to a third order system, as shown in Figure
14, which corresponds to a high frequency actuator. Under
these conditions it is capable of simulating the dynamics
of either a torque balance system whose block diagram is
shown in Figure 15, or that of the position loop-controlled
actuator shown in Figure 1l6. It will also simulate the
dynamics of an actuator whose transfer function has been
determined from hardware test data up to the third order,

The transfer function, given in general form as ex~
pressed in this module, is shown below:

= K
Al * 3° + A2 * 5% + A3 * S + A4

[}
<5C
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The transfer function for either the position feed=-

back system or the torque balance system can be brought
into the following form:

5 KyA*2 (57.3)

Te " RLIS(R IS (1S+IT + K (16+1) + (A L) /R +

KgKg57.3(15+1) ]

and similarly for the position loop block diagram.

If either the torque balance system or the position
loop control system is to be activated, then CKACT should
ve either set equal to one or zero, depending on whether
the aerodynamic tables for FMHl, FMH2, FMH3, and FMH4 are

included in the data +ables.

the maximum amplitude of the fin motion,
guency actuator equations are developed below.

Low Freguency Actuator

BDELT (1)
BDELT(2) =
BDELT(3) =

BDELT (4) =

where

The mechanization
in the Program Listing

BDELT (1)
BDELT (2)
BDELT (3)
BDELT (4)
BDELT (1)
BDELT (2)
BDELT ( 3)

BDELT (4)

DELTPB
DELTQB

DELTRB

+

ép
Sp
ép

ép

+

-+

6q
éq
6q
8q

The variable BDMAX limits
The low fre-

§r
8r
or
ér

of these equations may be found
(Section V) for the low frequency
actuator. The high frequency actuator program listing
may be found in Appendix II.
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2.9.1 Fin Deflection

A positive pitch rate (motion up) is obtained with
a negative 6gq, where

: + 8, + 8y + 48,
Gq- ! 4 -

A positive roll rate (motion clockwise about the X
body axis) is obtained with a positive §p, where
Sp = (85 = 8, + 8, - 61{
4
A positive yaw rate (motion clockwise about the Z
body axis) is obtained with a negative 4r.

A positive surface deflection is defined as a trail-
ing edge down. The surfaces are labeled by looking at the
missile tail-on, with ¢; being the upper right surface, ¢,
the lower right surface, §; the lower left surface, and §,

the upper left surface, as shown in Figure 17,

It is assumed that the surface effectiveness will be
given in terms of 8g, 8p, and d8r as a function of a' and ¢°'.
These terms will be considered as a part of the aerodynamic
coefficients given in the primed axis system.

2,10 A3 - Engine Module

As a result of various sources of error occurring in

the manufacture and assembly of a solid propellant motor,
the thrust alignment is not perfect. The coordinate syster

used in determining the misalignment the user wishes to
slmulate is shown in Figure 18,
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Figure 17, Fin Sign Conventions
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FTHRST ;

RFXCG - X Component of thrust vector with respect to
body axis in the X direction

RFYCG - Y Component of thrust vector with respect to
body axis in the Y direction

RF2CG - Z Component of thrust vector with respect to
body axis in the Z direction

FTHRST = !Missile Thrust

Figure 18, Offset Thrust Vector Coordinate System
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SECTION III

VARIABLE LOCATIONS

3.1 Variable Names, Block Locations, and Definitions

Since the proper use of this program requires that
the definition of upwards of five hundred singly dimen-
sioned variables as well as many multidimensioned be
made, it is clear that some order must be maintained in
the allocation of storage or serious programming diffi-
culties could arise. Therefore, blocks of common loca-
tion have been allocated to specific subroutines as
shown in Table III. This procedure should be continued
in the event it i3 necessary to add variables as a re-
sult of program modifications.

Of the large number of variables actually listed by
the program, only two hundred and fifty appear to be
significant in the preparation ¢+ the input or of an
aid in understanding the output., Therefore, it was felt
that they should be separately defined., This is done in
Table IV. It should be noted that the units of the vari-

v ables listed in that table should be considered to be in
@ feet, seconds, pounds, or degrees unless otherwise speci-
; fied.
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TABLE III. BLANK COMMON ASSIGNMENTS
Array Index Module
c() Name Module Description
0 - 50 Clo Unsteady Illuminator
50 - 102 G2 Steady Winds, Variable Winds
200 = 299 G3 Air Data
350 - 399 G5 Coordinate Conversion
400 - 499 sl, sl1 Seeker - Platform
800 - 899 Cl, Cl1 Autopilot
1100 - 1149 C4, C41 Actuators
1200 - 1299 Al Aero Table Look=Up
1300 - 1399 A2 Forces and Moments
1400 - 1499 A3, A3l Engine
1600 - 1699 D1, D11 Translational Dynamics
1700 - 1799 D2, D21I Rotational Dynamics

Note: Locations 1950 ~ 4310 are reserved for Executive

Subroutines, Initial Conditions, and Input=-Output Instruc=

tions.
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TABLE IV. COMMON LOCATION, VARIABLE NAME, AND DEFINITION
Common Variable
Location Name Definition
C(l) BORE Maximum boresight error
C(2) WAND Maximum pointing error
C(3) RADIUS Maximum deviation of hotspot
from beam centroid
C(4) HILL Height of illuminator
C(3) RILL Ground range of illuminator
c(s6) AISPOT 0. - Centroid tracker
l. - Hotspot tracker
c(7 AILL 0. ~ Stationary illuminator*
1. - Moving illuminator
c(8) SPOTMO 0. - No spot motion
1, - Spot motion
C(9) XSPOT X = Coordinate of centroid or
hotspot
C(10) YSPOT Y - Coordinate of centroid or
hotspot
C(ll) AIFAC 0. - Tracker on ground or on
launch aircraft
l, - Tracker on separate air-
craft
C(1l2) VILM Velocity of illuminator, Mach
number
C(18) XILL Ground range in X direction of

illuminator

*Must give HILL, XILL for input
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TABLE IV {(Continued)

Common Variable

Location Name Definition

C(51) BPSIW Mean angle of wind velocity
vector

C(52) VWTE Mean wind velocity

C(53) REW Altitude above which all the
winds are zero

C(55) SW Standard deviation from mean
angle of wind velocity vector
BPSIW

|[C(56) RWINC Shear layer of wind., Depth of
| wind layers at which wind velo-
city and angle remain constant,

C(58) SWl Standard deviation from mean wind
velocity VWTE

c{100) VWXE wind velocity (X component with
reference to the earth~fixed
coordinate system)

€(101) VWYE Wind velocity (Y component with
reference to the earth-fixed
coordinate system)

C(102) VWZE Wind velocity (Z component with
reference to the earth-fixed
coordinate system)

C(203) PDYNMC Dynamic pressure

C(204) VMACH Mach number

c(205) DRHO Air density

C(206) VSOUND Speed of sound

c(207) VAIRSP Missile velocity with respect to
air mass in earth axes

37
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1ABLE IV (Continued)

Cormon Variable
Location Name Definition
c(208) REZRO Initial altitude of the missile
!C(ZOD) R Present altitude of the missile
|
3300 | BTHT Pitch angle in degrees - 8
i
iCci32l) LPSI Roll angle in degrees - ¢
!C(332) BPHI Yaw angle in degrees = ¢
!C(356) VTOTE Tc 21 missile velocity
t
IC(BS?) BGAMH Horizontal proportional naviga-
; tion angle (degrees)
i
C(358) LGAMV Vertical proportional naviga-
tion angle (degrees)
(C(367) BALPHA Vertical component of angle of
i attack
iC(36E) BALPHY llorizontal component of angile
. of attack
FC(309) | LALPHP (@' = VBALPHA? + BALPHY?)
| total angle of attack
fC(370) LPUIF ¢' orientation of wind vector
' in roll axis
%c(371) RANCE Range
L C(372) RXBA Range (X component in body co-
: oruinate system)
FCU3T KYDA Range (Y component in body co-
i : ordinate system)
l
iv(374) KeBM kange (22 component in body co-

ordinate system)
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TABLE IV (Continued)

.

Common Variaile
Location Name Definition
Ci1377) BALPD d (BALPHA) /4t
C(378) BALYD d (BALPHY) /dt
C(375) BALPPD & (BALPHP) /4t
C(380) RANGO The distance of missile from the
laun_.n point
C(403) EZ Seeker output to autopilot (pitch)
C(407) EY Seekex output to autonilot (yaw)
C(427) BTHTG Platfc “m position (eg)
C(431) BPSIG Platform position yaw gimbal
angle (¥ )
g
C({432) RXG Range X in gimbal axes
C(433) RYG Ruange Y in yimbal axes
‘C(434) RZ3G Ranc=2 2 ir ginbal axcs
iC(435) BEPSZ Angular position of the line of
} 3ight in gimkel axes (see
C(435) BEVSY | | Figure 8)
C(437) W2 | rissile body rate W,
c(438) | wy l lirssile body rate Wy
|
C(441) | S4GBls l Pitch girbal torque bias (deg/sec)
l \
ic(442) b SYUBIS i Yaw gimbal torque bias (deg/sec)
| 1
I (a43) ! OFTKR | Optics routine
] 1
C(444) | OI'tBKL ‘ Optical breaklock
i
1C(445) uT Time at which next pulse expected
{5(446) cor Pulse rate, sampling period
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TABLE IV (Continued)

Common Variable
Location Name Definition
C{(450) TSN Acquisition gain seeker constant
'C(451) CAGE {(>0) uncaged gimbals] [(<0)
| remain in caged position]
]
1C(452) QBREAK (Brecakliock has occurred due to
l lcss of signal) (automatically
! parameterized)
C{453; ? REKLOR Range at breaklock (maximum range
7 ! at which lock-on can take place)
1C(454) } BLEDGE Half the fiecld of view
C(455) ; WEPSMX Breaklock drift rate
1 |
ic(456) |  CKekR Seeker gain
C(457) ; CrosTe Pitch to yaw friction coupling
1
iC(458) l CROSPY Yaw to pitch friction coupling
1C(460) ! GUIDE (=1 missile guidance system in
5 | cffect) (=0 missile guidance
: | system not in effect)
!C(461) SaMP Preprogrammed guidance trajectory
i (cutoff check automatically para=-
i meterized) (0 - missile uses rre-
: programmed flight path) (1 = mis~
! sile uses preprogrammed flight
i path until seeker acquires target)
Cd64) ' CGAMVS Vertical trajectory programming
constant
[ (465) CGALIS Horizontal trajectory programaiing
i constant
IC(&CB) ZLAZR Locaticn of laser spot on target in

_

X direction due to ground or air-
Lborne FAC
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TABLE IV (Continued)

EEIY SP oy T —

Common Variable

Location Name Definition

C(467) YLAZR Location of laser spot on target
in Y direction due to ground or
airborne FAC

C(468) DEFOCS Half angle in degrees of angle
intercepted by image of laser
spot on detector surface

C(469) DETRAD Half angle in degrees of angle
intercepted by quadrant detector

C(472) CKSK1 Seeker driver constant

Cc(473) VLAZRP Used in pulse loss calculation

€ (859) HLIMO Limit on 8¢ from pitch and yaw
plane (deg) (fins 1 and 3)

C(851) HLIME Limit on 8, from pitch and yaw
plane fdeg) (fins 2 and 4)

C(852) QBIAS Pitch body rate bias (deg/sec)

! (used as "g" bias)

|

C(853) RBIAS Yaw body rate bias (deg/sec)

C(855) GZ Navigation ratio for pitch plane

C(856) GY Navigation ratio for yaw plane

C(863) TaUZ Pitch guicdance lag filter
(rad/sec)

c(864) TAUY Yaw guidance lag filter (rad/sec)

C(865) TDY1 Rate loop gain switch 1 (sec)

Cc(866) TDYZ2 " Rate loop gain switch 2 (sec)

Cc(877) TAUL Guidance lead filter (rad/sec)

c(yg8) CKSK2 Seeker gain constant
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TABLE IV (Continued)
Common Variable AVW
Location Name Definition
-
C(l117) BSURF 1 5, )
C(1118) BSURF 2 8, fin deflection output
for fins 1, 2, 2, 4
C(1119) BSURF 3 8,
Ciilzo) LSURF 4 Sy J
,<ill6e0) DELTPB Gp = (= 8§,=6, + &, + 68,)/4
C(llel) DELTQB Sg= (8, + 6, + 3, +5,)/4
C(l1l62) DELTRB S = (=8, =6, + &, + 8,)/4
C(l260) CXERR Drag coefficient error
c(l201) CZERR Normal force (C',) coefficient
error
C(1262) CYERR Side force (C'y) coefficient
error
C(1263) CLERR Roll woment (C';) coefficient
error
|C(1264) CMERR Pitch moment (C'y) coefficient
; error
T(L2E5) CNERR Yaw moment (C',) coefficient
erxror
C{1300) FXBA The X component of aero force in
body coordinate system
c(1301) FYBA The Y component of aero force ir
body coordinate system
C(130%c) FZBA The Z component of aero force in
body ceoordinate system
C(1303) FMXBA The X component of aerc ~oment in
body coordinate syste
1C(1304) FMYDBA The { component of aero moment in
body coordinate system
42
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TABLE IV (Continued) ‘
Common Variable
) Location Name Definition

C(1305) FMZBA The 2 component of aero mcment

in body coordinate system
C(1306) RFAREA Missile reference area (ft?)
C(1307) RFLGTH Missile reference length (ft)
c(1308) RDELCG Center of gravity shift (ft)
Cc(1309) FMiI1 !
C(1310) FiH2

Hinge moments
C(1311; FMH 3
C(1312) FMH4
C{1313) RFXCG
C(1314) RFYCG Thrust vector displacements (ft)
C(1315) RFZCG
C{(1316) RLUG Distance between lugs (ft)
C(1317) RAIL Rail length (ft) (between rear

of front lug and end of rail)
C(1320) FMXTH X component of moment caused by i

thrust misalignments '
c(1321) FMYTH Y component of moment caused by

thrust misalignments
c(l1322) FMZTH Z component of moment caused by

thrust misalicgnments
C(1323) FMXLUG X component of moment due to lugs
C(1324) FMYLUG Y component of moment due to lugs
Cc(1325) FMZLUG Z component of moment due to lugs
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TABLE 1V (Continued)

Common | Variable
Location Name Definition
C(1l401) BALPHT The angles as indicated in
Figure 18
C(1402) LPHIT
C(1403) GNALGN (> 0; include thrust misalignment
angles)
C(1404) FCFTH Fractional increase in total
thrust
c{(1405) 2bURY Parameterized by progran
|
P C(1410) FTHRST Missile thrust
i
C{l41ll) FTiHX X component of missile thrust
C(l412) FTHY Y component of missile thrust
C(l413) FTH2 Z component of missile thrust
C{l414) CISP Specific impulse (lb/sec)
C(1415) DwWT Total missile plus propellent
wt (1lb) initial
C(l41l6) | DWP Propellent weight (1b)
C(l417) PDCGO Initial value of c.g. shift (ft)
C(l418) KDCGF Burnout value of c.g. shift (ft)
C{l419) FMIND Initial value of moment of in-
ertia about the roll axis
(slugs ft)
Cc(1420) FMIYO Initial value of moment of in-
ertia about the pitch axis
{(slugs ft)
C(l421, FLCGA Distance between launch c.g. and
rear lug (ft)
L§(1422) RLCG Present position of c.g. of missile
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TABLE IV (Continued)

Common Variable

location Name Definition

C(1496) UIMPD Thrust of the motor

C(1499) UIMP Impulse of the motor

c(le03) VXE

X,Y,Z coordinates of missile

C(l607) VYE velocity with respect to the
earth fixed coordinate system

C(lell) VZE

C(l615) RXE

X,Y¥,2 coordinates of missile

C(l619) RYE c.g. with respect to the earth
fixed coordinate systen

C(le623) RZE

c(l624) AXBA X component of acceleraticn in
body coordinate axis

C(le25) AYEA Y component of acceleration in
body coordinate axis

C(1l626) AZBA Z component of acceleration in
body coordinate axis

C(le627) AGRAV Gravitational constant

C(lez8) DMASS Current mass

C(l1629) ATHRST Target thrust

C(1630) ATURNT Maximum transverse acceleration of
target in terms of g

C(l632) VDELX Relative velocity cf missile to
target in X direction

C(l633) VDELY Relative velocity of missile to
target in Y direction

C(l634) VDELZ R:lative velocity of missile to

target in Z direction
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TABLE IV (Continued)

Cormon
Location

Variable
wame

1

Definition

C(l635)

C(le3e)

C(l6e37)

i
'C(1644)

1 C(1647)
C(1l648)
c(1lé651)
C(1652)
iC(1655)
C(l656)

C(1659)

C(1660)

RDELX

RDELY

RDELZ

ATARG

VTARG

RTXED

RTXE

RTYED

RTYE

RTZED

RTZE

VTXE

Range difference between target
and missile in the X direction of
the earth fixed cocrdinate system

Range difference between target
and missile in the Y direction of
the earth fixed coordinate system

Range difference between target
and missile in the Z direction of
the earth fixed coordinate system

Acceleration of the target
Velocity of the target

The X component of the velocity of
the target in the earth fixed co-
ordinate system

The X coordinate of the position of
the target in the earth fixed co-
ordinate system

The Y component of the velocity of
the target in the earth fixed co-
ordinate system

The Y coordinate of the position of
the target in the earth fixed co-
ordinate system

The 2 component of the velocity of
the target in the earth fixed co-
ordinate system

The Z coordinate of the position of
the target in the earth fixed co=-
ordinate system

The X component of the velocity of
the target in the earth fixed co-
ordinate system
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TABLE IV (Continued)

Common Variable

Logation Name Definition

C(les6l) VTYE The Y component of the velocity of
the target in the earth fixed co-
ordinate gystem

C(l662) VTZE The 2 component of the velocity of
the target in the earth fixed co-~
ordinate system

C{1663) VDXB The X component of the acceleration
of missile in the body coordinate
axes

C(l664) VDYB The Y component of the acceleration
of missile in the body coordinate
axes

C(1665) VDZB The 2 component of the acceleration
of missile in the body coordinate
axes

C(l666) BDIVE Initial pitch orientation of the
aircraft (missile assumed oriented
parallel tco aircraft)

C{l667) RSLANT Initial slant range

C(1668) RXO The X component of the original
launch point of the missile in the
earth fixed coordinate system

C(1l669) RYO The Y component of the original
launch peint of the missile in the
earth fixed coordinate system

C{1670) RZ0 The 2 component of the original
launch point of the missile in the
earth fixed coordinate system

Cc(l672) BPSITD The angular rate of turn of tarcet

C(1675) BPSIT The total angle through which the

target has turned in degrees

47




TABLE IV (Continued)

Corumon Variable !
Location Name Definition
' C(le76) ANGX The X component of the accelera-
tion of the missile in terms of
g witl. respect to body axes
C(le77) ANGY The Y component of the accelera-
tion of the missile in terms of
g with respect to body axes
c(1678) ANGZ The 2 component of the accelera-
tion of the missile in terms of
g with respect to body axes
C(1700) CFAllD Derivative of CFAll
{C(1703) CFAll Cosy Cos8
"C(1704) CFAl2D Derivative of CFAl2
C(1707) CFAl2 Siny Cosé
C(170s) CFA13D Derivative of CFAl3
c(l711) CFAl3 -Sinb
C(l712) CFAZ1D Derivative of CFAzl
C(1715) CFAa2l Siny Cos8 + Cosy Sin9 Sing
C(l716) CFA22D Derivative of CFA22
C{1l719) CFA22 Cosy Cos¢ + Siny Sinf Sind¢
C(1720) CFA23D Derivative of CFA 23
lC(l723) CFA23 Cos6 Sing
C(1724) CFA31D Derivative of CFA3l
C(1727) CrAa3l Cosy Sinf9 Cos$ + Siny Sin¢
C(1728) CFA32D Derivative of CFA32
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TABLE IV (Concluded)

Common Variable
Location Name Definition
C(1731) CFA32 Siny SinB Cos¢ - Cosy Sing
C(1732) CFA33D Derivative of CFA33
C(1735) CFA33 Cosé Cosd
C(1736) WPD d(wP) /4t
C(1739) ()% Roll rate of missile
C(1740) WQD d (wQ) /dt
C(1743) WQ Pitch rate cf missile
C(1744) WRD d(WR) /dt
C(1747) WR Yaw rate of missile
C(1748) FMIX
Missile moments of inertia about
C(1749) FMIY the X,Y, and 2 missile body
axes in flug-feet?
C(1750) FMIZ
C(1751) CRAD Conversion factor (from radians
to degrees)
C(1752) BPHIOQ Initial roll angle of missile
C(1753) BTHTO Initial pitch angle of missile
C(1754) BPSI0 Initial yaw angle cf missile
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3.2 Subroutine Call Seguence

The subroutine call sequence is determined by the
order in which these subroutines are identified in the
data card assembly. A data card is identified by the
program as a subroutine call by the number 2 located in
column 2. The 1identification number of the subroutine
may be called as either [MODNO(NOMOD)] or [XMODNO (NOHMOD))
by the progran. This integer must be right adjusted to
column 25 on the card. Table V shows the identification
nurwer and the subroutines called in the example problem,
If other routines are regquired, they will be found listed
with their identification numbers in subroutine AUXSUB.

3.3 State Variables

The state variables within this six-degree-of-free-
dom simulation program are defined in the initialization
subroutines (modules). These variables are id:=:ntified
through the IPL table which also defines the leocation of
the state variables., Only these variables are integrated
oy the integration routine AMRK. Other variables found
in the program which are derivatives are not state vari-
ables by this definition. A listing of the sequence num=-
ber, IPL numbers, and variable names are found in Table
VI. The listing is for the program when it contains the
high frequency autopilot and actuator.

In the event a location is defined as a state vari-
able, the following convention must be observed:

C(J + 3) State variable

then

C(J) 1s the derivative of that state variable.




S Yy

TABLE V, INITIALIZATION SUBROUTINE CALL SEQUENCE
[ (By Subroutine AUXI) (As defined by current program listing)]

NOMOD MODNO (NOMOD® SUBROUTINE |
XMODNO (NOMOL , CALL |
1, 23 G21 !
2. 24 G31I |
3. 26 G5I ‘
4. 28 siI 1
o 7 clI i
6. 10 c41
7. 2 AlI
8. 4 A3I i
9. 3 A21 }
10. 17 D11
11. R 18 D21 ’
|
i
|
i
;
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TABLE VI, STATC VARIABLES AND DERIVATIVES
NAMES AND LOCATION CODES
Seguence
NO . N IPL (N) C(IPL ()} Modulc Locataion
1. 1 424 BTHTGD sl, slI
2. 427 BTHTG SURFACE AND PLAT~
FORM
3. 2 428 BPSIGD
4, 431 BPSIG
3. 3 800 BPHISD Cl, ClI
6. 803 BFAIS HIGH FREQUENCY AUTO-
PILOT INITIALIZATION
7. 4 804 WQSDD MODULE
8. 807 WQSP
9. S 808 WQSD
10, 811 WQS
11, 6 812 WRSDD
12. 815 WRSP
13. 7 816 WRSD
14. 8l9 WRS
15. 8 820 ESUMOD
le. 823 ESUMO
17, 9 B24 ESUMED
18. 827 ESUME
19, 10 828 EZSDD
20. 831 EZSP
21. 11 832 EZSD
22, 835 EZS




TABLE VI (Continued)

Seqguence

No. N IPL (N) C(IPL(N)) Module Location

23, 12 836 EYSDD

24, 839 EYSP Ci, Cl1I

25. 13 840 EYSD HIGH FREQUENCY
AUTOPILOT

26. 843 EYS INITIALIZATION
MODULE

27. 14 880 EZSsSD

28, 883 EZSS

29, 15 884 EYSSD

3¢C. 887 EYSS

31. le 1100 BDELTD (1)

32, 1103 BDELT (1) C4, C41

33, 17 1104 EDELTD(2) . HIGH FREQUENCY
MODULE (ACTUATORS)

34, 1107 BDELT (2)

35, 18 1108 BDELTD(3)

36. 1111 BDELT (3)

37. 19 1112 BDELTD(4)

38. 1115 BDELT (4}

39, 20 1124 BDLTDD (1)

40, 1127 BDELTP(1)

41, 21 li2g BEDLTDD (2)

42, 1131 BDELTP (2)

43, 22 1132 BDLTDD (3}

44, 1135 BDELTP (3)

45. 23 1136 BDLTDD (4)

46, 1139 BDELTP (4)
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IALLE VI

{Zontinued)

Sejuence
HC, o IPL (i) C(IFL{N)) ‘fodule Location
17. 24 149¢ LINMPD A31
48, 1499 CIMP ENGINE
49, 25 1600 VXED pl, D11
50. 1603 VXE TRANSLATIONAL
DYNAMICS
51, 26 1604 VYLD
52, 1607 VYE
53. 27 1612 RXED
54. 1615 RXE
55. 28 1616 RYED
5¢. 1619 RYE
57. 29 1620 RZED
S&, 1623 RZE
59, 30 1640 VTARGD
60. 1643 VTARG
cl. 31 1644 BPSITD
62, 1647 BPSIT
63. 32 1648 RTXED
€4, 1651 RTXE
05 33 1652 RTYED
o, 1655 RTYE
67, 34 1656 RTZED
68, 1659 RTZE
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TABLL V1

(Concludedy)

>cguence

NO o K| IPL (N) C({IPL{N)) Module location
69. 35 1700 CFAIID Dz, D2I
70. 1703 CFAII ROTATIONAL DYNAMICS]
71. 36 1704 CFA12D
72, 1707 CFAl2
73, 37 1708 CFAl 3D
74, 1711 CFAl3
75. 38 1712 CFAl4D
76. 1715 CFAld4
77, 39 1716 CFA22D
78, 1719 CFA22
79. 40 1720 CFA23D
80. 1723 CFA23
81l. 41 1724 CFA310
82, 1727 CFA3l
83, 42 1728 CFA32D
84. 1731 CFA32
85, 43 1732 CFA33D
86. 1735 CFA33
87. 44 1736 WPD
8e. 1739 WP
89. 45 1740 WQD
90, 1743 WQ
91, 46 1744 WRD
92. 1757 WR
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SECTION IV

INPUT REQUIREMENTS

<.l Initial Conauitions

In order to simplify the input data, the options
whilch nad existed in the original program have been
eliminated., It is assumed by the program that all
variables not initialized are automatically set equal
to zero., Input data and initial conditions are entered
into the program by entering a number 3 in column 2 of
the data card which identifies the type of information,
The name of the variable may be entered in column 3 to
20. Cormmon location of the variable must be entered
right adjusted in columns 21 to 25 and the numerical
data in columns 31 to 45. Figure 19 shows the position
of the data card in the completed program deck which is
ready for subrission, as well as the actual data card
forrat.

In addition, since the seeker is generally assumed
to lock on before launch, the gimbal angles are automa-
tically initialized to this position. However, in the
cases where gimbal angles must be chosen in any other
position, the transformations and angular displacements
petwecen gimbal axes and body axes coordinate systems are
given in Appendix I and Figure T-1, respectively.

Initial position and velocity can only be specified
in cne marner for simplicity. They are specified in
tezxnms of the following variables:

1

BDIVL (in degrees, negative uvhen orientation be-~
low horizontal)

DELNT™  (ltws, (f2~%)

LaLTEA {367) (degrees)

BALPHY ,,568) (degrees)

VMACH (204) (Mach number)

It should be noted that the program when used to simu=-
late rniany missions requires only that subsequent changes in

data be added since the program will only update the last
data set for the next run. (Sec "Program Description.,")

eSS




/ Data

{
Executive Routines
id
/ Modules /T
Id 1
/ Aero Tables L
-
/ Monitor Contrecl Cards
1%
J/ &
&
Oé‘
© >
< >
~ Q
0’2 o e

W,

& o 4
Descrlptlon T / e’a\@{?’ /Voo / / §QJ
olumn No. . a3 - 20f21 28 3 ¥ a5

Format +A2l[ae] (a6 ] [A6] | 15 |sx]| 159

- _____.-._._—-—-—\

L4e)
(0]
-t
C
)

i"igure 1Y. Jata Card Forrmets and Deck
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S.1 Complete Six-Degree-of-Freedom Program Listing with

Example

SECTION V

PROGRAM LISTING
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<
Ce00eeDIPOLS VO BB USED WITH CORTAAN AMAK INTEGRATION
<

annn

CCPrON CLAJL0T, CRAPK

ECUIVALENCE

ANAONCN

12

1000
1001

1002
1003
1004
1005

1006
1007

1008
50

ECUlVALENCE
ECUTVALENCE

tLU2862. 4NN Do
ACL2581 N be
1€ 20901, 7 X8
tCL20121.L8TEP ),
$C120231.0P0INT Y,
tCe 3181 ,NC00LT ),
1C6E28851,€v Vo

1CL29T31,KA8E ),

DIPENSICA GRAPHE2: 212 TINEL2)

OIPENSICN

CIPENSICN

ECUlVALENCE
ECUlvVALENCE
ECUIVALENCE
ECUIVALENCE
ECLIVALENCE

VLABLEL2,19} [
VAARLL01]) .
1C1198C I, RN )
101981 1ANT }
(CLL9821,PLOTNGI
(CU198)31,PLOTND)
1CU1384),NP0T )

INTEGER CPOLINT
INTEGER PLOTNO

INTEGER CPF

EXTERNAL AUXSUB
€C 221%1,4310

Ctireo.
APTe2

CattL CCUNTY
CALL 2€RO
CCATVINVE

TE(FLLTAC.LELD. )GOTOT?
IFIREPPLTGT,0.)GOTQY

REPPLY

IF (REFPLI.GT,=1.0) NOONT = v

NPLCTeO
CALL CIAPTL
KASEsQ

1F(RRUTTALGT.0.0) NPYm)
LSTEP = STEP
NPLCTA=PLCT NG
NOLCT2=FLOTN2
ARCPLCT=FLOTNG

CatL  suewl}
CaLL Auxl
LaLL SutL?

<C A0 1 4 2,N

Je el

EL(To 1)
EUII~11nCise2)
YAR(L) & CiJed)
DER(I} = C{)

VAR{L) & T

CaLL AUXSVUE

AJeh-]

CALL AMRKIAUXSUB)
00 S0 [ » 2, N

J e IPLIT-1]

ClJ43) & VARIL)

59

1CL2663) ,max
1125821, 1P ..
1CL2011) kSTEP ),
{C12008),PL0TNODY,
1CL2nesy, Tive ),
(CL20221,0PTNLOY,
1CL2768) 4 6L )e
(CLLI9TL),RITE ),
(CLL9TA) 4NY )

1PL1100) ’
ELL100) »

ROUTING

1C 128640 ,0¢0 Yo
1012965 ,van Vo
1C1201Q1,87EP ),
1CL2C09) 4NCPL 0N,
(CL23251,vLanLED,
(C12008 ] JEPPLTY,
(C12007T1,PTLESS)
1CIL9T21 JARLTTAY
{CLLITSIeNPT 1]

OER{101}
Eullo0}

® O« USE NEW ND.4,7 [DISCARD OLO)
1« USE OLD PLUS THOSE ACOED

=l. USE NEw MO,

T (0ISCARD CLO)

il




TR

T = vartl)
1009 CawL  susL)y
1F ¢ xSTep .€Q. 1 )} GO IO 1CO7?
DC 153 Ived N
198 vAR({JY)Ia0,
CaLL S8
CALL PRCCES
CALL RESET
IFLLSTEPLEQ.Y.0RLSTEPLEQ.T,OR,NOPLOT,.EQ,01GOT08
CALL TIFEVIDELT)
WRLPE(O,ISICELT
96 FCA™AT{LH ,1THSTARY PLOTTING ATF14.T)
LESSPIaFrTLESY
CPCINIaCPCINT-LESSPT
CaLL PLCT4A (CRAAPK,CPOINToVLABLE,TIME NPLOTH)
CaLL PLET2 (WPLCYZ)
C3LL FLCTN (ROPLOT)
CALL TIMEVICELT)
WRITELS,9)CELT
97 FCR¥™ATIIH (1BHPLCTTING ENDED AT Flia.T)
TFOLRNTLLT.0.1 JANC, QNJEQ.ANTI.AND. LSTEP.EQ.21G0 YQ 70
$ GC 7C (10C0,1001,1€02.,1003,1004,1005,10086,1007,100841009,1010},
1 LSTEP
1010 1F(CPTINLO,GT40.) |
IWMRITE(E 0PIt I CULa1)CUTI42),C 1 143) CtEod), CUI+S),CLleblnlnledS
.10,7)
6 FCRPATLIML/Z (LS, LPTLLS.T)) :
70 CLLL S8 |
Chry £x1¢
ENC
BLCCK CATA
CIrrCN ZNCXCPINCXTS)
. JCXARGIALPITY,ANLO)
. TCXFUN/CXUSE)
Cavs A(X/1,8+0,0,0,0/
CATA ALP/O0.starbesBayl04p15.,20.7
CATA AV/0.salya9s140254142114%42.0,2.37
CATA Cx/
0.0,0.00el80e320088,1.96920664 ]
0.0.0.000l80a321.66010560240664
0eCeloCaa220415,471,1.7,3.127,
0:000.0¢.23:375.79,1.8,3.2»
0.000.Coe2V3a34, 781,550,248,
0.0¢0.01413042% 5141410k, 2.08,
0:040-0,0:00+200a280439,1.67,
0e040.0y.094,194235,482,1.51/
ENC
BLCCK CATA
COrFCN /NCLINCHLT A

B oad RPN

. JCIERLZALO1AY,AN(9)
L] JCLFUN/CHNLT2)

CGPrPCA/NCCL/NCCL L) 1
L] JTCARCIALPCI&YAMTLS) |
- ZCLCIFUN/DINLIG] i

CCPPOR/NCPINCNL A i
. JLPARG/ ALFLBY,BM(Y )

L) JLMFUN/CHIT2)

CCHPCN/NCCM/NDHE 4}

LY JULmARG/ALFOLG) o 8MDCE) 3
. /CCmFUN/CCALIS)

CAata ACN/8,9,0,0/
CATA ALF/Cup2an®006098.4104019.520./
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s

OATA A¥/N . eTe 998084 00is 18 0eT42.042.37

CatTa CNy
0.00e65¢103002.2143.1244.13,7.08410.71
0.0¢a86,1481,2,25,3.1744.19,7,18,10.84,

0.0, .69, l.48, 2.32
0.0¢ 77 1.624 2.56
0.0¢ o77¢ V.62, 2.57
0.0:,+71, 1.5, 2.39,
0.9, Ty 1269, 2.237,
0.0eeabQy L.aT, 2,34y
00,0667, 1183, 2.27,
OATA NCCr76,648,0/
CATA ALPEL/0+4 4oy B4y
OAT8 4BC/0.00eTs 94 )
CATS CCN/
0.0y <06, 2300 .19,
0.0y 408, 430y 7%,
0.0, .08, 330, .79,
0.0, <08y 430+ 479,
0.0, <08, 430, 17,
0.0, .08, .30, .76,

a8 08t b

. CATA KCF/B, 940,07/

CATS ALF/0c02es 449 6.

CATS BP/0+0p «Te o9¢ L

CATS Cr/
0.0, ~1.16, 2,408, -
0.0y ~1.kFe =2.54, -
G0y ~1:25, ~2.66, =
0.0, “1.590 ~2.33%,~5
0.0y =1sb0y =2.48, -
0.0y =1:07¢ =2.31¢ -
0.0s =Lelly -2.39, -
0.0, -1.15; -2.47, -
B0y =~leldy ~2.48, -

CATA NCP/8,640.0/

CATs ALFO/0sh Soe 8.y

CATS BWMC/0es o7y =9, 1

CATS CCr/
0.0 =aldy =,t8, =],
0.00 =elld, =.84, ~1.
0.0, =413, =,73, =1.
0.0y ~elty =, 77, =1,
0.0, =.13s =,.73, -1,
008 =eld0 =720 =1,

6AC

BLCCX CAYA

CCPPCN /NCXO/NCXOL2E

. /CXCARG/AMLB)

L] /CXOFUN/CXOL )
DATA nCXC/8,1/

eweosaadas

» .27, 4,31, T.36, ll.li,
' S99y 4,72, T.98, 12.02,
v 3.6Cy 4.T4y 8.C20 12411,
3436, Go43, Tub o L1.60,
J.34¢ 4.40, 7.59y 11,61,
3,30 &4.36. 7.565 L1481,
3.21p 4,284 Tu42; LleAY/

12.» 16., 20./
o1 1.5e 2.3/

1.40, 2.20,
1.40, 2.20,
1,45, 2,26,
L.65, 2260
1.43, 2.24,
ledly 2.32/

v 8.9 10y 15.5 207
2059 Lely oSy leve 2.0, 2.3/

3.97s ~%.82y -Ta5ke ~12.83, ~19.20,
4e068r =516y =7.68, =13.10y =19.864,
4.23s =5.98, =T.97+ =13.56, =20,26,
229 =T.40:=9:7%, =16es24: =23.07,
5.40, ~7.606, ~10.09, =16.75, ~24.358)
3.Thy =5,35r =7422v =12.48¢ ~18.91s
3ob65¢ ~5.504 ~T7.4Ce -12.704 -19.12,
1.97¢ =5.65) ~7457s 12,90, ~19.29,
3.96¢ =5.63, ~7.54, ~12.01, ~19.09%/

12., 16&., 20.7
ole 1.5, 2.3/

82, =3.45, =5.40,
82, =3.45, =3.40,
93, ~3.8%, =5.65,
99, ~3.70, =6,90,
93, =3.85, =5.46%,
93s =2.05, =5.65/

CATA AP /0.0eT752951.02%¢1.201.3902:042.3/

CATA CrG/e24va244023,.
[ 1,14
BLCCK CATA
LOPPCAZ WCH2/RCH2(4)
. 7 CN2ARG/ALPIG),
. 7 CN2FUN/CH2(18)
DATA ACAN2/6,3,040/
CATA ALP/G.s 400 8.0 1
CATA AN /Qep o5 2.3/
DATA CN2/
¢ 0.0, o17, 4084 1.90,

680aTbse91s1.0,.947

AN(3)

2ew 1600 2047

2480, 3.90,
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a 0.0, 17, 288, 1.50. 2,60, 3.90y
4 0.0y o1T, 2584 150, 2,60 3807

(314

sLCCK CaTa

CCrPCh IRCY2NCY2TAY

. ZJOY28RGZALPUS), AMIDY
0 JOY2FUNZCY2ULB)

CATA NCY2/7613,0,07

CATA  ALP 704, %oy Bos 1260 160 2047
CAtA AM/0.OseT 243/ .
cats (Y2 /

a Q.0¢ =207 «.10, =.b% ~1.1s “lebs
e 0.0, =0T, ~.3C, ~.6%5. ~l.1y =labs
@ GCofy ~+07y =30¢ ~eb5 “lely =1s67
(3134
aLcer CaTs

CerrONS ACL2/ neL2t s
L] FCL2ARG/ALPTE N ANLAY
e ICL2FUNICL2(2&]

CATA RCL2/6342040/

DATA ALP/0.0y 4c¢ Boe 1245 1By 204
Cats a¥/Cas o1, 0 2.4

cats Crz/
e 0.0, 020 #0Fe olde 225 3
6 0.0, +02Zy 0T 18 2% 334
s 0.0,.03s 12 <215, 515y  +133»
a 0.0y 024 a0Te oldy 2% 3V
ENC

BLCCK CATA

COPPCASRCLI/NCLALAY

LY JCUMARGZALPIED, AMLD)

. JOLIFUR/CLILLE)

OATA N(L3/8,3,0,0/

CAta ALF/O.s oo 8oy 12es Y800 20s7
CATD AM/Geq dTs 2.M/

CAtTA CLY

a 0.0¢.C22,.083, 408, 143, 4215

e 0.0 .C22,.083; 0. o183, «215e

N 0.0,.0224.063, <08, 163, o218

EnC h
BLCCY. CATA

CCPFON/RCID/RCNLSY

« l(lCFLhICh\(32\-CN2|32\»QH3(31‘.CN§(32\|CN5‘31,» [TTIRINS
. ChTL12).CRBE32)

« lClCARG/A\ﬂ(B).DEF(Ql.l!la‘

pATA NCH/B, 4vE,0,0,07

CATA 8LP/Cus 250 4ov b Bes ¥0.0 180y 20ef

CATA CEF 7-20es =10.0 16er 2047

QAlA A¥/0. obla =91 1.05, lele 1.5 240234

CATs CNLEZ .
. -.222.-.218.-.215.-.1\1.-.20!.-.206'-.194.-.101.
. -.205.-.20‘;-.203.-.20\.—.\Qe.-.lQA.--lﬂo.-.lOlo
& +2064 2207 #2208, 208, 4208, 203 2084 07y
@ 222+ o2248¢ #2027 2229, o231y L2230 238, W23/
OATA N2/
- -.222,-.215&--2\5.-.2\2.—.ZOB.--?O#---!9&-~.10|.
. -.206.-.205'-.}03.-.20\.-.lqe.-.lQG.-.190-~.lOIo
" L2086, <207, «208, 208, +208, 209 208, +207,
& .222e sll%s e221s W29, +231s 2253 +235, #2377
CAVA CNY/
- -.252.-.269.-.255.-‘2‘\c-.2!1'-.232.-.220.~.207-
. --230.--215|‘-Zl!‘-.231"u228.-.225--.211.-.2090
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2348, W22Te <239, «2)9¢ L2240,
O .2524¢ a25%4 <258, «2080¢ L2062,
0Ata Chay

«240,
«265,

<240, 236,
22680 22069/

§ = 2T0 =027 0891 =288,=,2604=,2%59=.24]1,~.228,
8 = 260002593~ 025T1=0258,202510=.209,=2239,-.229,

7 260, J2500 4262, J283, 2264,
e 276, 2794 4252, .28%, .288,
Cata CnNS/

<2064,
285G,

«2b4, 261,
e 294, J29%7

® — 28690243021 260y-0238,=.232,=.227+24215,~.202,
4 202304=02294022T4~4229,24222+1=42204%4202,~.20),

v 230, #2320 42320 $2234, L2324,
* L2406, 1269 2520 S23%, L2857
CATA CNO/

od 36,
258,

«234, L2311,
<262, L2637

4 = 16B8y=0l650~c18630~0161,=0158,~.155,~.040,~.128,
@ = 1524 =al500 21490149, 147,~.14%5,=.139,=,134,

e 152, 21524 .i%3e #1953 154,
e .16Bs 41704 172, 173 175,
OATA CAYy

154,
176,

<1568, .15,
«179, 180/

€ =~ol31,-01294-01274-0125,-4123,-,121,=-11%5,-.108,
@ =cl15,-allay=,113y=all2e=0111s=01G99=,106,~.102,

G115, ailby 116, 118, o116,
e 131, 4132 134, 135, 136,
0at1s Chs/

w117
137,

o116+ 115,
0139, 180/

® =, 123,-,1221=.1204~411084-,1160-01144-,108,-,106,
Q@ = 1071=0106p~.106,~a1054~21049-0103¢~0099,-.095,

e« .107,.108, 108, +109, «109, &
® 123, 4125, <126, 127, o128, &
EnD

BLCCX CATa

CCrPON  /NCLEC/NCLL G

L} JCLCBRG/ALFILG), DEFINY,

106,
129,

AMt )

«109, 107,
a3, 132/

L JCLCFUNZCLLE2e0, CL2124),s (L3 24)

CATA NCL /76544,3,0,0,0/

CATA  ALP /0.y 4oy 8. 1244 L&,
CaATS CHF /=20,, =10,y 1J,, 20./
CATA AF/0.0,07,2.37

CATS  CLY /
0=, 148, 2,149 ,=.141s=.138,~,1238,~,
e 13l e=0l284=21259=c1245=,123,~.
Q o131, o128, 125, o124y 2123, o
@ o144y o149, ol4l, L3868, o138, .
DATA CL2 /

e lbe, - 149,-a18)1y-s238,~,138,-.
=131y =:1280-al2%4~eX26s=41234~,
€ o131, 128, <125 «124¢ 21230 &
* L1444, 169, o1&l 4138: o138, .
Cata CL3 7

0o 168, -.145,-.143,-.140,.1238,-,
Oe 16k, =,135,+0136,~a133,-,130,~.
® 146, ,138, <136, o133, 4130, o
a L1648, J1855 4143, o140, <1238, &
(1.3

BLCCK CATA

CCwPON fHCHMC/NCPLS)

L] JCPCARG/BLPIBIWCEFLA) AN(

P/CPCFUN/CHMLED2)4CM2032)1,CM3132),CMa132)oCM5(32),CM5132)4CN7132),

e(r8{32Y

OATS ACP /8.4,840,0,0/

CATS ALP/0apdei8esberBay10.p15,,
CATA CEF /=20.¢ =104 10., 20./

COTA AF/GepeTpe9r1e090ladrleSp2.02.3/

OATA CnL/

63
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134,
121,
121,
L34/

134,
121,
121,
1347

136,
130,

130,
1387

204/




T 2938, 49374 (937, L9038, .938, 939, 944, .948,

2 «BB&, 4PAY 864, .88, B84, .863, ,070, 874,
D = B58,ouB58 = 088,~,083,=,884,-,B865,-,870,-,874,

4 ~a939,203377.907¢=.9238,-.938:=-,93%:~,944,-.948/
CATA CFr2/

1 ©e938,=.937,2.937,=,938,=¢930:~0935:=4944,~,948,

2 ~aB04 ;- 06681=,884,=,6L5,-.884e-¢8651-,0870,-,874,

3 .844, .Dbe, .E5A, (BES, B84, (B85, ,070, L824,
A L9938, LIX¥Te 93T, 938, <S3Be 939 L9454 #9487/
CAYA (VY/

1 =182, -1.137,=0.137,21.028,-1.138,-1.14,-1,144,-1.1%2,
2 =1.004,~1.066,1,C64,21,066,-1,064,-1,065,-1,072,-1.017,

3 1.056, L.064, 1.Co4s 1,088, 1.0b640 1,065, 102,
4 1.123, L.037, 23.137, 14128, 1a138s Lil4, L.lés,
CATA (ways

1.017,
1.1527

1 «10277,1.270,=14277:=14202,-302779-142754+142854-1429,
2 21.208,-1:203¢=1¢2063+-1.2C03,-1,2044-1.205,=1.311,-1.216,

3 L.204, 1.20),
& 1.277, 1.271,
Cafa CrS/
1 =e?98,-,790,-a791,-.789,-.708,-.787,-.7687,-,188,
2 =oF20,=eT183=0 715, ~aT1Se~eTlde=aT120~.701 0=, 711,
3 LT20, 47184 715, o715, o713y <T12s 711, o711,
& 2796, 2733 731, 739, 738y o787, 787, .88/
CATA (Mo/
1 =0621,-26200-.819,~.61T,=.81%,-.6140~,0612,-.613,
2 ~eS4%,-45443-.543-4%41 +840,~.539,-.537,~.514,
3 .5695, oS54hs 2543s 4541, <540, 539, (537, 514,
4 #5621, 46200 2619 012, 813, (614, (612 4013/
Catrs {»1/ .
1 ~6565,-.564v~25339-2582,~.580,~.5%529)-.577,~.528,
2 =a510s=45080e=.5074=2306,~0%03,~.5Ch,=.507,~.503,
3 .5i0. «%08s L9507, .978&, .S505, .S5C%, .%02, .50},
& 586, 45340 .583, .%82, .58C, .S79¢ .577, LS8/
CATA CrBZ
1 =05860-a5044=2583,~,901,~.580,-.579,-.978,-.57%,
2 ~e510,-0508s=-2507,-:508,+4505,~.504,-,502,-.503,
3 510, «508s ,507, .504, .505, .SC4» .502, 503,
& o586, .5B4&L .5B3s o581, 580, 579 578, L3575/
EnC
BLCCK [ATA
CCFFCN  /NTP/NTREQ)
) JTHARG/THAL20)
. JTHFUN/TRF(20)
CATA NTR/Z13,17
CATA TrA/
8 Osr 0Ss 1y o2p <41 <8,
CATR TuF/
4« 1., 5C00., 4000., 3800.,
» T00., 250.» 0.0, 0.0/

1,202,
1.217,

1.2€23, 1.204&s 1.205,
1.227, 1.277. L.228,

e3¢ 1%, 1.6,

ENC

BLCCX CATA

COPFCN JNCLP/NLEA)D

. JCLPBRG/ALPIB)ARP(T)
. JCLPFUNICLP(58)

COPPON /ACPC/%ALS)

. JCMQARG/ALGLETANG( A}
. JCRCFUNICMQL 24)

CATA NL/B4T7,0,0/

CATA ALF/0.32.0%006.+6.010001%.020./
OATA AFP/O,yalye9e1.05,10502+002.3/
CATA CLp/

64

121t
1.285,

le8s 2.0y

1.218,
1.297

2480 100,/

3650,, 35C0Q,, 360C.. 2000.,1100.0¢




P sl alakabakal

10

20

—5.01.'6-hOi-l.01.-1.1).-e.]B.-9-50.~\0.5b.-\\.}lv
'h.OI.'b-hO'-1.0l.-7.1).-2~)B.‘9-50.-\0-56.-|l.)l'
'b.slo-b.ab.-!.52.~5.19.-B.B&.-9.95'-\1.0).-11-79.
‘1.11.-7-&5\-Q.32.~B.Q9'~Q.55.-l0-79;-12-0.‘12-l7q
'S-Ol-'3-355«&-0}.~b-7Zv-l-hl.-l-75.-lOolb.-ll.\!.
—6.5&.~h.aB.vS.$5.-b.13.-(.96.-8-39.-9-85.-10.09.
'Q.AS.'6.793-5.§6'-6.\5.-S.QZ.-‘-37.-9-56"10.9Ql

CATS NG/78.0,0,0/

CAY S A\CIO..*..O..!Z-.10-.20.’

CATS AvC/0osdTea9e24d/

CATA Cri/

t-.z&.-.39.-.5).--62.~.e1.-.h1.
l"Zh.--SQ.-.5).*-62.-.&7.--&7’

3 -.25.-.1l.-.SS.-.ée.-.?Z.-.!S.

L) *.ZS.-~it‘~x55.—.66.-.72.~.151

ENC

SURRCUTING (UABET(tETRIC-DEflCS.hA.BB.CC.DD.BEFSI.SEPSY)

CCPPCRC(4310)

ECUIVALENCELCIITINLRTY

ClFENSlCHC(ZO).A(ZO),E(ZC‘

OETREL-HALF FQv OF CEVECTOR

CEFRAC~FRLFFCV Of CEFOCUS spot

AA-LCWER LEFT QUAGRNT

EE-LCWER AT CUACRANT

CC-UPPER LEFT GUACRNT

0C-uPPER RT CUACRNT

CEFCCS~hALF $12€-0fF DEFOCUS SPOT AT INFINTTY
LT»10

CEFC(S-CEFICSIS7o2997B

Rtl-ll.!lOO.lﬂT)

IGG-E€951I51.29570

NCFaBEPSL/ST429578

VQF-.157IOKXCFOVOFD

UC’-~-701I'IYOF-IOF\

XCEsULF

YCFavCF

DE‘Q&C-EEI“15I57-29$78

lc¢-sc=t(x0fo-z.vof-.2;

texnnn-ccra:c~oesocs-ntl

lF(lCF.CE.E&LRAD)GG10\l

CZ!“-LEIFAD"Z

DE!RAC:GEiOCSORY\

DZfﬁbC~EEFRAC0'2

LNaLT/2

QELFeCETRAG/LN

[J44 I8 FA Y

LCiaLTel

CCLottoLCl

ALL}=0.

sili=0.

ccant=1,tC1

clV-CﬁlRAC-ll-\)'DELF

ExCETasCarT(L2mR ~ICiInine2)
|$|(Dzvapc-(tlnrvcilunz).L1.0.|c0!03o
lx-SCRi(CzFRaO—(tlFOVOF)COZ)

CO20NT=142

X\-!CF—!'l.ll'N!-lX
IF(ABS(X[).GY.EXOEllﬂlNYl-SICNlEXDE‘,X)\
lFl10511\).t(.élEEllolNll-\l\)
lF(!(GN(l.-CIl)'.EC.SKGN(ly.DlZ)l'GOIOZZ
lFtC(ll.LE.O.)GGTOSS

A(1)eC(1)-DICN

Py RV T A
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35

22

23

24

28

30

40

L 18

42

S0
80

LaXa¥ al

30

CFLtTY.LT.0s2AL1 )0,
BUIIsCL2)eD2CN
AF(RE11.GT,04)9111e0,

GCIC30

At11eD12)-0DICN
TFLALL).LT, Q. A0T)=0,
BUI)1=CL1ISCICN
1FIEL1).GT.0-)EL1)20,

G2 10 10

TEICIL)ACt2)023.24,25
Bll1w-aBSEO(L)=-C120)

All1=0,

GCTCY0

All1eQ,

Bl1)eO.

cCreso

AUL)®ABSICIL]-D12Y)

B(l1%0.

CCATINUE

AAv0,

BBw0,

CCe0.

CCs0.

A{LNel)a0e.

BLLN?1) 0.

DCeO1el N
BA-5BSI(AIT10AL]10L) )0, SeDELF LA
BB.A0SI(BIT1+B(141))o 50ELF) BB
FCaaBSIIA(TOLNISALTOLNC ) 10 SeDELF)oCL
CoeadSLIRIT*LNI+BUTOLNY1) ) o, SeCELF)40D
ECETa3 141599C2TROL9

ToTiLadar 224l lT

1FITOTAL.GE JACETVIWRITELG,51)IRT
FCRFAT(15F ELIND RANGE ,1PE12.4)
GCICs0 :
WRITE(6,50)RT

CBREAK==-1,

AA2Q.

8220,

CC»0.

Co»0,

EGRPAT(IZN BREARLCCH AT RANGE EQUAL 10
PETURN

ENC

SUSRCLUTINEGAUSS ISy AMLY]
COPsCNCt4310)
EQUIVALENCELCIL0I) YFLY
EQUIVALENCE (C120001,T)

4efrf RICU!I2EC STANCARD DEVIATION
Av-1S TrE RECUIREC MEAN

V-vALUE CF CCHPUTEC NORMALLY OISTRIBUTED RANDDOM NUMBER

Aed.

Bel.

CC 50 191,12
YFULSACNGIBY
AaAeYFL
Vela~p)eSeAM
RETURM

ENC

SUERCUTINE €101
CerrCN CL4310)
ECULIVALENCE(CIT)ATLL)
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(culvlLchElC(xll.lltnc)
QUIVALtNCE‘Cll2)'VILN)
(CUIVALEACE(((205).vnAcr)
(CUIVALGNCE(C([B’.XIL’
ECUlVALEh(l(CIlblﬁ).NxE)
ECUIVALsuceltls;.HILL)
Eculvlteﬂcs(C(lézli,azej
ECUIV!(EH(F(C(S).RILL’
ECUIVAL(NCE(CIlll-vllF)
ECUIVA[ENCEIC(lA);UTI
Eculvﬂlfhcrr((ZUOOD,rl
ccuIVALEh:El((xcob).aolvs)
ECu!vALEhCE(tl1bo7).RSLAN!>
ECUIVALENC“C(B),SPCY"OI
1FASPCIFC.6¢.0.0) RETURN
Ur = 0,0
TEtaiLL.eC.0) 6c 1¢ 10
IFOMEACLEU.LY GO 10 9 -
VILF » ypagy
XIL » RSLANT o CCsCteotve)
HItLe RSLANT o SINC(BDIVE)
HILL ~ 4BSIHILL)
GC YCc 9
10 CONTINUE
VILY » 0.0
CONT(NUE
RILL » SCRY(XILee2 ¢ HitLea2]
VICUAE o ~0.C03928k L *L1117,.3
VILF » VEOUNCav LM
1234 FORKAT12%,9E)13,.4)
WRITE(&,12134) VILMyYMACH, XfL, T -NlLL.llioRlanVSDUNDoVllf
RETURN
EnC
SUBROUTINE (10
COrrCnCiallg)
E:u:vtLZN(EIC(shbl.lLASRI.(C(ia7)-1LASR)
ECUIVALEALEICI7I.AILLJ
ECUIVALEYCEICL3),v]iF)
ECUIVALENCEICILB), X)L )
ECleAlEhCE(((ZbAZJ.Hn(Nl
fCUlVlLEhCitC(S).RILL)
ecu!vﬂttkcﬁtnra).HlLL)
ECUIVALenc5(C(lJ.BCR()
EculvntencE(CtZ).uANDl
ECUIVALENCENCII ), nACTYS)
ECQ[YALENCE(E[&I.A[SPO!)
ECUIVA(E¥CE((|9).XSPDII
ECUIvAi!hCE(CIIO).YSPOY)
EQUIVALINCEICT14), 47
ECUIVALENCE(C(2050),T)
ECU[V‘LEHCE(C(AG&).C!CY}
ECblVALEhCE(Cl\bSl);RYXE)
ECUlVALEhCE(ClleS)'RYYEI
ECU(VALENCE(C(&),SPCTMD)
IF(SPCTPC.EC.0.0) RETURN
:r(r.Ec.|»n|~/z.;.n~c.ur.ec.o.0) o 10 1
xr(r.ec.(r~l~/2.).1na.ur.e:.o.ll GO 10 )
LLE R CYN SUNT] SNV EYIN G0 ¥q 2
{FLl.€C.0) ¢o T0 &
CONTInue
1.0
UT & UT ¢ CxoT

<

-~

€7




10

1234

TFIAILL.EC.CLORLYILF.EQ.0.0) GO TO 10
RftL = SCRTiIX[Lee2erlLL002])

CCATLAUE
ANGILL a ASINOUFILL/RILL)

BCREF » BCRESRILLZ1CCOL0
WANCF » waNC2]LL710C0.0
SPwiD = RACIUS«ILLZ1000.0
SPLENG a SPWIC/SINCUANGILE)

OTwC = RELIGUBCREF)

CTwCP = RLNCCIBCREFR)

CTHREE w RCNUGIWANCE)

CTrREP « RCNCSIWANCF)

OFCLR & <SPLENGe2[SPOT
CFCURP » -SPRiCealsPOT
CFIVE aRCNIUISPLENCE2.01eALSPOT
CFLIVEP e RLACIYPRIC®2.0)eA1SPQT

LZUASRCTWL eCT-RESSCFOURIDFIVE
YLESReCTwCP ¢ CTIREEP+CFCURP +CFIVEP
CCNTINUE
FCRPLT{2X,10E13,41}

WRITE(O41234 IR W VILFPPINRILLsHILL ANGILL ,BOREF,B0RE ,WANOF \WAND
WALITEL6,1234)13PWICRADIUSHSPLENGsSPHID,0TWO,0TWOP,OTHREE 4DTHREP
1CFCUR, CFCURP

WRITE(S,1234)CFIVE,CFIVEP) XSPOTSRTXE¥SPOT\RTIYE(XIL yXILX{LHT
RETULRN

XSFCT = 0.0
YSPLT =» 0.0

RETLRN
CCATIAUE

X$PLT = 0.0

YSPCT =» 0.0

[ =1

RETLRN

ENO

FUNCTECN ASIND(OX)

ASTAC=57,25578ASENIX)

RETULRN

ENG

FUNCTICN RONCG(A)D

CLVENSTICN XUS11,YESL)

CATA {C=T77227777777CO0CCCCOB)

CATA (¥a0.040:1¢0:20003604000535,0084007¢0:8,0eFs100,1e1o1.2,1e3410
1890500060170 10680009,24002:10202022302¢4020512:061207126842.9¢3.0,
@ 3ol1302030303,4,3.5,3,8030703080 904,055 4402000308,444.5,0.6,
3 4,744,804.945.0 )

CATAIX=.2,.5398,.5793,.6178,.8554,.6515,.7258,.7580,.7881,,8159,
108413, .B563,.8349,.9032,.¢9192,49332,.94525495541:9641,.9713,.9773,
24982105561, 05893, .9918,.9530405953029565+.9974449981,.9987,.9970,
3e99930.89954.59979.9998,4.9598,.5999,.9969%  derlealorlerlerlesleasla,
4laslenlesld )

1«0

g = RINCU1.0)

1F18.G6T.e5) GO YO }

1 =1

8 =1.0 -39

CCATINGE

CALL CLINE(SL1,841,Y,AY)

1F(1.EC.1) AY = =AY

O e Aveh

RCACG = O .AND. C

RETURN

ENC
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SUBRCUTINE CLINE(N,RpA,BeY)
OIFENSTICN AlL)s0(1L1)
IF(NL 100,100,101
101 GO 102 J = 2,N
1=y
IF(X=-a1J)) 1034103,102
g2 CONTINUE
103 Y o= BUI-1) @ (X-A{U~1)} @ (@UID=BUI=~1})/(A(L}-ALl=10))
RETURN
100 v .« 0.0
RE TURN
EnO
FUNCTICA RONDLAY
CarPCNCT4IL0)
EQUIVALENCEIC(2000),T)
Cairs 1LE=TTTTTII177770000C0008)
Cavta Ik = 37712771711118)
CATAlKL=32777777740081)
IFIT.G6r.0,)5CTO0A
2 IFLIX)17,8:8 1
Ixs-1x
1FL1X.GT.999)60TQ) i
IxslXe2¢]
(13 § o) R
3 Txa21x/30
GCrC2
4 CChTINVE
Jelue262147
IXesndhCox
1o IX.ANC, KL !
BaFLOATIL2)/73.4399739E10Q
Bepma
RCACwB.ANC,LE
RETURM
€nD
SUBRCUTINE G2
CCrvrin CLe210)
DIPENSICAKI(4310)
ECQIVALENCEICL20000.T)
CesMIND AAG CUSTS MOCULE
ComINPUT CaTA
ECUIVALENCELCISO),ANINC)
EQUIVALENCELCISE),SWL )
ECUTVALENCELLIST),VHTEY)
EQUIVALENCELKRIS4),K2% )
ECUTVELLENCEIC,X )
ECUIVBLENCENLCISS),SW )
EQUIVELENCE (CU  50).0PTNMW
ECUTVALENCE 4Ct  $1),BPSIW )
CerCUIPLT CarTs
ECUIVALENCE ICt $2),VNTE )
ECUIVALENCE tCI  5)),RMy ]
ECUIVALENCE I1CI 3BC),RANGD )
ECUIVALENCE 1CH1131T),RAIL )
)
)
¥

@~

EQUIVALENCE IC( 1001,VWKE
ECUIVALENCE 1C( 1011.VNYE
ECUIVALENCE 1CL 102),VNLE
CovINPUTS FRG® OTHER MOCULES
ECUIVALENCE (Ct 2091 ,RN )
CowCALCULATE WIND VELCCITY COMPONERTS
1FITVEC.D.)0PSTWVeEPSIN
IBIT.EC.O, ) VNTEVSYRTE
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i

TFLRH.GTL.RHR 1GQTOL0
18 (RARCC .1 T. RAILY GO TO 10
TFIR2n.EC. 1969422100108
K2X=21969432
RANGTR=RANGG
] CONTLIALE
TFIRANGIR¢RWINCLGT.RANGOIGOTOY
QANGTRORANGTReRNINC
CALLGLUSSISw LPST 4, 0P 1uY)
CALLGALSSISWlVmTELVWTEY)
7 VakBe-ynTEVeCUSCIUFSInYY
VWYEw-VaTEveSINGIBPSIWY)
VYWIE & C.
RETURN
10 VWXE o Geo
YAYE « O,
VYWIE » 0.°
RETURN
ENC
CeadlR CATA FCCULE G3
SUBRCUTINE G
CCPrON CLH3L0)Y
CeoeINPLY CalTa
ECUIVALENCE {C102081,RHLRO )
CeeoINPUTS FRIFM CTHER MOCULES
ECUTVALENCE {CLO100).VNXE )
EQUIVALENCE tCIOL10L1,VWYE )
ECULVALENCE 1C(D102).VMLE )
ECUIVALENCE {CU180)),VXE ]
ECUIVZILENCE 1CEY60T),VYE ]
ECUTVZLENRCE ECUL6L11)aVIE ]
ELclvatehCE 1011623 ),Ric )
Ce®INPUTS FRCM MAIN PRCGRAM
CoeSTATE VARIABLE CUulPulsS
C #oNCNE
CoeCTHER CUTPUTS
ESUIVALERLE (CIC200 Y 4VHuXE )
ECUIVALENCE 1CICZ011,VHEYE )
EQUIVALERCE 1C102C2),VHNZE )
ECUIVALENCE (C10203)PCYNNC)
ECUIVALENCE 12(C204),.VMACH
ESUIVILENCE (C1C205),Cary )
ESUTlVALENCE (L(0206),VSCUND]
ECUlVALENCE (C(CIOTYovALIRSP)
EQUIVALENCE 1C10209) R8P }
CoeCALCULETE PRESENT ALEITUCE
AHa ~HIEe+RHIRQ
CaeCALSULATE FISSILE VELCCITY WRT AIR MASS IN EARTH AXES
VH#WXE = VXE-VWIE
VHwRYE 2 VYE-VHYE
VFRIE = VIE=VWlE
VAIRSP a SURTIVMIXECVMERESVHRYESVMWYESVMWZIESVYNWIE)
CeeAlR CEANSITY, SPEED OF SOUxC, CYNAMIL PRESSURE, AND MACH
CRAC®1.0766751/(1.¢,3329€E~040RHERHORAHRHS,02315€-12)
VSCUNC & -.G0392ekrellll.3
POYNMC & {DRROOVAIRSPeVAIRSP)/64.344
V¥ACH » YAIRSP/VSCLNC
RETURN
ENC
SUBROUTINE G4
Cee END-CF=RUN CALCULATICNS SUBRCUTINE G4
Ces THIS IS 4 SUJDRCUTINE. NOT A MOOULE.
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B Ceo 1T 1S CALLED Y STAGE 3 10 COMPYTE MESS DISTANCE AND STOP THE
Cev PRCCRA» IF PANGE 1S ZERD.
C‘..!.Ol."'...l.OI.lCllIlll'l....."..'.l..'.l‘l'.'.IIII.'.'.I'..."...
COrrFCN CL4)LO)
ConlnPUl CaTa
CvehCNE
Co#|HPUTS RCP GTHEA MOCLLES
ECULVALENTE (CT03ISTY,05AMH
BCUIVALENCE €CU0250),0GAMY
ECUTVALEMCE LCLOYT]I,RANGE
EQUIVALENCE (CU1&02),VXE
ECULVALENCE {C{1807),VYE
ECLIVA ERCE (CBLIOLL1.VIE
ECUIVALENCE (CI146C),VIXE
ECUIVAIENCE (CLLEL L4 VIYE
ECUTVALENLE [CL.602),YTLE
ECUIvaA ENCE tCH181%1.RXE
ECUIVALENCE $C1181S5)4RYE
ECUIVALENCE LCI182314RLE
EQUIVALESCE 1C{1651),RTAE
EQUIVALENCE (CLL1655),RTIYE
ECUIVALENCE (CLLeSS),RTLE
Ces[NPUTS FACM PAIN PROGRAM
ECUIVALENCE (CU2C001,T
CooSTATE VvAR[ABLE CUTPUTS
CeoNCNE
CesQTHER CUTPUTS
ECUIVALENCE (CL2DZCYLLCHY )
Ces ®[SS CISTANCE PARAMEIERS AKE QUTPUT OIRECTLY AND ARE NOT TN COPMON
C » T&ST FCR INCREASING RANGE AND SOLYE FIR TIME AT WHICH RANGE [$ LERO
S FORMAT (109, 16K M18SS CISVANCE= 1PE1T.8/1H0,13H TINE F[NALS
< iPzl7.68)
& FCRFMAT (1rD410X.10rXH  EARTHOLPELT 83X, 10HYF EARTH PELT.8,3X,
[ 10+-lF EARTRwlFELT.E}
T FCR¥AT (149,40X,10rY FLTPATHIPELT.8e3n VOHZ FLYPATHelPELT.S)
Coe FEST FOR IMNCREASING RANGE ANC SOLVE FUR 1imi AT wWHICH RANGE 1S (F®D
IF (RALCELGT,L590.) €O TO 20
IF (RANCE-U32NSELLTL0LY GO TO 1O
TCEL » —(yiXPe ' UXF-UXEI+UVYTo(UYT-UYED)oUVITO(UIT-UIEIPUVIES{UXE~
LXT) eUUVYEQILYE=UYT] ¢UVZESLULE-ULT}) Z{UVXTOUVXT=2,sUVKToyvXeE
SUVEEOYVXEsUVYTOUVY T=2, eUVYToUVYESUVYESUVYEIUVITOUVITI=2,®
UYIfeuvIBeuvZEeuvlE)
UKTC o CvxTeTCELoUXT
UYIC = YYyYTesVOSLsUYT
VITC = UvZTsTCCLeULY
.

- - - -

ano

(B 240] LVIEeTCELSUXE

U C LVYESTDELeUYE

uirs UVIEZTDSLeULE

RCX = yx~C-UXTO

RCY & yYYFI-LYTO

RCZ = ylF]-ulll

RP[55 » SUITIRDNCRCX+RDYCROYLAOZORDL)

TIERC » TrLELSUT
USTHT = $i5CLECAMY)
UCTHFT = £QSCICSANY)
USPIL » E1NDIBGANN)
ULPST = €CEC (BGANK)

UCll e LCTHTeUCPSI
UCI2® =USTHT®UCPS]
UC13e usPst
uQ2le USTHY
UC22s UCTHT
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0C3l» -UCTHTeuSPST

UC)2= USTHTeUSPST

UCdl= uCest

REFP & pC{leaCxsyCl2eROYAUCIIOROL
RYFP = UCLeRCX+UC22oRCY

RIFP = LCI1eRSx 4L I2eRCYIUCTIIOROL
WRITE (b625) PMISS, T2ERD

®RITE (b64&) RCX, PCY, RDZ

WRLTE (6,70 RYFPLARLZFP

LLCAVe2
RETURN
10 Ul « f
UXE = RILE
LYE « RYE
Uit = HIE
UKT » RIXE
Uyl = ATYE
ulr = Arzg
UVXE ®» VXE
LvYE a yYE
Lvie = vlg
Uvkl = yiX.
' UVYT = JTYE
UviTl = yIZE

20 URARGE ® RANGE
1F (RZE +CTe 100.) CCONY » 2
RETULRM
ENC
CevCCCRCINATE CCNVERSICN MODULE
SLUPCLTINE CS
COFPLN CL6310)

4

CoeInPUTS FRCM CTHER MCLULES
EQUIVALERCY 17(0200),YMWXE }
EQUIVALERCY {02011, VNRYE )
ECUIVALERCZE (C(CJ0Z),VAWLE )
EQUIYALENCE 1C(C207),VAIRSP)
ECUIVALENCE tCt1603Y.VXE )
ECUlVALENCE (C11607),VYE ]
ECUlVvALENCE (C(1611),YLE }
ECulvalEN{D LC (16151, RXE ]
ECLIVALENTE (CI161G),RYE 1
ECLIvarEnit 10014223, E ]
EXUIVALERCE {CTL1LY5)RE X )
EXUIVALENCE tCIL638),ROELY )
ECUIvALENCE (CL1637),RCELL 1}
SUIVALFENCE ICTLea25,v0x8 )
Exclvavines (Ci1E64)avlYD )
EStivaidnle IC11665),v0EB )
ECUIVALSENIE LZL166001,RXO )
ECulvaLEnCE 101 1e651,Y0 ]
1
)
)
)
)
}
}
)
)
H
)

z
.

ECUTVALENCE tLIL6T7C),R20

ECLIVALENIE 1C1170)),CFAN
ESUIVALENCE 1Ci1T071,CFAL2
ECIVALENCE 10 17111,C4a1)
ECUTVALENCE (CULT1ISY.CFa2Y
| ECLIVALENZE ICILT19),CFA22
ECUIVALENCE 12017211, CFA2)
FLCIVALERIE ICL1T20y,C0FA31
ECUTVALENCE (Z01T311.CFA32
ESUTVALENCE (CTL1T35),CFA3)
ECUIVALENCE 4CILT7391,w?




G e e

Rl

1

ECUIVALENCE 1CLT1742),wQ
ECUIVALENCE (C{1T47),uA
EQUIVALESCE 1CEEPS11,(RAD
EQUIVALENCE 1C1200C)H,T
ECQUIVALESNTT 1€12584),0€6R
EQUIVALENCE (C1IS041,0PTNA

- .

[
CeoQTHER TUTTVUES
ECUIVALELCE (2(0YSC),BTRT
ECULVALENCE (Ct0IS1),8PST
EQUIVALFRCE 1C(0IS21,8P01
ECUIVALENIE (CLO3SYI.RIFTD
ECUIVALENTE 1C1CI541,DPSHD
EQUIVALENCE {CLOISSI,ePHID
EQUIVALENTCE (C1CISHI,VIOTE
TCLIVALENSE HLICYISTI,B5ANR
ECUIVALENCE {C103581,RGamMy
ECUIYSLENCE 1CIO3AQ), VawY
EQUIVALENLE ICI10Ye1),vruy
ECUTVALENCE (210X82),vHRN
ECLIVALENTIE HCICI63),BTIFLY
ECUlYALENCE (710386, 0PSLY
ECLIVALENCE (2(0369),8LANMY
ECLIVALENCE (CICI6&),0LAMM
ECUTVALENCE (CI0D8T),94LPHA)
ECLIVALENLE (C(QY68),B8LPHY)
ECUtlVALENLE (L(036G:,BALPHP)
ESUIVALENIE (C(C3TO0)I,0PFIP )
ECULYALENCE IC(CITHI,PANCGE )
ECUIVALENCF (C(0372),RX8A )
}
]

- W S

EQUIVALENCE #2(C372),RYDA
2IUIVALINCLD 1210374),708
ECUTVALENCE (CIQ275),8LCS8P)
EQUIvVALENCE (CUDIT&),BLOSBY]
ECUIVALENCE (CIC3TTI,CALPD )
ECUIVALENCE (C1O3T8),2ALYD )
ECUTVALENCE (CLQ3T79),0aLPPC)
EQUIVALEACE ICt 3801,RANGO )
[4
CooCALCULATICN GF HEACINC, PITCHs ROLL EULER ANGLES TN OEGREES
BFr] = ATANCICFAZ2),CFADD)
BINY » BUENCI-CFLL},SCRTICFALLIOCFALL+CFAL20CFALRD)
BPST ®» ATAUCICFALZ,CFALL) -

[FECISCIETHT)LC(5,0.0] GO TO 8

BPSIC » (wGeSINCIBPH]}*4ReCOSOIBPHI)I/COSDIBTHT)
S CCATIALE

BPHIC = WP+DPSICeSINODIATHT)

BIMHTD & WQeCCSOICPHII-WROSINDIBPMI)
(4
CosCALCULATICH CF TOTAL VELOCITY

VICTE o SCRTIVXEsVXEsVYEeVYELVZESYZE)

RANGD o SQRT( (RXE-RACIes2 ¢ (RYF=RYQ)eeZ ¢ (RIE-R10}ee2)

[

‘COPTRANSFCRM MISSILE LGS FROM EARTH 70 £7DY AXES
RABA ®» ACFLXCCFALL ¢ ROELY®CFALZ © ROELZeCFAL}
AY8As o RCELX®CFA2L ¢ RCELYSCFAQ2 + ROEL2OCFA2Y
RI@A » RACELX@CFAIL o RUELY®CFAID ¢ ROELLeLFAD)

4

CoecMISSILE~-TCT LC  IN BOCY AXES
BLCSBP w ATANDIRIOA,SCAT{RXBASRNAA~RYBAGRYBA))
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ALCI8

uvel
UVP2
uvel
UvP4
RANGE
CoovERTICAL
4
BLAMH
ELAMY
4
CemyERTIC L

Y

SATANCIRYBAAXBA)

VXS ORDELX ¢ VYESRCELY
RCELXCELX *RCELYSRCELY
VIEeRCEL2
SGRT{uvr2)
* SCRYIUVF2eRCELZ0e2])
ANC MCRIZCNTAL LINE OF SICHT ANGLES (EARTH AXES)
e STANCI(-RDELY,ROELK)
« ATANCU~RCELZ,UVPA)

AL HCRIZCNTAL PRUPURTIONAL NAVIGATION ANGLES

IFIT.LT.CERICITCIO

1FIRANGELEQ.C. O

cE 10 2

VIPALLYFLeUVPII/RANCE

vY? »
vip »

BTHLYV
gFs LY

ecamMy

BGAMM
4
CoevELOCITY

CCNTIhLE
1F{UVPL,£QC. 0.0}

co 101
[ VYF@RCELX~VXESRLCELY)/UVPS
(VIEoUVPZ=-RLCELISUVYPLI/IRANGESUVPS)

CCNTINVE

ATANDIVIP,VXP)
AT ANDLVYP ,VXP)

o ATANCU~-VIE,SCRT{IVXEQVXESVYEeVYE)])
o ATANCIVYELVKE)

WRT AR [N BCCY AXES

WFWU & (FALLeVHwXESCFAL2oVHUYE+CFAYIovMNZE

VMRY
VHww

<

CFR21evMnXEsCFAQ2oVMUYEICFA2)ovMK2E
CAAILOVMEICFAYZoVHNYE+CFADdovMNZE

CosVERTICHL ANC RORIZONTAL ANGLES OF ATTACK

BALPHA

8ALPH

Y

s ATANCIVHAR,VMHN])

ATARDIVHNY VHHU ]

USE » vrayes2
JFIUSC.EC.D.0.ALC, VFUW.EQ.0.0) GO 10 3

BALPL =
CCNTIAUE

(vanUev(iIs -~ VNuWeVOXB)/(USQIVHRNE82)eCRAD

[FILSC.EC,OL0,ANC, VMW7 . EC.CLO) GO T0 &

BALYS

LVMWUeVOYD ~ yMAVeVOXBI/IYSY+VYMNYee2]eCRAD

CCrTinGE

8ALFFPLa 0.

1f

(EALPNP (T,0,) EALPPC

{BALPHASBALPD & BALPHYSBALYD)/BALPHP

C
CooALPI:d PRINE ANC PH] PRIME (MIND TUNNEL AXES)

X3

1183 Pra=-RALPHY).EC.0.) GO TO 30

OPFIPaATANDIVMWY,VFuK])

30

BALPHPeSCRT{BALFHAS& 247 ALPRYRa2)

TFUARSICALPIFP)LUT 20 13ALPFP2C,
RETLRA

ENC

SEEKER AND PLATFORN INIT MCCULE

SUSRCUTINE S11
CCrrch CLad10)
CIVENSTCN TFLELQOY)

Evvlvatesie
ECUIVALENCE
ECUIVLLENCE
ECLIVALENLE
ECUIVALENCE

1CL 4A495),uT
101 451).CaGE
1Ct 46C),GUILDE
ICE Ab11,5AMP
1C125411,M
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ECUIVALENCE
52«04

SY=0.

uT = 0,
CUICEei.
CAGE~Q.
SArp = o,
Ct
TPLUN

452) = O,
1 o 424

1002582), tPL )

LPLINGL) = 428

heNe2
RETURN
(3,14

[ VIGER PLATFORM BNC TRACKEAR noQuLE

SUBRGUIIKE S
CarrCn Ci4310)

[

COINPUT CaTa
ECUIVALENCE
ECuivaLENCE
ECUlvaALENRCE
FCUIVELENCE
ECUIVALENCE
ECLIVALENCE
ECUTYALENGE
ELUIVALENCE
ECLIVALENCE
ECUIvALENCE
ECULvALENCE
EQUIVALENCE
ECUIVALENCE
ECUlVALENCE
FLUTVALENCE

(C1oes1),526GBIS)
1C10642),5vGBIS)
10t «43),0PTKR )
1C1 4«64, 0PTBKL)
G A6S51,uy )
10 4se],COoT )
(C{ A47)1,CxCB )
(C1 448),CFCVE )
1C1 449),CFOvVY )
ICLLE22 ), 2H8LS

151 450),68m )
IC1 451),CAGE )
10104321 ,00REAK)
(C10452),RBKLOK )
(CIC454),0ECGE )

EQUIVALENCENCI405),aY)
ECUIVALENTEICI404),RE)

ECULVaLENCE

IC10455),MEPSAX]

ECUlVALENCEICT4T0),SINCy )

ECUTVALENCEICIG85)
ECUIVALENLEICI4LT)

CEFOCS)

ECUlVAlEhCE((IiHQl,CHIRAO]

ECUIYALENCE

(CLC4a5¢),CRIKA )

ECLIVALENCE(C(4T)),vLAZRP)
ECUIVALENCEICI4TZ),EnsK])

ECLIVALENCE
ECULVALENCE

1C10457),CRESTP)
(C{CaSE},CROSPT)

tILASRI,{C{867), YLASR)

ECUIVALENCE §C{ 460),GUICE )
ECUIVALENCE 1C( 461),584p )
ECQUIVALENCE 1C( «b4),CCaNMYS)
ECUIVALENCE 1C( <€651,CCAMMS)
EQUIVALENCE 1C10855),62 )
ECUIVALENCE (CI005681,07 1

ECUIVALENCE

1C13504),0PTNG }

C
Co*INPUTS FACK CTHER MCCULES

EQUIVALENCE
ECUIVALENCE
ECUIVALENCE
EQUlvaLENCE
ECUIVALENCE
ECQUIVALENCE
EQUIVALENCE

(CL0371),RANGE
1CL03T7)1,RXDA
(C(CITII,RYBA
1CC0374),RIBA
(CUL619) . RXE
ICULAL9),RYE
10116230 ,R2¢8

U
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ECUTVALENCE 1C€27393 w5
ECULVALENCE 121 1L740),%0Q0
ECUIVALENCE (C(I743),wQ
ECUIVALENCE tCILLl744),wRC
ECUIVALENCE {LU17AT), MR
ECULIVALENCE 1C{2000),.T

-

[4

CeaSTATE vaRIsetE CUlPyrs
ECULVALENCE (CUO424),8TRIGO]
ECUIVALESTE HL(Ca21),aTHTN )
ECLIVALENCE (CU0a28),BPS1LT)
ECUIVALENCE 1C1Q431),8PS1G )

[4

CesQTHER CUIPLTS
EQUIvVALEnCE (C(0402),EL }
ECUTVALENIE (CIG4OT), EY )
TCLIVAUENCE (CUC4a)2),RXG 1
ELUlvaLenCEe 1ICI04321,RYG I
ECUIVELENCE 10104240 ,R26 }
ECUTVALENIE (0(04353,8EPSL |
ELULVALENCE ICTIOGIE), REPSY )
ECUTVALENLE 1CL0WI ), w2 }
ECLIVALENCE 1CLQa)8) WY )
ECUIVALERCE 1C(0459),8GCEFL)
ECULVALENLE tCL 462,42 ]
ECULVALENCE (CIT 463),uY )

[

CeeDIRECTION COSINES FOR BOOY 1Q PLATFORM TRANSFORMATION
TFL1,6T.0,10CT020
SLT%=0,
S2=0.
SY-0.

30 CCATINUE

UB3l e S[NDIBTNMTG)

UB33 = CCSCICYHIG)
UBLl2 = SINDIBPSIG)
U2 = (CSD(BPSIG)
UBLLl = LB22+UuB13)
UELY & -D31ey822
UB21 » =uBlleudl2
VE23 = (B3leLDL2
Uel2 = 0,

C

Ced CALCULATE TOTAL OEFLECTICN OF GIMBALS
BGLEFLaSCRT{BTHTIGee258P51Cee2)

C

CesTRANSFCRF LCS FROM BOCY TO GIMBAL AXES
RXG = U211¢RXBA+UBI2+RYDA+UBLICR2BA
RYG » UE2LerXBAsubi2oRYBASLR23WRIBA
RIG & UOILsRXNBA+UR2IsRZBA
PCL=ATANC{-IMSL,RANGE)

c

CoolMECK FCR FISSILE AT SEEKER AREAK-LOCK RANGE
If (RANJELGTLADKLGK) GO 1O 4Q
I1F 1CARIAK. LELDW) CC TO 35
IF 1GICHEr GT0a) €O TO ag

[

CesUINE CF SIGHT RATES AFTER SREAK-LCCK
GEPS = (T-UTIME}omEPSMX
1F [UEPS.GT.BECGEY UEPS - BEDNGE
BEPSZ = UEPSIeUEPS
BEPSY » ULPSYSUEPS
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QICHEK = ),
GC 10 50
C

COMINITIALIZATICN OF BREAN (OCK VARTABLES
35 utqre = 7
VEPS? = BEPYZ
VEPSY e gEPSY
COREAK o |.
wALTE 16,200) T,RANGE
200 FCRMAT (30MOBREAKLCCK hAS QCCURRED, TIRE®,FE,%,8M,

[4
CooL0S EARQAS N PLATFQAN CODROINATES
40 BEPSY = ATANCI-RIG,RUG])
BEPSY = ATANDIRYG,AXG)
60 1¢ s0
49 CICrEx » =1,
30 ConrIAUE : .
[
LF (CFIXR .GT. 0.) GO 7O 80
ST ~ (XYKReBEPSE
£Y = (KSKReQEPSY
CAGE = ],
GUICE = 1,
GO0 1g 92
80 1F IT .LE., ut! GO To 92
UT = ut » CCY
$TT=Q,
RAAD,
CIL(CIUSS(SRT.AAA,AAV)
TEICUL93).CYAYLALRPIGOTOS]
$STeQ,
$3IsILASRISINGIFCL ) RANGE
SSY=YLASR/RANGE
80 PIG=RIGIESIeRANGE
PXGARXG
BEPSI~ATANOL-PLG,PXG)
PYGRRYCSSY SRANCE
BEPSYeATANDIPYG,PXG)
CALLiuAC[l(CE1RAC.t(FDCShAI.ID.CC.DD.EEPSZQBGPSVD
CFetaeeoCColp
TF(CFulTal.E=5)CFel0,
SYe t(C-22)vCKSKR/CSH
SIsICC~BANeCNSKR/OE
CAGEs) .
GCrcq2
91 Sle0.
SY0,
92 Ll = 52
Uy e sv
IF(CF,GTu0.)CICHECKR],
c
CeoPITCH PRUGRAMMING ANC SEEKER GAIH SWITCHING
TFIOUICE.CT.0)G0T020
IF (Sarp  ,Gf. 0.) GO T0 1§
IF (CAGE .LE. 0. €O TO 21
UEL « y2
SAFP =« ],
19 IF (S1GMGL., UZ) .EQe SIGNEL.s UEZD) 6o 10 22
GUIle « 3,
20 OAFCLS=57,64.00687/¢0T/CDT
£2% UI/CKSKROQAFOCY
EYaUY/LKEKReCAFOCS
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i

uls=62
Uregy
Ce 10 22
21 £ = CCamVS
EY = CGAMNS
Ul = GSweug
Uy a GSwapy
22 CCNTiINUE

/Gl
7GY

(4

COWNCN=-LINEAR FRICTIONAL CCUPLING OF GIMBALS
UIXeSTCNICRCSPT,BPSICD)
UYKASICAICRCSTPLETRTGD)

(4

CeeMISSILE UCCY RATES IN GIMBAL AXES
WY & LR21AWPIUBR2ewC+UB2IRR
Wi a UBJ1swPeUd32emyeuBldlank

[4
84LPC & (U

¢ SIGBIS e UIK)
BETAC = (UY o SYCAIS - UYK)I/UB22

c

CeeGIMBAL ANGLE OERIVATIVES
IF (CAGE «LEe. Gu) CO TO 99
BTHTGC = [BALPO - wY)/yuB22
BPSICT » [BEYAD ~ w2)

PLG OPTICN

[4 BTHIGC=-CKSK30QTHIG
(< ePSICCa-CKEKIeBPSIC

RETLRA

99 BINIGO & 0.
BPSIGC = 0.
RETLRN
FAC

Cee TIGER AUTOFILOT INITIALIZATION MODULE
Cosas0e (i  FREQUENCY MDCELCSNPse

SUBRCUTINE
COr=CN (4]

it
10}

DIREASICN 1PLIL100)

ECUIVALENCE
EQUIVALENCE
EQUIVALENCE
ECUIVALENCE
ECulvaLEnce
ECUlVALENCE
ECLIVALENCE
ECUlVALENCE
ECULVALENCE

NhSUM » K
TPLIN) = 80
IPLINCL) =
[FLINe2} »
LELIN®Y) =
IPLINeI&) =
TPLIASS) =
IPLINGE) =
TFLiMeT) @
IPLINIS) =
N s Ne9
€15 = 0.
EvYs = 0.
GC 70 22

21 E1S = CGAnmy

1ce
1t
1C¢
et
tct
tct

835),€ELS 3
842),EYS )
8821,€2688 )
887),EvSS )
484 ), CCANYS)
4651 ,CCAMHS )

SCU3504),07THa )
1CL2581) 4N )
1C12582),1PL 1

0

820
824
828
832
836
840
880
804

s
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) EYS » CGAMMS
22 EISS * EIS

EYSS = EYS
Ci 803) = 0,
Cl 823) & 0,
Ll 8271 » Q.
Cl 831) « 0.
cl 835) = 0,
RETURN

€ND

Cos TIGER AUTCPILOT POTULE
Co0osssL(W FRECUENCY POCELerqace
SUCRGUTINE Ct
CCMMCR CL4310)
OI¥EASICK BLELTCULA),VAR(101)

(4

ConlNPUT CATA,
ECUIVALENCE $C10850),HLIND
ECULVYALENCE tC(03S1),FLIME
EQUIVALENCE (C{ 852),Q81AS
EQUIVALENCE (Ct 853),RB1aS8
EQUIVALENCE (CIOBSS), 6L
EQUIVALENCE (1C10B85€),6Y

[4 €l 8%7) TrRu C( B%Q) ARE US
ECUIVALENCE 1C10862),TAYL
ECUIVALENCE (CLCO64),TAYY
ECUIVALENCE #C{ 885),TCV]
ECUIVALENCE (C( B6£),TCY2
ECUIVALENCE 1CT 817),T4aUL

0 8Y ECNTALIL)

- -

P

[4

Coe[NPUTS FRCM CTHER POCULES
ECUTVZLENCE 1C10¥%2),RPHM]
EQUIVELENTCE EC10)Y93),8PRI0
EQUIVALENCE (C1Q4023},EZ
EQUIVZLENCE (C{0407),€Y
ECUIVALENCE 010848} ,NFSUN
ECLIVALENCE (CTIL1T739),WP
ECUIVALENCE ICI1740),wCC
EQUIVALEKRCE {CH1743),uC
EQUIVELINCE ICILT44),%RD
EQUIVALENCE 1CI1T757),uR
EQUIVALENCE ICIL1751).CRAD

- - -

4

Cee[NPUTS FRLM FAIN PRCGRAM
EQUIVALENCE 1C12000),T ]
ECUIVALENCE 1C12965),V4R )
EQUIVALEMCE (L1 2664),CER 1

<

Cee STATE VBR[2BLE QUTPUTS
EQUIVALENCE ICT 80C),BPHISC)
: EQUIVALFHNTE ICT BCG2)oGPirdS 3
- EQUIVALENCE 1C( 82C)1,ESUMOC)
ECUIVALENCE 1C( 823),ESuma )
EQUIVALENCE (C[ 824),.ESUMEC)
ECUIVALENCE ICC 827),ESUME )
ECUIVALENCE (C( B26),€E25C0 )
EQUIVALENCE 1CC 8I1),EI5P )
EGUIVALENCE ICU 832),6250 1
ECUIVALENCE 2C( 819),£28 )
| ECUIVALENCE 4C( 0)¢),.EYSCO )
| ECQUIVALENCE ICt 819),EYSP )
[ ECUIVALENCE 1CL 840),EYSD )




ECUIVALENCE 1C1 B42),EYS
EQUIVALENCE 1Ct 8BC),EZ$S50
EQUIVALENCE 1CT 89?),€268
ECUIVALENCE Ct BB41,EYESD
ECUIVALENCE $CUl 8BT),EYSES

- - -

4
CeeQuTPUTS

ECUIVALENCE (CU 857),BCELTC)
C

CeeQTHER CUTPUTS
ECLIVELENCEICICATED , EZRR)
Coep ATFCRE RATES IN INERTIAL SPACE
EQUIVALENCE (CIOBGR)LEYRR )
ECUIVALENCE HICL B88%),waC )
EQuIvaLencE 100 870y, wWRE )
ECulvaLenCE (CIC8TINLECCLR )
ECLIVALENCE (C(OBTa), EVNCR )
ECUIVALENCE {CLORTS ), BLELPCY
c
4
CooGUICARCE S{GNAL SHAPING
€25SC a E25P
EYSO = EVYSP
EZSCC » TAU2ZeITAULZS(GZaEL - E25) = 2.¢E1S0)
EvSCC = TaUYelTAUYR{CYaEY & EVYS) = 2,e€VSD)
ELSSC & TAUZR(EZSUL/TAUL « €IS = ELSS)
EYSSD 2 TAUYSIEVYSC/TAUL » EVS = EVSS)

[4

CosGRAVITY AL RATE B1AS
WCC = E2SS « QBlAS
wWRC ®» EYSS & RBIAS

[+
Cos8Cl'y RATE SYAPING AND CYRO CYNAMICS
wWCS = mg
WRS » WR
IF (A0S (WCSY .GV, 20,) WQS » SIGNEIO,, WQAS)
IF {235{%RS] ,GT. 20,) WRS % SIGN{30,s WRS)
4
CooSUMMATICN CF RATE CAMPING ANO GUICANCE SIGNALS AND THEIR DERIVATIVES
EZARs w(S-W((
E¥YRR = WRS - WRC

UKR = .85

TEETLLT TLY2IUKRw 4425
IF(T.LT.TCVIIUKR0,

ESLFCC x UKRS{E£2RR =~ EYAR)
ESLFEC = UKReIEZRR ¢ EYRR)

4
CooTCTAL CUICENCE SIGNAL SHFAPING AND LIMITING
EOCCR = (ESUMOU/Be 9 ESUMOL
EVACR » {ESURED/B. ¢ ESUME)
1F [ABSIECCCRE .GT. vLIMFC) EQDCR & SIGNUIHLIMO, E00CR)
IF [ABSUEVNCR) ,CToe FLIME) EVNCR & SIGNUIHLIME, EVHCR)

c
CeeRCLL SIGAAL SHaPING
UKP v .33
TELT. LT TCY2IUKPm] 88
IFLT AT . TCYIUKPeD.
UPKFIS = UKP(8PH]IC/12. ¢ BPHI)
BPI1SC » 36.elUPKIS = OPKIS)
TFORBS(RBPIIS).GTo2.)BPRISnSIGNI2.e+BPNH]S)
BOELFC » ~BPFKIS
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<

CORAUTOPILCT OUTPUT CURRENTS TO EACH ACTUATOR (FROM SUMNMATION ARPS)
BDELECIL) = EOCCR - BOELPC
BOELTC121 = EVNCR = BLELPC
BCELICLY) = EGDCR o BOELPC
BLELTC(4) = EVNLR ¢ DDELPC
RETLRN
Ene

Cae TICER SIMPLIFLIED ACTUATOR MOOEL

Cooveosl(u FRECUENCY NQCELsoatee

[4

SUBRCUTINE Co

COrrCN C[4310)
[ DIMENSICN BUELTDI4),0DELT{A)},BDELTCI4) ,VARLLIOL)
DIMENSICN BCELTIA),ACELTCIS)

[4

CeaINPUT [ATA
EQUIVALENCE(C(112]),BOMAX}
ECQUIVALEANCE IC{11400),CELTPR)
ECUIVALENCE 1C(11410,0€0LTQR)Y
EQUIVALENCE 1Ct1142),0ELTREY

[4

COvINPUTS FRCP CTHER MGCULES
ECUTVALENCE ICilL1&)NFOELT)
ECCIVALENCE 1CL B857),B0ELTC)
ECUTVALENCE 1CULLLT),BSURFL)
ECUIVALENCE 1C11119),8SURFQ)
ECUIVALENCE t1CI1L1L91,BSVURF))
ECUIVALENCE (C(1120)¢BSLRF4)

c

CoaFiLAD PEFLECTION ATAS
BCELTCAL) = CCELTCEL) - DELTPB & DELTQB = DSELTRE
BCOELTCU2) o BLCELTC(2) - DELTPB « DELTIB « OELTRD
BOELTCEY) o BOELTCEI) + DELTPE & DELYTQB ~ OELIRS
BCELTCU4) » BOELTC(4) + CELTPB 4 DELIQB < DELTRE

[4

CenACYUATCR CYNMIMICS
0C 30 1+1,4
BOELT{1) = BCELTCLID

C
CeeSURFACE POSITICN LIMITER
1#(2BS(RCELTEL) )L T BONAX)GOYOIO
BLELT ([ )eSIGNIBEMAXBOELTIII
30 CCATINUE

<
B8SURFL « BDELTIL)
BSURF2 & BDELT(2)
8SURF3 » BDELT(3)
BSLRFa 4 BDELT(4)

<
C11103) s eCELTIL)
L1167 « BDELT(2)
COIllk) & @GELTII
C(1115) @ BCELTI®)
RETLRN !
ENC
SUBROUTINE Al

4

CorrCh CL4310)
C
CovTABLE LCOKUP FOR BLCY FORCE COBFFICIENTS

8l




COFFLN /NCXQ /NCXD /CXDARGZ CXOA /CXOFUNZ CXQF

1 INCXCP 7 NCX /CKARG /CXA /CAFUN 7 XF
2 FNC2 INCN /TLARG 7CNA JCIFUN /CNF
3 FNOCE/NCOCN JCCARG/CDCNA /TCZFUNZCOCNE
¢ ] INCY2 /NCY) /CV2ARGY CY2Aa JCY2FUN/ CY2F
CoeTABLE LLOKLP FCA QLOY NOMENT CUEFFICIENTS
! INCL2/NCL2 7CL2aRG7 CL2A JSUZFUN/ CL2F
2 INCLIZ KCLY 7CL34RG/ CL3A JCLIFULNZ CLIF
s INCM7 NEH FCPARG 7 CHA JCMEUN } CNF
[ INCCP/ NCOCN /CCMARG, CRCMA J00HFLNZ COCNF
[] INCN24 NIN2 7CN2ARG/ CN2A JCHZFLN/ CN2F
*/NCLPZ NCLP JCLPIRGY CLPA JCLPFUNZ CLPF
*/NCNG/ NCHQ FCPCARGS CMQA ICHQFUN/ CMGF

ConTABLE LCCRUP FQR SUBFACE CCEFFICIENTS
CCMMLA /nRCLts nClc JCLCARGY ClCa /CIOFLNZ C2DF
TNCLC/ AU JCLC24G7 CLOA  JCLLFLN/ CLOF
3 INCPC7 ROMC JCHCARCY/ CNOA JCMUFLN/ CBOF
[4
Cea |APYUT (AT
EQUIVALENCE (C112523,XINTER)
ECUIVALENCE (CT11263),CxXERR )
EQUIVALENCE tCI1261),C2ERR )
EQUIVALEALE 10112621, CYERR )
ECUIVALENCE tCU01262),CLERR )
EQUIVALENCE (C112h4) . CHMERR )
ESUIVALENCE €Ct1265),CNERR )

C

CosINPYTS FACK CTHER MOCULLES
ECUIVALENCE C1C204),VRACH |
ESLIVALERNCE €C10367),8ALPHA)
ELUIVALENCELLL202C Y, LCONV)
ECUIVALSACE (CIGISLP ), 0aLPHY
ECUIVALENCE ICICIEG . NALPNPY
EQUIVALENCE 1CIG3T9)1,BPRIP )
ECUTVALENCE (CUL1111),R5URE])
ECUIVALENCE tCLI1L®),LSURF2)
ECLIVALENCE (CU1119),BSURF2)
ECUIVALENCE (CU11201,B5URF4&)

C

CELINPUTS FRCY MAIN PROGRAN
ECUTYALENCE {Ct20001,T )
ECUIVALENCE 1C12664),DER ]

C

COoCUTPUTS - CCEFFICIENTS FOR BOCY FQRCES
ECUIVALENCE (CL1202),CX )
ECUIVALENCE 1Ct1212),CXxQ }
ECLIVALENCE 21C11213),C0xC )
ECUIVALENCE 1CE12141,CNPT )
ETuIvaLEnCE L1 1215%),0Y2 ]
ELCUIVALENCE (C11230),80EFL )
BCLTVALENCE (C11739),LCCN )
ECUIVELENCE (C11244),CNPY )
ECUIVALENCE 1CL124%1,0YPY )

I

CoeCUTPUTS - (CEFFICTENTS FOR BOLY MOMENTS
EQUIVALENCE tCI11206).CLP 1
ECUIVALENCE 1C1120711CNQ 1
EQUIVALENCE I1C(1208),CNR ]
ESUIVALENCE JC11209),CL )
EQUIVALENCE 1C11210),CM )
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ECQUIVALENCE $C1L12111.CN )
ECUIVALENCE 1CL12171.CM0 ]
ECULVALENCE 1C11218)sCN2 ]
ECULVALENCE 1C112311,C0CN ]
EQUIVALCNCE 1CIN2601,CL2 )
EQUIVALENCE (C{12a11sCL) }
ECUIVALENCE 1C1126T) CMP ]
EQUIVALENCE §C11208),(NP }
EGUIVALENCE 1C(126493,CLR )

t

CesCUTPUTS ~ COEFFICLENTS FOR SURFACE EFFECTS: AND TQTAL EFFECTS
ECUIVALENCE (C01204),CY )
EQUIVALENCE (C1126%),C1
EQUIVALENCE (C11205).CL
ECUTYALSNCE 1C1121010,CH
ECUTLWALERCE tCE12110,CN
EQUIVALEACE 1CE1219),C20Q
ECUIVALENCE (C(122C),CIR
ECUIVALERCE TC11221).CMCCP
ECUIVALENCE 1C(12221,CMR
EQUIVALENCE #C11223),CYR
ECUIVALERCE 10(1224),0¥Q
ECUIVALENCE 1C11225),CLLRP
ECUIVALENCE 1CL122¢),0NQ
ECUIVALENCE 1C11227),CLC
ECQUIVALENCE {CL1228),CLMP
ECUTVALENCE (C11229),CLNP
ECULIVALENCE 1C11232),B0L
EQUIVALENCE (C(1233),8BCn
ECUIVALENCE 1CU112241,3CN
€CUTVALENCE 1CL112501,CLP
ECUTVALENCE 1CE1251),CYP

[ R ettt ddiad

INPUT VARIABLE XINTER IS THE INTERPOLATION CONTROL
LESS TrAN ZERU - STRAIGHT LINE INTERPOLATION
FOSITIVE ~ PARABOLIC [MYERPCLATION o WITH END INTERVAL
INTERPCLATICN (0. 70 .2
0.0 - STRAICHT LINE
1.0 - FULL PARAEOLIC

aXakakalakaXaNalal

1F (T,LE.CER) UTIME= C.
IfF (1-uTIME (LE. 0.) RETURN
LTFE= T

€ MULTIPLE ANGLE FORMULAE ANL ABSOLUTE VALUES OF ANGLE OF ATTACRK
USPEL = SINCIEPRIP)
UCPRD = CCST2PRIP)
USZPRE A SINC 2. & 3PHIP ]
US2PH2 e U320H] e 2
USGFHL » SINC ( &, & BPFIP )
lFllES(EALPrV).5!.20.)aALP¥V-SlGN(20..BALPnY)
LFULABSIEALPHA) . GT "~ )10BLPFAaSIGNI20.,BALPHA)
UALPHA = ABS{BALPK
UBLFHY ® A3S(BALPHY}

[4

Ce#CALCULATICN OF POCY FCRCE CCEFFICIENTS
BOEFL * 1ADSIBSURF1)+ARSIBSURFZ)I¢ABSIBSURF ) sABSIBSLAFA) ) /4,
CXO=CCCIM2IVPACK, CXCA, CROF ¢NLXDoXINTER, INCRO)
CALL T2BL2Z 183LPFP, VMACH)CXA(QUF ¢NCX, XINTER, IHCXC 4CAC)
IF(LCCAVLEQL2)CALLGUPT2
LFILCCAVLEQa2)CL120001=C{2001)
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Qe oty © g

<

TFILCCNVLEQL.2IRETURN

CaLL TAAL2 (BALPHP VMACH ,CHACNF ¢NCN, XINTERGAHCNP T CNPT)

ChLtL TAPL2 (BALPHP,VMACH, COCNA,COONF 5CDLIN W XINTER ,4HCOCN,LCOCNT
ChLl TABL2 (BALPHPVHMALHLCY2A,CY2F ¢NCY2, XINTER G IHCYZ,LY2)

Lxe(X0+CxC
CAPLSCAFT o LLCNOUS2PH2
CYPU = CY20USAPF]

CALCULATICA CF 800Y MCwENY COEFFICIENTS

CALL  TAEL2 (BALPHO VHACH CL2A,CL2F NCL2 XINTER, INCL2,CL2)

CALL  TLEL2 (BALPrP veA R, CLIACLIF NCLI,XINTER INCLY,CLD}

CALL  T22302 {BALPKHP,,vNAZIH CMALCMF NCRy XINTER,IHCMO,CMO)

CaLL TEDL2 (BALP P vMalH CLIMA,COCHF , LCOLM XINTER , GHCDCM,COLH)
CALL  T3EL2 (SALPFP VvHECH o CNZA CN2F o NCH2Z X INTER, IHCNZ ZCH2}

CALL T2rL2 (BALPHP,VHACK,CLPA,CLPF NCLP, XINTER,IHCL2,0LP)

CALL  T22L2 tWALPHALVMACH LM A CHQF  HCF Iy RIHTER ¢ 31(¥Q,C¥T)

CALL TADL2 (UVALPHY VMALH,CHMQUA,CHIF (NCHY XINTER, INCAR,CNR)

CLR » (L2eySAPHT o CLYUSPHT
Crv & (mQe( L NOLS2FF2
CAP = (N2eUSEPHL

CoeCALCUILATICN CF SURFACE COEFFICIENTS

BCL & (-BSUIFI-BSURF2+BS5LAFI+HSURF4A}/A,

BC™ » ( G5JRFLPdSURF2+a5UAF IBSLRFA/A,

BCN » (-ES5URFLPBSURF2-BS5URKFIBSLRF&) /4.

BCNP & -B(CN

CALL  TALLY (BALPRP,BLM,VMACH,CI0AC20FNCZOWXINTER,IHC2Q,L2Q)
CLLL  TABLY (BALPHP,BUNP ¢ VMACH,CZNDAGCIUFSNCID XINTER, IHC2R,C LAY
CALY TAZLY (2ALPHP BCM, VMACH,CHCA, CHEF CPD XINTERSHCPDCP ,CMDQP)
CALL  T2C0Y 1AALPHPACNPV¥ACH (MDA CROCFJNCPUXTNTER,,INCPR ,CMRY
€AWl TALLY {BALPHP, A0, W ACH, C2CAVC2DF (NOCZ0WIHTER,IHCYR,CYRY
CALL  T2LLY (BALPHP, LM, YHMACHCLOAC20F ,NCIOWXINTER INCYC.CYQ)
CALL TAULY (BALPKP  PCN YHACKH.CPCA,CMOF, HCMD KINTLR,SNCLDRP,CLURPY
CaLt  TABLY (BALPHPBOM, VMACH, CHGA L CHOF (NCRO L XINTER , IHCNGCNQ)
CALL  TACLY [BALPHP,BCLsVHACH,CLOA,CLOF,HCLOWXTHTER,IHCLD,CLD)

CNCe-ABSICNCY

CPLCP--ARSICPOCP)

CL{eaEs{CLD)

CYR=ADSICYR)

CYQea8SICYQ)

ClAwARS (LA

CICRAESILIQ)

CHAN+AES(CHR)

CLCRPe=-42S{CLORP)
CLPoi{AFLsCICuUCPIrleBCH-CLRayYSPN]IoB0N)
CYFaICYFUeCYRoUCPHIsRCNICYCousPHIoOONM])
CLe(CLReCLCHBIL)
CLefe(¥PaiCoL2PoUlPLLsRCM-(MROLSPH]ISN0N)
CUNFRCAP o (CLCARPOUCPRLodDNOCNQeUSPH]BOR)

c
COOAERC CCEFFICIENT ERRORS

Cx » (€ » CXERR
(iP & (IP ¢+ CLERR
CYP @ (YP + (YERR
CL = CL ¢ CLERR
CILKP = (LMP 4 CHMERR
CLAP = CLNP ¢+ CNERR

[
Ces TRANSFCAPATION FROM WINO 7O BODY X1
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o Ry

v

(€}

% CYPOUCPRI~C2PeuIPHL
Cl a ~CIPoUCPH]I-CYPaUSPHI
& CLPPoUCKHHTIoCLAPOUSPNHL

CN & CLARSUCPHI-CLPPEUSPNHL

RETURN
EnC
COGAERG FCACE AND

HOMENT ROOULE

SUBRCUTINE a2
CorrCn CLA3LO)

[4

CeelNPUT CATH
ECUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
ECUTYALENCE
ECUlVALENCE
ECUlvALENCE
EQUIVALENCE
ECULVALENCE
ECULVALENCE

1C{1306),RFAREAY
(CI130 I RFLGTHS
4C(1308),RCELCG)
EC11I13),RFACG )
TCI1I140,REVCG )
1CI1I1%),RF2CG 3
(CU13ImY, ALLG )
(CUL3LTI,RALL )
10016211 ,AGRAY )
1CL3504),0PTNG )

[
CoslNPUTS FRCW CTHER MODULES

CCUTVALENCE
ECULVALENCE
ECUIVALENCE
ECQUIVALENCE
ECUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
teUivaLErCe
EQUIVALENCE
EQUIVALENCE
ECLIVALENCE
ECUIVLLENCE
ECUlYALENCE
ECUTVALENCE
ECUIVALENCE
ECULVALENCE
ECUIVALENCE
ECLIVALENCE
ECUTVALENCE
ECUTIVALEACE
EQUIVBLENCE
ECUlvALENCE
ECUIVALENLE
ECUTVALENCE
ECUIVALENCE
ECULIVALENCE
ECUTVALENCE
ECUIVALENCE

[4

CeasQTHER CLTPUTS
ECUIVALENCE
ECUIVALENCE
ECUlVALENCE
ECUIVALENCE
EQUIVALENCE
ECUTVALENCE
ECUIVALENCE
EQUIVALENCE

(CL0202),PCYNNCY
(CLC207 ), VAIRSP)
(G4 350),81rT
1C{ 380).RANGD
1C(1202).Cx
fC112043,CY
1001208%).C2
1CT11208),CLP
Cileulialng
(Ci1268),CNR
tCitz8er,CL
1C11210),CH
TLL1230),CN
1C11236),Cr1
1C112370,C02
1011238),CH3
1C11235)Ch e
(CUL&L1Y,FTRX
1CELI812),FTPY
1LLEL613),FTR
£C116221,RLCG
1C116281,0MA88
101702 0,CFA23
1C(1T391,(FAd}
1CI1739),wF
1C11T743),w0Q
[SU1T4T MR
(CL1749},FHtY
1C11T50),FML2

- - T W W W e S e e e e e W s

1CL1300),Fxaa )
{C11300).Frea 1
4CL1Y02).F288 B
1CLLIX02),FRRBA )
(CELIN&) FUYBA B
1CLL130S5).FmibBA ]
1CEL3091,FNrl )
§CUL3L10)FNR2 )
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ECULVALENCE 1CIL1311),Frr) )
ECUTVALENCE 2CI1312),Frra )
ECUTVALENCE {CU1320),FNRTN )
ECULVALENCE 1CHLI21),FuYTH )
ECUTYALENCE 1C(13221,F02TH )
ECUTVALENCE (CH1223),FuxLuGE
ECUTVALENCE (CU1Y24),FMYLUGY
ECUTVALENCE tC{132%),FMILUG)

4

COsFCRCE WYECTCR CCPPUNENTS
UCS = PLYRMCSRFAREA
UCSL = UGSeRFLGIN

1

|

! FXBABUCSO[~CX)eFTHX

5 FYBARULSOCYAFTNY

' FIBASUCSSCR ¢FTHL

l IF(VaIRSP,LE.D.0) CO TG T2
|

[

CoadEND HQOFENTS
FHXBA & (CLAICLP/VAIRSP)SRFLGTRaWP JoUOSL
FMYEA o ((MA&{CHC/VAIASPIARFLGTHoWQeLUQSLF LBASROELLG
FrIBA o (CMEICNR/VAIRSPISRFLGTronwR JoLQSL-FYDACRDELLG

[4

CeomOMENTS CAUSED BY THRUST MISALIGNMENTS
FrATH 3 ~FTRYeRFICC ¢ FIF2ORFY(G
FMYTH » FIMXORFICC « FIHZeRFXCG
FrITH o -FIRXOREYCC - FINYORFXCG

[4
CoapOFENTS ANC FORCES CUE TO LUGS
IF(RANGC.LE.RATL*RLUGIGUTOTO
FYLLUG o 0.
L2048 ~ 0,
F¥XLUG = 0.
FFYLUG » O,
FMILUG = O.
GO 10 14
70 IF (RANGC LE., RAIL) GO TO 72
FYLUG a =(FYCA » CHASSSAGRAVOCFA2) ¢ {FNI0A ¢ FHITH)e
. ALCGEOMASSFFMIL)I/ {1, ¢ DMASISRLCGORLCG/FNLZ)
FILUG ® =(FIBA + DMASSEGRAVECFAYY o (FHYBA + FHYTH)e
» ALCGoOMASS/FHIYLI/Z{Le o OMASSeRLCGORLCG/FMLY)
FMXLUG » ~[FNMXBA ¢ FHXTK)
FPYLUG « FZLUGHRLCG
FrILUG » FYLUGPRLLG
CC 10 Ta i
T2 CCATINUE
FYLUG @ =(FYBA ¢+ CVASSeAGRAVOCFA2Y)
r FILLG = ~(F21BA ¢+ UFASSeAGRAVECFA)D)
F FVXLUG » ~IFPX34 ¢ FHATH)
»

FMYLUG = ={FVYBA 5 PMYTH)
FrILUG = ={FNFIBA o ENLITH)
Th CCATIAUE

<

CooTQTAL PCRCE AND MOFENTS
Fy8s = Fyda » fyeut
FIBA » FIBA & FILUG
FPXEA = FPNPA o FFXTH ¢ FAXLUG
FrPYRA » FPYPA ¢ FNYTH ¢ FMYLUG
EPIBA = FPIBA ¢ FNITH ¢ FMILUG

4
; €98 CALCULATE MINGCE MCMEATS
' FrM]l » CHLeUQSL




NNV

0 1R INBY (g,

i

Frnd = Cr2oucsL
ErH) = CFIsugsL
FPia s ChasyQsL
RETURN

EANC
CORINITIALIZATICN FOAR ENGINE mOQLLE

SUERGUTINE A3}

COrPrCh Ciad10)

QIFEASICN LPLEYOL)

ECUTVALENCE 1C(2%581),N )

ECUTVALENCE tC(2562),IPL )

Ci1499) » 9,

IPLIN ) = 1496

N o= Nel

RETLPN

ENC
COeENGINE MCCULE

SUBRCUTINE )

COrNFCN C143]10)

[ 4
CORLCOK UP TABLE FOR THRUST

COFYCA  /NTHINTH  /THIAG/THA  JTHPYN/THE
(4

Cev INPUT Cata
€ECUIVALENCE (CI1401),BALPNT)
ECULVALENCE 9C11402),8PKET )
ECUIVALENCE 1C11402),CNALGN)
ECUIVZLENCE (CULL404),PCHTH §
EQUIVALENCE 1C(1405),Q0uRN )
ECUIVALENCE (CI1414),CI5P
EQUIVALENCE 1CILalS),Cwl
EQUIVALENTE 1CI1416),0Mp
EQUIVALEANCE 1CI1a1T),RCCRD
ECUIVALENCE ICI1418),RCCGF
ECUTVALCACE 1CL1619),FN[XD
ECUIVALENCE ICH14200,FM1Y0D
ECUIVALENCE 1C(1421),RLCCO
ECUIVALENCE (Ct16271,ACRAY

D W e o

4

Cod INPUTS FRCM OTHER MOCULES
ECUIVALENCE 101 12%2) XINTER)
ECUIVALENCE 1Ci2C000,T ]

C

C4s CUTPUTS
EQUIVALENCE 1C11308),ROELCGD
ECULVALENCE §CI1402).UCaP )
ECUIVALENCE 1C(1410)4FIrRST)
ECUIVALENCE IC(1400),FTHX )
ECUIVALENCE ICHI4L2),FTHY 3
- ECULYALENCE 1CHI&l2) kP2 )
ECUIVALEACE 1CUL422)0RLCG )
EQUIVALENCE 1£11628),0M488 )
ECUIVALENCE SCU11T480,Fuix )
ECULYALENCE 1CILT49), 500y )
ECUIVALENCE ICULT5CI,FNiL )

[4

COOSTATE VARIABLEY ANC THEIR CERIVATIVES
EQUIVALENCE tCiI1496),ulnep }
ECUIVALENCE (CL1499),yime )

¢

BF (CBURN.GT10.) RETURN
"Nlil-CCDlI‘lT'VFI,IN'.NYH-X!N7EIJQHFTHRSI’

P,




FTHRSY o FTHRSTe(l, & PCFTN}

10 USTAASSEINC{RALPKT)
ETRASETRRST4COSCIQALPHT)
FIHYS-FTHASTeUS [NASSINCIBPHITY
FTRIFTFRSTaLS [NAOCOSCIBPNI")
«C YO 30

20 FIMANFTINRST
FTHY=Q,

FIhle0,

30 CChTINVE

UINPD = FTHRST
UCwpP = VirP/CISP

CFASS = (CWT = UCWPI/ZAGRAY
ROELCS % RICGC - (RCCCO = ROCGFIsUOWP/DWP

FPIX o FHIXCo{TMT = UOWP)/CuT?
FPIY = FNIVOelDUT = UOWPI/CwT
FMIZ a FPIY

RLCG = RLCGC * RODELCG

1F {FTHRST L.CT, O.) RETURN

WRITE 14,1001 7
100 FORFAT (/714K BURNCUY VIHEe,FB8.4,5H $SEC.)

CBURN31,.0
FInASTe0.
[ALS L1
FinyeQ,.
F1H1=0,
RETULRN
EnD

Coe TRANSUATICNAL DYNAPICS INETIALIZATION MODULE FOR D1
SUBRCLTINE C11
CGFPCN C14310)
EQUIVALEMNCE (C12%011 4N }
ECUIVALENCE (CL2562),1PL )
CIPENSICN  IPL (100}

[4
Coe INPUT CATA

ECUIVALENCE (CU 100),VWXE )
ECUtVALENCE 1CL 10)),VWYE )
ECUIVALENCE 1CH 102).¥Yn1E )
ECUIVALENCE 1CU 204),VHACH )
ECUlVALENCE §C( 208)1,RhZRO )
ECUIVALERCE 1CL 367),CALPHAL
ESUIVALENCEICEI3T) ) PANGE)D

ECUIVALENCELCILTIS2),APFI])

ECUIVALENCE (C(I%01:,ENTARG)
ECUIVALENCE (Ct 36E),BALPHY)
ECUIVALENCE ICt 427),BTHTG )
ECUTVALENCE (C1 621),8PS1G )
ECUIVALENCE IC(1409),CCURN )
ECUI7ALENCE 1C116391,0PTARG)
ECUILVALENCE C1166¢1,BCIVE )
ECULlVALENCE {C11567),RSLANT)
ECUIVALENCE ICTL1739),mP )
ECUIVALENCE $C1L742),u0 ]
ECUIVALENCE (CILT747),WR ]
ECLIVALENCE (L13502),0PTNZ )
EQUIVALENCE (C(23504),0PTNG )
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[ 4
Ces CUTOUT TC MGOULES

ECULVALENCE (CC 370),80F1P
ECULVALENCE 4CUL6151,RXE
ECUTYALENCE 1CI16191RYE
EGUIVALENCE (CU16231,RIE
ECUTVALENCE §CLN60) ), VIE
ECUIVALENCE (CI160714VTE
ECQUIVALENCE JCU1811)eVIE
ECUIVALERCE 1C1T627),8THRST
EQUIVALENCE 1CI1635),ROELX
ECUIVALENCE (1C(1636),ROELY
ECUIVALENCE $C(16)7),RCELL
ECUIVALENCELCIL1644),ATARG) H
ECUTVALER < (CI164T),VTARG) )
E€QUIVALENCE 1C11651),RTXE
ECUTVALENCE 1CL1455),RIVE
EGUIVALENCE (CU1659),RTIE
ECUIVALENT ™ 1L({L1eal)oRXD
EQUEVALENL. (CE1669),RY0
EGUIVALENCE (CU186701.R20
ECUIVALENCE 1CL1753),8THTO
ECUIVALENCE 171173540,8P510

-

- -

’ CL164T)8CL16486)

IPLIN) » 1600

IPLINSL]L = L6064 -
1808 .

IPLINGZ) o .
IPLING3) & 1612 :
IPI tNek) = )b16
1PLINGS) = 1820
IPLINSS) = 1840
JPLINST) = 1844
IPLIN®R) = 1660
IPLINGT) = 1652

IPLIN®10) = 10656
IPLINCLLI=16T2
ReAsl2
IF(EPTARGILO.9,10
10 ATARG=AVHRST/EMTARG
Gerati
9 AT2RG=0.
‘ 11 CCATInuE
| BPHIC=2,
| CoeCALCULATE PISSILE PARANETER INITIAL COMDYTIONS
BTIrIC=B0IVESBALPHA
BPS1C=-83LPHY
RXEe~RSLANT COSCIBCIVE)D
RARCE-RSLANY
RYEASLINTeSINCIDALPNYD
RIZEe KSLANTASINCIBCIVE)
20 RH & RMIROD - ALE
Cle27)e=BALPFA
CL&ILIeeALPFY
Cla3Lie-BALPHY

C

USTHT = SINCIBTINTO)

UCTHY o COSCLBYRTOD

utPsl e COSDIBPSIO)

. USPSl o SIMCIBPSIO}
[4
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6 nus

RXBA = ~UCPITaUCTHTeRXE o USTHTeR2E
Avesr » USPSlerxe
AlBAr o “UCPSIeUSTHTeRXE - UCTHTeRZE

24 VSCUMD « 11217.3 « ,00392eR¢
VEWTE = VMACPevSOUNC
VEURY o VMMTESCCSO(BALPIA - BTrT0}
VXEnvuxEovnuxvocost(aALvhv)
YYESVRYE-VHRXY oS [NC(BALPHY)
VlE'VhlE-vNulE'SINC(BDIVE)

30 RCELX o ATXEeRXE
RCELY » RI'VE'RVE
ROELE RTtg-RZE
RXQ = RXE
RYC = RYE
RIC & RIE
RETURN
€AQ -
COSTRANSLATICNAL CYNAMICS MOCLLE ’
SULRGUTIAE cl
CCrPCN Cla310)

(4

COMNPUT CaTa
ECUIVALENCE (CL1621),RAIL 3
ECUtVaLERCE 1CL1627),AGRAY )
ECUIVALENCE 1CL1828),Ccmass )
EQUIvaLENnCE tC11629),ATERST)
ECULVALENCE 1C11633),4aTYURNT)
ECulvaLEnCE (C11631),8CAMT
EQuIvaLghCE 1Ct14080), uPTND
CQVivaiENST Cil0511eaC1IVE
ECUIVALENCE 1CUL17511,CRAD
ECLIVALENCE (C135041,0PTNG

- e -

(4

CoeINPUTS FRCM CTHER PCCULES
ECUIVALENCE 1C( 371),RANGE
EQUIVALENCE 1CH 380 RANGO
ECGUIVALENCE 1C11300),fxBa
ECUIVALENCE 1C(130).Frea
ECulvaLErCE (CI1102),F28A
ECUTVALENCE 1ICt1667i,RL
ECUIVALENCE 1CLLT0)),CFALL
ECUIVALENCE (CI17071,CFAL2
ECUIVALENCE CHLT110,CcFA0
ECUIVALENCE (C11719),Cra2)
ECUlvaLEnCE 1CI17191,CPa22
EQUIVALENCE 1CI1233,CFa2)
ECulvaLence 1CLLT27),Cra2)
ECUIVALENCE 1C11231),CFa32
ECUIVALENCE 1C11235),CFA3)
EQUIVALENCE €C(20001,1

N e v - - - - -

(4

COeSTATE varjagLg ourpPyrs
ECUIVALENCE 1Ct1600,vxep )
ECUIVALENCE 1C11602),vxe }
ECLIVALENCE 1116040, vYED |}
ECUTYILENCE (CL1607),vvE )
EQUIvaLENCE {Ct1s08),viED )
ECUIVALENCE 1Ct16t1,v2e ]
ECUIVALENCE 1C11612),RXED )
ECUIVALENCE 1C11615),RXE )
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ECUIVALENCE (Ct18161,RYED
EQUIVALENCE JCI16191,RYE
ECUIVALENCE 1C116201,RLED
ECUIVALENCE 1C11622),R2E
EQUIVALENCEICI L1844}, ATARG)
EQUIVSLENCEICI164T),VT2RGE
ECUIVALENCE(CI1872),80 2. T0)
ECUIVALENCEICT16793,8P51Y )
EQUIVALENCE §CT1IS011,FNTARG)
ECUIVALENCE ICI1648) RTXED )
ECUIVALENCE (CUL651),RTXE
ECULVALENCE (CT16521,RTYED
ECULVALENCE 4CU1659),RTYE
ECUIVALENCE 1C1185¢),RTLED
ECUIVALENCE ""116591,RTLE

- -

4
CowQINER CLTPUTS

ECUIVALTLRCE (CI1428)4AXEA
EGQUIVALENCE 1C(16251,AT0A
ECQULVALENCE §C116280.48081
CCUIVALENCE (Ci1832),vIELX
ECUIVALENCE fCIL8I2), VEELY
ECUIVALENCE $CE1634),VCELL
ECUIVALENCE 1CL1625),RCELX
ECULVALENCE (CEL43E), RUELY
ECULVALENCE tCiiad?)RCENT
EQUIVALENCE 1L41830) 4 VCLSNG
ECUIVALENCE (C(1E6N)VIXE
ELUIVALENCE 1C(1881)eVTVE
EQUIVALENCE 1C11682),VTLE
EQUIVALENCE 1C(1663),V0XB
CoU vALENCE LCLLnbalaviifY
ECUIVALENCE (CU1855),vDLB
ECUIVALENCE (CIL6TEY e ANGHR
ECUIVALENCE iCt1e77),aN0Y
ECUTVALENCE 1CILATBYIANGY

-

- W B W

CLIaATInC 1668}
CeeAOD AERO AND THRUST FORCES 1D GET YOTAL ACCELERATION IN 800V AKES
AXEB w FXBA/LMASS
AYRd » FYRAZCMASS
AlBA = FIPAZLMAGS

<

CoeMESCLYE FHCH BCLY TO EBRTH AXES
AXE = CFAll-ﬁxaAoCFAzx-nvsA(Cih!\-nzah
AYE & CFA\ZnllBltCFAll'lVBA'CFiJZOAZBA
AlE » CFAl)clxaltﬁfAl}'AVBAﬂCFA!S'ALBA

[4

CenINTECASTE ACCELEAATIONS
VXEC = anf
VYEC = avE
VIEL o S1E € AGRAV

[4

Cee CALCULATE TOTAL MISSILE AGCELERATION IN s8ady AXES
YOXB s CFALL®VXED ¢ CFALZeVYED < CFAL13eVIED
VOYe » CFA2LOVXEC ¢ CFA2Z0VYED o CFA23evIED
NGI® ® CFAYLOVAEC ¢ CFAJZOVYED o CFAY3eviED
1F (AGRAV.LELO.) GO YO 10
ANGX = VOXB/AGRAV
ANGY © VCVE/AGRAY
ANGL ® VOIBAAGRAV

9l

sttt T 8O

«‘(\,




CooINTEGRATE VELOCITIES TO EAQTH AXES POSITION

RXELOVXE
RYEC = VYE
RIED = VIE
IFLEMTIRGIT049,10

1O ATARGeATFAST/EMTARG
cLrcil

9 ATARG*O,

L1 COATIMNUE
EPSITCs Q. .
1F (VTARG.GTa0a) BPIITCe ATURNTOAGRAVOCRAD/VTARG

(4
RTXEC o VIXE
RTYEOD =» vIYE
RYZEC = w'lE

1
VOELX = VIXE-VXE
VCELY & VIYE~VYE
VCELZ » VIZE-YLIE

[+

RCELX = RTXE-RXE
RCELY = RIVE=-RYE
RCELZ w RTZE-RZE
VCLSNG » (QCELXeVDELXORDELYSVOELY*ROELI=VOELL)/AANGE
RETURN
ENC
CeoROTATICHNAL CYNAMICS INITIALIZATION MOCULE O21EUL
SUSRCUTINE 21
CCrrCN CL4310)
CIvENSICN  LPL (100}

CeeNChE

Cee]INPUTS FRCM MAIN PROGRANM
ECUIVALENCE 1CI29561)eN 1
ECUIVALENCE (C12%62),1PL ]

CesSTATE VARIALLE CUTPUTS
EQUIVALENCE {C11703).CFALL
EQUIVELENCE 1CI17070.CFa12
ESUIVALENCE ICIL1TL1),CFALD
ESUIVALEACE (CI17153.CFa21
EQUIVALENCE 1C(1T719),0FA22
EQUIVALENTE 1C(1223),0Fa2)3
EQUIVALENCE {CU1721).CF331
ESUIVALENCE 1CTTI231),CFAD2
ESUIVALERCE (CU1235),CFA3)

Co*CTHER CLTPuIS

CeeM(hHE

CootnlTlat CALCULATICN CF EULER ANGLE MATRIX OF DIRECTION COSINES (CFA)
usprl = SLNLLBPRIO)

- . - -

CFay2
CFa33

UCPRI » COSCIBPFIO)

USTHT a §InCegTrTQ)

UCTFT = COSCIBTRTO)

USPSI « SINCIBPSIQ)

UCPS) = CCSCIBPSIO)

CFALL = LU(PS{aUCTET

CFa12 = uSPSteUCTRY

CFa13d = =uStInT

CFazl » ~uSPSteLCPr IeuCPSlousTrToUSPHE

CFar2 = UIPSIeUlPR]IOUSPSIeUSTHTOYSPH]

CFa23 = YCTrTeusSPng

CFA3L = UCPSIwUSTHTOUCPHILUSPSTSUSPHI
-
.

USPSTeUSTRTSUCPHI-LCPSIOUSPHE
UCTrToUlPRY




<
COeINTEGRATEC PARAMATER LIST FIPL) FOR WP WQD, WRD AND CFAD

teLiIN) w

JeLine )

1PLiNe2)

! 1PLIN®D)
; IPLINGA]L
fPLINES)

1PLiReb)

JPLINGT]

1PLINeB]

[PLUINGY)Y

JPLANLO

1700
w 170%
a 1708
e 1712
« 1716
« 1720
. 1724
= 1728
» 1132
= 1138
) = 1740

1PLINeLLY & 1TAN

N Nel2

Cee RESET ANGULAR RATE CERIVATIVEY TO 2ERD.

CLLT00) * 0.
CeLTo4) & O,
ceLros?
cti712}
CiiT16!
€t1120)
CLLT24)
c€ti128)
[N ET 3
ceLrds)
C(LT401}
CLLT4410
RE TURN
€nD

pere2POBPBODBE
(=]
.

Ces RCTATICHAL CYNANICS noCuLE
{SUARCLTINE T
cerrin C(4310)

<
CeeDATA IKPUTS
ECUIVALENCE
ECUIVELENCE
EQUIVALENCE
| ECULIVALENCE
{ ECULIVALENCE
! EQUIVALENZE
ECUIVALENCE

1CLLAL) RATL )
TC(LTABIFRIX B
GCL 17490, 871 )
(CLLTS0N ML )

1CLLT91),CRA0 )
1C13503),0PTNY)

1C125041,0PTNG )

[4
Ces{NPUTS FRTK CT+HER MOCULES

EQUIVALENCE
EQUIVILENCE
ECUTVALENCE
CCUIVALENCE
ECULVALENCE

<
€ eINPUTS FRCP Pl

CoaSTALE varl2agLE
EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

ECUIVALENCE

EGUIVALENCE

EQUIVALENCE

- EQUIVALENCE
ECUIVALENCE

EQUIVALENCE

EQUIVALENCE

1Ct 380),RANGO )
10113020, FYHBa )
1C113C4), FrYDBA )
TCL132S) . FMlEA )
(CE1308),RCELCE)

N PROGRAN
CuTPUTS
1CI1T0034CFALLLD
(CI170Y).CFALL )
(C(1704),CFAL2C)
CCI1707)1,CF312 )
1CI1708),CFALILY
(CHATLIYLCRALD
1CLIT12).CFAZICE
(CUAITIS1,CFA2Y D
1CL1TI8).CFA2C)
1CI37191,CF222 )
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»

€QUIVALENCE
€CUIVALENCE
EQUIVALENCE
ECUIVALENCE
EQUIVALENCE
EGUIVALENCE
EQUIVALENLE
ECUIVALENCE
EQUIVALENCE
EQUIVALENCE
ECUlVALENCE
ECUTVALENCE
EQUIVALEANCE
ECULVALEACE

[ 4
COSIATEGRATE eCCY

1C117201,CFA23D)
1C(1721),CFaA23 )
1CL1724),LFa31CY
1CL1121),CFaA3L )
(CL1720),CFA32C)
1CCLIT31),CFA32 )
17321 .CFad30)
fCt1732),CFA3Y B
ICULTIE) NP )
1CELT3IS) NP )
iCt1r1401,wCC )
(CULT43),uQ )
1C11744),wR0 )
$CUITATI, MR }

ANGULAR RATES

WPL ® CRADOFMYDBA/FMLIX
S5 WAL = {CRADFSYCAC(FEII~FRIX)awPeWR/CRAD) 7FRIY
65 WRC » (CRADOFHICA{FuIX-FMlVvIanPeWQ/CRAD) /FNLL

[4

CY92INTECRATE ATTITLUOE OIRECTION COSINES
49 CFAIIC(LFAQLowt-CFX3]*WQ)/CRAL
CFAL2Cs(1CFA22owR-CFAD2e¢nC}/CRAL
CFA1ICS(CFL23*wA-CFAYIIONC)/CRAL

CFA210 a (CFa)1ewP=-CFALLewR)/CRAD

Cra22l
Cér23C

CFA220
Crelac
RETURN
(3%

[ 8aSIC INPUT

SUHBRQUTINE CINPTL

SUBRCUTINE CINPTL
COPPCN Cta310)
ECULVALENCE(CL28001,B)
ECUIVALEANCEIRTISILI0) KK

EQUIVALENCE

e R Yo X Na Ko ¥l

EQUIVALENCE
EQUIVALENCE

1C132181),CNAMELD,
(Ci33281,05NARES),
40134401 ,N08M0M1,
1C13168),0UTMD ),
€C12359), IR Ve
1C13338),LCSTAT ),
4C13087),LISTHC )
$C120091,NCPLCT),
(C(1984),NPLOT )

(1C(1985),CUTPLT)

CCuPLE PRECISION ALPHA
CLPENSICA ONAMEDILQ),ONANES{10])

DIFEASICN LISTHCESC),

s (CFAI2eWP~-CFAL2eWR)/CRAD
o (CFAIIenP-CFALIewR)/CRAD
CFAMIC » (CFALLaWQ-CFA21+4P)I/CRAD
@ (CFA12enG-CFA22eWP}/CRAD
8 (CFALJswQ-CFA2)eWP)/CRAD

(C13268),OnaNER),
(C123611,n0NCD D,
(CE34AL) (RNOMNOD,
(CI2461),KCSLB 1,
[CE2157) VR e
(C1I360),SVATHOY,
(CIINLT), VALLE ),
(C12325) ¢ VLAKLE S,

VALUELSQ)

DIVENSICN SUCHU{99), IRI2),VRI2)
OIFENSICA RACMNCISC)
CIrEnSICN BLLIZO)
OIFENSICN RLPFA(D) CHAMEL{S0),OMAME2(50) QUTNO(S0) ,RO00N0L99)
OIPENSICN K[4D1Q)
OIrPENSICN STATNG (100)
OI®ENSICN VLESLELZ2,15)
OIMENSIECN CUTPLT(LS)

REAL PCCND

INTEGER QUTAO
INTEGER RNOPKO
InTEGER CuUTOLY

94

1€133181,0NAPEY),
1123862}, MCOND ),
1CU3167) ,NCCUT ),
(C12462),5UaN0 ),
(C13329),005TAT),
(CU3CELE,NLTIST),
{C12208],PLQTINC),
(Cyn)




|
|

R .

s
ss

-
- O e

-

INTEGER BTATND
TFIXT16310))36,5%5,38

KKsQ

COnTInVE

JaR = 0

WRITELS,31)
FCRPASLLILIFLINPUT CaTAY)
REACEIS2) IRELI,ALPHALLIGALPHALR) (ALPHALD) , IRE2),VRL)) ,VRE2)
WRITEL(O30)TRILICALPRACL)ALPHALZ)JALPHALIIZIRI2)VRIAIVR{2)
FCRMAT(1Z2,346,15,5X,1P2E1S5,7])
FURFATLI2,386,15,5X,2€E1549)
IF{ [RUL} NE. L ) GO TO 3
ACSUB = ANCSUB ¢ ]
SUBKRCIACSUB) = [R{2)

€leKKa 3500

Caxl)=tre2y
Ki{Xl+1l)e248]¢NOYUS

KReXKs2

cC 1c L

[FL IRI1) NEe 2 ) GO TO &
ACFCG » AOMCC ¢ |
PCOACHUACNCOD) = [R(Q21
KlesuKe3510

Cirlis(rt2)
Kixlsl)e23614NONOC

KKoKK¢2

GC IC L

IFUIR{L) .HEM 3) GO TO &8

L s IR{2)

CtL) o VRIL)

KleNx+3S10

[ A S

KiKL¢l)alR(2)

KN=gK+2

IF IVR{2) LEC. 0.} CO 1D )
KCLIST = NOLIS. ¢ )
LISTACINCLIST) « L
ViltE(ACLIST) = VR{LX

ViAEK 1510

£i-liwg

A{rLte3C66+NCLTST
CTiKi+*21aVRI1)
K{KLe3ludll6enal ST
KKEKX ok

6C 1C 1

IFIIRIL) .NE, 4)CO TQ &
ACCLT » ACCLT ¢ )

1F (ACCYT.GTLS50) OC TQ )
CNAFELINCGUT 1oaLPral2)
CRAVEZIACTUT) » ALPHA(3}
CLTACIACCUT) & [R{2)
Kl=gx¢3S10

CINL)Is2LPFALZ)
KIK]+]1123217¢NCOUT
CUKL142188LPFA(3)
KiKled1=326T7¢n0CUT
K{Kl+4)u[R({?)

K{XL1+512316 7¢NQOUT

KK=KK+§

GC 101

1F LIR{1) .NE. §) CO TG X
IF IVRU1) .£Q. 0.} GO 7O 17
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17

18

20

19

13

12

[a¥aKaNalal

LCSTAT o LOVTAT ¢ }
KCSTAT m RCSTAT » 1
STATACIACSTAL) = 1R{2)
CNAPENINTSTAT ) o aLPHA(QY
CNAPEQIACSTAT)aALPHALY)
Gc tc )

IF 1k(ly.nE.7) GO TQ 19
NPLCTsAPLCT oL

1F (APLCT.GTu1S5) GC YO )
CC 20 1al+2

YL2OLE {1 ,AFLOT)IwALPHAt{L)
CUTPLTINPLCT )= (RE2])

GC ¢ 1

COATINUE

K{4303)sNCSUB
Ki&43C31eNCHCT
Kt433T)sNCLIST
Ki4d061aACSUT
KIA3GS ) aL (S AY
K{&3Ca)aNCSTAY
K{alClyanPLLY
KULI02)IANERNIN
TFEIR(2V.EQ.OIRETURK

A s [R{2)

CC 12 1 « 1, N

REAC (54131 J,¥,MANOMIERLSIGNO,BETA
MAITE (64130 Jo¥,maND,M1ER,SICNOEETA
FCRFAT (15,F5,0,2(2X4112),2E15.81
ACIAIM & NUCARCH » )
RACPENCED) & )

Cil) ey

K{Jal) a warf

K(Je2) & MmJER

ClJe3: & SICNO
KleK<s1}510

K(KlYemaNnC

Kiklvl)agel

KiKle2}aMjER

K(X1le3jwje2
Cixlea1aSICND
KiKleS)a)ed

Ciklebiay

KiKlel) ey

Cinlog)ny

KiKkle3)e3asdel

KKeR+10

CONTINUE

RETLRN

(1.1

CUTFLT INITIALIZITION SUBROUTINE OHPT2
SUZRCi.TINE CUuPT2

CCreCN CU&310),GRAPNM

CCUIVALENTE 1CL201T7),01CNT 1o (C1318714M0CUT )

$CL2014), 1ICNT )s (C(2C031,PCNT

1C120181, TARE 1, (120191, TAPEND),
tr2coc,t bo 1CL20211.kCONY Do
12020991, PLCTNCY, (C12009),N0PLUT),
1C12004),PPNT ) 1C12023),0POINT)

OUMFASTICN CRAPHI2¢2), TINEL2),0UTNDL50)

IaTeGEQ PGCAT , CTCNY , QUINO o+ OPOINT

ECUIVALENCE §C119689),CUTPLT]
INTECER QuTPLT

96

{C12016) «PCONT
(C12015) .CPP
(Ci20132,04C
{C1292%),T1PE
1C13188),0uTN0D

£




Ikl oo D i e i e aoi e hinattmtt hante et A an i §

CIPENSICN OUFPLTLLSS
KCCAYa)

T1EMT o TCC #» 140

PCAT » T-040C0001
PPATwRCAT

PCCAT & ]

DTCAT s (ANQOCUT & a}/S

TF € JTCAT LCE. 7! CO TC 2
WRALTE(L. 8101 CUT),Ctlel)aClldTiaCiled),Clledd,CHleS)Cifob)elmlLDs
viC, 1}

6 FLAPATIIFIZ (15, 1PTELSLT))

Q VIYE(LIY
CFCINT o)
L€ 10 Ja) NCPLOT
KeCUTPLTLY)
10 CRAFHLL,J)2CIK)
RETLMN
EAC
CuTFPuUr SUBRCUTINE CUPT)
SUERZUTINE CUPT)
LUrPPINn CIA3IC)(RAPK
EQUIVALENCE (CUILAB),0UTHU 3y (CE3219),0NAMELY, (C13285) ,CAmz2),
§CU20171,B1CHT 3, §CLILBTI,NCOLE 1, tCHIZL6),PIINT Y,
(CL2014), ETCHT ) 012203, PCHT 1, (CEITIS)CFP LI
{LL2GCC T, 1T Yo (CL2884),0ER be 1CUIS13)eT2PE Ye
10020191, TAPEND), (CI20CE),PLCTING), [C (27091 4hLPLCY),
tCr200s,Pop Y, CCLZCO8),PPNT 1, {CHcues) s TLNME Ve
$LL20221,CPCINT)
ECLUIVALENCE {100198%5),0LT2LT)
CIMENTICH BESI,CUTHI0SC o ONAMEL{S0) »ONARE2([5C)
FEMESAI TR GRAPKFID,2).TINFL 2)
CIMERSILA CLTIZLTILS)
INTEGER CTICAT.PCCNT,LCUIND
IhTEL-2 CPUINT
INTEGER CUTHRLT
1F CITIAT, (T, &) 40 TO 7
ITCAT w [TCAT + ]

[aNalaNaNal sl

WATTELR,8 )00 14C(1), ClIe1)aCUIqQ)pCETOR)oCiTeal,ClTe3),CUINE) Inlo)dS
it 1)
6 FCAvETLIML/LLS,1PTELS.T))
FCIAT = )
T IF (CéA, €Q. C2R1) CO TO O
CEvl = (€R
w21 TE48,20)T,CCR
20 FSAPATUIR S TIHEOF14,T92X, 1GHSTEP SI2ERLPEL9.T)
8 LF (T LT, PCNTIGGTICLS
9 F(ANT m (NT o PP
IF (#CChF. NE, 1) CO Y0 3
1 weiTedt, 20 (CNAEL(1),CGhamME2(] ), 11 ,400UT)
2 FCRVAY [IHL 4 4hTIvE, 58,51 TX,246)//7(20K, 246, TX,2A6,7%,244,1R,
1246, 1X,24017)
FGCAT o 29CTCRT o &
3 IFI1FCONT JGE. BE) CC TO 1
CC 4 1 o« 1,ACOUT
J = CLUTKROLT}
& BIUIT o ClJ)
HRITE 1645) To(BU01, T & LaenOGLT)
S FCPPAT (/77 aFlealo1PSELST/LL14KIPSEL.T)]
PCCAY o PCONT ¢ CTCHT » &
19 TFiTelT . PPNTLCR.NOPLOT EC.CIRETURN
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13
14

PINTOPPNTAPPP
KPCINY olPOINY o1
1* IKPCINT-3001 14,13,18

WRITE (hils)

FCAMAY {//11F essn

CCIATS PLCYTEC osee,/2)
16 CPOINT=KFUINT

10
18

o« - > L I 3 - N

-0

Ti»E (CPCINT

YaT

CC 10 J=1.NCRLOT

KsCUTPLTLYY
CRAVM(CPOINT
RETLRA

Enec

vJisCiN)

SUBRCUTINE 2ERD
CCFrCh (14310)

EQuivartence
ESLIVALENCE
EQUIvaLEnCL
EQUIVALENCE
ECUIVALENCE
ECLIVALENCE
ESUlvALENCE
ECuTvAaLEsCE
ECulwevL(aCt
ECLIVALENCE
IATEGER PLC
IANTEGER CPUL
LOSTAT 1 0
NCSTAL s 0O
ACSLB o O
NCFCC o O
MY 2 0
ACRACK o O
ALiLT = O
CPLINTeO
KPLUT=)
RETURN
ENC
SUBRCGUTINE
COMrTN (153)

ECUIVALENCE 1CHI245504NCSUS 3, (CP2442),5UBNOD )

CIFENSICN
cc1 1=y,
J e SudhCil)
GC IC (1, 2
CaLt InPTL
cc 10t
caLL OurtTd
o6 10 1t
CALL STGEL
¢ 101
CALL (nTRY
¢t 10 1
caLt ANCML
¢C Tu L
CALL AuXal
¢C 1C 1
CaLL aLxgl
G0 tQ 1
CALL AuxCl
CCNTIAUE
RETURN

(CL1984),HPLOT 2
(C120221,0P0!NTS
tC12361),MNCN0D )
(Cl246114NC808 )
1C130661,NGLIST)
1013167 oNCCUT )
(C133y,L08TaT)
IC12235 ) NOSTAT Y
1C13649) (NCINDOM)

1C12C08),PLOINQS

™0
AT

suBaLy
Q)

SUENCI99)
NOsSu®

b 3e &0 3y b Te 8, 9 3, S

98
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END
SUBRCUTINE sueL?
CowwCn CI4)10)
ECLUTVALFACE (CI2061),NA6UB ), (C42402),5UBNO )
DIENSICN  SUBNO(99)
CC 1 1 =1, NOSUB
J = SUBACI[I 1
CC TO U 1o 26 36 41 30 & 75 8, 9 )0 J
CaLL INPT2
GC 7C 1
CiLy Curr2
co g 1
CALL STGER
GC 10 1}
CALL CATRZ
G 10 )
CALL RANCPMZ
GG 10 1
CALL AUXA2
[ IRL Y .
CALL AUX02
GC 10 1
CaLi auxe2 :
CCHTINGE
RETURN
(3] ;
SUBRCUTINE susL)
COPFPCN CL4310)
FLULVALENCE J1C(24611,NOSUB 3, (C12462),5UBND }
CIPERSICN  SUBNCISS1L .
€C 1t = 1, NOSUB

CaLL INFI3
¢C 10 |
CaLL OurtT)
GO TO 1
ChLL STGED
¢ 101
CALL CANTRY
GC 10
CALL RNCN}
¢C 7C 1
CiLL AUXS)
GC 1C 1
CaLt suxpld
¢C 1a 1

CALL Aux() ‘
CONTINUE

RETLRN

ENC

SUCFOUTINE 3TGE2

CoPrPChN CL1&Y10)

ECULVALENCE JCI20111KSHEP 2y, (CL2020),LCONV ), (C12021),XCONV }
K(LAY o O

LeChyY = 0

ESTEP = |

RETURN

[ 2.1

SUBRLUTINE STGED
COMPEN CU8I10) ,GRAPN

EQUEVALENCE 4C12000)nT 3p (C120011,1F Yo 1C12003),PCNT 1

o
I3}
-
[=]
-
~
-
“
Iy
”»
-
-
-
[
-
~
*
@
o
-
»
[
—p—

I —
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ECUIVALENCE £CL2010),8T€P ), ¢CL2011),RSTEP ), 1C12020),LCCNY
E€CUIVALENCE JCU20211,KCONY ), (CU12%81),N 1o (126621 ,H¥IN
ECUIVALENCE JCU2652),rrAX  Bo ((12664),0ER 1o 10(2765),EL
ECLIVALENCE 1C1206%1,€0 o (CL25051,VAR )
ECLIVALENCE (CEi2T2),KABE Do (CELI974),Ny 1, 1CT1375) (NPT )
CIMERSICA CER(1O1LY ¢ VARLLOL) v ELL100)
CIFENSTICN EULLIOQ),CRAPK(2,2)
ExTEwnay AYXSUB
CALL (s
1F (apsSt T=TF) .LE. 0.01 } GO 1Q 20
TF ¢ (TP=T) 4LT. 0.1 GO 1O 1O
IF (LCCAY LEC. 20 (C TOo 20
1F (LCCAY L£C. 1) CC 1O 10
TFALCR(LIWLTL0. ICEAL L) o=CER{Y)eQ.%
RETLRA
10 JFICERIL)«GTo0LICIAILIS=DER[L1)1®0,.%
KCCAY = KCCAV ¢
1F{RCCAY JGE. 10) CO TO 20
REILPA
29 PCAT = 1,0
Cuvs o RECR®ILOCIX))I,LOCIXAD)
WRITE (6,30) €3, x4
3O FCuMAT (840 RESTARY INIVIALIZERS, X3 AND X4, ARE 2F11.0)
TFISTEP LEQ.11.)C0T1D 40
PRELER « CERI]}
CERIL) = Qo
NJish-}
NP (0
CALL AMRK{AUXSUBR)
OEA(LY = PRECER
40 CALL LUPY)
®LvIP 2 2
RETURN
€nD
SUBRTUTINE APRA{AUXSUBY)
COSINGLE PHECISION VERSICNe INDEPENDENT VARIABLE In OOUBLE PRECISION
CGYYCN CL4310) ,CRAPH
[4 GCurLe PRECISION CELT,THME
[4 CCulLE PRECISION NEWCI200) NEWNP(200),0L0(200)
CCLPLE PRECISION CELT,TME
CCLBLE FRECIBIGN NEWCE200)¢NEWP(200),0L01200)
OlFaNSICH T(1000)
OIrENSICHN DL101L} +ELI1COY +EULL100}
OIYPENSICN VII0L }eGRAPHLZ,2)
€ CEVENSTCNAZHWPL200),CLO1200),NEWCL200)
ESUIVALENCE (CI2652)eMMEN 3, (CL2803).nMAX b, (C12664) 40 )
ECUIVALENCE TC(2765) .60 Jo (CL28065),EY be (CUL2965),v ’
ECUIVALERCE (CLIMTIILRITE de TSleNIY
EQUIVELENCE (CU1972),kABE 1, (CL1974) NS by (CLL19TS) NPT ]
CATS KCUAT/ZQZ
CATS PL,P2yP) P&/2.2918£667,2,4583333),1,541€8067,0,375/
OATA C2,C3,04/0,7916687,0,2082373,0,0418867/
IFIKASE.GT.0ICO 10 20
[3ELY]
RFZFINTNY
Jd3eJ2eni
JesJeNd
NLIEIYINY
Jbessenl
JTedbenl
J8eJlenl
J9e180N1

[aXaX 2l




N ey,

KASERKASE ]
CONPT,.E3J.0 ACAMS=MOULTON [NTEGRATION NODE
CONPT.EC,] FURNCE=RUTTL INTEGRATICN XGOE
CONPTLEC.2 BEGINMING ACAMS=MCULTON wiTH RLNGE-KUTTA START
20 1FIAPTLEC.1)CO TO 40
IFINPT,EC.20G0 TO 230
IF{SNGLIDELY).NEL(O.5¢Ct1)1GQ TO 3
161XCUANTLTL3)GO YC 40
GL 19 2C0
30 KCUNT=Q
MPT=0
Ce$TART AUNGE-RUTTA INTEGAATION
LeCOvPLTE K1
40 0C SO (=x1,41
NEmE (L Inyital)
80 CONTINUE
TPEeviL}
KCUAT=XCUNT €]
CC 60 [«l,NL
80 CLCUL)»CULIoOLTN1)
€ CCrPUTE X2
OELT»y.5+C{ 1}
TweetwesCELY
vilisTre
CC 10 Inl,skd
TE(OYLUNTLNEL 216D TC »S
LSLFLE R
Tix1ysNEwFL L)}
65 TI[ysCLfe1)
NEWPE L} aLswPtT)40,5e0LC1])
TO vilel)entwril)
Catt 2UXSLD
cC CO sl
80 NEwlI1)aCiL)OD(]e})
€ CCPPLIE K3
LT 33 1e1481
NewbFUIYaREWPET) 40 SeINENCITI=-OLO(TIDL
Q0 vilielianEwPOl)
CeLL AuUtBUB
CZ 100 1Is]1,N1
X2e )Tt
100 Tik2)eC!lieCilel]
C COPPLT: K&
TrsaTwECCELT
VilieTPrE
CC 110 1sl,4N1
X2rJ1e]
REmb ()i EdP IO (RY1-CuSunEWCEI
310 VIiI+112NEWPL])
Cagy avrsua
€C 120 121N
K3injael
120 Tixk3)eCilieCllel)
€ COMPUTE VALUE OF FUNCTICN
02 130 Isl,M1
K2eyTel
[STRLES]
HEWP( LI aNEWPIL)=TIND)120, 1880806667
XECLCUE D oMEWGCUUIANERC(T I eTIRZ1aT{K2]}0T(XI))
130 Vilsl)enEwP i)
140 CaLL 2uX3VE
00 150 1e¢1,N}

-
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S e - & e

Ko 10l
KOwJ2e1
Klejlel
X2mJae}
Kis s
Kesjgbel
TiXa)aT (K]
TiKIIaT(K2)
Tix2)=T{K1}
Tix1)eT{KQ)
TIKQ)=TIKRS}
T(rSy=l L1}
150 TtlIeClel}
RETURN
C ADAPS-kCULTCS INTEGRAYION
200 KCUATakCULATRL
DELT20.59C1 1)
CC 210 Ia},N1
Kiag2et
K2e93¢]
Keejlel
Car»Pule Y-PRECICTEQ
CLCII)anEwP ()
NEWP L IIRCLULI)eCLL)otPLeTLIT=P20T(NA)2PIOTIKLI-PAOT{K2)])
210 viisl)anEwP(l)
TrEaTrieCil)
Yili=(we
CALL auxsus
KS=Q
CC 250 1ls1,K1
K2sJ2e1
[SENIRS
€ LuPruUIL Y-LCYRECTED
NERCLINeCLOTTICtINOtPASCt Jal}eC2aT(1)=-CIoT(KLISTAOTINZY)
{FrMiN,Eu . hHAX)GO TO 250
TEPPuARSISNCLINEWC LT )-NEWP(T3)}
TFITEFF.LTLEULIDICC TO 240
1F{aITE.LE.0.01G0 TQ 230
SPYImEaSstLiTHE)
WRITEL6,22011,5PYIPE,TENP
220 FCRWAT(1r ,14WSTATE VARIAOLE.13,26H EXCEEOED TOLERANCE ERRORY
XTh  TIrPEe,F1l4,.7,9F TEMPe LIPELT.O)
230 1FULAUS(SNILICELT)ILCELHPINIGO TO 270
240 IFITEFPY LTLELIT)IKSaKS]
250 CCMTINVE
[FERS.LT . NLICO TO 290
TFLABSICLL) L)), LT ,HMAXICO TO 290
€ SET-UP FCR (CUBLING STEP SIZE
F{MKCUNT,.LE.SIGE TC 290
CC 250 [Ie1,nl
Kl=JjLel
K2eJ2el
KisJg3ol
KSeJd50e1
Til1=sTikL)
T(R11sT(R))
260 TiK2)aT{KS5}
Cll1«C(1)+D(Y)
KCUAT =4
CELT=0.%eCI1]
GC T0 290
¢ SET-UP FOR FALVING STEP 3IIE

[al
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rr
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-

o L

370 1# (KCUNTWLE.N)GO 10 30
Tre=TPE-CLLLE
VillelPE
Di1)eCELY
QELT=0.5+0(1)
CC 280 1sl.hl
xlsJlel
K220l
K37 ydel
NERFLLERCLONT)
vtlel)maCcilt L)
TiK3)eT(R2140+581TIRLI=TIK2X]
Tix21aT (KL}
280Q X(ll)-T(Kl)lo.S'ltlll-ltll)l
KCLATad
¢C 10 200
€ INTECRATICN 1S.FINIEBKEC, SET UP DERIVATIVES AND €X1T,
290 CC 200 isl.A)
NEWPU] baNEWCEL)
300 vitel)snEwcil)
GC 10 1s0 .
€ RETURN TC IRC PRECECINC #0InT AND RESTART RK
310 0C 320 Isl,N}
[SEFLLN
NEWF{1deT(xLY
320 vileadsTixl}
TPE«TPE-4.08CLL]
VIlisTPE
DrlieCELT
CaLL AUxiud
cC ta 30
s
SLRRCUTINE AUXI
CCrrin C14310)
ECUIVALENCE 1C123611,NONOD T, (C(2382),XRODNOY . (C123610,N
DIFERSILH XPOCKCI99)
[}
cC 1 1=13;h0P00
L sa¥GCACIEL)

¢C 1 (\pl,!b\.S.Q.T.G.Q.\Opll.12-l!.l&.lSvlb.17.10al9.20'?l-22'2]

1 |2A525.26.27.?B'29.30.31.32.33-36-)5.)6|31).L

2 raLg Al

GC 101

LeLL Azl

e 1ol

A CsLL A3

G0 10 1\

caLy aal

™3

[
[a)
-
-
-
»
v
-

-~
[al
™
-
-
~
-
-

[ LV Y
caLL C31
oG 101
10 CALL C4)
cc 10 1
11 CALL C51
60 10 1
12 CALL Co1

o
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14
13
15
17
10
19
20
21
22
23
24
23
26
27

29
30
3
32
33
3
33

38

-

GC 10 )
oL C1l
6C 70 1
iy cal
cC 10 ¢t
CALL €91
GC tC 1
CaLL C10t
GC TCc 1
CatL C1t
6C 16 1
Caty 021
[T /I |
CAaLL CL
GCIc )
CALL Caf
GC Y0 1
CatL cst
G yg 1
CAML GLI
GG 10 1
CaL 621
GC tC
AL 631
cC 101
CatL Gat

GC 1cC 1

CALL 551

GC 10 1}

CaLe st

6C 1Cc 1

CaLL s1!

GC 10 1

Cay st

GC 10}

CaLL s91

[N I

CatL stoi
CCAYIAyE
RETURN

[1.Y]

SUBRCUT INE AUXSUB
CGrrCN (14310}

EQUIVALENCE (C(2000),7
ECUIVALENLE 1C1 29610,
ECUIVALENCE 1CL2965),VAR

ECUIVALENCE 1C120201,LCONY)

OIFERSION CER(101}

DIMEAS TN XHOLNOU99)

CO S0 1 » 2, N

104

Fo (C12361),NOMOD ), (C{2382},XMCONO)

e 1CL2%502),1PL

¢ VAR(101)

Yo (CL2684),DER

o IPLILCO)




o TR

t

-

o

30

- B s W o

<

10
1

-

12
13
14
1s
16
17
18
14
20
21
22
23
24
25
26
7
28

4 s IPLLE-1)
ClIs ) = vaRtl)

T a vAaR(l)

CC 1 I=)1,n0M00
TFILCCNVLEQ.2)RETYRN
L «xrCCNCHTY

GC TC (142,344,5,8,7,8,9
123,24,25:,26427,20

CALL a4l
¢C 1c L
CAlL a2
6C 101
CALL A)
GC 10 1
CoLL a4
GC fo i
CALL aS
GC 101
CalL C1
GC 1o 1
caLL c2
¢C 101
Che C2
GC 10 1
CaLy Cca
GC 10t
ChLy CS
GG 10 1)
CALL Co
6C 10 )
CaLL C7
vi U1
ALy co
GC 1C |
CaLL C9
CC 10 1
Catt C10
CCc 1C 1
CaLe €L
¢C 10 )
CaLL c2
GC 1C 1
CaL £
¢C 10 1
CaLL 04
GC 10 1}
CaLL €S
CC 101
caLL Gl
GC 16 1
caLL G2
¢C 101
ALy g3
cctaot
CALL Ga
GC 101
CaLL GS
GC 10}
CALL G&
G0 10 1
CaL §)
€0 101

105
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29 CaLL 82
co0 Y01
30 CatL 382
GC TQ 1
CaLL Sa
60 10 1
32 CALL S8
[SaR f N }
33 CALL $&
GO 10 1t
34 CALL ST
GL TO L
3% CaLL s8
GC 101
38 CALL 59
LCc 101
37 CatL StO
CCATINUE
0C 60 [ & 2, N
J4 & IPLIL-}2Y
60 DERIL) ~ CtJ)
RETURA
EnC
SUBRCLTINE RESET?
CCrPON CLO310)
EQUIVALERCEICIADLIO) 4R ) C oK)
ECLIVALENCE (C{20661,NOLEISTEy (CEI0673,LISINAY, {(CUIALT)oVALUE )
ECUTVALENCE[CE2900),NORNDM o 1C1 2441 ) RNOMNOD)
ECLIVALENCE tC(28001,81)
CIFENSICN k143100
CIFERSICN LISTXC(SO) s VALY (50}
CIFFASICN 84100)
DI*CNSICA RACMNC{50)
Cl331e1,3509
3 Cclase.
JCe 35094k
DLeI=3580,9Ce2
€3 K(k([eldbaxt])
K{Z245]118X[4209)
K(216])eK(46300)
K{3Gh813K(4307)
K(316712X({4306)
K13338)2K{4105)
KI133319}=K {4204}
XI19841+K(4303)
X[34450)3K(4302)
K{20121a0(2010)
X{1975})22
RETLRN
END
€ OuPFY SUBRCUTINE
SUBRCUTIAE CUPNY
[ ENTRY A}
ENTRY 2811
(4 ENTRY A2
C
[

-

ENTRY a2t
ENTRY A)
ENTRY A3l
ENTRY a4
ENTRY a4
ENTRY A3
ENTRY ASL

et AR R it~ e oo ek




o A o

[aXaXa¥al

Fa T s I T o}

Lo X ol

ENTRY
ENTRY
ENTRY
EATRY
ENTRY
ENTRY
EMTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTOQY
EMTRY
ENTRY
ENTRY
ENTRY
ENTRY
ERTRY
ENTRY
ENTAY
ENTRY
ENTRY
ENTQY
ENTRY
ENTAY
FNTRY
EnTAay
ENTRY
ENTRY
ENTRY
ERTRY
ENTRY
ENTAY
ERTRY
EntRY
ENTRY
EnTAY
ENTRY
ENTRY
ENTRY
EnTRY
€nTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENIRY
ENTRY
ENTAY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
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I TV v a e

(ool

[aXala¥,]

Coe
c

10

20

40
3

ENTRY puxal
ENTRY 2 YA2
ERTY a1}
EnTay agusi
ENTRY # 122
ENTRY aLx3)}
FAaTRy Ao x(}
FNTIY ALNCR
tATHY aLx()
fntay IaTa)
ENTRY INT3AQ
EATRY (473}
EATARY |5 1
Fatay .
ENTwyY DN
ENTar Pl
ENTRY (UFTQ2
EnTly CLPUY
ENTHY PRUCES
EAT <Y wWESET
ENTay antul
ENTuy RAL»Q
ENTRY Ra({#)
ENT3y V06
ENTRY S10E2
EXTy $1(c3
EnTay SLELL
ENTRY SUCL2
EsnTay x| K3€T
EnTSy (CuNTw

£Ca USE niTH COOIN2, FCN2, FCMD

AUESCLIINS TERRCA {(NLEDEL)
CCx*Cn L(4310)

<AvatthlE #0{202C)LC0NY)
® 1T 18,103 XUAPEL

FGrval 1 4310 80 AEROQ POINTS SPECIFIED FOR ARG , 31y
[4 ThTa2uE  sde )
CaiL €11y

twtRyY 1EQAQOR

23T (2,20) XLABEL

fLaral L «3FQ QUT OF ACRO TABLE ARGULHENT ARRAY , 53¢
4 ThialLE oAb )

CZ 45 {a12024125%1.7

WA TH16,30) CHE) Ctlal)aCtIe2oCitedl, Cuload,Cilo31,Cll00)
FlrwATILR LTEL5.T)

BALTE 16,200 CI1ICCON.CUIOT)HCI88),C12063,C13069).L1370)oCHL1LTH,

C Ol Ll ,Ct11201
Ll Nye?
RETLRA
L L. 1%
PLNITION SINE €X)
ST~(e StH LK781,29318)
LIREIETS
L L
Fouit10s COSC iny
(L8570 0% iR/3T.29%70)
AL FLAA
tne
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4

FURCTICN ATAND 1Y)

LFiX.§3.0..AnC.Y.EC.040G0TC

ATANCs S1.29578¢ATIN2 LY X}

CCATIAVE

RETURN

EnC

SyURRCLTINE TADLE (NaRLe T IGNT XK GNLABEL (Y]

CIPENSICN aLAREL (2]

Y = CCOLPFZ (XeXToYL NX, KK, XLABEL)

RETURN

€Nt

SUEACUTINE TAGLZ(I.Y.lV‘nI|>HlV.XINTER.XLASEL¢U
CIPFERSICN XYLLZ2),NXTE214 111 2) XLABELL2Y
I-F{C(ﬂlll.‘lell\l.xYlllell)'llpll.NlV(llrhl‘(l)-hl'(llnllufElo
XLARELY

RETURN

| 33V .

SUBRCUTING éL)ll.V.l.1'1l.hl.NIVZ.X!NIER'ILABEL\')
DI ENSICN XY I1Al.klvllhl.hltZl'lLABELlZ\

N2fe NUYZILY o NxYIt2) 0l
h-F(C(H)i'-Yll.l'll(ll.ivll(NXVl(l)’l)nlYlllhll)ohl.hl‘l())v
nxvll?l.hlvlll)ylthER.lLABEL)

RETURN

ENC

SLpPCUTINE TIMEVICELT)

AETuRN

EnC

SUARCUTINE WRITELIAFN)

RETURN

EnC .
SSCRLLTINE PLOTl(GIAVF.DPUINY.VLADLE.'I“E.“?LOT“
REVURN

(144

SLERCLTIKE PLOT2INPLGT2)

RETURN

END

gyPRCLTINE PLCTAINCPLOTY

RETLRN

ENC

-n...ulaa...qc...a.-.a.-.-nc.-A-.

SUBRCUTINE CCOIN2
PURTCLE
YO FLT A BET CF FOINTY WITH A CONMTIRLOGLS $UNCYICN THAY
SLrLLATES A fREACK CLavE TYPE CulvE FIT,

USAGE
v @& €aotP2 L X o Kl » Y1 o R o F o WLABEL )

o
vy & COOIML U X 4 X1 ¢ Y1 o N, F o MLABEL )

GESCALPTICH CF PaRASETCAS
L§ ARLUFENT = INCEPENCENT VIR{ACLE

Xl ARAAY DF [M(EPLui#NT Vi PARLE o R

vi SRRAY CF COPE' EnT VAKTAILE o ¥

L] NUPBER GF PUINTS REPAESEHTED AY X1 &aMJ VI ALAAYS
f inTEaFcLATILS COHTROL

LESS THAN [ERQ = SIRAIGHT LINE INTE20LATICN
PCSITIVE = ENC INTERVAL LNTERPOLATICH

Q.0 STRAIGHT L INE

1.0 FuLL PARABDLIC
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[a¥alaleNaNaRa¥a¥ )

100

1%0
200

300

400
so00
400
100

800

900

1000
1100
1200
13100

1400
1500

1830

1900

XLABEL MCLLERITH FIELD OF UP 10 & CHARACTERS

REMARKS
EXTRAPCLATION 1S CONE BY PASSING A STRAIGHT LINE THRU THE
Tul PCINTS AT THE ENC INTERVAL.
THE ARRAY CF THE INOEPENCENT VARIABLE o X1 o MAY BE iN
EITRER INCREASING (R DECREASING QROCR.

FUNCTICA COCIM2 € X o XE o Y) o N o F o XLAQGEL !

OI®ERSICN XT{N} , YIIN} o PL2) & EI2} 5 1S44,2) o XLABELI2)
LCLICaL Ly
CATA IS 7 =1y Yo =2+ =lsy Us 1o =14 0/

QUY & FALSE,

KL &= &
L2 T T §
J = 1

1 ¢ AL - 2 Vv 180 , 1266 » 300
CaLL TERICA DXLAREL)
ceive o YLL)

RETURA
kPL s 1
KFy a Fi

tF t g1y = XJE2) ) «CO 4 130 , 600
cc 500 4 ® 1, Nt

1F & XX = X113} ) §CO & 260 » 800
LORT N

GC 1C A00

cc T30 4 a1, N}

IF ¢ XTils} = XX ) 900 4, 2¢€0 + 00
CoATTInUE

J = (3}
CaLe AERICR IXLABEL)
CC 10 1300

CLuT = § LLT. 0.0
IF ¢ 4 -21 1200, 1060 . 11C0

KPL - 3

¢C 10 1300

IF € 4 - rL 1 1500 , 1400 5 t)00
4 & 2

CLl o LTRUE.

L LAV |

AMos XX - XILJ-1) Y 2 ¢ XTEIY - A=) )
CCCIPE = AL o YI{J) ¢t 1.0~ AL ) ¢ YI{J=1 )
¢ € CuT } RETURN :

cc 1800 KP = KPL , KPU
PLEP) < 0.0

1] \600 &K =t , )

JO e 10 KPP ¢ X - &
1F(20)1900,1930,19¢C0

XCe0.

YC=Do

GCCTCL950

Srexl{)0)
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YCov1(J0})
1350 JleJr(S(K,nP)
JZ2 % ) e 13i{Ke1,KkP}
1600 FI(KP) & PixkP) ¢ YIh o ( XX = al{JL} )} 7 & xQ - x{(J1}
L] e § XX = XHElJZ} } /2 ¢ X0 = xl{J2) )
iF { KPL .NE, XPU |} ¢0 Yo 11400
J1 = 3 = ¥
PLJ1) s (CCCIM2 ¢ F ¢ § PIKP} = CODINZ2 )
ELIL)Y & aB% ( PiJIY) -~ €COSINZ2 )
AT00 EtxP)} o AR5 | PIXP) = COCIN2 )
1000 CCATINYE

IF 1 EQ1) ¢ €12) .EC. 0.0 ) RETURN
CCCIRY @ ( ( €LL) » 4L 3 ¢ P(2) ¢ | €12} ¢ { 1.0 = AL i )
. ¢ FLLY D 2 LG BLLY o ALY+ L EL) * { 1.0 - AL ) ) )

RETURN
(11}
2-CIFENSICNAL INTERPCLATION SUDPROGRAM, ... FCCONQ

CALLING SECUENCE -
T ow FCCCH2UR,Y RTaYEoZloNXCoNY NN, XK XLABEL)

= BKGUPENT = 1ST VARTADLE
® ARSLMENT = 2Ny VAR[ABLE
= AGEAY OF 15T VvAR[APLE
s ARQAY Nf 28C v2ARLABLE
I1 « ARR8Y OF CESPECENT VvARLABLE
o CIENSICHEL S[/E OF X1 ARRAY
o myuMRER CF VILUES IN ARRAY YI
® NUY3IER CF vALULS BN adRaY xi
o ENG O INTERVAL INTEAPGLATION COSTROL CONSTANT
e »CLLEALTH FISLE CF LP 10 & CHARACTERS

THIS RCUTINE ClFFERS FROM FLGOM2Z IN TwmaY IxE 21 4RAAY DCES NCT
FANVE TO BE PACNEC - laEev IF CUCS NCT mAYE 70 OCCUPY (DN~
SECLTIVE LGCATICNS In CORE, AND IN THAl EJTHER LA GOTH THE
X1 AMC Y§ ARuAYTS MAY BE IN ASCEUQING QR OESCENDING ORCER,
FUNCTICN FLOIMZUX Yo XT oV o2 1aNXDeNYNX XX, XLABEL,

DIPENSICN XI¢biy YICL), RPE(NXOWLlle Ti&* , XLABELI(2)

o o6 [ a Y aEnXaNaNa N ool ol N oW oW oW o N aRal o Ra¥ ol ol o
»
-

1F INY.(T,.4) GO TQ 120
Hyal

[ N3 IS THE INCEX Num8ER CF TrE FIRST Y CLAYE TO BE USED
NeeohY

¢ N4 19 Th§ COUNT OF TRE NLMBER OF Y CLAVES TO B8E€ LSED
60 10 200

127 hewe
1F fYltld-yIt2)) 130,156,133
130 €O 132 Ral,NY
1f (y=71(Kk)) 15Ca150,132
132 CONTINUE
€0 10 140

[ Xt

13) CC 136 xaleNY

1F tyfixjey) 3304190,134
13» CChTINVE
140 K)emy-)
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60 Y0 200

6 (R=-31 15%4193,160
Niel
GG 10 200

IF (X=NY} 165,140,140
N)eK=2

Lend
CC 300 [al N4
TEDIoCCOIM2{X X a2 TE el Y oNX XR, XLABEL)
Lot ey

FCLON2aCCCIP2UYaYIURT) TONALXK, XLASEL)

RETURN

€hC .

3I~CIYERSICHAL INTERPOLATION SUBPROGRAM.,...FCOON)
CALLING SEQUENCE -

Wos FCOONIIR Y 23X oYl oZlomloNZQNY (NX XK XLABELD

X ® ARGUMENT = 1ST VAR[ABLE

A4 BRCU: ENT o 2NO VARIABLE

14 BRCUPENT = JQC valLaBLE
i ARRAY OF 15T VARI[ABLE
Yt AR3AY OF 28C vAR([ADLE
1A ARKAY (OB IRC VAR [ABLE
wl An3A:Y OF CEPENCENT VAR([ABLE

NUYEER QF PCINTS IN L ARRAY
ALMAER OF PCINIS IN Y[ ARRAY
AU¥3ER OF PUINTS IN X! “RAAY

Lo 3NN a1 2 X alatalaliaknXalalalalaNa o NN o Na Ko W a N WX o ¥ o3

b
-~
[ L R L B B Y I |

ERC INTERVAL [NTERPULAI,CN CONTRCGL CONSTANT 0.0 TO 1.0}

RLABEL ®CLLERITH FIELC OF UP TO 6 CHARACTERS

FCUCNY CIFFERS FAQHM FCLUMI IN THAT THE wl ARRAY DCES NCT NEED
T0 BE P2CNEC, voEse W] NEEC WGT OCCLPY CONSECLTIVE LPCATICONS
IN CCRE, ANC AMNY GR ALL ARRAYS MAY BE [N E1THER ASCENDING OR
CESCENLING ORCER,

FUNCYICN FCCCHIIX Y22 oXMaY ol oWl NEoNY X, XX XLASEL)
OIFENSICN X1tLde YRUL), 20000, WIM1,0elle L&) » XULAZELI)

1F (NG 4) GO TC 120
Nl

LYELYA

6C 10 200

[4
120 N3ed
1F (2LE13~21102)) 130,150,13)
130 CC 132 Xel N2
1F (2-21(K)) 190,150,132
132 CCATInUE
6C 1C 140

133 €O 13s Kslong
18 C201%1-2) 130,150,134
194 CCAT INUE
LAD  haenl-)
¢0 Ta 200
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'!
1

PR gy

e

180 Ff (K,(T.)) 60 TO 180

has})
cC T0 209

180 IF (K.GG.N2] GO 10 140

Noen=2

200  Lahs

CC 300 Isi,NS

Tll}e FCOUMY IXoYuXIoY aWl{ladollaNEoRY NXyXKyXLABEL}

300 Lelel

FCCONI=CCOIHZUTIVITINS) s T NI XK XLABEL)

RETURM
END

CUFT 2.3
6168 2.3
c2-1
GI-H
GS5-H
s1-1
c1-1
Ca-1
Al-T
A)-1
A2~-H
Ci-n
€-10 W
G2-H
1F
el
[ EL]
nrAX
CeEay
cerra
CkCT
GSw
RONLLK
CKRSKR
viIe
VIE
BNIVE
RSLZNT
VMACK
TrETA-G
SALPHA
cB14%
rLImC
HLI¥C
(3]
Gt
Tauy
Taul
TauL
BCraX
AFARER
RFLGINM
RFRCG
REZCG
aLdce
[ 28 1]

N W e L L U L e L A A e e M M L M W W W WD W W W BN NN RN NN AN N
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3 nOCGe 1418 =J1169%

3 ROCGC 1417 -.3169%

3 Owp 1418 15.4

3 OwWT 1415 139,

3} CIsP 1414 16%.8 .
3 VAIRSFO 207 880,

3 CKSK2 888 LS

3 GAALGA 1402 1.

3 Al 1 7.5

3 UG 1318 2.51

3 CEFCCS A68 3.

3 CETAND 469 7.%

3 CkaCt 1143 k.

3 tov2 8¢ 1.

3 TCLY2 8é¢ 9.0

3 (ksxi 472 1.0

3 VLAZRP 47) 1.00

3 CxSu2 aae -t

3 CER} 2664 « 2078

3 ¢nlxC 1419 234

3 61l 8%% 8.0

3 AGRAY 1627 32.174

3 CRaC 1751 57.2951778 -0.
3 Step 2010 ry -0.
3 GCRE oocal 0.10 1.0
3 Raolus 0c003 0.44%0 1.0
3 wWanD occo2 0.20 1.0
3 ALFaC 1 0.0

3 AL 7 1.0

3 SPLImC L} 1.0 1.0
3 CpP 2019 1.¢

4 e 1738

4 RCLL FLAP 1232

4 Prl PISSILE 3%2

4 vx EARTH 1403

L X PL 1615

4 < 1743

4 PLITCr FLAP 1232

) TRETA PISSLE 350

4 VY EARTH 1607

o ¥ pPSL 1619

L} R 1747

L) YAw FLAP 1234

L3 PSSl »ISSILE st

4 vl EARTR 1811

4 1 rseL 1823

4 ALPFA OEG 387

- ¥eTs CEG 388

L) MLPHA ERINE 389

4 PHY PRIVE 310

4 hita 1626

4 raCh 204

4 AlR SPEED 20%

4 POYANMC 203

4 EIHRST 1420

4 THETS LCS-V 38)

4 EpPs ¢ 435

L THETA GIMBAL 427

. L Ccr 869

. PSL LCS-V 364 N
4 EFS Y 438

4 POl GIvaAL a3l
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. CELY » COM TS
[ GabNAN 387 H
[} Caxray 358 3
[} Aves 1829 1
: 4 (3] AC)
Y Ev 407
| « Ry 409
' ¢ 2 404 )
‘ 6 -0 -C. -0.
3 RSUANT 1861 $CC0.0
3 PP 20158 .l
3 8DIvE 1666 -0,
: 2 ] -0. -8,
Y ¢t 855 5.0
3 cy 858 5.0
[ . 0 Q.
7
7
3
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APPENDIX I

COORDINATE TRANSFORMATION FROM BODY TO GIMRAL AXIS SYSTEM
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Figure I-1l. Angles Between Gimbal and Body Axes

Transformation for Gimbal Pitch Angle (95)

XB ! Cosag O ) ine, XB
X ! - 0 1 (a] Y
B - . e B
z, sinfly 0  Cosfy z
Transformation for Gimbal Yaw Angle (l,llg)
r. [ “ 3 [ 1
X, Cosg  sinly O ] X,
Y ~ Sin Cos e} Y !
o - Vs Ve .
2 (s} (¢} 1 L z '
| 6] i ] B

Transformation from Body Axis to Gimbal Axes

[x ] rCosvfg sinls o | PCosgg

G
Y, = [sinys Cosyy o o
2 o 1 ]
! 2 | | 0 1L Slneg
122

0 -s inB, Xp
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Transformation for both Gimbal Pitch angle and Giml.al
Yaw angle for Range Determination is given as:

RXG cosYcos8  siny¥  -sinfcos RXBA
RYG | = |-sinYcosl  cosY -sinY¥sinf RYBA
R2G sind 0 cos 8 RZBA
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APPENDIX II

HIGH FREQUENCY ACTUATOR PROGRAM LISTING
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Coo INITIALLIZATION NUDULE FOR  TIGER SIMPLIFICD aCTuatoR
Coeovesvnmium FREGUENCY MQOEL®v0sse

C

Susngyrl INE Catl

COvrCy Cla310)

QlwzinICN TPLIL00)

OIMEASICN LCELTIA)

FQUIVALENCE ICITL16),NHOELT)
EQUIVALENCELCLLIO0 ), DELTPD ], 8C(1181),DELTQBI}

EIHIVALENCEICILLB2 ) DELTRY)
v (0125610 4N )
EwUIVALENCE (C12562),1PL )

tGufvaLcrg

NHCELTaH
Bi-tlTil) =
ADLLT{2) &
IANT(3) =
BUiLTLa) »
LIS R
aoeLT(2)
JUELTEY)
tLited
ClLid3) »
Cl1107) =
Liiliey -
Ctil15) =
IPLIN) = )

ctiion
ceilon
ctiiity
crisy

« BOELT(1) - DELTPR
« BUELTI2) - DELTPO
e BNELTLY)
+ BotLTig)

BCELTLL)
RCELTE2)
BuLLredy
BDELT (&)
100

DELTQAB -~ DELTRE
OELTQD + DELIRB
OELTYQD = UELTRE
DELTYN ¢ LELIRB

-

NELTPD
UeEL TPl

e o s

-

IPLINGLY o 1104
IfLiKe2}) = 1109
1PLL.ied) = t112
- TrLiNes) = 1124
1PLIr®G) @ 1128
JPLiNeG) & 1232
IPLitel) = 1136
IPLENIY)=1140
IPCinNed) a1l &b
IPL0iv101aL 148
[EJREISURES Y B
N=*+]12
CaLl KIKSETN
RETLRAN
ENC
Cos TICER SIMPLIFTED ACTUBTCR MODEL
Ceooeeen|GH FREQUENCY NCCELwevvoe
c

o

SL3RCLTINE (4

[4
CCrrCACIe320)
CIFEASTICH OCELTC{41}.BOELTI4},BCELTC {4}y VvARTLCL)
CIvenStCs BOELTPLG)Y,EOLTCC(&)
CIFENSTCNEDFLTCI4)
CIFENSTICNEVMFEG),BCLTCIL &)

C

CoeelNPUT 2T
EQUIVALENCE(CIT16Y,LXACTY
ECUIVALENCELCILI0F Mo rMEL ) (CE L2100, F 2, EC L1311, FuHI ) 1C (33120
ofFrra)
ECLIVALENCE 1CIEL121),R0MAX )
ECuivaLEaCE (Ci1122),CaCTO )
ECUIYALENCE(CILLIO0), CELTHEIICI1101),0ELTQB)
ECLIVALENCEICILIB2),CELTRD)

[ BCELT ARE MEASLRSC (N RAUJANS




[4
CoalAPUTS FRUP CIPER POCLLES

EQulval InCE
ECUIVILENCE
ECLLVALENCS
ECulvarince
€Lulverthce
ECulvaLenCe

<
CooSTATE vARISELE

tCi11ledSNrLELT)
101 851,00 ELTC)
(CTRLLET1,08UAFLD
(Critiel,ASunRfF2)
{CUIL19)+B50AFY)
(CLLLZ9)¢BSURFA)

CUtPUTS

CosINPLTS

C

CosFLAP LEFLECTICN BIAS

C

BOELTP(1) =
BLELTPI2) =
ECELTFI}) =
SLELTFI4) =
BOELTUL)aCCALOD)
BCELY(2Y¥eCllOT)
greLTisleCellnl)
NCEVTLa)aCCLLLS])
PT26.2931871380.
FPEULI=FMKY
FrrRI2)Fvr2

(LI SIEE T T
FrEi4)sFMRG

L2ty
i1l
C1113s)
C11139)

81=1,/15.3/183./7180.

Barl.

Ad=.h/180,¢1.716.

3

A2=1./1L0.7180.2.6716.3/180.

el<CxaCT
BIskLritepT

ECLIVALENCE
COr100) =Lt 27)
SR RAPSRES R R R L]
CE11981=C12135)
ClLgar=ceizg)
COLLALt=Ct1155)
COL132)=0 01151}
[ PLARIANRLYE]
Clliaai=Ctilald)

FREy PATN PROGRAM
(129651, VAR 1

BGELTICL) = BOELTCUL) - CELTPY « DELTOB - LELIRA
BCELTC(2) = CCELTCU2) - CELTPB » DELTOB ¢ OELTAB
BCELTCL2) = RCOCLTCH2) ¢ OCLYP3 o 05LT08 ~ DELIRG
BCZLTC{at = BCEILTC14) ¢ CELTPE » DELTIJD ¢ OELYRD

CeeACTUBTCR LYRAMICS

CC 20 1sl,4

PCFLTICHEY=cLELTCi L DsPT

Kx{l-llegqel

BCLICCI1)aCllla2eK)

eceLvcity

= eCELTPLT)

CCLTITI{1)a~82/A000CLTCR(1)=A3/A1eBNELTOLT)~A4/ALeBDELT(L)
s+3CFLICUEI/Z7ALeBLOFPHITI/ZAL

C
CosSURFACE FCSTTICN LIMITER

iF
BUELTLL)
4 = AFLELT €]
VAR{ )

(sesteCeELTil)}
= S516v(6Y

aLT.

= COELTLLY
1F (SICAtL.y BCELTPLL))
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8T ) G0 10 230

vODELT( L))

«NE. SIGN(1., DDELTLYI})) GO TO 30




-y

ECELTCIL) » O,

SCELTPUIL) » Q.

Je Jv

VAR{J) « AOELTIPLI)
30 CCATIAGE

CSURFL-CCELT t1d/PY
BSLRF2+cLELT 12)7P7
BILAFICELT (3)/7PY i
BSLNFeseCELT (8)/PT
Cti103) o JCFLTLL)
Cii1a?) » BCELTL2)
Cllill) s pCELICD)
‘ CHL115) o CCELTHEG)
| COL14001=0CLTCIINY
Clll&s)22CLTCYI2)
Cill&d)sLCLTICH(IY
CLL15212CLTCIL &)

‘ C

l CeoGUTIPUT CERIVATIVES QF STATE VARIABLES TO INTEGRAVIOM

l CL1100} « BLELTCHL)
Ct1124) = BLELTCU2)
Cti1ds) « BCELTCLI)

‘ . Clt1112) = BCELTCLS)

1 112230 t1100)
Cil13N=Ci1112)
ClL1IS)I=CL1108)
Ci11311aC(1104)
RETURA
EnC
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APPENDIX III

HIGH FREQUENCY AUTOPILOT PROGRAM LISTING
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Ces TIGER AUTOPTLOT (NITIALIZATION WOOVLE

Coenonapi(n FRECUENCY FOCELOeeROS
SLIRCUTINE CUE
CCoP (A " 14310}
OIFEASTILN 1FLELOOE
ELUIVALEACE (0L MY, E4S }
ECLIVALENCE 1CL A62),EYS )
ECUTVALENCE (CL m2Y), €258 )
ECLIVALENCE 101 BuY), EYSS )
ELUTVALENCE (L1 4041,4CANMYS)
ECUIVALENCE 1C( 4¢%),CCarps)
ECLIVALEACE LU0, 00THA )
SCUTVALENCE (LiCnamI, ArSUN )
ECulvaLenCE 1CICA5ED,0Y )
ECUIVALENCE (C12%581)4N )
EOLIVALENCE (C(2562),1PL )

AFSLP 2 N
1FLIN) & 830
1PLIAYL) » 804
TFLlne2) = €08

IFLINGY) = 812
T1FLINIG) = B1S
1FLINeS) = y20
FPLIAsE) = €24
TFLINGT) = 828
LFLIne3) = 832
IPLtNey) 3 336

1FLIAG10) = 240
TFLIAILL) » B8RO
TFLINYL 2! = BG4
HE NS TN B A
FRFLIRSLYIe9L2
DFLiAeL ) =208
1FLINCLS) 2890
1PLINSLT?)2394
TFLINY18)39C0
TFLINOL1Y)eG0h
NaNe2Q

2] Ers a2 CCAmyS
EvS » (Carn§

22 E1SS » €4S

EYSS » EYS
C( 803) = 0,
Ct 8072) = 0.
€t 811y = 0,
Ct 815) = 0.
Ct 819} = 0.
Ct 823) = 0.
£t 821) = 0,
Ct 831y = O,
Ct 839) = 0,
RETLRA

ENC

Cos TIGER ALTCPILOT MOCULE
Covssosar]Cr FREQUENLY MO(CELeorass
SURCLTINE (1
CCreln CL4310)
CIMENSICN BLELYCUAY,VAR[10Q1])
C
CoolAPUT CATS
EQLIVALENCE (C{0B5C) ML IMO ) *
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C

ECLIVALSATE [CINRS]), ML L4k )

EQUIVALERLE 104 852)1,L1048 )

EQUIvaLE LTt Ll Punee)

EuLivalahCt (0L €32),A0048 )
EALIVALANCSLCIDIIYI,URS ) tC (918D, URSDY,1C19CH),00ELPO)
ELUIVILENCERCIDLS,ud8) 10 ES12),ulSGH, (Lt 9T1),uCELFC)
ELIVALNLEC 99 ¥ ), SUCCRIL1LTIBST I EUCUC oI IG0) ), EVYLCR)
ELLIVALLACLECLICT I LYNEL)  (CT3%0 1, ELCCAIL L1094 ),EL00DC)
ECLIYALENCOUCTIYIN cednLR), (C{9CA ) EVNULI

EcLlvacerCe 1CIcav* Q! )

€1 0%7) Tray €1 Ae0) LRE USED BY ECNTALLLT)

ELLIVALENCE (CHIORAY), TAUE
ECLIvALENCE (CUCB84), VALY
EQULVALLNCE (0L BoS), Ty
ECLIVALINCE 1CH B4g),TCY?
tiLlvattehCe 1CLU 8710, FALL

- - -

CoeINFUTS FRCF CTHER PLLLLES

[

ECUIVALENCE 1C1C2521,0PKL )}
EQLIVALENIE 1C1GI551,8PR1D )
ECLIvaLEACE tCUICLD2),EL )
EQUIVALENCE 1CU{4CTI, EY )
ECUTVALENCE {CICOSAINESUN )
ECLIvaLLnCE 1CE1139),HP )
ECLIvVELENLE (CU1T40)emCL H
ECLIVBLENCE (C11782),mG 1
EQUIVALSHCE Q117640 , WAL )
ECLIVALENCE HCI1747)4WR )
ECLIVALENCE tCLL751),CRAC 1}

Ces[APLTS FRCY PAIN PRCCRAN

C

COLTYALSNCE AT 2000y, T )
ECUIVALENLE (Ci2965), VAR }
ECUIVALENCE tCU12644),LER )

Coe STATE vaR|agLE OQUTPUTS

SCUIVBLENCE tCt 89CH,BPr(SC)
ELLIVELENCE (CL 802F,C0r (S )
SUIVELENTE QL BO4) ywiSTL )
ELLIVALENCE 101 8071,wCsSP )
ECLIVALENCE [CU bOEIWLSC )
ECLIVALENCE HCT HEL), WCS )
EQUIVALERNCE (C( 812),WP5C0 )
ECLINELERCE HCL B1S).waSP )
ECLIvaLENCE (CHL BhE),%WRSC 1}
ECLIVALINGS (CL 81G),wNS 1
ECLIVZLENCE tCL 820 ), ESUMODY
ELLEVALESTE O 422),85UM0 )
ECUIVALENCE 10U 824),E5LYEC)
equlvaren{e {T( 82T0,E507E )
CCLivatenlE (CL B2€),E2SCC )
ECLIVELERCE 1CT 231),E25P )
LLLIvBLENCE (CL 8320, E25C )
ECLIVALEACE LC1 B351,E28 )
ECLIVALENCE 1Ct D3¢ b, fYSCL )
ECLIVALEACE (€1 839),CYsP )
ECLIVALENCE 1CH BaC ). EYSL )
ECLIVALERCE V€L B42),EYS }
ECUTVALENCE KCt 8- *-EISSC )
ELUIVALLACE (CU - Erss )
ECUIVALENCE CC( BB&),EYSSC )
ECLIVALENCE IC( BBT)LEYSS 1}
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Kt

C
CeeCuTpuls

ECUIVALENCE Lt 857),BCELTCY
C

CoeCTIRER CLTPUTS
ECLIVALENCE 1C(087¢),EZRR
ECLIVELENCE #C10Ub8),EYRR
ECLIVALEACE (C( A39),wCC
ELLIVALEACT 1Ct 87C),MRC

[4

CoesGLICANCE SIGHAL SHAPIAG
Er1fcas=ccecc
EVALRSEVACO
€28C = £28P
EYSC = EYSP
E2ZSCC = TAuZe{TAULSICImEL = EZS) ~ 2.¢EZS0}
EYSLE @ THUY@(TRAUYS{GYSEY =~ EYS) = 2,¢€£YSD])
E2SSC = TaulelE2SC/TAUL ¢ ELS = EISS)
EYSSL = TAUY®{EVSC/TAUL ¢ €YS - EYSSI

[

CoeGRAViITY ANC RATE 84S
Wil ® €255 & CI1A3
wa( = pYSS o ROIAS

[3

< .

CoeDCCY RATE SraP[NG ANL GYRO CYNAMICS
w(5C = wlS5P
%235C s wmRSP
MIAL0 3 96, 24(06.20(WQ ~ WLS) = 2,0wQS50)
WASCC = 964,.26(94,20(WR = WRS) ~ 2,ewRS0)
TF (a2S(vI5S) LLE. 20.) GO 10 3¢
o stntre., %Y
VASIRES MY} = wGs
TF 1SIGM1L., WQSP) .NE. SICNIl., WQSI: GO YO 3¢
w(SF o C.
wCsSC = 2,
VAR(AFSyYNe2) » WQSP

30 IF (2ES{wWAS) JLE. 20.) GO 10 32
=®S = SICA()0., WRS)
VIRIANESLPOS) e WRS
1é¢ (SIGAtL, . WASP) LNE. SIGN(L., WRS)) GO TO 32
wiSF =2 Q.
WASL = Q.
VZH{NFSLPFIS) = WRSP
32 CCRTIAUE

TFLA0SILCS ) 6T 430, )UCS»wQSL /A0 oW
TF1225 (LRSI CT 30 ILASswRSL /80 oWRS
LiSCe((m(S0/80,.o%251-UCS)eBCO.
CaSisl(mRS0/00evnnS)-URS}e8CO.

[ 4

CoeSUPFATICA CF RATE CAMPING AND GUICANCE SIGNALS AND THEIR OZRIVATIVES
4% & UCS - WUl
EYRR = URS ~ WRC

<

. UKR = L9899
16 (7 0T, TCY2) UKR s 4,29
LF (T L. TCY1) UKA = G,

C

ESLYCE » URReLEZRA - EYRRA)
ESLMEC & UKRe{E2AR ¢ EYRR)
IFUBBL(ESUMEL) oGT 0. VESUMED®SIGN{ 604, ESUMED)
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.

TELARSELUwCC Y . CT 60 PESUSCOSTIUNIET, E5LMCD])

ConTCT2L “ULLEACE STONAL SHAPING oMD LIATTING

<

E1CULC21CC), mtETUYCLZY . eE5LMD)~ELDTR)

EVACL S ICUD- s EIESUNEC/ B ¢ESLMEI-EVNDR)
TFI3BSIEYNULILGT1Co04 Y EVNIR=E SunF +ESUMED/ B,
L=51CA G e, EVACL)

JF(£OSUEILCCILGT,1CO0. JELCCR2ESLUNDPESUMUD/ B,
1-STCNUL. ELCLC)
TEILBSEEVALL ) GT.10COJEVNTLI=SIGH{LCO0.,EYNDL)
TF{20SUEITCCIaGT a0 JEICCC-SIGNILCCO. 0 ELODC)
EVACC= SVYACR

ECLLC=ELLCR

It (BES(ECUCRAY 4CTa FLINO) ECOCR o SIGNIHLIND,
1F (ABSLEVHEA) o GTe PLIME) EVNCR = SIGNINLIME,

CoeRCLL SICMhAL SHAPING

[4

UKP = .33

IF (7 LT, TCY2) uxp = 1,.6¢

JE (T «LT, YLYL) LkP = O,

UFFIS + UXPe(BPEIT/Z12. ¢ 8PHITY
PeplSCo3be o lUPHES-2PHTS])
ELLLPTa-{LPHISL/1Q® . +0PFIS)
CCELPL=1CCT ot 6LELPT-BECLLPC)
pPC=pCrax/10.

1FI3RStEPFISY.GT.ECIAPK [S=S[ONIBD, APKN]S)

EQUCRY)
EVNCR)

PFEAESIPCELFNY AT 20r o )0CELPCPLELPT=SIONT.3,00ELP0)

TFU3U5(REELPC)LCTLSCC. ILCELPDoSIGNISCO,.BDELPOY
TECARS(DEILPC) T OCIBEELPCHSEGNIBD,BNELPC)
Il afTea9) 8L T LT e 2))

InClTE(GeoI I ClI),Cllen) Lile2Y,Clods Ciloa),Cll05),ClE0b1a121,33

sivels

& FCAFATLLFL/LES,1PPE15.T))

CoopyUlTCPILET CUTPUT CURRENTS TO €ACH ACTUATUR (FROM SUKMATION ARPSI)

BCELTCtL) = EQCCR - BOELPC

BCELTCE2) » EVICR « BLELPC
CCELYC L)) » €EGLCR » BLELPC
BCELVCH6) = EVNCR ¢ BLELPC
AETLRA

[3Y]
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