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SUMMARY

MODIFLY is a modular trajectory simulation computer program which was written
so as to be effective, efficient, and easily modified. The program was designed
primarily for the simulation of typical autonomous guided missiles in which
roughly equal consideration is given to the simulation of the seeker, guidance,
autopilot, controls, and aerodynamics. It was written in FORTRAN IV language
for use on a CDC 6500 computer and uses overlay files and a library edit routine.
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INTRODUCTION

This program was written in order to accomplish two specific tasks. The
first was to decrease costs and the second was to increase efficiencies in the
simulation of the flight of any vehicle that moves above the earth's surface,
These goals were attained by preparing a program which allowed for the condensing
of several older NSWC trajectory programs into as small a package as possible
in order to eliminate the excessive duplication of trajectory programs and, more
importantly, to eliminate the excessive time consumed by the users in the
maintenance of familiarity with each of the different programs.

This modular program consists of two main sections. The first, containing
the executive routines, provides all of the control logic for the program from
the specification of input data clear through to the final calculated results.
Standardized, general formats are provided for the inclusion of all data. All
necessary standard mathematical operations are coded and included, including
means for the numerical integration of up to 28 differential equations, as well
as standard generalized formats for the printing of the trajectory results.

The second section is written so that each user can select or program
individual modules that meet his particular vehicle requirements. The program
has been written in such a manner that it can be used to simulate any type
of flight in the atmosphere -- including the simulation of guided vehicles from
simple 3 DOF particle trajectories to maneuvering 6 DOF simulations of air-to-~
air missiles with proportional navigation or maneuvering re-entry bodies flying
along evasive trajectories. Several basic modules as well as some specific
modules have been written and are included in this report for the aid of the
user. This program is efficient and easily modified by the user so that he
can use it from the original conception of a system and its preliminary design
through to its final flight evaluation.

EXECUTIVE ROUTINES

The primary functions of the executive routines are to control the program
flow, establish standardized formats for the insertion of data and modules into
the program, and provide for the economic storage of parameters and their use.
The flow logic of the program is shown in Figure 1. In order to minimize
storage, the program was coded using overlays. The individual subroutines
included in each overlay level are shown in Figure 2 and described in the follow-
ing section.

DESCRIPTION OF ROUTINES.

Program OV. This is the main, zero order overlay. Its function is to call
the primary overlays; therefore, it controls the main flow of the program.

Subroutine ZERO. This routine zeros out the entire common storage array,

Y(1) through Y(4940), and sets the following default values:
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DATA
READ [

RESET IF STAGING
OR MAKING
MULTIPLE RUNS

Y

TABLES
BUFFERED
IN

CALL PLOT
ROUTINES

I

INITIAL
CONDITIONS
CALCULATED
BY CALLING
INITIAL MODS

INTEGRATION

YES

OF EQUATIONS
OF MOTION

FIGURE 1 EXECUTIVE FLOW LOGIC

NO
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OVERLAY (TRAJ, 0, 0)
PROGRAM OV
SUBROUTINE ZERO
SUBROUTINE INPUT
SUBROUTINE RESET
SUBROUTINE TAPTAB

BLANK COMMON
OVERLAY (TRAJ, 1,0) OVERLAY (TRAJ, 2,0)
PROGRAM START PROGRAM TRJPLTS
SUBROUTINE SENCOS SUBROUTINE MYPLOT
SUBROUTINE FNOL3
SUBROUTINE ARKTAN
SUBROUTINE MATINV
SUBROUTINE ARDCFT
SUBROUTINE FRMRAN
SUBROUTINE MATVEC
SUBROUTINE ITAB
OVERLAY (TRAJ, 1, 1) OVERLAY (TRAJ, 1,2)
PROGRAM SETUP PROGRAM INTGRT

SUBROUTINE IMOD1 SUBROUTINE DERIV

o SUBROUTINE TERM

o SUBROUTINE OUT

o SUBROUTINE MOD1
SUBROUTINE IMOD20 .

L4
.
SUBROUTINE MOD20
SUBROUTINE PROCESS

FIGURE 2 OVERLAY FILES
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Y(2302) = J = 2

Y(2304) = XNE = 0 Integration ;
Y(2305) = MPR = 1 Controls

Y(2306) = ERROR = 1

Y(3000) = Rp = 20925631. ft = earth's radius ‘
Y(3001) = W, = 7.29211508):10_5 rad/sec = earth's rotational velocity

These will be the values for the array Y(l) through Y(4940) unless they are set
differently in the data.

Subroutine INPUT. All data cards for the initial run or stage are read and
interpreted in this subroutine (see section on Control Cards).

Subroutine RESET. All additional data for stages or runs other than the
initial one are read here.

Subroutine TAPTAB. This routine reads the tabulated data from UNIT 5 (cards),
arranges them into an array, and then BUFFERS them out onto UNIT 9. (A description
of how to set up the tables is included in the section on Control Cards, page 13.)

Program START. This routine sets all of the initial conditions for starting
the numerical integration.

Subroutine SENCOS (A, SA, CA, N). This subroutine supplies sin A = SA and
cos A = CA for the range 0 < A < 360. If N = 0, A must be in degrees and if
N = 1, A must be in radians. Subroutines SIN and COS must be included as part
of the system library.

Subroutine FNOL3 (J, NN, G, L, MPR, XNE, T, C, D, DERIV, TERM, OUT). This
subroutine (Reference 1) numerically integrates all of the differential equations.
The items which need to be defined are in the following storage locations:

J=Y (2302)
G=Y(2300)
MPR = Y(2305)
ERROR=Y (2306)
XNE = Y(2301)

These parameters are defined as:
A (INPUT, INTEGER)

This parameter indicates the integration method.

1Ferguson, R. E. and Orlow, T. A., "FNOL3, A Computer Program to Solve Ordinary
Differential Equations," NOLTR 71-2, 1 Mar 1971 v
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N VS




J=1
J. =2
J=3
g:
MPR
XNE:

NSWC/WOL TR 78-59

Use Runge-Kutta method of integration to termination.
Truncation errors are not calculated; the step size G is
not adjustable,

Use Runge-Kutta for the first three steps, then Adams-Moulton
for the remainder of the interval of integration. Truncation
errors are calculated. The step size is adjustable unless
XNE = 0. 1If the step size is adjusted, new starting values
are obtained through the Runge-Kutta method.

Use Runge-Kutta throughout. The truncation errors are
calculated; the step size is adjustable unless XNE = 0.

(INPUT, REAL)
This is the initial step size.
(INPUT, INTEGER)

This is the print frequency -~- the number of integration
cycles between printouts. If MPR = 0, then printing is
determined by values assigned to Y(2998) and Y(2997), where
Y(2998) is set equal to some running variable like T, C(1),
D(1), etc.and Y(2997) is a constant interval in Y(2998)
between printing cycles.

(INPUT, REAL)

This is the step size control. The step size is unchanged if
the worst of all the errors lies within the window 10~XNE-3,
107XNE | The stsp size is increased if the errors are all
less than 10~XNE=3  7Tpe step size 1s decreased if for some
differential equation the error is greater than 10-XNE

If ERROR < 0 and XNE # 0., the automatic adjustment of the

step size i1s a function of the absolute errors.

If ERROR = 0. and XNE # 0., the automatic adjustment of the
step size is a function of the relative errors.

If ERROR = € > 0. and XNE # 0., the automatic adjustment of

the step size is a function of the relative errors where the
relative errors are equal to the absolute errors divided by

the maximum ERROR, (C(I)I). This option removes the possibility
of using '"small" functional values to compute relative error,
otherwise this option is identical to the previous option and
is to be preferred over it. If XNE = 0., the step size G is
not adjustable. The other parameters are either set internally
in the program or are defined in the section on Control

Cards.

i A N AT T NG DN A i o L1705
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Subroutine ARKTAN (A, B, C, N). This subroutine calculates arctangents
defined as C =tan~1(A/B). If N= 0, C is in degrees and if N =1, C is in
radians. The range of C is: -180 < C < +180. If A= 0, B < 0. C = -180; and
if B > 0. then C = +180. Subroutine ATAN must be in the system library.

Subroutine MATINV (A, B, C). This subroutine computes the transpose (B)
and inverse (C) of the (3, 3) matrix (A). If the determinant of A is zero,
neither B or C is calculated; instead, a comment is printed and control is
returned to the calling program.

Subroutine ARDCFT (H, P, T, D, C, G). The earth's atmospheric properties
(Reference 2) are supplied by this subroutine up to an altitude of 106 feet.
Entering with the altitude (H, ft.) the pressure (P), temperature (T),
density (D), speed of sound (C) and acceleration due to gravity (G) are given
ratioed to their corresponding sea level values.

Subroutine FRMRAN (TABLE, NUM, MFNC, U, A). This is a linear interpolation
routine which extracts tabulated data from TABLE, and then with the NUM independent
variables Uj, Up, ... Uyyy it linearly interpolates or extrapolates 2NUM _ 1
times and supplies the MFNC values of the functions A.

Subroutine MATVEC (A, B, C, N). Products of matrices, whose orders are (3, 3)
and (3, 1) are computed by this subroutine. When:

AB*
ATpx*
AB
ATB
ABT

neswNnHEO
GO0 0 Q0
"

Z2Z2zZz2z2z

’
’
’
’
b
b4

The A, B, and C arrays are stored, column-wise, starting at the left. The symbol *
indicates that B, in these cases, is a (3, 1) array. In all other cases A, B, C
are (3, 3) arrays.

Subroutine ITAB (NTAB, N, U, V). This routine selects the table designated
by NTAB, which is the numerical location of the table in the KTAB array, and for
N independent variables of U calls FRMRAN for the linear interpolation of the
function V.

Program SETUP. This program calls the initial modules IMOD1 through IMOD20
as designated by the code 1 control cards.

2U.S. Standard Atmosphere, 1969 (NASA, Dec 1969, Washington, DC)

10
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Subroutines IMOD1 through IMOD20. These dummy subroutines are included so
that users can substitute their own subroutines for calculating any initial
conditions that may be needed before the numerical integration is started.

Program INTGRT. This program sets up the integration controls and calls
FNOL3 for the numerical integration of the equations of motion.

v Subroutine DERIV. This subroutine calls the appropriate modules, MOD1
L through MOD20, as designated by the code 1 control cards.

Subroutine TERM. The termination conditions (code 4 control cards) are
checked and if any one of them has been met, the integration is terminated.

Subroutine OUT. The output is prepared and printed here based on the
information included on the code 2 control cards.

Subroutines MOD1 through MOD20. These are dummy subroutines. The user
should substitute his own subroutines for the dummy ones. These subroutines
are to contain all of the definitions for all of the differential equations.

Subroutine PROCESS. Again, this is a dummy subroutine which can be replaced
by the user. Any accessary calculations that are not needed for the integration
of the differential equations are usually included in this subroutine. The
subroutine is called in subroutine OUT everytime that the print conditions
have been met.

Program TRJPLTS. This program contains the calls for plotting any of the
data designated on the code 5 control cards.

Subroutine MYPLOT. This is a dummy subroutine. If the user wishes to plot
any variables he must substitute his own MYPLOT subroutine containing his own
GOULD or equivalent plot calls.

A FORTRAN listing of these executive routines has been included in Appendix A.

STORAGE ALLOCATION. As mentioned earlier, the program has been coded using
overlay files in order to minimize the machine memory required. The amount
of storage needed for execution will vary according to the size of the particular
modules used as well as by the size of the arrays that are to be plotted and
dimensioned in subroutine MYPLOT. Generally, on WOL's CDC 6500, the user has
needed around 45000(8) locations. The maximum has been on the order of 63000(8)

locations.

All of the parameters stored in the program have been placed into an array
dimensioned Y(4940). The first 2299 locations have been allocated to trajectory
parameters. These are available for coding in the modules. The locations Y(2300)
through Y(4940) are utilized in the executive routines and as such, are not
available to the user. As an aid to keeping track of the parameters, the Y array
has been broken into several parts. It is not absolutely necessary for the user
to retain this designation in his modules; but, it is a great aid to keeping
all modules interchangeable. This Y array breakdown is shown in Figure 3.

The fixed storage assignments are listed in Appendix B.

11
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v(2990)

FIGURE 3 Y ARRAY STORAGE

12

Y(2200)
PROCESS
Y (2800) v(2208)
MATRIX TRANS.
Y(800) ——
\&\,@ EQN. OF MOTION
> Y (500
X\g ! v(19989)
FORCES
Y(300)
Y(799)
CONTROL
vi1e0) Y(499)
Y(4890)
GUIDANCE
TABLE LOCATIONS
Yin v(299)
o - ¥(4940)
TARGET 3
A OUTPUT
¥(99)
Y(3000) )
GENERAL INPUT
Y(2300) Y(3099)
EXECUTIVE
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CONTROL CARDS. All data necessary for running this program are entered
into the program through the use of standardized formats. Each piece of
information, except for tables, is entered on a separate control card. The
particular use for each data card is determined by the code punched in the
first two columns of the card. The codes, formats, and types of information
are tabulated in Table 1 on page 14and explained in more detail below.

Code 0. Each data deck must contain this card as the first card in the
deck. The users title located in columns 3 through 72 will appear in the
heading at the top of each page of printout.

Code 1. These are the modules to be used for this particular run or
stage. These cards must be read in the order you wish the module to be called.
It is not necessary that the mod numbers be in sequence.

Code 2. These are the variables to be listed in the output. The data will
be listed in columns with the first column always being time. The first 15
variables will be listed on the first page and the next 15 on a separate page.
The number of variables listed can be any number from 1 through 30; but, note
that if you print the results of no more than 15 variables you will save paper,
time, and money. The columns will be printed in the order that the code 2
control cards appear in the deck. Each code 2 control card is to contain
the location of the parameter in the Y array, the heading that you wish to
appear at the top of the column, and the format of the parameter. The maximum
width of each column is 8 spaces but you can place the decimal depending
on what is being listed. If the format is left off the card, the default is
F8.0.

Code 3. These cards contain the initial values of any parameters in the
program. They may be in any order but the total number for all stages must
not exceed 200.

Code 4. This code identifies the termination conditions for the numerical
integrations. The program wilil stop whenever any parameter in the Y array
designated as a stop variable goes outside of the lower or upper limits as
set by this code. As many as 10 termination conditions may be set for any
complete trajectory run.

Code 5. Any variable in the Y array that is to be plotted (other than time)
must be designated with a code 5 control card. Whenever any code 5 control
card (up to a maximum of 10) appears in the deck, subroutine MYPLOT will be
called and the users plot options will be performed.

Codes 6 and 7. A maximum of 28 differential equations can be designated
with these codes. The code 6 designates the dependent variables and the code 7
their derivatives. The variable locations in the "C" and "D" arrays must
correspond; i.e., the first variable in the '"D" array must be the derivative
of the first variable in the '"C" array.

13
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Code 8. These control cards are used to indicate where the tabulated
functions appear in the deck of tables. When the modules are coded, an index
in the KTAB array is assigned to each tabulated function. For example, maybe
the axial force coefficient was coded as having index number 12 in the KTAB
array. For this particular run, the axial force coefficient table that you
wish to use may be the fourth table in your deck of tables; therefore, IN
equals 4 and VAR equals 12.

Code 9. A card with the number 9 in column 2 must proceed the deck of
tables. It causes the program to read the following cards as tabulated data.
The tables should be arranged as follows:

9
Title card (FORMAT 7A10)
Table 1 Control card (FORMAT 1415)
Listing of independent variables (FORMAT 6E12.7)
Listing of values of dependent
function (FORMAT 6E12.7)
Title card
Control card
ADAE < Listing of independent variables
Listing of values of dependent function
Table I repeat for as many tables
(1=3, 49) as needed
gLANK g:gg at end of tables

In this program the tabulated functions are functions of 1, 2, or 3 variables,

with each function located in a separate table. The tabulation of a function
of three variables would be as follows:

a. Control Card

Ls Ny M, n,, n 0y (FORMAT 141I5) where:

g0 e
L=20 all cases
=3 number of independent variables
M=1 each table contains only 1 function
ny, Ny, Ny numbers of values of each independent variable

for which values of the function are tabulated.
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b. Listing of values of independent variables for which function is )
tabulated

| On the first card(s) the n, values of the first independent variable
are listed. On succeeding cards t%e n, and n, values of the second and third
independent variables, respectively, are listed.

' The following restrictions apply: Values of two different independent
- variables may not appear on the same card. At least two values of each
independent variable must be listed; and, all values must be distinct and
must be listed in ascending order. The format for these cards is 6E12.7.

c. Listing of values of dependent function

The three independent variables are designated Nl’ NZ’ and N,. The
number of values of each of these variables is n,, nz, and n,, respectively.
A block of data contains those values of the function for ali values of N
listed, and for one particular value of N, and N,. The first block corresponds
to the first value of N, and N2 listed; t%e second block corresponds to the
first value of N, and the second N,, etc. These blocks are repeated uncil
a set of blocks %or the first value of N, and all values of N, have been
presented. Sets for the remaining values of N, follow until ghe table is
completed. As a check there are n, sets, n, X n, blocks and n, x n, x n3
distinct values of the function. }he format for this tabulation is also™6El2.7.

Code 10. This card is to be placed at the end of the data for that

particular run or stage of the run. When this card is read, the program will
stop reading data cards and start integrating the equations of motion. When
one of the termination conditions has been met, the program will stop integrating
and start reading the next coded data card. At this point in time, the program
still retains the initial conditions as read in at the beginning of the run
as well as all of the values as last calculated when the termination conditions
were met.

If you wish to stack runs, i.e., start another run with slightly different
initial conditions, follow the code 10 card with a new code 0 title card, and
then follow this with the necessary changes that you wish to make in the original
code 3 data. The program will retain the original initial code 3 conditions
except for those that you change here. You must include new code 1, 4, and 8
cards; i.e., tell the program which modules to use, new stop conditions, and which
tables to use.

Code 11. This is a title card that is an indication to the program that
staging is to take place. The general procedure is that the program will read
additional data at this time. These data will then replace the values retained
by the program when the last portion of the flight was terminated. This allows
you to restart the calculations where you finished. The only code 3 data
required are those that you wish to change at that point in the trajectory.

; You must include new code 1, 4, and 8 cards, i.e., tell the program which modules
! to use, which tables to use, and new stop conditions. Remember though, the

total number of data variables, code 3 cards, must not exceed 200 and the total
number of tables must not exceed 49 for all stacked runs or stages.

16
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E Code 99. This stops the program.

TRAJECTORY MODULES

The primary reason for writing this program was to build a program which

; could be utilized and changed by a wide variety of users without them having

L to spendan inordinate amount of time in learning and adopting the code. It
was also envisioned that the program had to be of use to those conducting

! preliminary design studies (when only the basic fundamentals of the vehicle
are known and the vehicle characteristics are constantly changing) as well
as for those analyzing the flight mechanics of production systems. In order
to refrain from writing a general purpose program that would cover as much
detail as possible for all users, but satisfy none, it was decided to program
the problem so that different modules, written for specific systems, could
be selected or written and inserted by each user.

In order to keep each module as universal in its use as possible, it was
necessary to break the system model into several parts and to minimize the
linkage between each part. In general, the parts of a system can be divided
as is shown in Figure 4.

The logic behind these parts was as follows. The only information that
would be passed from the target module to the seeker module would be the
target coordinates. The interface between the seeker and autopilot modules
would usually consist of a maximum of three error signals. The interface
between the autopilot and the force and moment modules would be the two or
three control deflections and the only thing that would have to be passed
over to the equations of motion are the three forces and three moments.

Note though that this arbitrary division of the modules while appearing
to be logical is not permanently locked into the code. For any simulation
as many as 20 modules can be used and the quantities exchanged between modules
can be chosen at the whim of the programmer. These are just suggested modules
which will aid in the exchange of modules among all of the users.

The direction cosine matrix is generally defined in the section called
"Matrix Transformations.'" When using this program for 6DOF simulations the
position of the body principal axes with respect to the inertial axes is
generally defined by integrating the elements of the direction cosine matrix.
These elements and their derivatives are defined in this module as well as
other transformation matrices such as the inertial to local axes transformation,
and the local to principal axes transformation. Generally, one of two modules
will take care of the matrix transformations. One of these is for 3DOF and the
other for 6DOF. These have been coded and are included in this report as MOD1
and MOD4.

17
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INITIAL
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1 ERROR SIGNALS

LCONTROL DEFLECTIONS
\

FORCE AND

MOMENT CALCULATIONS

FORCE AND MOMENTS

EQUATIONS OF
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INERTIAL COORDINATES

MATRIX TRANSFORMATIONS

ANGULAR RATES

FIGURE 4 MODULE LINKAGE
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The target module is also of a general nature. It allows for a target
to either remain fixed with respect to the earth or to fly at constant velocity
over the earth. This general module is also included in this report as MODS.
If the user desires any particular form of maneuvering target he can easily
insert his own module.

The seeker and autopilot are more system oriented; therefore, they are
generally coded for a particular system. Some examples are included in this
report as MOD6 and MOD7.

Likewise, the forces and moments generated on the vehicle are dependent on
what kind of control system, etc., the vehicle has. It could have canard controls,
aft fins, swivel nozzle, etc. A sample has been included as MOD8.

The equations of motion are of a more general nature; therefore, examples
for modules for both 3DOF and 6DOF are included in this report as MODs 14 and 9.

Remember, you only need to call the modules which pertain to your case. In
early studies of a preliminary design, you may only need one or two very simple
modules. As the system: is developed you can then expand and add to your module
package. You can also take advantage of another's modules that have been developed
if all parties maintained the general interchangeability features as outlined in
this report.

AXIS SYSTEMS AND TRANSFORMATIONS. In general, only four different axis
systems are needed. These are inertial, local, principal, and geometric axis.
These can be used to specify orientations of the missile with respect to the
target and with respect to the earth.

Inertial. The inertial axes are defined as follows. The origin is at the
center of the earth and the XR axis goes through the north pole and the Yp and
Zg axes go through the equator as is shown in Figure 5. These axes are the
ones in which the force equations are integrated.

Local. The local axes, labeled by the subscript "L" have their origin on
the earth's surface right below the vehicle. The Z axis is perpendicular to
a tangent plane located in the earth's surface and passes up through the
vehicle's center of gravity. The Xy axis lies in the tangent plane and always
points north. The origin of the local axes are defined by the longitude, tp,
and latitude, YR of the vehicle. These relationships are shown in Figure 5.

The transformation matrix for transferring a vector in the inertial system
to one in the local axes is designated [&Ri] where,

i i

1 = [‘LRL] i

5 ),
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and
cosz sinuRsinTR —sianCOBTR
. [QRL] = 0 cosxR simR
sinwR -coszsinTR CoszCOSTR

The winds are generally defined with respect to these local axes as shown
in Figure 8.

Principal Axes. These are the principal axes of the vehicle, i.e., their
origin is at the center of mass and they consist of a set of cartesian axes
for which the inertia tensor will be a diagonal (see Figures 6 and 7). The
initial orientation of the principal axes with respect to the local axes is
defined by the three angles Yy EM’ and QM (in that order) where,

i i
i v 7
] = [i LP] ]
> e
k P k
L
and
cossMcosyM ~coscMsinyM sincM
[RLP] = <:os¢>Msm\(M - sin¢MsincMcosyM cos®McosyM **sineMs:I.nyM slancoscM
-51n¢M51nyM- cos¢)M sincM cosYM -sin@McosyM + cos@MsinstinyM cos@McoscM

The means of arriving at this matrix after the initial time is defined and
explained in MOD4.

Geometric Axes. These are a set of orthogonal axes which are defined for
maximum convenience in expressing the vehicle aerodynamics. They will generally

define a plane of symmetry for the vehicle external configuration and their
The relationship between

f origin will be located at the moment reference center.

2 ’ these axes and the principal axes are shown in Figure 7. The center-of-gravity

& (c.g.) of the vehicle is defined with respect to the origin of the geometric axes
by the lateral transformations X __, YC and ZC The angular orientation is
expressed through the rotations 4z, dcg and ¢;. These transformations are

2 performed in the force and moment module, MOD8. The transformation matrix is

8 defined as,

;;:. v
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\dM ™

LOCAL AXES

h (FT) TRANSLATE
7\ (DEG) TURN
€ (DEG) PITCH

¢, (DEG) ROLL

X,.Yp.Zp PRINCIPAL AXES

FIGURE 6 LOCAL AND PRINCIPAL AXES
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b g
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FIGURE 7 PRINCIPAL AND GEOMETRIC AXES
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FIGURE 8 INITIAL MISSILE VELOCITY AND WIND VELOCITY WITH RESPECT TO LOCAL AXES
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FIGURE 9 AERODYNAMIC COEFFICIENTS AND ANGLES DEFINED IN GEOMETRIC AXES




r-

NSWC/WOL TR 78-59

[y — > -
cosuccos G cos,Csin G sinwc
[icé]== coswcsindc - sin¢csinwccosuc cosrpcoswc.f fin?GSIHWGSi“eG sin®ccoswc
2 4 .
- ) o - ) b 50 - W ) )
singcsintc cos,csinuccos c sin,ccos‘C + cosccsinucsinﬂc COS®GCOS¢G

Aerodynamic coefficients and orientations of the vehicle with respect to the
flow are generally defined with respect to these geometric axes as is shown in
Figure 9.

THREE~-DEGREES-OF~FREEDOM MODULES. The logical procedure in normal point-
mass trajectory calculations is to integrate the body accelerations in an inertial
system. In the sample case presented in this report, three modules are used
to define the second order equations of motion. These are MODs 1, 2, and 14
or MODs 1, 3, and 14. As mentioned earlier, it is sometimes necessary to perform
some calculations prior to starting the actual trajectory calculations. These
types of calculations are usually necessary in order to provide the initial
conditions for the differential equations. Since these need to be made only
once, they are programmed as IMODs and are called by the executive routine prior
to actually starting the trajectory calculations. For all MODs called by the
program (identified by code 1 cards), the program checks to see if there is a
corresponding IMOD. For the 3DOF calculations (as presented in examples included
in this report) an IMOD is required for MODs 1, 2, and 3.

The flow logic used in these examples is shown in schematic form on the
next page. Remember, while the schematic is general in nature, the MODs used
in this report are only typical. Each user can add to them or replace them
with those of his own choosing.

SIX-DEGREES-OF-FREEDOM MODULES. For 6DOF simulations there are likely to be
six modules or more. If the complexity of a 6DOF simulation is warranted, it is
usually necessary to prepare a set of modules which represent a specific missile
system. In general the simulation would be laid out as shown in Figure 4. A !
group of typical modules have been selected and enclosed with this report in order
to aid the user in the compilations of modules for his own simulation. The logic
of these sample modules is shown on the following page.

IMOD4 and MOD4 are used to calculate the direction cosine matrix. It is
unlikely that any changes or additions would have to be made to these modules
since they deal with the mechanics of the situation, not a particular piece of
hardware. MOD5 is used to calculate the location of the target. Here again,
unless a particular maneuver of the target is to be programmed, it 1is unlikely
that changes would be made to this module. IMOD9 and MOD9 are used to calculate
the equations of motion of a vehicle for which the cross products of inertia
are zero. MODI9 should be used in place of MOD9 if the cross products of inertia .

are not zero.
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PROCESS. This routine is used to calculate any quantities that are desired
for output but which are not necessary for the running of the program. An example
of the type of things which can be calculated here are the longitudinal range
along the equator, RT , and the laritudinal range, Rw . These are calculated as:

E E

R. =R.[t, - w(t -¢t,)] -R
g E' R E i TEi

R =R, ¢y, - R
Voo B TR Wy
A calculation of the total distance traveled over the earth's curved surface

(projection of vehicle's path on the earth's surface) is calculated in the
following manner.

sz = [RE sin VoL = RE sin WRIZ

2
AY2 = [—RE cos wRL sin e + RE cos wR sin rE]

AZ2 = [RE cos wRL cos 1, - RE cos wR cos rE]2

where y_. and 1_ are the last latitude and longitude calculated (last time program
executegLsubrouEine PROCESS). The increnent of the chord of travel over a segment
of the earth's surface is then expressed as,

AC = /ax® + av? + az?

and the angle subtended by the chord as

[
h 8 = 2sin 2R
c E

The increment of surface traversed is then equal to
ARS = REG
and
R, = R, + AR

is the total distance traveled.

Any similar calculations can be made and added to PROCESS. See Appendix P
for its current form.
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SETUP PROCEDURE

The required parameters in the setup deck will depend on what modules are
in use; but, the general procedure and types of cards are usually the same,
The following is a generalized listing of the most used setup and control cards.
The general procedure is to prepare the deck as follows:

1. Title card, code O.

2. Select the appropriate modules for your simulation and arrange
the code 1 control cards in the order that the modules are to
be called.

3. Provide the data cards, code 3, required by the executive
routines. These are mostly integration controls and general
physical descriptors. These are located in the executive and
generalized input sections of the Y array, locations Y(2300) -
Y(3099). See Appendix B for specific, required parameters.

4. Determine what the termination conditions are and set their
values with code 4 control cards.

5. Specify all of the remaining initial conditions required by
the modules with code 3 cards. These are parameters which
generally have to do with defining the initial attitude of
the vehicle.

a. Locate the local axes by giving the longitude, R (deg)
in Y(3014) and the latitude, YR (deg) in Y(3015).

b. Define the initial altitude, h(ft) in Y(3013).

c. Locate the principal axes with respect to the local axes
by specifying,
YM(deg) in Y(2066)
eM(deg) in Y(2067) IMOD4
¢m(deg) in Y(2068)

d. Define the initial velocity with respect to the local
axes.
Vg(fps) in Y(610)
vg(deg) in Y(2209)
YH(deg) in Y(2208)

IMOD2
MODs 2, 3

30
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e. Define the angular orientation of the principal axes with

respect to the geometric axes that you are using.

XCc(ft) in Y(3006)

Yec(ft)  in Y(3007)

ZCG(ft) in Y(3008) MOD8

ﬂc(deg) in Y(3019)

v (deg) in Y(3020)

@G(deg) in Y(3021)

f. Define all other constants required by the modules you are
using.

Decide what parameters you want listed in the output and identify
them, their titles, and formats on code 2 control cards.

List all of the dependent variables on code 6 control cards.

List all of the derivatives for the above dependent variables
on code 7 control cards.

Supply the tables that you are using. Define the location (in your
deck) of each of the table array numbers on code 8 control cards
and then place all of the tables in that specified order behind

a single code 9 control card.
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Tkl
03/13/75 12.564.47 JOHN HOLMES
OVFRLAY(TRA)«040)
PROGRAM OV (INPUT+OUTPUITsTAPES«TAPELI9sTAPES«TAPEG=NIITRUT)
8/s2/77 JOHN HO| MES
COMMON Y (4940)
COMMON/TAB/Z (50)
EQUIVALENCF (Y (23]11) oNOPLOT)
CALL ZERO
CALL TNPUT
CALL OVERLAY (4HTRAUJs1+s0+6HRECALL)
TF (NOPLOT«GT«0) GO TO 900
CALL RESET
GO TO 300
CALL OVERLAY(4HTRAJ2+s0+6HRECALL)
Go TO 500
STOP
FND

SUBROUTINE ZERO

7/2/74 JOHN E. HOLMFES

COMMON Y (4940)

EQUIVALENCF (Y (2302)9J)9(Y(2305) ¢+MPK)
EOUIVALENCF (Y (2304) L)+ (Y (2301) «XNF)
EQUIVALENCF (Y(2306) «ERROR)
EQUIVALENCF (Y (3000)sRE) s (Y(3001) sWE)
DO 1 I=1+4940

Y(I1)=0.0

DFFAULT OPTIONS

J=2
Y (2302)=2.0

MPR=]
Y(2305)=1.n

1 =0
Y(2304)=0.0
XNE=0,0
ERROR=-1,0
WF=0.000072921150nP

MFAN RADIUS FNR SPHERICAL FARTH
RF=20925631.

RE TURN
FND

SUBROUTINE INPUT

7/2/74 JOHN F, HOLMFS

COMMON Y (4940)

INTEGFR OUTNOSsSTPNO(10)sPLOT(10)+CVAR(31)9DVAP(31)

EQUIVALENCF (Y (2307) sNOMOD) 4 (Y (2312) +NMOD (1))

FOQUIVALENCF (Y (230R) sNOOUT) « (Y(2332) sRNMEL (1)) « (Y (2302) 40UTNO(1))
EQUIVALENCF (Y (2309) sNOTN) o (Y (2422) s INNO (1)) s (Y(2627) s VALVE (1))
FOUIVALENCF (Y(2310) sNOSTOP) ¢ (Y (2R22) sSTPNU (1)) « (Y (2R32)ySUP(])) e
+(Y(2842)+S10(1))

EQUIVALENCF (Y(2311) sNOPLOT) s (Y (28B52) «PLOT (1))

EQUIVALENCF (Y(2872)9sLOCC(1)) 9 (Y(2903)sCVAR(1))e(Y(2934)L0CD(]1))
EQUIVALENCF (Y (?2965) sDVAR (1)) ¢ (Y(4890) «KTAB(1)) s (Y(2RT]1) 4NOTAR)
EQUIVALENCF (Y(2RT70) ¢NONER) « (Y(2HEY) «NOVAR)

A-2

TR100010
TR100100

TR100140
TR100150
TR100160
TR100170
TR100180

TR100200
TR100210
TR100220

TR100240
TR100250
TR100260
TR100270
TRIGOZHKO
TR100290
TR100300
TR100310
TR100320
TR100330
Tkl00340
TR10035%0
TR100360
TR100370
TR10D380
TR10V0390
TR100400
TR100410
TR100420
TR100430
TR100440
TR100450
TR1V0460
TR100470
TR100480
TR100490
TK100%00
Tklv0S10
Tkl00520
TR100530
TR1U0540
TR1005%0
TR1U0560
TR100570

TR100580

TR100590
TR100600
TRl00610
TR100620
TR100630
TR100650
TR10V0660
TR100670
TR100680
TR10V0690
TR100700
TR100710
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EQUIVALENCF (Y (3051) oK (1)) o (Y(3044)1TIL(L)) TRIVOIZ20

EQUIVALENCF (Y (2996) sKEND) TkR100730

EQUIVALENCF (Y (2362) sHD1 (1)) o (Y(2377)«HN2(1)) TR100735

DIMENSION TITL(7) «NMOD (20) 4 RNMF]1 (30) sO1ITNO(30)+ INNN(200) TR100740

+9VALVE (200) 4SUP(1N0) oSLN(10) 4K (49) » TR100750

+LOCC(31)+LOCD(31) +KTAR(49) TR100760

DIMENSION HD1(15),HD2(18) TR10076%

NOIN=0 TR100770

NOMOD=0 TRI0VO078B0

NOOUT=0 TR100790

NOSTOP=0 TR100800

NOPLOT=0 TR100810

NOVAR=0 TR100820

NODER=0 TRIVOB30

NOTAR=0 TR100840

Ck=10H TR100B42

DO 970 I=1.15 TR100844

HD1(I)=5HFR,0 TRI0DR4GS

970 HD2 (1) =5HFR,0 TR100B46

DO 101 I=1.+49 TR100850

101 K(I)=0 TRI1U0B60

RFAD(S59998) IR« (TITL(I)eI=1e7) TR100B70

XDATE=DATE (DIIM) TR100872

XTIME=TIME (DUMY) TR100874

WRITE (6+5000) TR100876

S000 FORMAT(IHI«TSAs®NAVAL SURFACE WEAPONS CENTER®/ TR10087R

+TSO,#WHITE DAK LARORATNRY#) TRI00HTS

WRITE(6+45001) (TITL(I)e«I=147) «XDATE+XTIME TR100880

S001 FORMAT(1HO410XeT7AL109sTB7e#RUN DATE®sAL04T1IUT«#TIMF#4810/) Tki100882

2000 FORMAT (1IHI) TR100890

998 FORMAT (I12+7A10) TR100900

IPRT=] TR10090%

1 RFAD(541000) TReTNeVAKGVARRGHEN] «HED?eHEDS3 TR100910

1000 FORMAT (I2+T6e2F14.69A10sA74A10) TR100915

GO T0(2+3) IPRT TR100920

2 IPRT=2 TR100925

IR1I=IRSINI=INSVAR]I=VARSVARR]I=VARRSHFD]1 1=HENISHFOZ I=HENZSHFNI1=HFD3ITR100930

GO TO 4 TR100940

3 IPRT=1] TR100945

WRITE(691001)TR1eIN1sVARLeVARRL4HED]I1sHEDZ2]1 sHFD319TReINsVARY TR100950

+VARRSIHEDL yHENZ2+HEN3 TR100955

1001 FORMAT (IH T2 eTRePE14en9A109AT oAl 03X s2h®8 43X el2e¢TA TR100960

+2F14.69A10eATALD) TR100965

4 CONTINUE TR100968

C TR100970

C MODULF NUMRFR TR100980

 » TR100990

§ IF(IR.NE«1) GO T0O 10 TR101000

NOMOD=NOMON+ ] TR101010

IF (NOMOD«GT,.20) GO TO & TR101020

Gno T0 7 TR101030

6 WRITE (6+4001) TR101040

4001 FORMAT(1HO.#THF NUMBER OF MODULFES EXCEEDS 20%) TR101050

STOP TR101060

-7 CNONTINUE TR101070

NMOD (NOMOD) =1IN TR101080

\ G0 TO0 1 TR101090

C TR101100

[ VARIARLE Tn RF LISTED TN OUTPUT TR101110

C TR101120

10 IF(IR,NE.2) GO TO 15 TR101130

- NOOUT=NOOUT+1 TR101140

IF (NOOUT.GT,.30) Gn TO 11 TR101150

GO T0o 12 TR101160

11 WRITE (6+4002) TR101170

4002 FORMAT(1HO#PRINTOUT OF MURE THAN 30 ITEMS WAS CONSTDFRED TR101180

' A3
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220

230

OO0

15

16
4003

17
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30
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42
4000
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+EXCESSIVE AND THEY WERF DRNPPED®#)
NOOUT=NOOUT~1

GO TO0 1

CONTINUE

RNME 1 (NOOUT) =HED1

IF (HED3.EQ.CK) GO TO 230

IF (NOOUT.6T.15) GO TO 220

HD1 (NOOUT) =HED3

GO TO 230

NOT=NOQUT=-15

HD2 (NOT) =HFD3

CONTINUE

OUTNO (NOOUT) =1IN

GO T0 1

DATA LOCATTON AND VALUF

IF(IR.NE.3) GO T0 20
NOIN=NOIN+]

IF (NOIN.GT,200) GO TO 16
GO TO 17

WRITE (6+4003)

FORMAT (1HO«#NUMBER OF TNPUT VARIABLES FXCEEDS 200%)
STOP

CONTINUE

INNO (NOIN)=IN

VALVE (NOIN)=VAR

GO TO 1

TERMINATION VARTARLE WITH (IPPER AND LOWER BOUNDS

IF(IR.NE.4) GO TO 30
NOSTOP=NOSTOP+1

IF (NOSTOP.GT.10) GO TOo 21
Go T0 22

WRITE(654004)
FORMAT (1HO «#*NUMBER OF STOP CONDITIONS FEXCEEDS 10%)
STOP

CONTINUE

STPNO (NOSTOP) =1IN

SUP (NOSTOP) =VARR
SLO(NOSTOP) =VAR

GO TO 1

VARIABLES T0O BE PLOTTED

IF(IR,NE.S5) GO TO 40

NOPLOT=NOPLOT+1

IF (NOPLOT«GT10) GO TO 31

G0 TO 32

WRITE (6+4005)

FORMAT (1HO«#NUMRFR OF oL 0T VARIABLES EXCEEDS 10%)
STOP

CONTINUE

PLOT (NOPLOT)=IN

GO T0 1

DEPENDENT VARIARLESs C ARRAY

IF(IR.NE.6) GO TO 50

NOVAR=NOVAR+1

IF (NOVAR.GT.?28) GO TO 42

GO TO 43

WRITE(6+4000)

FORMAT (1HO+#THE NIIMBEKR OF DIFFERFNTIAL EQUATIONS EXCFEDS 2R#)
STOP

A4

TR101190
TR101195
TR101200
TR101210
TR101220
TR101222
TR10122%
TR101227
TR101229
TR10123]
TR101233
TR101235
TR101240
TR101250
TR101260
TR101270
TR101280
TR101290
TR101300
TR101310
TR101320
TR101330
TR101340
TR101350
TR101360
TR101370
TR101380
TR101390
TR101400
TR101410
TR101420
TR101430
TR101440
TR101450
TR101460
TR101470
TR101480
TR101490
TR101500
TR101510
TR101520
TR101530
TR101540
TR101550
TR101560
TR101570
TR101580
TR101590
TR101600
TR101610
TR101620
TR101630
TR101640
TR101650
TR101660
TR101670
TR101680
TR10169v
TR101700
TR101710
TR101720
TR101730
TR101740
TR101750
TR101760
TR101770

SR
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T

43 CONTINUE TR101780

LOCC(NOVAR) =VAR TR101790

CVAR (NOVAR)=IN TR101800

Go To 1 TRIV1IB1O0

C TR101820

[ DERIVATIVESs D ARRAY TR101830

C TR101840

S0 IF(IR.NE.7) GO TO 60 TRIOI8B50

NODER=NODER+1 TR101860

LOCD (NODER) =VAR TRI01870

DVAR (NODER) =1IN TR101880

GO TO 1 TR101890

C TR101900

(o TABULATED VALUES TR101910

60 IF(IR.NE.B) GO TO 70 TR101920

NOTAB=NOTAR+] TR101930

IF (NOTAB.GT.49) 60 TO 61 TR101940

GO TO 62 TR101950

61 WRITE (6+4006) TR101960

4006 FORMAT(1HO,#THE NUMBER OF TABLES EXCFENS 49#%) TR101970

STOP TR101980

62 CONT INUE TR101990

IVAR=VAR TR102000

KTAB(IVAR)=IN TR102010

G0 To 1 TR102020

C TR102030

c AN INDICATFR THAT TABLFS ARE TO BE RFAN TR102040

c TR102050

To IF(IR.NE.9) GO TO RO TR102060

CALL TAPTAR(K<KFNN) TR102070

G0 TO 1 TR102080

/0 CONTINUE TR102090

(o END OF DATA FOR A SINGIE RIUN TR102100

90 WRITE(6+2000) TR102110

RE TURN TR102120

END TR102130

TR102140

TR102150

TR102160

TR102170

TR102180

SURROUTINE RESFT TR102190

(# T/72/74 JOHN E, HOLMFS TR102200

COMMON Y (4940) TR102210

INTEGFR STPNO(10) TR102220

EQUIVALENCF (Y (28A3)9STOP) TR102230

EQUIVALENCF (Y (2307) sNOMOD) ¢ (Y (2312) +NMOD (1)) TR102240

EQUIVALENCF (Y (2309) oNOTN) o (Y(2422) sINNO(L)) 9 (Y(2627) 9 VALVE (1)) TR102250

EQUIVALENCF (Y (2871) sNOTAB) ¢ (Y (4890) oKTAB(1)) TR102260

EOQOUIVALENCF (Y(230A) 9FRRPOR) ¢ (Y (2996) sSTAGE) TR102270

EQUIVALENCF (Y (3044)sTITL(1))9(Y(2301) ¢XNE) TR102280

EQUIVALENCF (Y (2310) sMOSTUP) TR102290

EQUIVALENCF (Y (2R22) 9STPNO (1)) 4 (Y(2832)+sSUP (1)) s (Y (2R42),4SLO(])) TR102300

DIMENSION TITL(7)«NMOD(20) « INNO(200) ¢+ VALVE (200) sKTAR(49) TRIv2310

DIMENSION SUP(10)«SLO(10) TR102320

READ(59998) TRe(TTTL(I)sI=16T7) TR102330

c IR = 994 STOPeALL RUNS FINISHED TR102340

{ IF(IR,EQe99) STOP Tk102350

{ ’ C JR = 11sSTAGING HAS OCCURPEDs NEW MONS AND TAKLES ARPE TO RE USFN TR102360

i IF(IR.,EQe11) GO TO 80O TR102370

{ DO 10 I=1+2307 TR1023AR0

! 10 Y(1)=0.0 TR102390

DO 12 1=28A24+2868 i TR102400

12 Y(I)=0.0 TR102410

Y(2998)=0.0 TR102420

| Y(2999)=0.0n TR102430
; | A-5
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REWIND 1Y : TR102435
DO 14 1=3002,3043 TR102440
14 Y(I)=0.0 TR102450
Coadpasontdpettdtannn TR102460
c DEFAUIL.T OPTIONS TR102470
c TR102480
C J=2 TR102490
Y (2302)=2.0 TR102500
c MPR=1 TR102510
Y(2305)=1.0 TR102520
c L=0 TR102530
Y (2304)=0.0 : TR102540
XNE=0,0 TR102550
ERROR==1.0 TR102560
Costtpaeaandpatdtsns TR10?570
GO0 TO 85 TR102580
80 CONTINUE TR102590
STOP=0. TR102600
STAGE=STAGF+1.0 TR102610
85 CONTINUE TR102620
WRITF (69999) (TITL(I)e1=147) TR102630
NOMOD=0 TR102640
NOSTOP=0 TR102650
NNTAB=0 TR102660
100 RFAD{(S¢1000) IRsINsVARSVARRGHEDN] ¢sHED2 +HED3eHENG TR102670
WRITE(691001) IReINsVARIVARRIHFD]1 +HEDZ +HED34HFD4 TR102680
1000 FORMAT(I2+7642F14.69A10sAT4A10+A9) TR102690
1001 FORMAT (1XeT2P41642F14.64A104AT3A104A9) TR102700
c MODULE NUMRER TR102710
IF(IR.NE.1) GO TO 110 TR102720
NOMOD=NOMON +1 TR102730
NMOD (NOMOD) =IN TR102740
G0 TO 100 TR102750
c DATA LOCATTON AND VALUF TR102760
110 IF(IR.,NE.3) GO TO 120 TR102770
NOIN=NOIN+1 TR102780
INNO (NOIN)=IN TR102790
VALVE (NOIN)=VAR TR102800
GO TO 100 TR102810
120 IF(IR.,NE«s4) GO TO 125 TR102820
c TERMINATION VARTABLES TR102830
NOSTOP=NOSTOP+1 TR102840
STPNO (NOSTOP) =1IN TR102850
SUP (NOSTOP) =VARR TR102860
SLO(NOSTOP)=VAR TR102870
GO TO 100 TR102880
[ TABULATED VALUES TR102890
125 IF(IR.NE.8) GO To 130 TR102900
NOTAB=NOTAR+1 TR107910
IVAR=VAR TR102920
KTAB(IVAR)=IN TR102930
GO TO 100 TR102940
c END OF DATA FOR A- SINGIE RUN TR102950
130 IF(IR.,NE.10) GO T0 100 TR102960
WRITE (692000) TR102970
2000 FORMAT (1H1) TR102980
999 FORMAT (1H0.7A10) TR102990
998 FORMAT (I297A10) TR103000
RFTURN TR103010
. END TR103020
: SUBROUTINE TAPTAR (KsKEND) TR103030
: c TR103040
[ c 7/2/74  JOHN E. HOLMES TR103050
! [ TR103060
& c IT READS THE DATA CARDS FOR THE TARLES ¢ ARRANGES THEM INTO THE TR103070
: C TABLE ARRAY, AND WRITES THE TARLF ARRAY ON FILF 9 TR103080
%, A-6
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TAPTAR IS A SUBROUTINE
TARLE (1) = N(1)
TABLE (2) = N(2)

L Y
TARLE (N) = N(N)

TABRLE(N+1) = U(ls1)

TARLE(N+N(1)) = U(l,
TABLE (N+N(1)+]1) = U

TABLE(N+N(1)+N(?)) =

TARLE(N+N(T1)eN(2)+a,

TARLE(N+N(1)+N(2e+.,

TABLE (N+N(1)+M(2) +,,

LY
TABLE (N+N(1)+N(2)+,,
TARBLE(N+N(1)+N(2)+,,

READS IN THE ADDITIO
AVAILABLE LOCATION T
ARRANGEMENT AS ABOVFE

FOR ADDITINNAL TARLES,
IN THFE NEXT AVATLARLE

LeNUMyeMFNCeN(])
THE CONTROL CARDS ™I

M(J) = NUMBEKR OF Fuw
NT (J)= NUMRER NF VAR
L=0¢NUM NF 0 ONE T

L TR103090

TO RE USED WITH FRMRAN, TR103100
TR103110

TR103120

NIIMBER OF ARGUMENTS FOR FIRST VARTABLF TR103130
NUMBER OF ARGUMENTS FOR SFCOND VARIABLF TR103140

TR103150

NUMBER OF ARGUMENTS FOR N=TH VARIABLE TR103160
FIRST OF ARGUMENTS CORRESPANNDING TO TR103170
THE FIRST VARTABLF TR103180
TR103190

N(1)) LAST OF ARGUMENTS CORRESPONDING TR103200
To THE FIRST VARIARLF TR103210
2+1) FIRST OF THE ARGUMENTS CORRESPUNDING TR103220
TO THE SECOND VAKTARLF TR103230
TR103240

U(2eN(2)) | AST OF THF ARGIMENTS TR103250
CORRESPONDING TO THE SECOND VARIARLFE TR103260
TR103270

«*N(N)) = U(NsN(N)) | AST NF ARGUMFNTS TR103280
CORRESPONDING TO THE N TH VARIABLFE TR103290

«*N(N)+1) = ARG(lslveserl) TABLE VALUE TR103300
CORRESPONDING TO THE FIRST ARGUMENT OF TR103310

EACH VARIARLF TR103320
«*NI(N)+1) = ARG(lolvenesls?2) TR103330
TR103340

TR103360

CHN(N)+N(1)+]1) = ARG(lelsaee=2sl) TR103350
CHN(N)+N(T1)#N(2) P eae®N(N)) = ARGINI(1)eN(2) TRIV3370
2eestN(N)) TR103380

TR103390

NAL TABLE VALUES STARTING IM THE NFXT TR103400
N THE TAKLE ARKAY AND USING THF SAMF TR103410
TR103420

TR103430

TR103440

TAPTAB RFADS THFM IN AS AROVFs STAPTING TR103450
OCATION IN THE TABLF AKRAY TR103460
TR103470

TR103480

aN(?) 96easN(NUM) (WITH FORMAT 1415) TR103530
ST RE OF THE FOILOWING FORMAT TR103520
: TR103510

CTIONS TABULATE(: FUR THE J=TH TABLF TR103500
JABLES IN THE J=TH TARIF TR103490
ABLF OF NUM INDEPENDENT VARTABLES 1S REAN TR103540
THE DECK OF THE TABLE TS AS FOLLOWS TR103550
N(l) ARGUMENTS (VALUES) OF THE FIRST TR103560
VARTABLE = IN ASCENDING ORDFR WITH SIX PFR TR103570
CARD TR103580
N(2) ARGUMENTS OF THF SECONN VARIARLES TR1C3590
REGINNING ON A NEW CARDe IN ASCENDING ORDFRTR1U3600
WITH SIX PEK CARD TR103610
i TR103620

N(NUM) ARGUMENTS OF U(NUM) s REGINNING ON A TR103630
NEW CARDe IN ASCENDING ORDER WITH STX PFR Tk1l03640
CARD, % TR103650
THE FIKST FUNCTTON TARULATEN IS PUNCHED IM TR103660
RLOCKS 0OF N(NUM) WITH SIX pFR CAKkD. THF TR103670

FIRST BLOCK STARTS WITH THE VALUE TR103680
CORRESPONDING TO THE SMALLEST ARGUMENT OF TR103690
EACH VARTAHLE AND ALI OWS U(N) TO VARY. TR103700

THE NEXT BLOCK STARTS OM A NFW CARD AND HASTRI03710
UIN=1) TNCREMENTED AND ALLOWS U(N) TO VARY TR103720
AND SO ON UNTIL THF ENTIRE TARULATION IS TR103730
COMPLETED TR103740

A7
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NSWC/WOL TR 78-69
¢ IF MENC IS GREATER THAN ONEs REPEAT FOR TR103750
c FACH SUCCEEDING FUNCTION TO RE INCLUDED IN TK103760
c THE TABLE. TR103770
c TR103780
(: L=0sNUM=0  TERMINATE THE RUN i TR103790
c TR103800
c TR103810
e TR103820
DIMENSION K (1) s TARLE (100) sN(15) sM(49) 9T (7) sNI (49) TR103830
EQUIVALENCF (NARGARG) TR103840
KOUNT = 1 TR103850
NEXLOC = 0 TR103860
DO 310 I=14100 TR103870
310 TABLE(I)=0, TR103680
300 RFEAD(5+201) (T(I)e1=147)sDUM TR103890
WRITE (6+202) TR103900
WRITE(65201) (T(I)sI=1+7)«DUM TR103910
READ(54100) L sNUMeM(KOUNT) o (N(T)eI=1eMIM) ¢ DUM TR103920
WRITE (65100) L eNUMsM(KNUNT) s (N(T) s I=19sNUM) ¢ DUM TR103930
IF (LeNE.0,OR.NUM.GT415.0RM(KOUNT)«6T,15) GOTO 800 TR103940
IF (NUM.EQ,0) RETURN TR103950
NT (KOUNT) = NUM TR103960
K (KOUNT) =NFX| 0C+1 TR103970
c TR103980
o TO CALCULATE THE PRODUCT OF THE N(I) S TR103990
c AND PUT THE N(I) S IN THF TABRLE TR104000
c TR104010
NSUM = 0 TR104020
NPROD = 1 TR104030
DO 400 I=1«NUM TR104040
NARG = N(I) - TR104050
NSUM = NSUM + NARG TR104060
NPRON = NPPOD # NARG TR104070
TABLE (1) = ARG TR104090
400 CONTTNUE TR104100
BUFFER OUT (941) (TABLE (1) s TABLE (NUM)) TR104110
IF(UNTT(9)) 450, 45041000 . TR104120
450  CONTINUE TH104130
c A TR104140
c TO PUT U(I) S IN THE TABLE \ TR104150
c TR104160
KSTART = NiM + NFXLOC + 1 TR104170
DO 500 I=1¢NUM TR104180
KFND = KSTART + N(I)=- 1 TR104190
KKEND=KEND-KSTART +1 TR104200
IF (KKEND<GF.99) GO TO 900 TR104210
READ(59110) (TABLE (KK) «KK=1+KKEND) TR104220
WRITE (695203) (TABLE (KK) ¢KK=19KKEND) TR104230
BUFFER OUT (9s1) (TABLE (1) s TABLE (KKEND)) TR104240
IF (UNIT(9)) 490449041000 TR104250
490  CONTINUE TR104260
KSTART = KFND + 1 TR104270
500 CONTINUE \ TR104280
c ; TR104290
c TO PUT THF TABLUATEN VALUFS IN THE TABLE TR104300
o TR104310
KADD = N(NUM) = 1 TR104320
IFND = NPRND # M(KOUNT) 7/ N(NUM) TR104330
DO 600 I=14IFND TR104340
KEND = KSTART + KADD TR104350
KKEND=KEND=-KSTART+1 TR104360
IF (KKEND+GF,99) GO TO 900 TR104370
READ(59110) (TABLE (KK) sKK=14KKEND) TR104380
WRITE (69203) (TABLE (KK) 9KkK=14KKEND) TR104390
BUFFER OUT (9+1) (TABLE (1) 9 TABLE (KKEND)) TR104400
IF (UNTT(9)) 580458051000 TR104%10
i : A-8
2 1
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i 580

600

800
900
950
L 1000
100

110
200

201
20?7
220

203
230
240

1001

1003

10

i
|
i

11
2000

12

1005

1AT ONF TIMF,
28F INCREASFD#)
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CONTINUE

KSTART = KFND + 1
CONTINUE

NF XLOC=KENN

KOUNT = KOUNT + 1
IF(KEND.GE,3000)G0 TO 950
GO T0 300

WRITE (6+200)

STOP

WRITE (69220)

STOP

WRITE (69230)

STOP

WRITE (69240)

STOP

FORMAT (141542XeAR)
FORMAT (6E12.5)

FORMAT (1HO0,# TAPTABR RENUIRES THAT L RE EQUAL TO 0 AMD THAT N

+AND M BE BFTWEEN 0 AND 15 ==ALSO CHFCK FOK INCORRECT NUMBER
+0F DATA CARDS #)

FORMAT (1Xe7A1041x4A8)
FORMAT (1Hn)
FORMAT (1HO.# TAPTAB IS ATTEMPTING TO KEAD MORE THAN 99 VALUES

THE ODIMENSION OF THE TARLF ARRAY WILL HAVE T0

FORMAT (1PAF20,.6A)
FORMAT (1HO.# TARLFS EXCEED DIMENSIONED SIZE F 3000 #)
FORMAT (1HO.# PARITY ERROR OCCURRFD DPURING THF WRITTMG

+0F THF TABIFS ONTO UNIT 9 #)

END
OVERLAY(TRAJele0)
PROGRAM START
T72/74 JOHN F o
COMMON Y (4940)
COMMON/TAB| /TARLE (3000)
FQUIVALENCE (Y(2309) oNNIN) « (Y(2996) sSTAGE)

EQUIVALENCF (Y (2422) 9 INNO(]1)) « (Y(2622) «VALVE (1)) 9 (Y (P996) sKFND)
DTMENSION INNO(200) 9VALVE (200)

RFWIND 9
DO 1001
IN=INNO(T)
VAR=VALVE(T)
Y(IN)=VAR
CONTINUE
IF(STAGE«GT.0.0)
Lt EN=0

N=1

M=3000

BUFFER IN (9e1) (TARLE (M) e TARLE (M))
IF(UNTT(9)) 10e12411

LFN=LFNGTH (9)

LL EN=LEN+LLFN

IF (LLFN.EQ,3000)
N=LLEN+1

GO TN 1003
WRITE (h92000)
FORMAT (1HO«%# PARITY FRROR OCCURRED WHILE ATTEMPTINAG TO

HOL MF S

T=1«NOTN

GO Tou 1005

G0 TO 12

+RFAD TABLES FROM (NIT 9 #)

STOP

CONTINUE

CALL OVERLAY (4HTRAJ91419s6HRECALL)
CALL OVERLAY (4HTRAJ9 14?2 96HRECALL)
END

SURROULITINE SFNCOS(A9SACAKEY)

IF (KEYeNE«n) GO TO 10
AA=A/ST.2957795

TR104420
TR104430
TR104440
TR104450
TR104460
TR104470
TR104480
TR104490
TR104500
TR104510
TR104520
TR104530
TR104540
TR104550
TR104560
TR104570
TR104580
TR104590
TR104600
TR104610
TR104620
TR104630
TR104650

TR104640
TR104680
TR104690
TR104700

TR104720

TR104740
TR104750
TR104760
TR104770
TR104780
TR104790
TR104800
TR104k10
TR104820
TRI04830
TR104840
TR104850
TR104860
TR104870
TR104880
TR10489)
TR104900
TR104910
TR104S20
TR104930
TR104940
TR104950
TR104960
TR104970
TR104980
TR104990
TR10US000
TR105010

TR105080
TR10%090
TR105100
TR105110




‘ NSWC/WOL TR 78-60
¢ SA=SIN(AA) TR1 05120
| CA=COS (AA) TR105130
RFTURN TR10%140
10 SA=SIN(A) TR105150
! CA=COS (A) TR105160
; RE TURN TR10S170
END TR105180
‘ SUBROUTINE ARKTAN (AsH4+CsMODE) TR105190
3 IF (A) 10+4410 TR105200
4 IF (R) 59646 TR105210
5 7=3.14159265 TR105220
GO TO 18 TR105230
; 6 2=0. TR105240
' G0 TO 21 TR105250
5 10 IF(B)13s11417 . TR105260
11 Z=SIGN(1.57079634+4) TR105270
12 G0 T0n 18 TR105280
‘ 13 Z=ATAN(A/B)+SIGN(3,141692654A) TR105290
! 14 IF(Z=3.14159265)16+15416 TR105300
15 72=-=2 TR105310
16 GO TO 18 TR105320
17  Z=ATAN(A/B) TR105330
18  IF(MODE)21419421 TR105340
19 C=57.2957795%7 TR105350
20 G0 TO 22 TR105360
21 c=2 TR105370
22 IF(ABS(C)I=1.F=07)23+23.24 TR10%380
23 C=0.0 TR105390
24 RF TURN TR105400
FND TR105410
SUBROUTINE MATINV(AsR4C) TR105420
DIMENSION A(9) 4R (9)sC(Q) TR105430
DFLA=A(1)#A(K)#A(Q)+A(P)HA(6)#A(T)+A(I)#A(B)#A(4)=A(T)®A(S)®A(3)=ATR105440
T(R)FA(6)RA(])=A(9Q)#A(2)%*A(4) TR105450
IF(DEL A)10420410 TR105460
10 J=0 TR10%470
DO 11 I=14743 TR105480
B(I)=A(J+]) TR105490
B(I+1)=A(J+4) TR105500
B(I+2)=A(J+T) TR105510
11 J=J+1 TR105520
C(1)=(R(5)#B(9)=B(h)#H(8)) /DFLA TR105530
C(2)=(B(6)#R(7)=R(4)#R(9)) /DELA TR105540
C(3)=(B(4)%R(8)=R(5)#R (7)) /DELA TR105550
C(4)=(B(3)#B(8)=R(2) %K (9)) /DELA TR105560
C(5)=(RB(1)#R(9) =K (3)*H (7)) /DELA TR105570
C(6)=(R(2)#R(7)=B(1)*K(8)) /DELA TR105580
C(7)=(B(2)#B(h)=R(3)#R(5)) /DELA TR105590
C(B)=(R(3)#R(4)=B(1)#B(6))/DELA TR105600
C(9)=(B(1)#R(5)=R(2)*R(4)) /NELA TR105610
RF TURN TR105620
20 WRITE (646) TR105630
6 FORMAT (34H NDETFRMINANT OF A IS FQUAL To ZERO) TR105640
RFTURN TR105650
FND TR105660
SUBROUTINEARDCFT (HePPZ«TTZeRRZsCCZ+6GZ) TR105670
DIMENSION T(12)+A(10) TR105680
Ce#s#s#s ATMOS COMPUTFS STANDARND PRESSUREe« TEMPERATUREs AND NPENSITY RATINS TR105690
Cc#sts FOR A GIVEN ALTITUDE H IN FEET. TR105700
X(ZsAsB9aC)=A#ALOG(Z% (Z=R)+C) TR105710
Y(ZsAsRsCI=A#ATAN(Z#* R=C) TR105720
DATA(A(I) 91=1410)/=3.350145769F=1743.161762924E=144=1.269919974F=1TR105730
; 1152.848535349F=94-3.930824139E=7+3.432295909E~-5+=1,R32962145E=3+ TR105740
| 15.256403630F=24=5,232974573E=14=3.955242007/ TR105750
E Z =0.000304R%H TR105760
! TM=0. TR108770
| : A-10
|
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% NSWC/WOL TR 78-69

DO S 1=1s10 TR105780
S TM=(TM+A(I))#7 - TR105790
. TM= TM+283,7492391 TR105800
S1=2+6356.77 TR105810
T( 1)=-1,4655396E~- 7/S1 TR105820
Tt 2)= 2.5653341E-11%A| 0G(S1) TR105830
T 3)= 1.,4116834E~- 4#AL.0G( 14,002385+2) TR105840
T( 4)==3,8282910F~- S#AL0G(216.232250~2) TR105850
T( S)=X(Zs 1.5084978E-4ys 264414270 s 684,10967 ) TR105860
T 6)=Y(Zy 6.7419880E~49y 0.044294586, 0.5850046 ) TR105870
T( 7)=X(Zy B.S55196T75E~-59137.4745 910533,544 ) TR105880
T( 8)=Y(Zy 4.9863416E-5s 0.013120767 0.90188545) TR105890
T( 9)=X(29=-2,5392354E-4+193.32352 210180,367 ) TR105900
= T(10)=Y(Zs 1.1921879E~-3, 0,034567717, 3.3413764 ) TR105910
T(11)=X(Z+=-3,3RB8604E~-5+384,32662 +38131.516 ) . TR105920
T(12)=Y(Zy B8.9812379E-5+ 0,02881021 o 5.5362654 ) TR105930
TINTEG=0.2R016067FE-02 TR105940
DO 10 I=1,12 TR105950
10 TINTEG=TINTEG+T(I) TR105960
QINTEG= =3483.6764%*TINTEG TR105970
TTZ=TM/288,16 TR105980
PPZ=EXP(QINTFGR) TR105990
RRZ=PPZ/T12 TR106000
CCZ=SQRT (401.874%#TM) /340.294 TR106010
GGZ=(1e/(1,+47/6356.766))%#2 TR106020
RETURN TR106030
END TR106040
SUBROUTINE FRMRAN (TABIFsNUMsMFNCslJsA) TR106050
DTMENSION TARLE (1) eU(1)9sA(L1) 9T (1) s TEMP(15)eN(15)eINIIM(]) TR106060
COMMON /TAR/T TR106070
FQUIVALENCF (N(1)<«TEMP (1))« (IDUM(1)eT(1)) TR106080
NUMB = NUM TR106090
NINS=? TR106100
NSUM = 0 TR106110
NNPROD = 1 TR106120
DO 300 I=1e.NUMB TR106130
TEMP(T) = TABRLE(T) TRIU6140
NSUM = NSUM + N(T]) TR106150
NNPROD = NNPROD # NI(I) TR106160
300 CONTINUE TR106170
C TR106180
(o} 2222220222022 8 0 TR106190
c TR106200
Cc TO FILL THFE T ARRAY TR106210
C TR106220
NUMT = 2 # NIUMR TR106230
JPOS = NUMR TR106240
DO 400 I=1,NUMB TR106250
C TR106260
C TO SPACF TN THF BEGTNNING OF ARGIUMFNTS CORRFSPONNING TO TR106270
c THF I-TH VARTIARLE TR106280
C TR106290
JSTRT = JPNS + 2 TR106300
JPOS = JPOS + N(T) TR106310
DO 410 J=JSTRT+JPUS TR106320
IF(TARLE (J) «GT&li(I)) GO TO 420 TR106330
410 CONTINUE TR106340
- J=JP0S TR106350
420 19 = NUMT + 1 TR106360
] INUM(TIJ) = J = JSTRT +7 TR106370
| (o] TR106380
" C T(1) THROUGH T(N) ARE THE ARGUMENTS CORRESPONDINA TO THF N TR1V6390
[ VARIABLFS TR106400
Cc TR106410
| T(I) = TABLF(J) TR106420
1 = 1T + NUMB TR106430
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TIN+1) THROUGH T(2#N) ARE THE ARGUMENTS ONE POSTTION BELOW THF |

ABOVE ARGUMENTS

T(IJ) = TARLF (J=~1)
CONTINUE

ISTART = NUMT + 1
NUMTR=NUMT « NUMR

ISUM=TDUM (NUMTB) =1

IF (NUMB.EQ.1) GO TO 440
NINS=NUMB+]

NTOP=NUMB=-1

NPROD = 1

DO 430 1=1.NTOP

IJU=NUMTB~-1

I1TJU=NINS-I

NPROD = NPROD # N(IIJ)
ISUM = ISUM + (TDIM(TU)=2) # NPROD
CONTINUE

TIDUM = NUMR + ISUIM + NSUM
DO 1000 M= ]+MFNC
IDUMISTART) = 1IhUM

INDEX = 1

NPROD = 1

TO COMPUTE THE INDICES OF THF TABLE VALUES NEEDFND FOR THE
INTERPOLATTON &

DO 500 I=14NUIMRB
LNDEX = INDEX + NUMT
D0 510 J=1+INDEX

10 LNDEX +

KJ NUMT +

THE IDUM ARRAY CONTAINS THE VALUES OF THE INDICFS OF THFE
TABLE VAl UES NEEDED FOR THE INTERPOLATION

INUM(TJ) = IDUM(KJ) + NPROD
CONTINUE

IT=NINS-I

NPRON = NPROD # N(TI)

INDEX = INDEX + INDEX
CONTINUE

TO PUT THF TARLFE VALUES NEEDED FOR THE INTFRPOLBTION IN THE
T ARRAY STARTING WITH T (2%N+1)

DO 600 I=ISTARTTU
KJ = TDUM(T)

T(I) = TABLF (KJ)
CONTINUE

L . R R R R R R R R

INTERPQ)! ATION

JEND = 2#4MUIMR + [START =~ 2

KJ = NUMB + 1

Do 700 I=1NUMR

I = KkJ = 1

INDEX = NUMK + TJ

TEM = (UCT ) =TCINDEX)) Z(T(TJ)=T(INDEX))
I.0 = 1START

DO 710 J=ISTARTeJENDe?

T(TY) = (T(J+ D) =T(I)HTEM + T (J)

iy = 1Y ¢
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TR106490
TR106500
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TR106760
TR106770
TRIUATHO
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TR106810
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Tk106860
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TR106880
TR106890
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TR106920
TR106930
TR106940
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TR10A970
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TR107080
TR107090
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CONTINUE TR107100
CONTINUE TR107120
JEND = (JEND+TSTART) /2 TR107110
A(M) = T(NIMT+]) TR107130
TR107140
TO SPACF TO THE BFGINNING OF THFE NFXT FUNCTION TABULATED TR107150
TR107160
ITDUM = TINUM + NNPROD TR107170
CONTINUE TR107180
RETURN TR107190
END TR107200
SUBROUTINE MATVEC (AsBeCoN) TR107210
DIMENSTON A(9) «B(9) eC(9)9sF (9) 9G(9) gH (W) TR107220
IF (N) 10eRel0 TR107230
GO TO (5¢6e5¢6¢5) N TRI1LT7240
DO 6] JU=1s9 TR107250
F(J)=A(J) TRI07260
GO TH 70 TR107270
MP=1 TR107280
DO 36 K=1413 TR107290
Kl1=K+A TR107300
DN 36 J=KeK] e TR107310
F (M2)=A(J) TR107320
M2=M2+1 TR107330
IF (N=1) 7147172 TR107340
Ma=1 TR107350
DO 73 JU=1.3 TR107360
G(J)=R(J) TR107370
GO TOo 80 TR107380
M4=7 TR107390
GO TO (T49T74eT49T75¢75) oN TR107400
D0 76 J=1.9 TR107410
G(J)=R(J) TR107420
GO TO 80 TR107430
M2=] TR107440
DO 66 K=1473 TR107450
K1=K+fH TR107460
D0 66 J=KeKle3l TR107470
G(M2)=R(J) TR107480
MP2=M?2+1 TR107490
MP=1 TR107500
DO 30 MI=1eM443 TR107510
DO 30 K=1+3 TR1UT7520
Ki=K+6& TR107%30
M3=M] TR107540
H(M2)=0. TR107550
DN 20 JU=KeK]e3 TR107560
H(M2) =H (M2) +F (J) #G (M3) TRI107570
M3=M3+1 5 TR107580
MP2=M7Z+1 TR107590
IF (N=1) 95.95.96 TR107600
M1=3 TR107610
GO TN 90 TR107620
M) =Y TR107630
NN 91 J=1l4M] TR107640
C(JI=H(J) TR107650
RFTURN TR107660
FND TRIVT670
SUBROIITINE TTABR(MTAHsNelleV) TR107680
T/72/74 JOHN Fe HOLMES TR107690
COMMONM Y (4940) TR107700
COMMON/TAB/Z7 (50) TRIV7T10
COMMON/TAB) /TABLFE (3000) TR107720
ECUIVALENCF (Y (4B90) «KTAR(1)) e (Y (30%1) ek (1)) TRIVT73n
DIMENSTUN KTAR(49)eU(3) K (49) TR107740
IN=KTAB(NTAK) TR107750
A-13
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KK=K (IN)
MFNC=1
CALL FRMRAN(TARLE (KK) yNeMFNCsUV)
RFTURN
END
SUBROUTINE FNOL 3(JeNNsGol sMPReXNF o X oY oNsDERTVeTERMNAUTPUT)
COMMON YY (4940)
DIMENSION C(3) oY (31)eYN(31)sYP(31)aYC(31)eDN(S51)eDM(3L94) 9K (3144)
++FRROR(31) « YK (31)
DATA EP6sEP1] M4/ ) JE~6elebE=1]10=4/
DATA (C(K) eK=1e3) /2% ,h0ele/
NDATA HMAXS/1.F35/
NHTS=0
FpP2=0,
N=NN
Ji=Jd=2
H=G
HN=H
MK=1
NRF T=M4
JTEST=1
IFE () LT 0) ITEST=S
IF (XNE.EQ, 0,) GO TO 15
FC=Y(N+3)
FIP=]10,%% (=XNF)
ELO=EUP#,001]
FM=ELN#3]1,6227766
15 xp=Xx
XS=xD
DO 20 I=1leN
ERROR(I)=0,
20 YD(I)=Y(I)
CALL DERIV(XeYeD)
CALL TERM (XsYsDeF)
C PRINT
S50 CALL OUTPUT(XeYeDeFKRORsNg| oH)
P22 222X 2-2-2-2-F- 0 X R R-R-E R R R R R R R R R R R R R R R R R R R R R
# NOTE CHANGE MADE T0O ORIGINAL FNOL3 FOR MODIFLY
IF(YY(PB63).FQelaN) RFTURN
L2220 E-E- 22202 A L R R R R R - R R R R R R R R R R R R R R
IF (NRET) 5460455
55 PRINT 3000« HN
3000 FORMAT(10BH1EXECUTION TERMINATED BECAUSE INTEWRVAL 0F INTEGRATICON
TESS THAN 1,0F =6 TIMES TNDFPENDENT VAKIABLF (X)e H =31PE1%.7)
STOP
60 RFTURN
65 NPR=0
IF (MPR +LF,. 0) PC=Y(N+1)
100 IF (JTFST F0e 5 ANDe H oNEe HN) GO TO 455
IF (JJ «GE, 0) H=HN
IF (MK «NE, 0 +OR. JJ NEe 00) GO TO 300
C=w==w==THE ADAMS MOIILTON METHOD
200 HND24=H/24.
JAM=0
NGO 210 I=1eN
YPI=(R5e%¥DM (T 1) +37e#NU(1a2))=(59,#1IM(T43)+9,%NM(|44))
YP(I)=YD(I)+HNP4#YP]
Y(I)=YP(I)
210 CONTIMUE
X=XD+H
CALL DPERIVI(XsYeDM(194))
DO 220 I=1,4N
YPI=(Q %DM (T a4)+]1QaH#NM(T9l)+4DPM(Te2))=5o%DM(Te3)
YC(I)=YD(I)+HN24%#YP]
ERROR(I)=(YP(T)=YC (L)) /]l4.
C THTS ADDS IN A 2D COKRFCTION
A-14
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UM COry FUNBLSHID 10 DDg

RACTICABLE

TR10775%
TR107760
TR107800
TR107810
TR107820
TR107830

TR107840
TR1078%0
TR1078A0
TRI07HT0
TR107880
TR107890
TR1V7900
TR107910
TR107920
TR107930
TR10U7940
TR107950
TR107960
TR107970
TR107980
TR107990
TR10R000
TR10R010
TR10R020
TR10R030
TR10K040
TR108050
TR10R0B0
TR10R8090
TR108100
TR108110
TR108120
TR10R130
TR1UK140

TR1VR150
TRI10R160
TR10R170
TR10R180
TR10R190
TR10R200
TR108210
TR10R220
TR10R230
TR10KR240
TR108250
TR10R260
TR10BZ2T70
TR10RZ8BY
TR10UK290
TR10R300
TRIO0R310
TR1UR320
TRI0A330
TR10K340
TRIOR3SH
TR1VAR360
TRIOR3T0
TR108380
TR10R390
TR10R400
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YC(I)=YC(I)+FRROR(I) TR108410

220 CONTINUE TR108420

IF (XNE«NE..0) GO TO 700 ; TR108430

GO TO 455 TR10R440

C======THE RUNGE KUTTA METHON TR108450

| 300 GO TO (3014309+30R+309¢303)4JTFST TR108460

It 301 DO 302 I=1,N TR10H470

v . YK (I)=YD(I) TR108480

[ 302 CONTINUE TR10B490

XDS=XD TR10R500

| GO TO 309 TR108510

| 303 DO 304 I=1«N TR108520

YK(I)=YC(I) TR108530

304 CONTINUE TR10R540

XDS=XD+H TR10R550

308 HS=H TR10R8560

H=2,#K TR10RS70

G0. TO 320 TR108580

300 X=XD TR108590

JAM=1 TR10R600

DO 310 I=l.N TR10R610Q

Y(I)=yD(I) TR108620

DK(I+1)=D(T) TR108R630

310 CONTINUE TR10R640

IF (JTFST J.LF. 2) CALL DERIV(XeYsDK) TR10R650

IF (MK «GT, 1 .0R, JTEST «GTe 1) GO TO 320 TR108660

DO 315 I=1.NM TR108670

DM(I+4)=DK(1s1) 1 TR108680

315 CONTINUE TR10R690

320 DO 335 K=2.4 TR108700

HC=H#C (K=1) TR10R710

DO 330 I=1.N TR10R720

Y(I)=YD(I) + HC#Dk(Iek=1) TR10RT3yp

} 330 CONTINUE TRICRT40

X=XD+HC TR10RTS0

CALL DERIV(XsYsDK(1eK)) TR108760

335 CONTINUE TR10BT70

HN6=H/6 TR10RT780

DO 340 I=1.N TR10R790

YPI=DK (I191)+DK (Te4) 422 (DK (I42)+NK(T43)) TR108400

2 YC(I)=YD(I)+HD6#YPT TR10R810

340 CONTINUE ; TR108820

6N TN (360,3909370+4554¢370)4JTFST TR10R830

| 360 DO 365 I=1.N TR1UR910

Bel ] YP(I)=YC(I) TR10R920

365 CONTINUE TR10R930

: JTEST=3 TR10R940

‘ GO TO 308 TR108950

J 370 D0 380 I=1.N : TRI0R96D

} YD(I)=YP(I) TR108B970

| YP(I)=YC(I]) TR10B9RQ

380 CONTINUE TR10R990

H=HS TR109000

i XD=X0+H TR109010

! JTEST=2 TR109020

i IF (MK «€Q. 1) GO TO 309 TR109030

{ 60 T0 451 TR109040

! 390 DO 400 1=1eN TR109050

i £ ERROR(I)=(YC(T)=YP(I)) /15, TR109060

| YC(I)=YC(I)+ERROR (1) TR109070
f YP(I)=YC(]) TR1090K0 &
i ; 400 CONTINUE TR109090 4

‘| JIEST=5 TR109100

k1 IF (XNEWNE,..0) GO TO 700 TR109110

2 Cmm=m-= ~ACCEPT THF STFP SIZF TR109120

450 IF (JAM «E0, 0) GO TO 45 TR109130
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IF (MK +EQ. 3 AND. JJ EQ, 0) GO TO 455 TR109140
IF (MK «NE, 1) GO TO 303 TR109150
IF (JUTEST .EQ. 1) GO 10 455 TR109160
DO 452 I=1,.N TR109170
Y(I)=YD(I) TR109180
CONT INUE TR109190
GO TO 466 TR109200
DO 459 NQ=1.N TR109210
YD (NQ)=YC (NQ) TR109220
Y (NQ) =YD (NQ) TR109230
CONT INUE ; TR109240
IF (JJ «GE, 0) UTFST=1 TR109250
IF (MK «NE. 0 «0R, JJ JNEe 0 «ORe NRFT oNFe M4) GO TO 465 TR109260
DO 460 I=1.N TR109270
DM(I194)=DM(1,+2) TR109280
DM(I+2)=DM(I+3) TR109290
DM(T1+3)=DM(Is1) TR109300
CONTINUE TR109310
XD=XD+H TR109320
X=XD TR109330
IF (MK «EQ. 3) MKk=0 TR109340
CALL DERIV(XsYsD) TR109350
DO 470 I=1,.N TR109360
DM(IsMK+1)=D(T) TR109370
CONTINUE TR109380
FP=F TR109390
CALL TERM (XsYsDoF) TR109400
-D0 YOU TERMINATE TR109410
IF (ABS(F) .LE. EP6) GO TO R0O TR109420
IF (FP «EQ, 0,) GO TO Ss10 TR109430
IF (NRFT oNF. M4 ,0Re F#FP LT. FP11) GO TO R05 TR109440
XS=XD TR109450
IF (MK «NE, 0 AND. H FQas HN) MK=MK+] TR109460
-D0 YOU PRINT TR109470
NPR=NPR+1 TR109480
IF (MPR +EQ. 0) GO TO K10 TR109490
IF (NPR GF, MPR) GO TO 50 TR109750
GO TO 100 TR109760
IF (ARS(Y(N+1)=PC) «GE, Y(N+2)) GO TO 50 TR109770
G0 TO 100 TR109780
-DETERMINING THE STEP SIZE TR109790
HR = HMAXS TR109800
DO 760 I = 1N TR109810
Z=ABS (FRROR (1)) TR10 820
IF(YC(I)«EN.0.) GO TO 720 TR109825
22=YC(I1) TR109830
22=ABS(22) TR109640
IF (EC) 72047104705 TR109850
IF (EC .G6T, 77) zz=EC TR109860
2=2/27 . TR109870
IF(ZeGTELNLANNDLZ.LTLEIP) GOTO 750 TR109880
HR = AMIN] (HRJEM/ (Z+EP11)) TR109890
GOTO760 TR109900
HB=AMIN] (HR41.)
CONTINUE TR109920
IF(HB.NE.1,) GO To 765 TR110130
NHTS=0 TR110140
GO TO 450 TR110150
HN=H#HR® %, > TR110160
IF (MK «NE,. 1) JTFST=1 TR110180
MK=1 TR110190
IF (HR.LT«1.) GOTO 770 TR110200 .
IF (ARS(HN) oGT. ARS(4,%H)) HN=4,%H TR110210
NHTS=0 TR110220
GOTO 450 TR110230
HEPS=ABS (X#FPA) + FP1] TR110240
A-16
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IF (ABS(HN) .L.T. ABS(H/4e)) HN=H/4, TR110250
IF (ARS(HN) .GT. HEPS) GO TO 790 TR110260
NHTS = NHTS + 1 TR110270
IF (NHTS «lE. 10) GO To 780 TR110280
NRET = 1 TR110290
GO TO 450 TR}10300
HN=SIGN (HEPS «HN) TR110310
IF (NHTS «.GT. 1) GO TO 450 TR110320
IF (NHTS «GT. 1) NHTS=0 TR110330
IF (JAM .En. 0) GO TO 100 TR110340
DO 795 I=1.N TR110350
YD(I)=YK(I) TR110360 {
CONT INUE TR110370
XN=XNS TR110380
JTEST=1 TR110390
GO TO 100 TR110400
-THE TERMINATION LOOP TR110410
NRET=0 TR110420 {
IF (NRET «LTe 0) GO TO R06 TR110430 1
H=XD=XS TR110440
GO TO S0 TR110450
IF(F#FP.LT.0.) GOTO 810 TR110460
IF (F#FP2.. T«0.) GOTO 820 TR110470
GO TO 800 TR110480
FP2 =FP TR110490
HP =H TR110500
GOTO B30 TR110510
FP =FP2 TR110520
HP =H + HP TR110530
NRET=NRET+] TR110540
H=HP#F / (FP=F) TR110550
JTEST=4 TR110560
GOTO 300 TR110570
FEND TR110580
RFAL FUNCTTON KLMT (EIe[ oK)
THIS TS USFD FOR MODELING A RATE GYRO OR ANY OTHER PROPORTIONAL «
LIMITFD OUTPUT DEVICE
FI = THF INPUT
L = THE LIMIT ON THE OUTPUT
K = THE GAIN OF THE DEVICE
RFAL L oK
KLMT=K#ET
1F (ABS (KLMT) oGEWl) KLMT=SIGN (L +KLMT)
END
{
{
1
4
|
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#DECK TR2
C #dtpnbadtts TR?OOO]O
c 03/13/75 1256447 JOHN HOLMES TR200012
C ##tpavaoton TR200014
OVERLAY (TRAJs191) TR200100
PROGRAM SETUP TR200110
c 8/2/77 JOHN E. HOLMFS
COMMON Y (4940) TR200130
EQUIVALENCFE (Y(2307) sNOMOD) 3 (Y(2312) +NMOD (1)) TR200140
DIMENSION NMOD(20) TR200150
DO 1000 I=1,NOMOD TR200160
L=NMOD (1) : : TR200170
GO TO (1923946950657 38+9910511412¢13¢16915+16417918419920)4L ° TR200180
1 CALL IMOD1 TR200190
G0 TO 1000 TR200200
? CALL TMOD2 : : TR200210
G0 TO 1000 TR200220
3 CALL TIMOD3 TR200230
GO TO 1000 TR200240
4 CALL IMOD4 TR200250
GO T0O 1000 TR200260
5 CALL TMODS TR200270
GO TO 1000 TR200280
6 CALL IMOD6 TR200290
GO TO 1000 TR200300
7 CALL 1MOD7 TR200310
GO TO 1000 TR200320
8 CALL 1MODS8 TR200330
GO TO 1000 TR?200340
9 CALL TMODS YR200350
GO TO 1000 TR200360
10 CALL TMOD1n TR200370
G0 TO 1000 TR200380
1] CALL T1MODI11 : TR200390
GO 10 1000 } TR200400
12 CALL IMOD1? TR200410
G0 TO 1000 . TR200420
13 CALL IMOD1R TR200430
GO TO 1000 TR200440
14 CALL TMOD1s TR200450
GO TO 1000 TR200460
15 CALL TMOD1s TR200470
GO TN 1000 TR200480
16 CALL IMODlé TR200490
GO TO 1000 TR200500
17 CALL IMOD17 TR200510
G0 TO 1000 TR200520
18 CALL TMOD1R TR200530
G0 10 1000 TR200540
19 CALL TMOD19 TR200550
GO TO 1000 TR200560
20 CALL T1MODZ2n TR200570
1000 CONTINUE TR200580
END TR200590
TR200600
TR200610
SURBROUTINE IMND1 TR200620
RE TURN . TR200630
END TR200640
TR200650
b TR200660
SUBROUTINE IMOD2 TR200670
A-18
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RETURN
END

SUBROUTINE
RETURN
END

SUBROUTINE
RFTURN
END

SUBROUTINE
RF TURN
END

SUBROUTINE
RETURN
END

SUBROUT INE
RF TURN
END

SUBROUTINE
RE TURN
END

SUBROUTINE
RF TURN
END

SUBROUTINE
RF TURN
END

SUBROUTINE
RF TURN
END

SUBROUTINE
RF TURN
END

SUBROUTINE
RFTURN
END

SUBROUTINE
RETURN
END

SUBROUTINE
RE TURN

IMOD3

IMOD4

IMODS

IMOD6

IMOD7

IMOD8

IMOD9

IMOD10

IMOD11

IMOD1?

IMOD13

IMON14

IMOD15

NSWC/WOL TR 78-59
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TR200680
TR200690
TR200700
TR200710
TR200720
TR200730
TR200740
TR200750
TR200760
.TR200770
TR20C780
TR200790
TR200800
TR200810
TR200820
TR200830
TR200840
TR200850
TR200860
TR200870
TR200880
TR200890
TR200900
TR200910
TR200920
TR200930
TR200940
TR200950
TR200960
TR200970
TR200980
TR200990
TR201000
TR201010
TR201020
TR201030
TR201040
TR201050
TR201060
TR201070
TR201080
TR201090
TR201100
TR201110
TR201120
TR201130
TR201140
TR201150
TR201160
TR201170
TR201180
TR201190
TR201200
TR201210
TR201220
TR201230
TR201240
TR201250
TR201260
TR201270
TR201280
TR201290
TR201300
TR201310
TR201320
TR201330
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END TR201340
TR201350
TR201360
SUBROUTINE IMOD16 TR201370
RF TURN TR201380
END TR201390
TR201400
TR201410
SUBROUTINE IMOD17 TR201420
RF TURN TR201430
END TR201440
TR201450
TR201460
SUBROUTINE IMOD18 TR201470
RETURN TR201480
END TR201490
TR201500
TR201510
SUBROUTINE IMOD19 TR201520
RFTURN TR201530
END TR201540
TR201550
TR201560
SUBROUTINE IMOD20 TR201570
RE TURN TR201580
END TR201590
TR201600
TR201610
OVERLAY (TRAUs142) TR201620
PROGRAM INTGRT TR201630
c 7/2/74 JOHN E. HOLMFS TR201640
COMMON Y (4940) TR201650
INTEGFR CVAR(31) ¢DVAR(31) TR201660
EQUIVALENCE (Y (2300) 96G) 4 (Y(2301) +XNE) TR201670
EQUIVALENCF (Y (2999) s T) TR201680
EQUIVALENCF (Y (2306) sERROR) 4 (Y (2903) «CVAR(1)) s (Y(2934) yLOCD (1)) TR201690
EQUIVALENCE (Y (2965) sDVAR (1)) ¢ (Y(2872) 9L 0OCC(1)) s (Y(PRTO) sNODER) TR201700
EQUIVALENCF (Y (2869) s NOVAR) TR201710
EQUIVALENCF (Y (2862) 9TI) s (Y(2996) sSTAGE ) TR201720
EQUIVALENCE (Y (2868) sDELT) TR201730
DIMENSION | OCC(31)+LOCD(31) TR201740
DIMENSION C(31)sD(31) TR201750
EXTERNAL DFRIVeTERMsOUT TR201760
DO 10 I=1,31 TR201770
C(I)=0.0 TR201780
10 D(I)=0.0 TR201790
| DO 2000 I=1)4NOVAR TR201800
| JJd=Locc (1) TR201810
! JK=CVAR(I) TR201820
| C(JJ) =Y (JK) TR201830
| 2000 CONTINUE TR201840
| DO 3000 I=1,NODER TR201850
1 Ju=L0oCcD (1) TR201860
, JK=DVAR(I) : TR201870
1 D(JJ) =Y (JK) TR201880
' 3000 CONTINUE TR201890

! IF(STAGE«GT.0.0) TI=T
{ T=TI TR201900
| C(NOVAR+2)=Y(2997) TR201930
I C(NOVAR+3) =FRROR TR201940
; NN=NOVAR TR201950
i DFLT=6 TR201960
i J=IFIX(Y(2302)) TR201970
L=IFIX(Y(2304)) TR201980
MPR=IFIX(Y(2305)) TR201990
400 CALL FNOL3(JINNsGsLLsMPReXNF oToCoDsDERIVeTFRMeOUT) TR202000
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17
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19

20
1000

4500
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END

SUBROUTINE DERIV(TsCsD)
T/72/74 JOHN E. HOL MFS
COMMON Y(4940)

INTEGFR CVAR(31) ¢NDVAR(31)
EQUIVALENCF (Y (2307) «NOMOD) 4 (Y (2312) «NMOD (1))
EQUIVALENCF (Y (2903) sCVAR(1)) e (Y (2934)+L0CD(1))
EQUIVALENCE (Y (2965) sDVAR(1)) 9 (Y (2872)9L.OCC(1)) 9 (Y(2RT0) s NODER)
EQUIVALENCF (Y (2869) sNOVAR)
DIMENSION |1 OCC(31)+LOCD(31)
DIMENSION C(31)+D(31)4NMOD(20)
DO 2000 I=1sNOVAR
JJ=Locc(n

JK=CVARI(I)

Y (JK)=C(JJ)

CONTINUE

DO 1000 I=1sNOMOD
L=NMOD(I)

GO TO (1929394954607 989991091191291391491591641791R«19920) L
CALL MOD1

GO TO 1000

CALL MOD2

GO TO 1000

CALL MOD3

GO TO 1000

CALL MOD4

Gn TO 1000

CALL MODS

GO TO 1000

CALL MOD6

GO TO 1000

CALL MOD7

GO TO 1000

CALL MOD8

GO TO 1000

CALL MODS

GO TO 1000

CALL MOD10

G0 TO 1000

CALL ™MOD11

GO TO 1000

CALL MOD12

GO TO 1000

CALL MOD13

Gn TO 1000

CALL MOD14

GO TO 1000

CALL MOD15

GO TO 1000

CALL MOD16

GO TO 1000

CALL MOD17

Go TO 1000

CALL MOD18

GO TO 1000

CALL mMOD19

GO TO 1000

CALL MOD20

CONTINUE

DO 4500 I=14NODFR
JJy=LocD (1)

JK=DVAR(I)

D (JJ) =Y (JK)

CONTINUE
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TR202010
TR202020
TR202030
TR202040
TR202050
TR202060
TR202070
TR202080
TR202090
TR202100
TR202110
Tk202120
TR202130
TR202140
TR202150
TR202160
TR202170
TR202180
TR202190
TR202200
TR202210
TR202220
TR202230
TR202240
TR202250
TR202260
TR202270
TR202280
TR202290
TR202300
TR202310
TR202320
TR202330
TR202340
TR202350
TR202360
TR202370
TR202380
TR202390
TR202400
TR202410
TR202420
TR202430
TR202440
TR202450
TR202460
TR202470
TR202480
TR202490
TR202500
TR202510
TR202520
TR202530
TR202540
TR202550
TR202560
TR202570
TR202580
TR202590
TR202600
TR202610
TR202620
TR207630
TR202640
TR202650
TR202660
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RETURN
END

SUBROUTINE OUT(TeCeDsERRORSDMY sDNYXeNELT)

7/2/74 JOHN E, HOLMFS

COMMON Y (4940)

INTEGER CVAR(31) ¢DVAR(31)+PLOT(10)s0UTNO(30)
INTEGER PLCT

EQUIVALENCF (Y (2R62)9T1) s (Y(2R63) 9STOP) « (Y(2B64) +TS)
EQUIVALENCF (Y (2866) RUNN) s (Y(2867) oDATF)
EQUIVALENCE (Y (2308) sNOOUT) « (Y (2332) sNAL1 (1))
+(Y(2392) sO0UTNO (1))

EQUIVALENCF (Y(2311) sNOPLOT) 4 (Y (2852) 4PLOT (1))
EQUIVALENCF (Y (2903)sCVAR(1)) s (Y (2934) 1 0CD(1))
EQUIVALENCF (Y (2965) sDVAR(1)) s (Y (2872) «LOCC(1)) 9 (Y(2RTO) yNONER)
EQUIVALENCF (Y (3044)sTITL (1))
EQUIVALENCF (Y (2R69) s NOVAR)

EQUIVALENCF (Y (3043) sPLCT) 9 (Y(2362) sHD1 (1))« (Y (2377)«HD2(1))
DIMENSION LOCC(31)sLOCN(3])

DIMENSION TITL(7)«HD1(15)9sHD2(15) +FOR] (31) +FOK2(31)
DIMENSION NA1(30),C(31),4D(31)

REAL PL(10)

FORMAT (3X94HRUN oF12¢2910Xe7A1096X9THFNRMAT 411)
FORMAT (3X9F12,2992X9SHPAGE ,13)

FORMAT (1H1)

FORMAT (1HO0 42X sSHTIME ,15A8/)

= NO. LINES STORED FOR CURRENT PAGE
M = NO., FORMATS

= NO. PAGES OF EACH FORPMAT
J2 = SUBSCRIPTS FOR OUTPUT ARRAYS

DN 3000 I=14NODER

JJ=L0CD(I)

JKk=DVAR(I)

Y (JK) =D (JJ)

CONTINUE

DO 2000 I=1.NOVAR

JJ=LOCC(I)

JK=CVAR(I)

Y (JK)=C(JJ)

CONTINUE

Y (2868)=DELT

Y (2999)=T

IF(T=TI) 10541004105

CONTINUE

NP=0

K7=0

J2=0

J=0

CALL PROCESS

#e# STORPE OUTPUT IN Y(3100+4) ARRAY UNTIL FULL PAGE IS ACCIIMULATED

118
200

330
599

K7=KZ+1

J=J+1

J2=J2+1

Y(J+3100)=T

Y(J2+43980) =T

DO 330 I=1eNOOUT
IN=OUTNO(])

IF(IelEalS) U=J+l
IF(TeLE«1S) Y(J+3100)=Y(IN)
IF(I1.6T«15) J2=42+]
IF(IeGTo15) Y(J24398B0)=Y(IN)
CONT INUE

IF (NOPLOT«FQ.0) GO TO 1331
DO 600 I=1.NOPLOT
11=PLOT(I)
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TR202670

TR202680

TR202690
TR202700
TR202710
TR202720
TR202730
TR202740
TR202745
TR202750

TR202770
TR202780
TR202790
TR202800
TR202810
TR202820
TR202830
TR202835
TR202840
TR202850
TR202860
TR202870
TR202880
TR202R90
TR202910
TR202920

TR202940
TR202950
TR202960
TR202970
TR202980
TR202990
TR203000
TR203010
TR203020
TR203030
TR203040
TR203060
TR203080

TR203100
TR203110

TR203120
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PLCT=PLCT+

WRITE(19) RUNNsTo (PL(TI)eI=1«NOPLOT)
IF(STOP) 332,332+15

IF(KZ,LT.51) GO TO 333

#ss WRITE PAGE OF OUTPUT IN FACH FORMAT..AﬁkAYS DIMENSIONFD FOR 55 LINFS

600
331
332
15
18
19
22
20
21
26
30
333
C
7

NP=NP+]

IF(NP.GT.1) GO TN 22
NUM=(14+NONUT) 715

FOR1(1)=9H (1XsFTa?2
FOR2(1)=9H(1XeFT7,2¢

DO 19 N=1415

I=2%N

FOR1(T)=HD1(N)

FOR1(T+1)=1H,

IF (NOOUTGF.N) GO TO 1R
FORI(T)=10H

FOR1(T+1)=1H

FOR2 (1) =HD?(N)

FOR2(T+1)=1H,

IF ((NOOUT=~15) .GE.N) GO TO 19
FOR2(T1)=10H

FOR2(I+1)=]1H

CONTINUE

IF (NOOUT.GF.15) FOR1(31)=1H)
IF(NOOUT«LT.15) FORI (NNOUT#2+]1)=1H)
IF(NDOQUT.LF.,15) FNR2(1)=9H(1X)
IF(NOQUT«GT.15) FOR2((NOOUT=15)%#2+]1)=1H)
DO 30 L=1yNUM

WRITE(691) RUNNG(TITL(TI)oI=1e7),L
WRITE (692) DATE NP

IF(LeGT&l) GO TO 21

WRITE(6+5) (MA1(I)sI=1415)

M=J+3100

WRITE(69F0R1) (Y(I)9sI=3101eM)
GO TO 26

WRITE(695) (NAL1(I)eI=1Ae30)
M=J2+3980

WRPITE(69FOR2) (Y(T)9I=39814M)
WRITE (6+4)
CONTINUE
J=0
Je=0
KZ=0
G0 TO 333
RE TURN
END

SUBROUTINE TERM(TeCseDyF)

T/2/74 JOHN E. HOLMES

COMMON Y (4940)

INTEGER CVAR(31) 4DVAR(31) «STPNO(10)

EQUIVALENCF (Y (2R62)TT)

EQUIVALENCF (Y (28BA3) «STOP)

EQUIVALENCF (Y(2310) sNOSTOP) ¢ (Y (2822) «STPNO (1)) e (Y(PR32) 4SUP(1))
+(Y(2842)9S10(1))

EQUIVALENCF (Y (2903) sCVAR (1)) o (Y(2934)+( 0CD(1) )9 (Y (2R69) ¢sNOVAR)
ENUIVALENCF (Y (2965) sDVAR(1)) ¢ (Y(2872) 91 OCC(1)) e (Y(PRTO) ¢ NGDER)
EQUTVALENCF (Y (2009) sLRP (1))

DIMENSION | OCC(31)+LOCN(31)

DIMENSION SUP(10)4SLO(10)+C(31)9N(3]1)9sK(9)eRPT(9)sRPI(9)

REAL LRP(9)

Y (2999)=T

F=l.0

DELA=LRP(1)#L RP(S)%LRP (9) ¢ RP(2) #LRP (6) *LRP (T7) +LRP () #
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TR203230

TR203240
TR203242
TR203243

TR203260

TR203290

TR203320
TR203330
TR203340

TR203370
TR203530
TR203540
TR203550

TR203580
TR203590

TR204100
TR204110
TR204120
TR204130
TR?204140
TR204150
TR204160
TR204170
TR204180
TR204190
TR204200
TR2V4210
TR204220
TR204230
TR204240 &
TR204250
TR204260
TR204270
TR204280
TR204290
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+LRP(8) #LRP (4) =LRP(T)#LRP(5)#LRP(3)=LRP (B)#*LRP (6)#LRP(])~
+LRP(9) #LRP (2) #LRP (&)

b IF (DELA) 50460450
: 50 CONTINUE
Ces®a70 INSURE ORTHOGONALITY OF LRP MATRIX LA RS L
DO 9 1=1,3
CALL MATINV(LRP4RPTsR)
CALL MATINV(RPT+RsRPI)
DO 8 U=1+9
LRP(J)=(LRP (J)+RPT (J)) /2.
CONTINUE
b 0 CONTINUE
L PO 15 I=1+NODER
JJy=LOCD(I)
JK=DVAR(T)
Y (JK) =D (JJ)
15 CONTINUE
DO 10 I=1sNOVAR
JJ=L0CC(I)
JK=CVAR(I)
Y (JK) =C(JJ)

10 CONTINUE
IPRVA=IFIX (Y (2998))
C(NOVAR+1) =Y (IPRVA)

SGN=1.

DO 20 I=1.NOSTOP
IN=STPNO(I)

HALF=ABS (SHP(T)=SLO(I)) /2.
SMID=(SUP(T)+SLO(T)) /2.
FF=HALF=ABS(Y(IN)=SMID)
IF(FF,LTe0,) SGN==1.
IF(FF.LE.O.) STOP=1.
F=F#ARS (FF)

20 CONTINUE
F=F#SGN

3?2 RETURN

END

o -

SUBROUTINE MOD1
RETURN
END

SUBROUTINE MOD2
RFTURN
END

SUBROUTINE MOD3
RETURN
END

SUBROUTINE MON4
RE TURN
! END

SUBROUTINE ™MODS
RF TURN
END

SUBROUTINE MOD6
RETURN
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TR204300
TR204310
TR204320
TR204330
TR204340
TR204350
TR204360
TR204370
TR204380
TR204390
TR204400
TR204410
TR204420
TR204430
TR204440
TR204450
TR204460
TR204470
TR204480
TR204490
TR204500
TR204510

TR204520
TR204530

TR204590
TR2U4600
TR204610
TR204620
TR204630
TR204640
TR204650
TR204660
TR204670
TR2046R0
TR204690
TR204700
TR204710
TR204720
TR20V4730
TR204740
TR204750
TR204760
TR204770
TR204780
TR204790
TR204800
TR204k10
TR204820
TR204830
TR204b40
TR204850
TR204860
TR204870
TR204880
TR?204890
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! END -~ TR204900

’ TR204910

, TR204920

x SUBROUTINE MOD7 TR204930

RETURN TR204940

FND TR204950

TR204960

TR204970

SUBROUTINE MODA& TR204980

' RF TURN TR204990

I . END TR205000

o TR205010

TR205020

SUBROUTINE MOD9 TR205030

| RE TURN TR205040

‘ END TR205050

TR205060

\ TR205070

‘ SURROUTINE MON10 TR205080

RFTURN TR205090

END TR205100

TR205110

TR205120

SUBROUTINE mMOD11 TR205130

RE TURN TR205140

END TR205150

TR205160

TR205170

SUBROUTINE MOD12 TR205180

RF TURN TR205190

END TR205200

TR205210

TR205220

SUBROUTINE MOD13 TR205230

RF TURN TR205240

) END TR205250

TR205260

TR205270

SUBROUTINE MON14 TR205280

RFTURN TR205290

END TR205300

TR205310

TR205320

SUBROUTINE MON15 TR205330

RFTURN TR205340

END TR205350

TR205360

TR205370

SUBROUTINE MODN16 TR205380

RF TURN TR205390

END TR205400

TR205410

g , TR205420

| : SUBROUTINE MON17 TR205430

RF TURN TR205440

END TR205450

TR205460

. TR205470
SUBROUTINE MOD1A TR2U5480 3

RF TURN TR205490

END TR205500

3 TR205510

4 TR205%20

& SUBROUTINE MOD19 TR20%530

< RF TURN TR205540

% END A-26 TR205550

&
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TR205560
TR205570
SUBROUTINE MOND20 TR205580
RETURN TR205590
END TR205600
TR205610
TR205620
SUBROUTINE PROCESS TR205630
RETURN TR205640
END TR205650
TR205660
OVERLAY (TRAU+2+0) TR205670
PROGRAM TRPLTS TR205680
(o 7/2/74 JOHN F. HOLMES TR205690
COMMON Y (4940) TR205700
CALL MYPLOT TR205710
FND TR205720
SUBROUTINE MYPLOT TR205730
€ 11713774 JOHN F, HOLMFS TR205740
COMMON Y (4940) TR205750
INTEGFR PLOT(10)4PLCT TR205760
FOUIVALENCF (Y (2311) oNOPLOT) s (Y (2852)+P1 0T (1)) TR205770
EQUIVALENCF (Y (3043)sPLCT) TR205775
RFAL PL(10) TR205780
RFWIND 19 TR205785
€ TR205790
€ THE INFORMATION TO BF PLOTTED SHOULD BFE READ AS FOL | OWS. TR205800
C TR205810
C DO 20 J=14PLCT TR205K1S
C RFAD(19) RUNNeTo (PL(I)«I=1eNOPLNT) TR205820
C 20 CONTINUE TR205825
C 20 CONTINUE TR205830
C PI CT ARE THE NUMBER OF DATA POINTS TO RE FLOTTED TR20583%
C SUPPLY YOUR OWN GOULD CALLS TR205R40
C TR205850
RETURN TR205B60
FND TR205870
|
!
A-26
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APPENDIX B
FIXED STORAGE ASSIGNMENTS

Y ARRAY LOCATIONS 2300 - 4940

NOTE:

An asterisk after the Y array location of the parameter indicates
that the parameter is to be placed in the data as an input parameter.




-

MPR
ERROR
NOMOD
NOOUT
NOIN
NOSTOP
NOPLOT
NMOD (1)
¥

NMOD (20)
RNME1 (1)
¥

RNME1 (30)
HD1(1)

¥
HD1(15)

HD2 (1)
¥
HD2 (15)
OUTND (1)
+

OUTNO(30)
INNO(1)
¥

INNO(200)
VALVE(1)
¥

VALVE(200)
STPNO(1)

¥
STPNO(10)
SUP (1)

¥

SUP(10)

SLO(1)
¥

SLO(10)

NSWC/WOL TR 78-59

IDENTIFICATION

LOCATION IN Y ARRAY

INTEGRATION
CONTROLS
SEE PAGE

Number of modules

Number of output parameters
Number of code 3 parameters
Number of STOP conditions
Number of plot variables

MOD controls, see subroutine
INPUT

Header controls, see subroutine

INPUT

Header controls, see
subroutine INPUT

Output controls, see sub-
routine INPUT

Input controls, see sub-
routine INPUT

Input controls, see sub-
routine INPUT

Stop (termination) controls,
see subroutine INPUT

Upper bound termination
locations

Lower bound termination
locations

2300
2301
2302
2303
2304
2305
2306
2307
2308
2309
2310
2311
2312
¥

2331
2332
¥

2361

2362
¥

2376

2377
+

2391

2392
¥

2421
2422
+

2621
2622
+

2821
2822
¥
2831
2832
¥

2841

2842
¥

2851

* % ¥ ¥

* *»




PARAMETER

PLOT(1)
¥
PLOT(10)
TI
STOP
TS
PRFR
RUNN
DATE
DELT
NOVAR
NODER
NOTAB
Locc(l)
+
LOCC(31)
CVAR(1)
¥
CVAR(31)
LOCD(1)
¥
LOCD(31)
DVAR(1)
¥
DVAR(31)
KEND
PRVA
T
RE

WE

DXG
DYG
DZG

NSWC/WOL TR 78-59

IDENTIFICATION

Plot variable locations

Initial time
Termination parameters

Print control, see
RUN Number }Printed on each
Date page of printout
Integration time step (see)
Number of dependent variables
Number of derivatives
Number of tables

Locations of dependent variables
in C array

Y array locations of

dependent variables

Locations of derivatives
in D array

Y array locations of
derivatives

Size of table array

Print increment when MPR=0

Print variable when MPR=0

Time (sec)

Earth's radius, default value is
20925631 ft

Earth's spin rate, default value
is 7.29211508 x 107> rad/sec

Aerodynamic reference length (ft)
Aerodynamic reference area (ftz)

Center of gravity location w/r
to geometric axes, see Figure 7

Principal moments of inertia
(slug—ftz) "

Vehicle mass (slug)
Vehicle altitude (ft)
Longitude (deg)
Latitude (deg)

Cross products of inertia

B-3

R N R P A U O S

LOCATION IN Y ARRAY

2852
oy
2861
2862
2863
2864
2865
2866
2867
2868
2869
2870
2871
2872
¥
2902
2903
4
2933
2934
¥
2964
2965
¥
2995
2996
2997
2998
2999
3000

3001

3002
3003
3004
3005
3006
3007
3008
3009
3010

3011
3012
3013
3014
3015
3016
3017
3018

* % » »

»

¥ ¥ % ¥ ¥ ¥ ¥

* % % ¥ F ¥ ¥ ¥

e U e i 2ot




PARAMETER

PLCT
TITL(1)
+
TITL(7)
K(1)
+
K(49)

KTA;(I)
+
KTAB (49)

NSWC/WOL TR 78-59

IDENTIFICATION

Number of data points being plotted
Storage location for
title

Intermediate table
identification; see subroutine ITAB
Output array storage

Assigned array locations
for tabulated functions

NN — N — P —

LOCATION IN Y ARRAY

3019
3020
3021
3022
3023
3024
3025
3026
3027
3028
3029
3030
3031
3032
3033
3034
3035
3036
3037
3038
3039
3040
3041
3042
3043
3044
+
3050
3051
+
3099
3100
+
4889
4890
+
4938
4939
4940




IMOD1;
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APPENDIX C

INITIAL DIRECTION COSINE MATRIX FOR

3DOF OVER A ROTATING SPHERICAL EARTH

As mentioned previously, MOD1 contains the direction cosine matrix.
Since it would be unwieldly to read in the initial values of the direction
cosine matrix, IMOD1 is used to calculate these values from the initial
latitude and longitude which must be read from the input cards. This
transform matrix for transforming vectors from the inertial axes to the

local axes is presented as:

cosz
[RRL] = 0
simpR
Parameter
Input
WR
R
Output

[¢

RL]

sinygsinty
cOosSTp

-coszsinTR

IMOD1 Parameters

—siancosrR
sinTR

coszcosrk

Units

Degree

Degree

Location in Y Array

3015

3014

2000-2008

s, A
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SUBROUTINE IMODI] TR300100
C
C 3/710/78
c 3 TR300110
c THIS ROUTINF CALCULATES THF INITIAL DIRECTION COSINF MATRICE LRI TR300150
C FOR 3DOF STMULATIONS TR300160
c TR300170
Cc IT REQUIRES THE FOLLOWING INITIAL CONDITIONS ON CONF 3 CONTROL TR300180
C CARDS TR300190
c TR300200
C TAUR=Y(3014) o LONGITUDE (DEG)
(o= PSIR=Y(3015) « LATITUDE (DEG)
C TR30V0230
COMMON Y (4940)
EQUIVALENCF (Y(3015) oPSTR) 9 (Y (3014) 3 TAUR)
EQUIVALENCF (Y (2000) LRI (1)) TR300260
RFAL LRL(9) TR300270
CALL SENCOS(PSIR«SPsCP,40) TR300280
CALL SENCOS(TAUR+STsCT40) TR300290
LRL(1)=CP TR300300
LRL(2)=0. TR300310
LRL (3)=SP TR300320
LRL (4)=SP#ST TR300330
LRL (5)=CT TR300340
LRL (6)==CP#ST TR300350
LRL(7)==SP#CT TR300360
LRL (B)=ST TR300370
LRL (9)=CP#CT TR300380
RFTURN TR300390
END TR300400
TR300410
TR300420
TR300420
‘
4 C-2
¥
|2
s
i
e W
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APPENDIX D
MOD1; DIRECTION COSINE MATRIX FOR 3DOF OVER A
ROTATING SPHERICAL EARTH
The purpose of this module is to calculate the direction cosine matrix for

a vehicle flying a 3DOF particle trajectory over a rotating spherical earth.

The longitude and latitude of the vehicle are calculated from the inertial
coordinates as,

RN WO
TR = tan 7

~

it e 2 2

The direction cosine matrix which allows for transforming vectors from the
inertial axes to the local axes is calculated as,

cosz 51an51nrR -sin¢Rc051R
[QRL] = 0 costp sintp
51an —cosz31nTR coszcosrR

The transfer matrix [QLR] is expressed as [QLR] = [QRL]_l.

MOD1 Parameters

Parameters Units Location in Y Array

s XR feet 803

YR feet 804

ZR feet 805
i R radian 3014

Ve radian 3015

[2g1] 2000-2008

(*LRr] 2039-2047

"~ D=1

TOTOPRIY P R IS L SRS

T
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SURROUTINE MOD1 TR300930
C TR300940
c
C THIS ROUTINE CALCULATES THE DIRFCTION COSINE MATRICF LRL FOR A TR3009AR0
C 3D0OF SIMULATION OVER A ROTATING SPHFRICAL FARTH Tk300990
C TR301000
C 3/710/78
C
COMMON Y (4940)
FOUIVALENCF (Y(B803) e XR) o (Y(H04) s YR) 9 (Y(R05) ¢ZR) TR301020
EQUIVALENCF (Y (3015) 9PSTR) 9 (Y(3014) sTAUR)
EQUIVALENCF (Y(2000) LRI (1)) TR301040
EOQUIVALENCF (Y(2039)sLLR (1)) TR301050
RFAL LRL(9)4LLR(9) TR301060
DIMENSION R(9) TR301070
€
C LATITUDE AND LONGITUDE CALCULATED
Cc
10 CALL ARKTAN(=YReZRsTAURs1) TR301080
CALL ARKTAN(XRs (SQRT (ZR##24+YR#%#2)) 4PSIRy1) TR301090
C
C INERTIAL To LOCAL AXES TRANSFER MATRITX
(

20 CALL SFNCOS(TAUReSTARsCTARs1) TR301100
CALL SENCOS(PSIR+SPSR+CPSRs1) TR301110
LRL(1)=CPSr TR301120
LRL(2)=0. TR301130
LRL (3)=SPSr TR301140
LRL (4)=SPSR#STAR TR301150
LRL (5)=CTAR TR301160
LRL (6)==CPSR#STAR TR301170
LRL(7)==SPSR#CTAR TR301180
LRL(8)=8TAnr TR301190
LFL (9)=CPSR#CTAR TR301200
CALL MATINV(LRLeReLLR) TR301210
RF TURN TR301220
END TR301230

TR301240

TR301250

TR301260
D-2

TR~
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APPENDIX E

IMOD2; INITIAL CONDITIONS FOR A 3DOF OR 6DOF TRAJECTORY

The purpose of this module is to calculate the initial values for the
inertial coordinates and velocities of the vehicle flying over a spherical

earth.

Since the initial altitude latitude, and longitude of the vehicle are
specified in the input conditions, the inertial coordinates can be expressed as,

Xy = sinyp(h + Rp)
YR = —cosz(h + RE)sinrR
g = cosyp(h + RE)COSTR

Likewise, the velocity components with respect to the inertial axes can be
expressed as functions of the initial inputed flight path angles and resultant

velocity as,

XR VEcosYEcosYH

YR - [t ]—1 —VEcosYEsmYH - wE(RE + h)coswR
RL

ZR VEsinYE

The initial starting point of the vehicle's flight path as projected onto the

earth's surface is defined as,

This IMOD serves for MOD3 and MOD9 also.
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IMOD2 Parameters

Parameter Units Location in Y Array
Input
h feet 3013
Rg feet 3000
(Rg default value = 20925631 feet)
Vg feet/second 610
Yy degree 2208
Yg degree 2209
wp radians/sec 3001 y
(wg default value = 0.0000729211508 rad/sec)
R degree 3014
wR degree 3015
Output
Xp feet 803
YR feet 804
ZR feet 805
Xp feet/second 800
Y, feet/second 801
iR feet/second 802
RTE feet 818
i
RwE feet 819
i
!
i
|
{
| |
%
| :
E-2
oA

T T i 2 R AT S L S N A A DA S AR S N
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SURROIUTINE IMOD? TR3U0430
TR3U0440
3/10/78
TR300460
. THIS ROUTINF CALCUHLATFS THFE INITIAL VAILUES OF XReYPLZW TH30N4S0
AND XRDs YRDe AND ZRDe AND THE INITIAL EAKTH HOSITTINANS TrR360500
RTEI« AND DPF1T TR300510

THE FOLLOWING INITIAL CONDITIONS ARE KEQUIRFD ON CONE 3
CONTROL CARDS

PSIK=Y(3015) « LATITUDE (DER)

TAUR=Y(301a) o [LONGITULE (DEG)

H=Y (3013) s ALTITUDRE(FT)

RF=Y(3000) « RANIUS NF FARTHI(FT)s DEFAULT VALUE = 20925631,

WF=Y(3001) + FANTHS SPIN RATF (RAD/SEC)s DFFAULT VALLE =
0.000072921150R

VF=Y(K10) o« TINTTTAL VELOCITY W/ZK TO FARTH (+PS)

GAMAE=Y (2209) « VELUCITY FLEVATION ANGLE (DEG)

GAMAH=Y (220R) o VELUCTTY HEANDING ANGLE (DEG)

OO NONOHOOD

COMMON Y (4940)

EOUIVALENCF (Y(RN3) «XR) o (Y(HN4) «YR) 4 (Y(R0O5) «7ZK) TH300560
ECUIVALENCF (Y (2039) ol L=(1))e(Y(2000) el (1)) TR300S 71
EQUIVALENCF (Y (3N]15)sPSTR) e« (Y(30]14)eTaUW)
FQUIVALENCF (Y (3001) swWt) TR3v05%n
FOUIVALENCF (Y(RIR)sRTFT) o (Y(EL9)4RPFI) TR3GNENY
FOQUIVALENCF (Y (30NN) sRF) e (Y (3013)4H) TR300610
EOUIVALENCF (Y(2213)90T) 4 (Y (2214)40P) TR3U0620
FOUIVALENCF (Y (655) sMI) « (Y(3012) «MS) TR300630
EOUIVALENCF (Y (220R) 9GAI1AH) o« (Y (2209) s GAMAE) TH300640
RFAL LLRI(9)Y 41 RL(9)sLR TR300650
DIMENSION R (9) TR3006A0
ENTRY TMODY TR300665
EMTRY IMODO
pe
o INITIAL INFRTIAL RPOSITION
c
CALL SENCOS(TANRSTARCCTAKSD) TR300670
CALL SFNCOS(PSTR«SPSRyrPSKelr) TR3006R0
XR=SPSR#* (H+WF) TR300690
L=CPSR* (H+rF) TR300700
Yh==( R#STAL TR300710
ZP=LR#CTAR TR300720
C
€ INITTAL INFRTTAL VELOCTTIES
C
CALL SENCOS(GAMAF ¢SEWCFel1) TR300730
CALL SFNCOS(RAMAHSH(Hel) TR300740
: Y(512)=Y(610)#CF#CH : TRAVOTSN
i Y(513)==~Y(A]10)#CF*“SH ¢ TR3V0OT760
2 Y(514)=Y(610)%SF TRIVNTT0
-4 Y(513)=Y(513)=WF# (RE+k) #CPSR THIVUNTRO
Lz CALL MATINV(LRL(1)eHel | R) TR3V0O79n
& e CALL MATVEC (11 RaY(R12)4Y(HOO) 4N) TRIVOKHDOD
’; DO 20 T=1leR TRIVOB6Y
é 20 Y(T+45]19)=Y(1+%11)) TR3UOKTO
23 i3
& . #
o C INITIAL RAMGFS
& C

£

RAN=3,141592A53689/1HK0, Tk300810

E-3

4 N AR ST e £ e, s bl
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RTEI=RE®TAIIR#RAD
RPEI=RE®#PSTR#RAD
OT=TAUR#RAN
0OP=PSTR#RAN
M1=MS

RETURN

END

E-4

TR300820
TR300830
TR300840
TR300850
TR300880
TR300890
TR300900
TR300910
TR300920

b PP
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APPENDIX F

p } MOD2; 3DOF PARTICLE TRAJECTORY ALONG A
4 PROGRAMMED FLIGHT PATH

The purpose of this module is to calculate the transformation matrix for
a vehicle flying along a 3DOF particle trajectory over a spherical earth where
the elevation angle of the velocity vector is preprogrammed. This elevation
angle, Ygs is taken from a table of Yy, as a function of time which is to be
supplied by the user as Table Array Number 10. The heading angle, Yy» is
maintained constant. The altitude is calculated as,

o 2 2 2
h = ‘/xR b R e

The local velocities with respect to the earth are.calculated as,

v X o
A R

VY = [QRL] YR + wE(RE + h)coswR
LE % &

Vv Z
ZLE R

The resultant velocity is then calculated as,

2 2 2
v =r‘/c/ L SR
5 XLE b T R

The [4pp] matrix, necessary for transforming vectors from the principal axes
to the local axes is written in terms of YH and Yg a8,

\

|

F : 5 .

| ; cosyY,CosY sinyH cosyysinyg

[QPL] = -siny cosy, cosyy sinstinyE
sinYE 0 cosyE
i
z F-1
g

[
A
%
i’
kil
122
o
4R




Input

Output

Parameter
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MOD2 Parameters

Units

degree

degree

feet

feet

feet
feet/second
feet/second
feet/second

feet

feet
feet/second
feet/second

feet/second

feet/second

Location in Y Array

2209
2208
803
804
805
800
801
802

3000

2057-2065
3013
512
513
514

610




Z
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b
SIBROUTINE MOD2
¢
c POSITTON MODULE FOR A 3DOF PARTICIE TRAJ, WITH PROGRAMMED
(& PITCH ANGLF
| (o
€ 3/10/178
(o
L | (i GAMAF (DEG) IS TABULATFD AS A FUNCTION OF TIMF (SEr) IN
(5 TARLE ARRAY NO. 10
- C GAMAH (DEG) IS A CONSTANT IN LOCATION Y(220R)
C TR301280
COMMON Y (4940)
FQUIVALENCF (Y(3013)sH)
EQUIVALENCF (Y (803) sXR) ¢ (Y(804) sYR) o (Y(RO05) 9ZR) TR301460
EQUIVALENCF (Y(3015) 9PSTR) 9 (Y(3014) s TAUR)
EOVIVALENCE (Y(3001) o+We) o (Y(3000) oRE) TR301500
FQUIVALENCF (Y (512) o VXLF) o (Y(513) s VYLF) e (Y(514)VZLF) TR301560
FOUIVALENCF (Y (2999)T) TR301610
EQUIVALENCF (Y (220R) sGAMAH) 4 (Y (2209) « GAMAE) TR301650
EQUIVALENCF (Y (2057)sLF1 (1))
EQUIVALENCF (Y (2000) sLRL (1)) s (Y(610)sVE)
DIMENSION 11(?2)
RF AL LRL (9) ¢+LPL (9)
(s
c FLIGHT PATH ANGLFS
C
In Ucl)=T
CALL ITAB(10eleTeGAMAE)
CALL SENCOS(GAMAHsSHeCHs0) TR302160
CALL SENCOS (GAMAF «SE9CFe0) TR302170
| C
c PRINCTPAL TO LOCAI TRANSFFR MATRIX
c
20 LPL (1)=CH¥CE TR307180
LPL (?)==SH#CF TR302190
LPL (3)=SE TR302200
LPL (4)=SH TR302210
LPL (5)=CH TR302220
LPL (6)=0.0 TR302230
LPL (T)==CH#SF TR302240
LPL (R) =SH#GE TR307250
LPL(9)=CE TR302260
(6
(2 ALTITHDE
c
30 H=SQRT (XR##24+YR#%#2+7ZR#%P) =PE TR301740
c
C ILOCAL VFELOCITY COMPOMENTS
c
40 CALL MATVEC(LRL (1) oY (BND)9Y(512)40)
VxLE=Y (512) TR3V1750
VYLE=Y (513) +WF # (RF +H) *C0OS (PSIR) TR301760
VZ7LE=Y (514) TR301770
{ VF=SQRT(VXI F##2+VYLE##DP+VZ| E#%2)
RF TURN TR302320
- END TR302330

e

L w:——»w
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APPENDIX G

MOD3; 3DOF PARTICLE TRAJECTORY WITH THRUST

The purpose of this module is to calculate the altitude, local velocity
components, flight path angles, and the principal-to-local transfer matrix for
a vehicle flying along a 3DOF, point-mass, ballistic trajectory.

The altitude is calculated from the inertial coordinates which have been
obtained through the integration of the equations of motion;

2 2 2
h—‘/XR +YR +zR -RE

Since the velocity of the vehicle with respect to the inertial axes are also
known from the integration of the equations of motion, the local velocities with
respect to the earth's surface are calculated by transforming the inertial
velocities as,

P -. 1 e -1
e =
Xg ®
: o
VYLE = [QRL] YR + u,E(RE + h)coswR
o
Vv Z
b ZLE.. L R- - _J

The flight path angles, angles of the velocity vector with respect to the
local axes, are then calculated as,

-v
bt YiE
YH Vx [}
LE
v
1 ZE
YE tan
) 2
‘/ v, 24w
LE LE
-1
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The transfer matrix for transforming a vector from the principal axes to the
local axes can then be written in terms of the flight path angles as,

= 1
cosyﬂcos_yE sinYH -cosstinyE
[lPL -sinyucosyE cosyy sinyﬂsinyE
sinyE 0 cosyp
=3 e
MOD3 Parameters
Parameter Units Location in Y Array
Input
XR feet 803
YR feet 804
ZR feet 805
RE feet 3000
iR feet/second
éR feet/second
éR feet/second
(L)
wg rad/sec
¢R radian
Output
h feet 3013
VXL feet/second 512
E
VY feet/second 513
LE
VZ feet/second 514
LE
VE feet/second 610
Yy degree 2208
Yg degree 2209
[RPL] 2057-2065
G-2
!
i

“—:“W‘:"’“ *‘j




s e s L AR e

s EsReNeNel

o000

OO a2 Ee Ry

OO

1n

20

40

NSWC/WOL TR 78-69

SUBROUTINE MOD3

POSITTON MONULE FOR A 3D0F RALLISTIC PARTICLE TRAJ.

3/710/78

COMMON Y (4940)

ENUIVALENCF (Y(3013)sH)

EQUIVALENCF (Y (2057)sLPL (1))

EQUIVALENCF (Y(803) 9XR) 4 (Y(RO04) sYR) o (Y(RO5) 4ZR)
EQUIVALENCF (Y (3015) 9PSTR) 9 (Y(3N014) s TAUR)
EQUIVALENCF (Y (3001) sWE) « (Y (3000) ¢RE)

EGUIVALENCF (Y (512) «VXLF) o (Y(S513)¢VYLF) o (Y(514)eVZLF)
EQUIVALENCF (Y (2208) sGAMAH) ¢ (Y(2209) s GAMAE)
EOUIVALENCF (Y(2000) oLRL (1)) o (Y(610)oVE)

RFAL LPL(9) sl RL(9)

ALTITUDE
H=SQRT (XR##2+YR## 2+ /R¥4?) =RE
LOCAL VELOCTTY COMPONENTS

CALL MATVEC(LRL(1)eY(BNO) Y (512)40)
VXLE=Y(512)

VYLE=Y (513) +WE# (RF+H) #COS(PSIR)
VZLE=Y (514)
VFE=SORT(VX| Fa#2+ VY[ E##2+VZ F#%2)

FLIGHT PATH ANGLES

CAL). ARKTAN(=VYLF ¢VXLF s GAMAH40)
Z7Z=SORT (VX F##2+VYLE#*#2)

CALL ARKTAN(VZLE sZZZ9GAMAE «0)
CALL SENCOS (GAMAHSHeCH0)

CAaLL SENCOS (GAMAF +SESCF40)

PRINCTPAL TN LOCAL TRANSFFR MATRIX

LPL (1)Y=CH#*CF
LPI (2)==SH#CF
LPL (3)=SE
LPL(4)=SH

LPL (5)=CH
LPL(6)=0.0
LPL (7)==CH#SF
L PL (8)=SH#SF
LPL (9)=CE

RF TURN
EMD

R AR I O s S TR I o e i M R 2T

TR301300

TR301330

TR302530

TR3072570
TR302640
TR302730

TR302810

TR302820
TR302830
TR302840

TR303100
TR303110
TR303220
TR303230

TR303240
TR303250
Tk303260
TR303270
TR303280
TR303290
TR303300
TR303310
TR303320

TR303380
TR303390

P —
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APPENDIX H

IMOD4; 6DOF INITIAL DIRECTION
COSINE MATRIX

The purpose of this routine is to calculate the initial direction cosine
matrices for transforming vectors from the inertial to the local to the
principal axes for a 6DOF trajectory simulation over a spherical rotating

earth. The inertial to local transform matrix is defined as,

P ey
coswR siansinTR -siancosrR
[RRL] = 0 costy sinTR
Lsme -coszsintR coszcosrR 3
and the local to principal transform matrix as
COSENCOSYy —Ccosgysiny,, sineM
[QLP] = :OS®M51HYM - 51n¢MsineMcosyM C°5¢MC°SYM 3- s1n¢Msin€MsinyM Sin¢McoseH

-

-sing¢,siny,, - cos¢,sine cosy, -sine,cosy, + cos¢, sine siny, COSH,cose
M M M M M M M M M M M M

The angles YR and 1., are the latitude and longitude angles in degrees and the

angles M SMe ¢,, are the position angles of the principal axes
to the local angles. These angles are shown in Figures 5 and 6.

with respect

The inertial to principal axis transfer matrix can then be expressed as

[igp] = [2,p)[2]




Input

Output

: Parameter
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IMOD4 Parameters

Units Location in Y Array

degree 3014

degree 3015

degree 2066

degree 2067

degree 2068
2000-2008
2009-2017
2027-2035
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|
SURROUTINE IMODs SIX00150
C SIXV0160
€ SIXunl8o
C MOD PACKAGF STXNGe A GFNEKAL FPHRPOSF 600F GUINED R SIX00190
(o UNGUINED TRAJECTORY PRNGRAM SIX00200
C SIXun2lu
Cc 3710/78
C
C THIS ROUTINE CALCULATES THF INITTIAL DIRECTION COSIMF MATRICES LRI ¢#SIX00220
C LLPsLRP SIX00230 1
(s SIX00240
C IT RENQUIRES THF FOLLOwWING INITIAL COMDTTIONS ON CONF 3 CONTROL SIX00250
€ CARDS SIX00260
(33 SIx00270
C PSIR=Y(3015) « LATITUDE(DEG)
C TAUR=Y (3014) s LONGITUDE (DEG) {
C GAMAM=Y (20KR6) « HEAUTNG ANGLF (DEG) OF PRINCIPAL AXES 1
C FPSILM=Y(206T) e« ELFVATION ANGLE (DEG) OF PHINCIPAL AXES J
C PHIM=Y (206R) s w~OLL ANGLF OF PRINCTPAL AXFS
C SIX00330
COMMON Y (4Q40) SIX00340
FOUIVALENCF (Y (3015)ePS|R) e (Y(30]14)4TAUR) SIX003%0
FOUIVALENCF (Y (P06A) «GEMAM) o« (Y(P20AT) oFPLTLM) o (Y(Z206R) ePHIM)
FQUIVALENCF (Y (2000) «L ] (1)) o (Y(2N09) el RP(1)) e (Y(202T7)elLP(])) SIX00370
RFAL LRL(9) el RP(9) «LLP(9) SIX003R(
CALL SENCOS(PSIReSPesCFaN) SIX0N390
CAILL SFNCOS(TAIIR«STeCTaN) SIX00400
LRL (1)=CP S1Xx00&410
LRL(2)=0. SIX00420
LRL (3)=SP SIX00430
LRrL (4)=SP#QT SIX00440
LRL (5)=CT SIX00450
LKL (6)==CP#ST SIX00460
LRL (7)==SP#CT SIXu0470
LRL (8)=ST SIXU0N4R0
LRL(9)=CP#CT SIX00490
CALL SENCOS (GAMAM,SGe(C(a0)
CALL SENCOS(FPSTLMeSECEY0)
CALL SENCOS(PHIM4SPeCP0N) ]
LI P(1)=CE#*rG
LI P(2)=CP#SG~SP#S+ #C(
LI P(3)==SP#SG=CP#<F#*(Ch
Lt P(4)==CE*#SH
LI P(S5)=CP#rG+SP#Sk #S06
LILP(6)==SP#CG+CP#SF #¥SG
LI P(T)=SE
L) P(R)=SP#CF
LI P(9)=CP#CF
CALL MATVEC (1 1.P())eLRL (1)9sLLRP(1)e?) SIX00620
RF TURN SIxune 3o
FND SIX60640
™ 1
IS Pacy
" FRuM 0 y ’Is i QUALYPY ppy ;
u3115u£D G?IUIQL'
T0 Dpg
; H-3 |
| {
i
!
o S R A 1 SR O . SR RIS D AR ks A i R TR S y
1 *'ﬂgsr“*]
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APPENDIX I
MOD4; 6DOF DIRECTION COSINE MATRIX
The purpose of this module is to calculate the direction cosine matrices
{ o RRP’ and QLP for a 6DOF simulation of a vehicle flying over a rotating
sgkerical earth.

First, the latitude and longitude of the vehicle are calculated as,

T, = tam'l(——Y5
R Zg

X
Y, = tan 5
R 2 2
YR + ZR
The inertial to local transfer matrix can then be written as,
"' =
cosz siansinTR —siancosrR
[QRL] = 0 costy sinTR
sian —coszsinTR coszcosrR

In order to calculate the position of the principal axes with respect to
the inertial axes, it is necessary to define the direction cosine matrix as

follows.
Ef 1
R A
% ) “Jx
where -

is a unit vector along the inertial axes

R SN

I-1
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‘ and
| ->
h|
i "is a unit vector along the principal axes
o
» k
'
|5 P
and
11 s Y3
[v__1 =
RE 21 %22 *23
Bl 232 %33
When the above are expanded, the equations look as follows:
> >
T R T T
g F >
Ip =ty Tg + 25y Jp + kg
flahy i
Kp = 25y Ty + 25y Tp+ 2y

If these are now differentiated with respect to time the following equations

result:
1, - i htip tin &
ﬁf % 221 Lo+ iy, Jp+ iy iy
ﬁf 2 I * g, JR + iy kg

i = x1,=1, - q ﬁf

fen b ks

kp
pA I oh ]P

and the individual components are separated the following nine differential
equations are formed.

ot
n
1582
“
(o
d
|

E]
=Y
]

Y
—
U
N
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= .
it

by B e oty
s Bt e ) M
- | ' f31 " Win T iy
1 b1y = Ty, - aly,
L’ L)y = Phyy = Ty,
b3, = 4%y, = Phy,
big = Thy3 - aij;
By = Py = T

2

33 = 9%3 ~ Ply;

These nine equations can then be integrated numerically in order to define
the individual elements of the direction cosine matrix QRP' The other matrices
can then be calculated as,

e =i
(2] = Ugyl
Plapl = L2 1TE ]
=1
Upp) = [igp]
(& L3
: 4
™
B s O T R TSN ST 550 o b i A7 b B L i 5 e T
= Rty

-

cx
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MOD4 Parameters

Parameter

Units

ft

ft

ft
rad/sec
rad/sec

rad/sec

deg

deg

Location in Y Array

803
804
805
806
807
808

2009-2017

3014

3015
2000-2008
2027-2035

2039-2047

2057-2065
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SURROUTINE MOD4
3/710/78

MOD PACKAGF SIXDGe A GFNERAL PURPOSF 6DOF GUIDED OR
UNGUTIDED TRAJFCTORY PROGRAM

THIS ROUTINE CALCULATES THE DIRFCTION COSINE MATRICFS LRLo(L.RPy
LLP FOR A ADOF STMULATTON OVER A ROTATING SPHFRICAI EARTH

NOTE'" THE | RPD(9) MATRIX FLEMFNTS ARE DERIVATIVES AND MUST RE
INENTIFIED ON CODF 6 AND 7 CONTROL CAFRDS

COMMON Y (4940)

EQUIVALENCF (Y (R03) e XR) 9 (Y(R04) sYR) 9 (Y(HO5) ¢ 7ZR)

EQUIVALENCF (Y (203A) sPHTIL) o (Y(2037) « THETAL) ¢ (Y (2038) «PSIL)
EOUIVALENCF (Y (3014) 9TAIIR) o (Y(3015) «PSIR)

EQUIVALENCF (Y(2000) sLRIL(1)) 9 (Y(2009) ¢LRP (1)) (Y(201R)4LRPN (L))
EQUIVALENCF (Y (RNK) «PP) o« (Y(BOT) «QP) 9 (Y(RUB) «RP)

FOUIVALENCF (Y (2027) sLLP (1)) 9 (Y(2039) oL LR(1))e(Y(2087)4LPL(1))
REAL LRL(9) &I RPND(9)sLRP(9)LLP(9) ol R(9)sLPLI(9)

DIMENSION R(9)

DFG=1R0e/3,141592A535R9

LATITUDE AND LONGITUDE

CALL ARKTAN(=YR¢ZR«TAUR40)

CALL ARKTAN(XRe (SCRT(ZR##2+YR##2)) 4PSIR,0)
CALL SENCNS(TAURSTARSCTARG0)

CALL SENCOS(PSTRe«SPSRsCPSR40)

INERTTAL Tn LOCALe LOCAL TO PKRINCIPAL s AND INERTIAI TO
PRINCIPAL TRANSFFR MATPICES

LRL (1)=CPSR

LKL(?2)=0e

LRL (3)=SPSp

LPL (4)=SPSP#STAR

LRL (5)=CTAR

LRL (6)==CPSR#STAR

LRL (7)==SPSR%CTAR

LRL (B)=STAR

LRL (9)=CPSPR#CTAR

LRPD (1) =RP#LRP (?)=QP#| PP (3)
LRPD (2)=PP#| RP(3)=RP#RP(])
LRPD (3)=QP#LRP (1) =PP#*#LKP(2)
LRPD (4)=RP#| RP(5)=QP#LPP(6)
LRPD (8) =PP#|LRP (A)=RP#| RP (4)
LRPPD (6)=QP#| RP (4) =PP#| RP (5)
LRPD(7)=RP#LRP(R)=QP#| QP (9)
LRPD(R)=PP#| RP (9) =RP#| QP (T7)
LRPD(9) =WP#LRP(7)=PP#| DP(H)
CALL MATINV (L RLeBsLLR)

CALL MATVEC(LRPeLLRoLLP+2)

ORIENTATION OF PRIMCIPAL AXES W/R TO LOCAL AXES

CALL ARKTAN (=LLP(7)oLLP (1) «THETALO)
IF(THETAL) 434444044

THETAL=THETAL +360,

CONTINUE

CALL ARKTANM(=LLP(6) eLLP(5)¢PHILsN)

I-5

SIXv1260
sixor27o0

SIx01290
SIX01300
SIx01310
SIX01320
SIX01330
SIX01340
SIX01350
SIX01360
SIX01370
SIX01380
SIX01390
SIX01400
SIX01410
SIX01420
SIX01430
SIX01440
SIX01450
SIX01480
SIX01490
SIX01500

SIX01510
S1X01520
SIX01530
SIX01540

SIX01550
SIX01560
SIX01570
SIX01580
SIX01590
SIX01600
SIX01610
SIX01620
SIX01630
SIX01640
SIX01650
SIX01660
SIX01670
SIX01680
SIX01690
S1x01700
SIX01710
SIXx01720
SIX01730
SIX01740

SIX01750
SIX01760
SIX01770
SIXVU1780
SIX01790




e

46
48

50
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IF(PHIL) 4A,48+4R8
PHIL=PHIL+360.

CONTINUE

CALL SENCOS(PHIL+SPHeCPH»0)
PSIL=ASIN( LP(4))*DEG

CALL MATINV(LLPeR.LPL)
RETURN

END

SIX01800
SIXvl8l0
SIX01820
SIX01830
SIX01840
SIX01850
SIX01860
SIx01870
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APPENDIX J
MOD5; TARGET MODULE

This module provides for the locating of a target with respect to the vehicle.
The target can be either fixed with respect to the earth or moving at a constant
velocity. The initial position of the target is given by the initial altitude,
h., latitude, .., and longitude, t... The velocities are presented as vertical,
RT’ longitudinal), VT 3y and latitudinal, va. These relationships are shown

it
in the following sketch:

The inertial coordinates of the target are calculated as,

XTR = RTsian

Y = ~R coszsinT

TR T i)

% = RTcoszCOSTT

AL TG SRS PPIRS TIC Ubcl  A  s o b P y

s v -




NSWC/WOL TR 78-59

where
RT=Re+hTi+RT(t ti)
\Y
T
Yi 180)
bp = byt =) (£ - t)
T Ti RT ( m i

VT
s Tk 180 A 180 i
E TTi = RTcosw ( m ) (t ti) 4 g ( m )(t ti)

The distance between the target and the vehicle are expressed as,

DIST = ‘/AXZ + AY2 + A22

where,
A = target-missile

AX = RTs1nw - XR
AY

[

—RTcoswsinr - YR

R..cosycost - Z

AZ T R

J=2

w——
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- :
MOD5 Parameters |
Parameter Units Location in Y Array
Input
hT ft 1
:
- T deg 2
g
¥ deg 3
Ty
VT fps 4
i3
\' fps 5
T
Pt
RT fps 6
RE ft 3000
wg rad/sec 3001
ti sec 2862
XR ft 803
YR ft 804
ZR £t 805
Output
xR Bt i 1
YTR ft 11 ?
ZTR ft 12 \
AX ft ~. 13 1
g
AY ft 14 5

AZ ft 15

:
L ARE DIST £t 19




~w

——

g v

OO0O0OOOOOOOOOOO0

OO0

O0Oo0

NSWC/WOL TR 78-59

SUBROUTINE MONS
3/710/78
TARGET FIXFD OR MOVING AT A CONSTANT VELOCITY

THE RFQUIRFD INPUTS AkF.
HTI = INITIAL HEIGHT OF THF TARGET (FT)

TAUTI = INITIAL LONGITUDE (DEG)

PSITI = INITIAL LATITUDE (DEG)

VTTAU = LONGITUDINAL VFLOCITY OF TARGET (FPS)
VTPSI = LATITUNINAL VFEILOCITY OF TARGET (FPS)
RTDOT = VERTICAL VELOCITY OF TARGET (FPS)

COMMON Y (4940)

EQUIVALENCF (Y (1) eHTI) o (Y(2)9TAUTI) 9 (Y(3)sPSITI)
EQUIVALENCF (Y (4) oVTTAU) o (Y (5) 9VTPSI) o (Y(6) ¢RTDOT)

EQUIVALENCF (Y (3000) sRE) s (Y(3001) 9WE)
EQUIVALENCF (Y (2868) sDEI T) 9 (Y (2999) «T)
EQUIVALENCF (Y (2862)9+T1)
EQUIVALENCF (Y (7) eRT) o (Y (B)sTAU) 9 (Y (9) sPSI)
EQUIVALENCF (Y (10) ¢XTR) « (Y(11)eYTR) s (Y (12)eZTR)
EQUIVALENCF (Y (13)+DX) o (Y(14)sDY)e(Y(15)4D2)
EQUIVALENCF (Y(R03) ¢XR) « (Y(RD4) «YR) 9 (Y(RU5) ¢7ZR)
EQUIVALENCF (Y (19)+0DIST)

INERTIAL COORDINATES OF TARGET

DEG=180./3.14159265358979Y
RT=RE+HTI+RTDOTH#(T=TI)
PSI=PSITI+(VTPSI/RT)#DFG*(T=TI)

CALL SENCOS(PST+SPsCPs0)
TAU=TAUTI+ (VTTAU/ (RT#CP) ) #*DEG*(T=TI)
TAU=TAU+WE# (T=TT) #DEG

CALL SENCOS(TAUsST9eCTs0)

XTR=RT#SP

YTR==RT®#CP#ST

ZTR=RT#CP#®CT

INERTTAL DTSTANCES BETWEEN TARGET AND MISSILE

DX=XTR=XR

DY=YTR=YR

DZ=ZTR=-ZR
DIST=SOQORT(NY##2+NY##2+N7HED)
RETURN

END

SIX01910
SIX01920

SIX01940
SIX01950
SIX01960
SIX01970
SIX01980
SIX01990
SIX02000
S1x02010
SIX02020
SIX02030
SIX02040
SIX02050
SIX02060
SIX02070
SIX02080
SIX02090
SIx02100
S1xo02110
SIX02120
SIXx02130
SIX072140
SIX02150

SIX02160
SIX02170
SIXx02180
SIX02190
SIX02200
SIx02210
SIX02220
SIX02230
SIX02240
SIx02250

SIX02260
SIX02270
SIX02280
SIX02290
SIX02300
SIX02310
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APPENDIX K

MOD6; PROPORTIONAL NAVIGATION SEEKER MODULE

This module takes the relative locations of the target and missile,
converts these linear displacements into angular relationships and utilizing
the laws of proportional navigation calculates error signals suitable for a
control system. The definition of proportional navigation is that the angular
rate of the vehicle should be proportional to the rate of change of the line~
of-sight angle. In order to rotate the vehicle, or more appropriately its
velocity vector, it is necessary to generate an acceleration at right angles
to the velocity vector. Based on the turning radius of the vehicle,

2

ﬂ|<

ay
Cc

where the following sketch shows the definitions of the parameters.

MISSILE

Ve
INSTANTANEOUS

3 CENTER OF
a X’//'CURVTTURE

HORIZON

TARGET
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Since,
> >
V=wxr
c
R
w = -a = ﬁ
the radius of curvature is
r =V/y
The normal acceleration then becomes
ay =Vy

or since the definition of proportional navigation is

Ko

i

Y

aN = VK ¢

The velocity component of the missile at right angles to the line-of-sight

can be defined in two ways.

Vl.= Vsin¢LOS
or
VL= RS )
Therefore,
Rs¢ Vsin¢Los
and
. Vsin LOS
il
S
and
a, = EXE sind
L s

e

e S

¥
s

A
M
z.
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The relative locations between the target and the missile with respect to
‘the inertial axes were calculated in the Target Module. These "position errors'
can be transformed into "body'" related displacements by,

\XP AXR

AYP = [ kRP] AYR
|

AZP AZR

where
1
2 ;
|
TARGET
Xo -

MISSILE

The angular relationships can then be calculated as

Y, = t:an--1 (g}i)
E AXP

-
-
™
[}
-t
)
=
I
—
T
o>
N' =
9 o
SN—
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It is now possible to express the required normal accelerations in terms
of the angular displacements. For a bi-planar control system these would be,

2
KV
aZP— R sinOE
S
¥ Ry i -

If the vehicle had only planar 1lift and roll capability these would be,

2

KV
ap = i;— sineE (pitch)
2
KV
i et sin¢>E (roll)
S
KV2
The factor r_J can be thought of as a navigation parameter, NV. This
S

is usually tailored to fit the type of seeker available; i.e., it should be
expressed in terms known to the missile seeker. For an infrared system, RS’

or the remaining distance to the target is not known. In that case and in

others it may be necessary to express the navigation ratio, NV, as constant or

as a function of time. It may also be necessary to have a different NV for

each of the missile control functions; therefore, the program has been written as,

aZP = NVP 51n8E
ayp = NVP 51nwE
aL = NVR 51n¢E

Each user will have to program the navigation ratios to suit his particular
system.

K-4

SN ARG i, W A
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MOD6 Parameters

o et RN e g s

Parameter Units Location in Y Array ‘
AX ft 13 §
AY ft 14
F Az ft 15 ;
NVP ft/sec2 126 ?
NVY ft/sec? 127
NVR ft/sec 128
|
Output 3 i
AZP ft/sec 102 :
AYP ft/sec2 101
AL ft/sec? 100
¢E rad 123
eE rad 124 §
v rad 125 ’
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|
\
| SUBROUTINE MOD6 )
l c $1100110 .
¢ 3/10/78
| c $1100130
‘ c PROPORTIONAL NAVIGATION 51100140
f ¢ $1100150
c THIS PROGRAM TAKES THE TARGET DISPLACEMENTSs CALCUI ATES THF $1100160
| c ANGULAR DISPLACEMENTs AND THEN PROCESSFS IT IN OROFP TO ARRIVE  S1100170
‘ c AT ERROR STGNALS FOR THE AUTOPILOT $1100180
i c $1100190
COMMON Y (4940)
EQUIVALENCF (Y (2009) sLRP) 51100210
EQUIVALENCF (Y (126) sNVP) » (Y (127) sNVY) 5 (Y (128) sNVR) 51100220
EQUIVALENCF (Y (100) sAL) + (Y (101) sAYP) s (Y (102) sAZP)
EQUIVALENCF (Y (123) sPHIF ) s (Y (124) s THETAF ) s (Y(125) sESTE) 51100230
REAL LRP(9)sNVPsNVYsNVR $1100250
CALL MATVEC (LRPsY( 13)4Y(100)50)
CALL ARKTAN(Y(101)sY(102) sPHIEs1) 51100270
CALL ARKTAN(Y(102)+Y(100)sTHETAE 1) S1100280
CALL ARKTAN(Y(101)sY(100) «PSIEs1) 51100290
C.....NOTE'.............'...-............ q1100310
c PROGRAM THF NAVIGATION RATIOS TO SUIT YOUR MISSILE $1100320
NVP=Y (126) 51100330
NVY=Y (127) $1100340
NVR=Y (128) $1100350
C..-.............'............................... qlloo360
A7P=NYP#SIN (THETAE) $1100370
AYP=NVY#SIN (PSTE) $1100380
Al =NVR#SIN (PHIF) 51100390
RE TURN $1100400
END $1100410
K6
o
#
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APPENDIX L
MOD7; AUTOPILOT/CONTROL MODULE

This module is representative of an autopilot or control system for a 6DOF
simulation. In this elementary example, it is assumed that the vehicle has
a bi-planar control system and that the vehicle does not roll. This module
demonstrates how a lead-lag network can be incorporated for handling the
seeker error signals, how the missile heave and pitching motion can be
incorporated, and how the actuator dynamics can be included. This module
has just the two channels, one for pitch and the other for yaw. The easiest
way to describe the system is to refer to Figures L-1 and L-2. The basic
input to this module would consist of two error signals received from the
seeker. A positive error signal in the "Z" channel arriving from the seeker
is calling for a correction in the missile attitude such that would cause
the vehicle to be displaced in the direction of the positive Zp axis of the
vehicle. A similar arrangement exists for the yaw channel.
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ERROR Z | (CALLING FOR +Z, DISPLACEMENT) Z ", “~
lA 2 !
zx3) Z,,
(zx1) Az, P

§ 1

é..'-«,'»«(zxai 'z',,'

Asci-A
T g
T ., T2T , | (LEADLAG NETWORK) Mp
e = ——— % —
® L N T (ACTUAL MISSILE CHAR.
i : IN THE PRIN. BODY AXES)
[+]
(ZK2) e,
| ]
¥ 3
A6=6-0,
1A9
(zk7) A6

7 F

g2 A >1 OVERDAMPED
A =1CRIT. DAMPED
A <1 UNDER DAMPED
o (LIMITER)
1..
1
. 2 .
e°=WNz(ei-e°)-2 )\zoo WNZ (ACTUATOR DYNAMICS)

6A (BODY PRIN. AXES)

(POSITIVE FOR A POSITIVE DISPLACEMENT
OF THE MISSILE ALONG THE Z, AXIS)

FIGURE L-1 Z CONTROL CHANNEL

L-2




ERROR Y

£

(YKS)AY,
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R wM'-(vm Vo, ",
B= T
4 ~
T3 T4‘T3 wﬂ,
€ = 74 |
r
(YK6) e,

Aw - ‘l/ 'WMP

1
‘'YK8) AY
e
z
YL4
YL3

Y

N :

e WNY (ei-eo)-Z)\Y e, wNv
(BODY PRIN. AXES)
(POSITIVE FOR A DISPLACEMENT OF
5 THE MISSILE ALONG THE VP AXIS)
A
FIGURE L-2 Y CONTROL CHANNEL
L-3

B e R ST L R T ST U S
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MOD7 Parameters

' Parameter Units
[ Input

ERROR Z

ZK1

. &

gﬁz sec

Zr ft/sec

qp rad/sec

ZK3

ZK7

ZL1

ZL2

WNZ
1 A 7

ERROR Y

YK5

13 sec

Ly sec

XK6 2

YR ft/sec

r rad/sec

vR4

YK8

YL3

YL4

u)NY

Ay

“rP

Output
6A
6B
L-4

Location in Y Array

102
300
g 312
313
301
814
807
302
306
308
309
332

333

101
304
314
315

305
813
808
303
307
310
311
334

335
2009-2017

386
387




OO0OO0OOOO0O0O0O

-000

20

WwOoOo

4n

OO0

S0

100

o000
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SUBROUTINE MOD7

AUTOPTLOT RASE1+RI=-PLANAR CONTROL DEFLFCTIONS
3710/78

NOTE THAT THIS PROGRAM REQUIRES CODF 6 AND CODE 7 CONTROL
CARDS FOR A3ADsBsBDIEOZ+EOZDIEOZDDSEOYEOYDSEOYDD

COMMON Y (4940)

EQUIVALENCF (Y(100) sERRNRX) ¢ (Y(101) «ERRORY) » (Y (102) «FRRORZ)
EQUIVALENCF (Y (300) 9ZK1) s (Y (301)9ZK2) 4 (Y (302) 92K3)
EQUIVALENCF (Y (303) 9YK4) 9 (Y(304) 9YKS) » (Y(305) s YKE)
EQUIVALENCF (Y (306) +ZK7) 9 (Y(307) +YKB) e (Y(308)s7L1)
EQUIVALENCF (Y (309) 9ZL2) 9 (Y(310)sYL3) e (Y(31]1)0eYL4)
EQUIVALENCF (Y (312)9T1) o (Y(313)9T2)9(Y(314)9T3)s(Y(315)+T4)
EQUIVALENCF (Y (332) ¢+WNZ) 9 (Y (333) 9L 2Z) 9 (Y(334)eWNY) s (Y(335)s1Y)
FEQUIVALENCF (Y (316) «AD) « (Y(317) «A)
EQUIVALENCF (Y(31R) 98BD) « (Y(319) +8B)

EQUIVALENCF (Y (B06) sPP) o (Y(BO0T) +QP) + (Y(ROB) «RP)

EQUIVALENCF (Y(812) +XDD) « (Y(B13)«YDD) s (Y(B14)+7ZDD)
EQUIVALENCF (Y (2000) sLRL (1)) s (Y (2009)4LRP (1))
EQUIVALENCF (Y (359) « THEN) 9 (Y (360) «FSID)

EQUIVALENCF (Y (329) «EOZND) 9 (Y (330) sE0ZD) 9 (Y(331)+F07)
EQUIVALENCF (Y (336) «EOYNN) 9 (Y(337) sEOYD) o (Y (338) sECGY)
EQUIVALENCF (Y (380) «PMP) o (Y (381) «OMP) ¢ (Y (382) y*MP)
EQUIVALENCF (Y (386) +DA) « (Y(387) «DB)
EQUIVALENCF (Y (2057)sLFPI (1))

RFAL LRL(9)4LRP(9Q)sLPL(9) 9L ZsLY

PITCH CHANNFL

E1=ZK] #ERRNRZ7

AN=(EY=A) /T2

EN=(T1/T2)#ET+ ((T2=T1)/T2) #A
THED=7K2*En

YAW CHANNE!|

EI=YKS5#ERRORY

BD=(ET=-B) /T4
EO=(T3/T4)#F T+ ((T4=T3)/T4) %8
PSID=YK6#EN

MISSILE ANGULAR RATES IN PRINCIPAL AXES

CALL MATVEC(LRP,Y(812),4,Y(383)4+0)
PMP=PP

QMP==0P+ZK3#Y (386)

RMP=RP+YK&4#Y (384)

Y(323)=0.

Y(324)=(THFD=QOMP) #ZK7

Y (325)=(PSTN=RMP) #YKH

LIMITS ON ACTUATOR SIGMALS

IF(Y(324) «GEL7L2) Y(324)=712
IF(Y(328) 1 FoZL)) Y(324)=27).]
IF(Y(325) «GELYL4G) Y(3725)=YL4
TF(Y(325) e LFaYL3) Y(325)=YL3

Fisah R DTS T e NN By v ) Ly O T A s e

51100450
S1100480
S1100490
s11c0500
S1100460

S1100510

$1100530
S1100540
S1100550
S1100560
S1100570
51100580
S1100590
S1100600
s1l00610
S1100620
S1100630
S1100640
S1100650
S1100660
S1100670
S1100680
S1100690
S1100700
s1lo00710

S1100720
S1100730
S1100740
S1100750

S1100760
S1100770
Si100780
S1100790

s1100800
s1lo0810
sllvo820
S110083n
S1100840
S11008%0
<1100860

S1100870
S1100880
S1100890
S1100900
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c ACTUATOKR UYNAMICS

EOYDD=(WNY##2)# (Y (325)=-E0Y) =2, 0#LY#FOYD*WNY
EOZDD=(WNZ#®#2)®# (Y (324)=E07)=2.0%LZ#FE0ZN*WNZ
DA=EOZ

DR=EOY

RF TURWN

END

L-6

s1100910
S1100920

S1100930°

S1100940
s1100950
S1100960
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APPENDIX M
MOD8; 6DOF FORCE AND MOMENT MODULE
The purpose of this module is to calculate the external forces and moments
acting on a vehicle in a 6DOF simulation. It provides for nonlinear aerodynamics,

winds, thrust, and relatively small control moments.

The velocity of the vehicle with respect to the earth is calculated by
transforming the inertial velocities as follows,

- - r ; g ( -
v X 0
XLE Y
VY = [RRL] YR + wE(RE + h)coswR
LE
7 o
VZLE ZR
L - L - — -

Winds are then introduced in tabular form as a function of altitude. The wind
velocity, Vy is tabulated as a function of altitude in Table Array No. 3, and
the heading angle of the wind is tabulated in Table Array No. 4 (see Figure 8).
The velocity of the vehicle with respect to the air is then calculated as,

r B -
VA 1 VS 7 1 Vwcos(AQ]
XL ‘LE
v = v -| V. sin(A )
AYL YLE w AW
A v 0
AZI:J ZLE J
i L % Iy ¢
— r- S
\Y v
Agp AsL
v 5|
AYP B AYL
A\ \%
Azp | i ¢

If the geometric axes in which the aerodynamic data were measured are skewed
with respect to the principal axes, the velocity can be further transformed
as

AN T

»

b S el e W S s

. ERY P
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v \'

Axe Axp
v v
Ac | = Tee! | A
\' v
Azc Azp

and the total velocity of the vehicle with respect to the air is,

2 2
v =a /% +V +V
A ‘/Axc Aye Az

In order to calculate the Mach number and dynamic pressure it is necessary
to calculate the flow peroperties such as speed of sound and density. These
values are derived from the 1969 U.S. Standard Atmospheric Tables.

2

The angles between the body and the flow vector are defined as:

- -
\'

1] Az

\Y

s Axg ‘

1] Mo

a = tan

B = tan Vz
E o ‘ see Figure 9
V -
L= Yy
¢, = tan o
A VA
L Tz6]

2 2
\' +V
e a1 ‘/ A Az
a = tan v
AXG

The aerodynamic forces and moments are entered into the program through a
set of tables. These tables are as follows:




— —
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AERO COEFF. TABLE ARRAY NO.

Cx(M’ a ) 12

Cy(M, a, ¢A) 13

c (M) E; ‘:I‘A) 1[4

C M, o 15

yP( a )

C, M, @) 17 {
P ‘

C, M, o) 18 4
; 4

c @, a, N 19

C, (M, a, ¢,) 20

c. o, ) 21
q

cnP(M, a ) 22

The forces along the vehicle geometric axes can then be defined as:

s p— — ol =3
FXG—W CXG THRUST
1 2 C 0
= - * * o
FYG ( 5 P VA ) (A) YG
C 0
FZG ZG
B o 3 o i 5
where
% = %
= Rd__
CYG Cy cos¢A + Cy sin@A + Cyp ZVA cos¢A
= — - d i )
CZG CZ cos@A Cy sin¢A Cyp gv— s1n¢A

; 1
|

The aerodynamic moment coefficients are written as
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i pd_ §
e T Fe TG gt 6y
1 $
= pd_ 0
CMG Cm cos®A + Cn sinwA + CMP oV sin¢A + Cm 2V Cm GA
A A GA
C =C cos¢p, -— C sin¢, + C pd_ cosd. + G xd + C )
NG n A m A n_ 2V A m 2V M B
A q A GB

Then, the moments about the center of gravity can be written as:

|~ & rc +C, Az - C, AY
e 7 i 2,
= Col EEE K (Q Ad)
Mve AR
€ =6 iM%
MG TR
- o L i

where AX, AY, AZ are the nondimensional lengths (ft/D) from the origin of
the geometric axes to the origin of the principal axes (see Figure 8).
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MOD8 Parameters

Units

ft
fite
ft
ft
ft/sec

ft/sec
ft/sec
rad/sec
deg
deg
deg

ft

ft2
deg

deg
deg

1b/ft2
aeg

deg

deg

deg
1b
1b
1b

Location in Y Array

3006, 3007, 3008

803
804
805
3000
800

801
802
3001
3015
3002

3003

3004

3005
604

386

387
2007-2035
2000-2008

806, 807, 808

5T
576
572
573

99Y
574
550
351
552

As
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Parameter Units Location in Y Array
MLP ft-1b 547
MMP ft-1b 548
MNP ft-1b
QGP ft-1b 563-571
VA fps 575
MOD8 TABLES
Table Array No. Table Units
3 Vw(h) fps
4 Aw(h) deg
12 c (M, E )
13 C (M, a, $p)
14 c, (M, %y d,)
15 G (M, d)
Yp 2
16 C (M, a, ¢,)
17 c; M,0)
P 22
18 Cl M, a )
)
19 Cp(M, a, ,)
20 Cy M, o, ¢,)
21 c, o, a )
< i
22 CMP(M’ a )
| 23 THRUST (t) 1b
| 24 m_(t) slug
7 2
‘ 25 Lt slug/ft
: 26 I, (0 slug/ft2
2
: 27 Izz(t) slug/ft
! 28 AX(t)
! 29 AX(t)
30 AZ(t)

M-6
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% SOURRONTINE MODA
C
(5 A GENFRAL PURPOSE ADOF FORCF AND MOMENT MODULF FOR A
C MISSTILE WITH MOMENT COMTROI IN TWO Pl ANES
(5 S1101030
C 3710/78
(> S1101040
€ TARLFS KTAR(3)=vWIlH) « WIND SPFED (FpPS) S1101050
[ KTAR(4)=AW(H) « WIND AZIMUTH (LEG) S1101060
f C KTAB(12)=CX(M.ALPHA BAR) S1101070
s c KTAR(13)=CY(M.ALPHA BARsPHIA) S11010R0
C KTAB(14)=CZ (MeALPHA RARWPHT2) S1101090
| # KTAR(15)=CYP (MsAL PHA RAR) S1101100
[ & KTAR(16)=CL(M«ALPHA BARGPHTA) s1101110
C KTAR(17)=CLP (MsALPHA BAR) S1luvll2o0
G KTAR(18)=CLD (MsAl PHA RAR) €1101130
€ KTAR(19)=CM(MALPHA BARsPHIA) S110)140
C KTAR(20)=CN(M.ALPHA BARPHIA) S11lulls5o
C KTAR(21)=CMQ (MsALPHA BAR) S1101160
(5 KTAR(22)=CNP (meAL PHA RAR) S1101170
¢ KTAR(23)=THRUST(T) (LR) S11011840
€ KTAR(24)=MS(T)s TOTAL MASSe (SLUE) S1101190
€ KTARB(P2S)=TXX(T)s (SLUG=FT#%2) s1101200
C KTAR(26)=TIYY(T)s (SILUG=FT#%2) S1101210
C KTAR(PT7)=1Z2Z(T)s (SLUG=FT#%2) sllo01220
(z KTAR(28)=DXG(T)
, C KTAR(29)=DYG(T)
. (5 KTAR(30)=NZG(T)
(5 S1101260
C D=REFFRENCF | Te (FT) sllolzr7o
c A=REFFRENCF AREA (FT#%2) S1101280
(s DXxG # OCATTON OF GFOM. AXFS W/R TO BAFPODYN. DATA AXFS
C DYG #
C DZ7G #* (NONDTMFNSTONAL Fi1/n)
C PHG YAW ANGIF (DFG) BrTwN GEOM., AXFS AN|) FRIN, AXFS S11v1320
C THG PITCH RN R B B B R R R N A B N B R B B L ';110133“
C
| C
COMMON Y (4040
COMMON/TAB/7 (50) S1101350
FOUIVALENCF (Y(S5T7R8) sGRAV) o (Y(ST77) s VMACH) S1101360
EQUIVALENCF (Y (B00) «XRD) o (Y(HBO1) oYRD) « (Y (BO?)s7RD) S1101370
EQUIVALENCF (Y (30]15) ePSTR) 9 (Y (3014) «TAUR) S11013R0
EOUTIVALENCF (Y (300)) oWk ) a(Y(3000) ¢sRE) o« (Y (2027)alLP (1)) S1101390
EQUIVALENCE (Y (2000) oLkl (1)) o (Y(3013)eH)e(Y(563)4LGP(]1)) S11lu1400
FAUIVALENCF (Y (3019) o THFTAG) ¢« (Y(3020) «PS1G) e (Y(3021) «PHIG)
EQUIVALENCF (Y(RN03) «XR) o (Y(R1j4) sYR) o (Y(KUS) eZR) S1101420
EOUIVALENCF (Y(RNO6) «P) o (Y(BOT) 9Q) o (Y (RUR) 9F) S1101430
FOUIVALENCF (Y (3004) sD) « (Y(3005) «A) 1101440
EQUIVALENCF (Y (300R) aDXG) 9 (Y(30N0T7)eDYG) o (Y(INOR) $DZR) S11ul450
EGUIVALENCF (Y(S47) oMLP) s (Y (548) ¢MMP) « (Y (549) sMNP) S1101460
EOUIVALENCF (Y(550) oFXR) 9 (Y (55]1) ¢FYR) « (Y (552) 9F7ZR) S1lulé470
EOVIVALENCF (Y(512) o VXLF) o (Y(513)eVYLF)e(Y(B14)eVZLF) S11014R80
EOQUIVALENCF (Y (500) «XED) o (Y(501) «YFD) « (Y (502) «7ED) S1101490
. ECUTVALENCF (Y (P057) sl P} (1)) o (Y(2039) el LR(1)) e (Y(206R) el PG(])) S1101500
EOUTVALENCF (Y (577) ¢ ALFHA) o (Y(5T73) eBFTA) 9 (Y(STa) sPHIN) S1101510
FOUTVALENCF (Y(575) «VA) o (Y(STH) «QP) o (Y (520) evAXL) 11015720
FOUIVALENCF (Y (521) «VAY| ) e (Y (522)eVB71) S1101530
. EOWUTVALENCF (Y (3451)eK (1)) S1101%40
EQUIVALENCF (Y (29499) +T) Sl11u15%0
FOUTVALENCF (Y(544) «F XG) 9 (Y(945) oFYG) a (Y(546) er Z2G) S1lulseo
EQUIVALENCF (Y (590) ¢ THRIIST) « (Y (599) gAl FH) S1l101570
M-7
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EQUIVALENCF (Y (529) 9CX) 4 (Y(532) 9CY) s (Y(533)+C2) $1101580
EQUIVALENCF (Y (534) sCLP) ¢ (Y (536) sCM) » (Y (537) +CMQ) 51101590
EQUIVALENCF (Y (535) +CLD) + (Y (539) 4CN) 51101600
EQUIVALENCF (Y(614) +CYP) s (Y (615) +CNP) » (Y (616)sCL) s1101610
EQUIVALENCF (Y (S18) sVW) 4 (Y(519) +AW) S1101620
EQUIVALENCF (Y (2037) s THFTAL) 3 (Y (3012) yMS) $1101630
EQUIVALENCF (Y (526) +VAXG) s (Y (527) «VAYG) 5 (Y (528) s VAZA) S1101640
EQUIVALENCF (Y (2009) sLKP) » (Y (556) s PHIAD) » (Y (604) s DAF) S1101650
EQUIVALENCF (Y (605) +PD2V) » (Y (606) 9QD2V) + (Y (607) sRD2V) 51101660
EQUIVALENCF (Y (386) sDA) + (Y (387) +DB) 51101670
EQUIVALENCF (Y (608) +CMDA) » (Y (609) s CNDR) $1101680
EOUIVALENCF (Y (611) «MLG) » (Y (612) yMMG) » Y (613) sMNG) $1101690
EQUIVALENCE (Y (3009) » IXX) s (Y(3010)sIYY) s (Y(3011)9127) $1101700
EQUIVALENCE (Y (610) 4VE) S1101710
DIMENSION K (49) s1101720
DIMENSION R(9) $1101730
DIMENSION 1)(3) $1101740
RFAL LLR(9)41.PG(9)sLPL(9) s1101750
RFAL LRL(9)4LGP(9) sMLP +MMPyMNPsLLP (9) $1101760
REAL LRP(9) 4MSsTXXelYY,122 S1101770
REAL MLGyMMG4MNG S1101780
RAD=3.141592653589/180. S1101790
c
c VELOCITIES
c
10 CALL MATVEC (LRL(1)sY(B00)sY(512)4+0) €1101800
H=SQRT (XR##2+YR# 22+ ZR#52) =RF s1101810
VXLE=Y (512) S1101820
VYLE=Y (513) +WE# (RE +H) #C0S (RAD#PSTR) 51101830
VZLE=Y(514) S1101840
VF=SORT (VXLE##2+VYLE##24+VZLE##2) S11018%0
CALL TTAB(341sHeVW) S1101860
CALL ITAB(4ylaHyAW) S1101870
AW=AW#RAD $1101880
60 VWXLE==VW#COS (AW) 51101890
VWYLE=VW#STN (AW) $1101500
VWZLE=0.0 S1101910
70 VAXL=VXLE=VWXLE 51101920
VAYL=YYLE=VWYLE $1101920
VAZL=VZLE=-VWZLF S1101940
80 CALL MATVEC(Y(2027)9Y(520)4Y(523)50) S1101950
c
c PRINCIPAL AXIS MISALIGNMENT
c
CALL SENCOS(THETAGsSTGsCTG+0)
CALL SENCOS (PSIGsSPGsCPG#0)
CALL SENCOS(PHIGeSPHGsCPHG,0)
LGP (1)=CPG#CT6
LGP (2) =CPHG#STG=SPHGASPGHCTE
LGP (3) ==SPHG#STG=CPHG#SPG*CTG
LGP (4)==CPG#STG
LGP (5) =CPHG#CTG+SPHG#SPG#STG
LGP (6)==SPG#CTG+CPHG#SPG#STE
LGP (7)=5P6
LGP (8) =SPHG#CPG
LGP (9) =CPHG#CPG
CALL MATINV (L GP+RsLPG) S1102070
100  CALL MATVEC(LPG4Y(523)4Y(526)40) S1102080 .
c
c ATMOSPHERIC/FLOW PROPERTIES
c
VA=SQRT (Y (526) #824Y (527) #424Y (52R) #%2) 51102090 ¥
IF(HeGE«S00000.) GO TO 115 S1102100
110 CALL ARDCFT(HePPsTTeDNeVSeG) s1llo0211o0
VMACH=VA/ (VS#1116.4) silo2l20
RHO=DN*0.0023769 S1102130
M-8
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QP =0 SH#RHNEYA##D S1102140
GO TO 118 1102150
115 VMACH=060 SLlv2lbn
RHO=0,0 s1l1o02170
QP=0.0 Slloz180
118 GRAV= (321 7a#RF#82)/ ((SOKT (XRE#PIYREEZ4ZREED) ) 542 S1102190
. C
C ANGULAR REI ATTONSHIP HFTWEEN MISSILE AND VFLOCTITY VECTOK
C
120 CALL ARKTAN(Y(528) «Y(52A) « Al PHALDN) S1102200
CALL ARKTAN(Y(S27)eY(H2h) erFTANH) Sllouzelo
CALL ARKTAN(Y(527)«Y(L2R) «FPHIAN) <liu222n
CAILL ARKTAWM((SART (Y (S27)##2+Y (K2R)#42) ) aY (R26) 4Al PRL0) S1102730
Cc S1102240
C F()pcf AND MOMFNT (;FNF../\][(": HRERLURRNEE LRGN UBCLTRBRBUOGROCOBG Y
C S1102260
c TABULATED AFRONYMAMIC COEFFICIFMTS
C
t(]1)=VMACH S1lou2270
U(2)=ALPB Sl1lu2esy
CALL TTAB(12424114CX) S1102290
CALL TTAB(15e2el)s(CYP) S1102300
CALL TTAB(1742e1aCLP) <1102310
CAILL TTAB(1H«PsliaCLD) S1102320
CALL TTAB(2]e2ellaCMO) S1102330
CALL TTAB(22424li4CNP) S1102340
TF(PHTA) 14041504150 S1lur350
140 PHIA=PHIA+260, S1102360
150 CONTINUE ) S1102370
U(3)=AMON(PHTA«Y90,) S11072380
1102390
CALL TTAR(13e¢3allal’Y) S1lu2400
CALl TTAB(14434Us(C2) S11lu24ln
CALlI I1TAB(16e3eUsCl) S1lu2420
CALL TTAB(19e34lI4CM) S1102430
CALL TTAB(20e3elleCN) S110244n0
C
c ANGULAR RATFS OF “0ODY w/R TO FLOW
C
CALL SENCOS(PHTAGSPHe(CPHal) S1102450
CALL MATVEC (I RPsY (H12)eY(553)40) S1102460
CAf (. MATVEC (I PGeaY(553)eY(h53)40) 1102470
CALL MATVEC (I PGaY(RUB) <Y (R20)40) Sl11u24kn
IF (VA7GR#24yAYGR%2) LANalRD4170 Sl1102490
160 PHIAN=Y (820n) 51102500
GN TN )75 Sl1l1o2510
170 CONTINUE Sllurh2o
PHTAN= (VAZG# (Y (554) =Y (222) #vAXG) =VAYGL# (Y (558) + Y (K21) #yvax()) S1102%30
4/ (VAZ7G##24yAYG#22) +Y (020) S11u7ben
175 CONT TNUE S110255%0
PP2V=PHIADH#D/ (2. N#VA) S1102560
ONzV=Y (821)#N/ (2. 6H#VA) S1102570
RNPV=Y (B22)#N/ (P2 N%VA) S110725%0
c
Cc AFRO COEFFTCIFNTS
G
CxG=CX 1102590
. CYG=CY#CPH+C7#SPH+CYPERN2VECPH S1102600
C7G=C7#CPH=CY#SPH=CYP#N2V#SPH S110761n0
Cl G=CL+CLP#PD?V
CHG=CMUCPH+CN#SPH+CNP#DNZVESPHACMU#0DZv=CMDA%HA S11072630
. CANG=CMH#CPR=CM#SPH+(NP*PO2VECPH4CMQ*PNZY + CNNR% R Sllu’kan
C
| C THRUST AND MASS PRNPF~I [ES
. c
73 vl =1 €11026%n
; M9
I
3
THIS PAGE IS BEST QUALITY PRACTICABLE
352"_4 FRMCC. X, ¢ o= ionihe TO DDC.
2
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CALL TTAB(23¢leUs THRUST) S1102660
CALL TTAB(2441ellemS) S11u2670
CALL TTAB(25414lleTXX) S11026H0
CALL TTAB(26e]lellaTYY) S1102690
“ CALL TTAB(2741elye172) s1102700
C FORCES AND MOMFNTS
[
FXG=CXG*QP#A+THRIIST s1102710
FYG=CYGH#QP=A c1102720
{ F76=C7ZG*QP=A S1102730
y CALL TTAB(2HelallaliXt) S1102740
| - CALL TTAB(29414U1eaNYG) S1102750
CALL TTAB(3091el)eNZ0) S1lu2760
Ml G=(CLG+CYG#NZG=C26%NHYKR) #ypP#A®D S11lu2770
MMG= (CMG+C7ZGH#NXG) #QP# A% S1102780
MNG= (CNG=CYG®#NXG) #«QP*A#|) S1102790
CALL MATVEC (I GPoY(611) 4Y (547)e0) s11e2800
200 CONTIMUE Sllozslo
CALL MATVEF (1 GPaY (544) 4Y(550) 40) S11072&20
CALL MATVEC(LPlL «Y(550) «Y(550)0) S11072830
CALL MATVEC (I LKeY(H550) aY (550) e0)) 1102840
o S1102K50
:P:’)lllﬂl S110PH60
N
S BEST QUALITY PRAGTX
THIS PAGE HED TO pDe o
FROM corY PUNBLS
}
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APPENDIX N
MOD9; EQUATIONS OF MOTION MODULE
The purpose of this module is to express the equations of motion for a 6DOF
simulation of a fairly general body. The force equations are written for integration

in the inertial frame and the moment equations for integration in the principal
axes.

For a mass, m, with the following characteristics,

Zg

i where p YP, Z are the principal axes of the mass, and XR’ YR’ ZR are the
! inertial axes, Ehe general acceleration of point,p is,

> > > > T o > > >

(a)R = (ao)R + 0w x (v x 6P) + w x OP + (aP)o + 2w x (VP)o

>

. In this equation, (aP)R is the acceleration of P with respect to R,
(;o)R is the acceleration of o with respect to R,
(;f)o is the acceleration of P with respect to o, and

(VP)o is the velocity of P with respect to o.

=Y
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If the assumption is made that m is a rigid body, then

(31,) =0
(vP)o

and if 0 is the center of gravity of m, then the following force and moment
equations can be written.

F = (a)r dm m(ao)R
M= [6? X (;)R]dm = é 0P x [3 x OP + 0 x (3 X 6P)]dm
m

These equations can then be expanded into the following forms for the case
where the cross products of inertia are zero.

Xg = mg Fep
Yp = mg Fyp
Zp = mg Fop
f = —l;-[qr(I ot i) 2O ]
I vy ~ Izz2) * Mpp
XX
§ =1 lor(l,, - Ly) + Mgl
Iyy
$ el oravir ) + M ]
bl - Lyy) + Mpls

where FXR’ FYR’ and F are the resultant forces in the inertial system, and

p? MMP’ MEP are the resultant moments about the principal axes. In the force
equations the resultant forces can be separated into those due to gravity and
those due to all other forces. The force equations then become,

o F
XR = —55 -g sian
g

2 F

‘ YR

YR = ms +g coszsint
A S

R mg g cosy,cosTt

R

R’

where F,_ , F__, F__ consist of all external forces except those caused by
XR’> YR’ 'ZR
gravity.

N -2
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MOD9 Parameters ?
3 Parameter Units Location in Y Array
Input
: WR degree 3015
¥ TR degree 3014
FXR pound 550
FYR pound 551
FZR pound 552
mg slug 3012
GRAV feet/second2 578
P rad/sec 806
q rad/sec 807
r rad/sec 808
L 573 glug-£t- 3009
IYY slug—ft:2 3010
b slugstt 3011
M b feet/pound 547
Mp feet/pound 548
Mep feet/pound 549
Output . 2
Xp feet/second 812
QR feet/second2 813
ER feet/second2 814
{ 3 P rad/sec2 815
i q rad/sec’ 816
v : r rad/sec2 817 :
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h
SURRONTINE MOD9 SIX06450
c SIX06460
c 3/10/78
c SIXU64BO =
(o EQUATTONS OF MOTINN SIX06490
c SIX06500
c MOD PACKAGF SIXNGe A GFNEKRAL PHRPOSE 6N0OF GUIDFD oB SIX06S10
1 C UNGUIDED TRAJFCTORY PRAGRAM SIX06520
c SIX06530
- c THE MASSsMS AND MOMENTS UF INERTIA IXXeIYYeI7Z ARE REQUIRFD SIX06540
c SIX06550
c NOTE® DERTVATIVES XRDNsYRNDsZRDDeXRDsYRDsZRDsPDsWNeRD sk QoK SIX06560
c SIX06570
COMMON Y (4940) S1X06580
FQUIVALENCF (Y (547) sMLP) » (Y (548) sMMP) « (Y (569) s MNF) SIX06590
EQUIVALENCE (Y (550) «FXR) s (Y (551) sFYR) o (Y (552) oF ZR) SIX06600
EQUIVALENCE (Y (B12) s XPON) » (Y (B13) s YRDD) o (Y (B14) ¢ ZRON) SIX06610
EQUIVALENCF (Y (R15) «PD) « (Y (R16) 9QD) « (Y (RL1T) oRD) SIX06620
EQUIVALENCF (Y (3009) «IXX) s (Y(3010) sTYY) s (Y(3011)+127) SIX06630 :
EQUIVALENCF (Y (B06) sP) s (Y (BOT) 9Q) o (Y (BOR) oK) SIX06640
EQUIVALENCF (Y (3012) sMS) SIX06650
EQUIVALENCF (Y (3615) sPSTR) o (Y(3014) e TAUK) s (Y (578) +6RAV) SIX06660
EQUIVALENCF (Y (2999) s T) SIX06670
REAL MSsMLP oMMP oMNP s IXX s 1YY 4127 SIX06680
c
c LINEAR EQUATIONS OF MOTION
c
| CALL SENCOS (PSTR+SPSsCPSs0) SIX06690
| CALL SENCOS (TAURSSTASCTAs0) SIX06700
XPDD=F XR/MG=GRAV#SPS SIX0AT10
YRDD=FYR/MS+GRAV#CPS#STA SIX0AT720
| ZRDD=FZR/MS=GRAY#CPS#CTA SIX06730
c
‘ c ANGULAR EQUATIONS OF MOTION
| C
: 30 PP=(Q#R® (IYY=127) +MLP) /XX SIX0AT40
QN= (P&R# ([77=TXX) +MMP) /1YY SIX06750
RN= (Q#P%# (IXX=1YY) +MNP) /122 SIX06760
40 CONTINUE SIX06770
RF TURN SIX06780
END SIX06790

N-4
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APPENDIX O

MOD14; 3DOF FORCE AND EQUATIONS
OF MOTION MODULE

The purpose of this module is to calculate the forces acting on the vehicle
flying along a particle (3DOF) trajectory and to set up the equations of motion.

If winds are desired, they may be input in tabular form. The wind velocity,
Vw’ and the heading angle, Aw (measured clockwise from the north) can be tabulated
as a function of altitude, h in TABLE ARRAYS NO. 3 and 4 respectively. In that
case the velocity of the vehicle with respect to the air is,

i b e [ i
\'4 vV -V cosA
Roy Xk L
Vv = A - V sinA
Ay, YiE R
v v 0
A z
ZL LE
4 4 s
b et =

or

2 2 2
vV, = \' +V +V
o ‘/ R o - T
The atmospheric properties such as the speed of sound and density are gotten

from the 1969 Standard Atmospheric Preperties Tables.

The forces along the body principal axes are then expressed as

Fgp ® IBEEE D (% pVAZ)(AREF)(CD)

FYP =0

FZP =0

C. is the drag coefficient input in tabular form as a function of Mach number in
TRBLE ARRAY No. 5.

S &
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Other associated necessary quantities are the mass of the vehicle and the
acceleration due to gravity. These are,

mg = my + m(t - ti)
where
my = initial mass #
m = mass depletion rate
t; = initial time
mg = system mass
t = current time
and
g = goRE2

The equations of motion can then be written as,

- - - — — —
iR FXP sinwR
§R = [QLR][EPL] FYP +g coszsinTR
iR FZP coszcosrR
e L - e o

A
B
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MOD14 Parameters

Parameter Units
H ft
\' fps
XE
V. fps
YLE
\' fps
Zig
XR ft
YR ft
ZR ft
MI slug
m slug/sec
ti sec
sec
THRUST 1b
VAX fps
\' - fps
Ayy
v fps
AZL
VA fps
M fps
CD fps
FxP 1b .
FYP 1b
FZP 1b
FXR 1b
FYR 1b
EZR b 2
XR ft/sec
YR ft/sec2
. 2
ZR ft/sec

Location in Y Array

3013
512

513
514

803
804
805
658
589
2863
2999
590

520
521

522

575
577
529
601
602
603
550
551
552
812
813
814
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SUBROUTINE mOD14
FORCE MODULE FCR A 3DOF PARTICAL TRAJ.
3/10/78

TABLESs KTABR(3)=VW(H) s WIND SPEED (FPS)
KTABR(4)=AW(H) s WIND AZIMUTH (DEG)
KTAR(S5)=CD(M) +DRAG COEFF.
KTAR(23)=THRUST(Y) (LB)

INPUT PARAMETERS

MT=Y(658) o [INITIAL MASS (SLUG)

MDOT=Y (589)s RATF OF CHANGE OF MASS (SLUGS/SFC)
T1=Y(2862) « INITIAL TIME (SEC)

THRUST=Y(590) + CONSTANT THRUST (LR)

A=Y (3005) 4+ RFF, AREA (FY##2)

COMMON Y (4940)

EQUIVALENCF (Y(3013) 9H) « (Y(2999),T)

EQUIVALENCF (Y (512) o VXLF) 9 (Y(513) eVYLF) s (Y(514)sVZILF)
EQUIVALENCF (Y (2057) oLPL (1)) 9 (Y(2039)sLLR(1))
EQUIVALENCF (Y(B03) «XR) 9 (Y(B04) s YR) 5 (Y(HO05) ¢ZR)
EQUIVALENCF (Y(578) sGRAV) ¢ (Y(577) ¢ VMACH)

EQUIVALENCF (Y (812) ¢+ XRDN) 9 (Y(B813) 9 YRDD) o (Y(B14) «ZRDN)
EQUIVALENCF (Y (3012) sMS)

EOUIVALENCFE (Y (550) ¢FXR) 9 (Y(551) 9FYR) 9 (Y (552) «FZR)
EQUIVALENCF (Y(3005)9A)«(Y(3000) 9RE)
EQUIVALENCF (Y (349) +PSIR) 9 (Y (348) s TAUR)

EQUIVALENCF (Y(575) o VA) ¢ (Y(5T76) 9QP) 9 (Y (520) 9 VAXL)
EQUIVALENCF (Y (521) «VAY| )9 (Y (522) s VAZL)

EQUIVALENCF (Y (601) 9FXP) o (Y (602) 9FYP) o (Y(603)+¢2ZP)
EQUIVALENCF (Y (589) «MDOT) 9 (Y (590) « THRUST)
EQUIVALENCF (Y (529) +CD)
EQUIVALENCF (Y (658) +MI) 4 (Y (2862) 9T1I)

DIMENSION 11(2)

RFAL LLR(9)4LPL(9) sMSsMTIsMNOT

RAD=3,141592653589/180,
WINDS

CALL JTAB(3eloHeVW)
CALL ITAB(4s19HeAW)
AW=AW#RAD
VWXLE==VW#COS (AW)
VWYLE=VW#STN(AW)
VWZLE=0.0

VELOCTTY W/R TO AIR
VAXL=VXLE=VWXLE
VAYL=VYLE=VWYLF
VAZL=VZLE=-VWZILE
VA=SQRT (Y (K20) ##2+Y (521) ##24+Y (522) #%2)
ENVIRNDNMENTA|I PROUPERTIES

IF (HeGE«S00000.) GO TO 115
CALL ARDCFT(HePPsTToDDeVSeG)

TR301360
TR301370

TR301450
TR301480
TR301520
TR301530

TR301580
TR301590
TR301620
TR301630
TR301640
TR301670

TR301820

TR301830
TR301840
TR301850
TR301860

TR301870
TR301880
TR301890
TR301900

TR301910
TR301920

L, S
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VMACH=VA/ (VS#]1116.4)

RRO=DN#0.,0023769

QP=0.5%"RHO#VA#®2

G0 TO 118

VMACH=0.0

RHO=0 e 0

QP=0.0 .
GRAV=(32.174%RE#%#2)/ ((SQRT (XR##24YR##2+ZR#42) ) #82)

MASS
MS=MI +MDOT#(T=TI)
FORCES

U(1)=VMACH

CALL TTAB(S5414UsCD)
FXP=THRUST-QP®#A%#CD

FYP=0,0

FZP=0.0

CALL MATVEC (LPL+Y(601)4Y(550)40)
CALL MATVEC(LLRsY(550)4Y(550)40)

FQUATTONS OF MOTION

XRDD=FXR/MS=GRAV# (SIN(PSIR))
YRDD=FYR/MS+GRAV# (COS(PSIR) #SIN(TAUR))
ZROD=FZR/MS=GRAV#* {CNOS(PSIR) #*COS(TAULR))
RETURN

END

TR301930

TR301970
TR301980
TR301990
TR302000
TR302010
TR302020
TR392030

TR302080

TR302090

TR302130
TR302149
TR302150
TR302270
TR202280

TR302290
TR302300
TR302310
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APPENDIX P

PROCESS, 3DOF AND 6DOF

St
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PROCESS PARAMETERS

Input Parameter Units Location in Y Array
RE FT 3000
WE rad/sec 3001
TAUR deg. 3014
PSIR deg. 3015
‘BT sec. 2862
T sec. 2999 f
VXLE fps 512 A
VYLE fps 513 |
VZLE fps 514 l
|
Output
GX g's 2205
GY g's 2206
GZ g's 2207
GAMAH deg. 2208

GAMAE deg. 2209
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SUBROUTINE PROCESS
3713778

MOD PACKAGF SIXDGs A GFNERAL PURPOSE 6DOF GUIDED oP
UNGUIDED TRAJECTORY PRNGRAM

COMMON Y (4940)

EQUIVALENCF (Y (28B63) 9STOP) 9 (Y(3012) ¢MS) 9 (Y(658) oM])
EQUIVALENCF (Y (2213) 90T) 9 (Y(2214)+0P) s (Y(2215)4RS)
EQUIVALENCF (Y (3000) «RE) ¢ (Y(2862) 9 TI) o (Y(3001) +WE)
EQUIVALENCF (Y (504) sOLAL) ¢ (Y(505) sOLR) ¢ (Y(S506) «OTIM) ¢ (Y(2999) oT)
EQUIVALENCF (Y(3014) s TAUR) 9 (Y(3015) 4PSIR)
EQUIVALENCF (Y (R1R) +RTETI) 2 (Y(B19) sRPET)

EQUIVALENCF (Y(R03) o+ XRM) s (Y(B04) s YRM) 5 (Y (BO0S) 9 ZRM)
EQUIVALENCF (Y (2200) sRTE) o (Y (2201) sRPE)

EQUIVALENCF (Y (2205) +GX) o (Y(2206) 9GY) « (Y(22D7) «G2Z)
EQUIVALENCF (Y (512) oVXLF) o (Y(513) e VYLE) « (Y(514)4VZ|F)
EQUIVALENCF (Y (2204) 9GAMAH) 4 (Y(2209) « GAMAE)
EQUIVALENCF (Y (2204) +GT)

EQUIVALENCF (Y (651) 9CXA) 9 (Y(652) 9CYA) 9 (Y(653) +CZA)
EQUIVALENCF (Y (526) ¢VXG) o (Y (52T7) «VYG) ¢ (Y (52R) 4VZG)
EQUIVALENCF (Y (648) 9CXG) 9 (Y (649) +CYG) 9 (Y (650) +C2Z2G)
EQUIVALENCF (Y (660)+LGA(1)) s (Y(3005)9A) s (Y(ST7B) sGRAV)
EQUIVALENCF (Y(3012) sMS) s (Y (654) +BALC)

REAL MIsMS.L.GA(9)

EOUATORIAL RANGES

RAD=3,141502653589/18¢0,
RTE=(RE®# (TAUR®#RAD=-WE#(T=TI1)))
RPE=(RE®#PSTR#RAD)

BODY ACCELFRATIONS IN THE PRINCIPAL AXFSs (GoeS)

CALL MATVEC(Y(2009)sY(B12)4Y(2202),40)
GX=Y(2202) 732.174

6GY=Y(2203) /32.174

GZ=Y(2204) 732.174

GT=SQRT (GY##2+G2##?)

LOCAL FLIGHT PATH ANGLFSs (NEG)

CALL ARKTAN(=VYLE « VXLF yGAMAH0)
27Z=SORT(VXLE##2+VYLE®#%?2)
CALL ARKTAN(VZLE«ZZZsGAMALEL0)

TRUE NDISTANCE TRAVELFD W/R TO THE EARTHS SURFACE

TAUR=TAUR#RADN

PSIR=PSIR%#pPAN

TAUE=TAUR=WE*T

Dx2=(RE#SIN(OP) ~RF#SIN (PSIR)) #42

DY2= (=RE#CNS (OP) #STIN(OT) +KE*COS(PSIR) #SIN(TAUF) ) #&p
D72=(RE#COS(OP) #CNS(OT) =RE#COS (PSIR) #COS(TAUF) ) ##p
DC=SORT (DX2+DY2+DZ2)

THETA=2.0%ASTIN(DC/ (2. 0#RE) )

DRS=RF#THETA

RS=RS+DRS

OT=TAUE
0P=PSTR

P-3

SIX06820
SIX06830

SIX06850
SIX06860
SIX0U6BTY
SIX0£8R0
SIX06B90
SIXU6900
SIX06910
SIX06920

SIX06940
SIX06950
SIX06960
SIX06970
SIX06980
SIX06990
SIX07000

SIX07020
SIx07030

SIX07040
SIX07050
SIX07060
SIX07070
S1X07080

SIX07090
SIX07100
SIX07110
SIX07120

SIX07130
SIX07140

SIX07150
SIX07160
SIX07170
SIX07180
SIX07190

SIxo07200
SIx07210
SIX07220
SIX07230
SIX07240
SIX07250
SIX07260
SIxo7270
SIX07280
SIX07290

SIX07300
SIX07310

%
£
h




10

20

TAUR=TAUR/RAD
PSIR=PSIR/RAD
IF(STOP) 20420410
TI=T

MI=MS

CONTINUE

RFTURN

END

SIX07320
SIX07330
SIX07340
SIX07350
SIX0736¢
SIX07370
SIX07380
SIX07390
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