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1’

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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INTRODUCTI ON

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 famil iari ty with each of the d i f f e r en t  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
f low, 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(494O), and sets the following default values:

S
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TABLES
BUFFERED
IN ______ _______

I CALL PLQT
ROUTINES

INITIAL
CONDITiONS
CA LCULATED
BY CALLING
INITIA L MOOS 

YES PLOT NO
?

INT EGRATION
OF EQUATIONS
OF MOTION

F IGURE 1 EXECUTIVE F LOW LOGIC
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I

I

OVERLAY (TRAJ. 0.0)
PROGRAM OV

SUBROUTINE ZERO
SUBROUTINE INPUT
SUBROUT IN E RESET
SUBROUTIN E TAPTAB

BLANK COMMON

OVERLA Y (TRAJ . 1, 0) OVERLAY (TRAJ . 2, 0)
PROGRAM START PROGRAM TRJPLTS

SUBROUTINE SENCOS SUBROUTIN E MYPLOT
SUBROUTINE FNOL3
SUBROUTINE ARKT A N 

_____________________

SUBROUTINE MATIN V
SUBROUTINE ARDCFT
SUBROUTINE FRMR A N
SUBROUTINE MATVEC
SUBROUTINE ITAB

OVERLAY (TR AJ. 1, 1) OVER LAY (TRAJ , 1, 2)
PROGRAM SETUP PROGRAM INTGRT

SUBROUTINE IMOD 1 SUBROUTI NE DERIV

• SUBROUTINE TERM

• SUBROUTINE OUT
• SUBROUTINE MOD1

SUBROUTINE IMOD2O •
V

S

- SUBROUTINE MOD2O
SUBROUTINE PROC!~~

FIGURE 2 OVE R LAY FILES
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Y(2302) = J = 2
Y(2304) = XNE = o Integration
Y(2 3O5) = MPR = Controls
Y(2306) = ERROR = 1

Y(3000) = RE 
= 20925631. ft = earth ’s radius

Y(300l) = W
E 

= 7.292ll508xl0 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 mus t 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, TERN, 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(2 300)
MPR = Y(23 05)
ERROR=Y (2306)
XNE = Y(2301)

These parameters are Jef ined as:

(INPUT , INTEGER)

This parameter indicates the integration method .

1Ferguson R.  E. and Orlow , T. A . ,  “FNOL3 , A Computer Program to Solve Ord inary
D i f f e r e n t i a l  Equat ions , ” NOLTR 71— 2 , 1 Mar 1971
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J = 1 Use Runge—Kutta method of integration to termination.
Truncation errors are not calculated ; the step size C is
not adjustable.

J = 2 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. If the step size is adjusted, new starting values
are obtained through the Runge—Kutta method .

J = 3 Use Runge—Kutta throughout. The truncation errors are
calculated ; the step size is adjustable unless XNE 0.

(INPU T , R EAL)

This is the initial step size.

MPR: (INPUT , IN TEGER)

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( l ) ,
D(1), etc.and Y(2997) is a constant interval in Y(2998)
between printing cycles.

XNE : (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,
10 XNE . The s9p size is increased if the errors are all
less than 10~~~ E 

. The step size is decreased if for some
di f ferent ia l  equation the error is greater than
If ERROR < 0 and XNE ~ 0.,  the automatic adjustment of the
step size is a function of the absolute errors.
If ERROR = 0. and XNE ~ 0., the automatic adjustment of thestep size is a fu nction of the relative errors.
If ERROR = c > 0. and XNE ~ 0., the automatic adjustment ofthe step size is a fu nction of the relative errors where the
relative errors are equal to the absolute errors divided by
the maximum ERROR, IC(I)f). 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.

S
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Subroutine ARX TAN (A, B, C, N) . This subroutine calculates arctangents
def ined as C = tan 1(A/B ) . I f 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, C). 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 (C) are given
ratioed to their corresponding sea level values.

Subroutine FRNRAN (TABLE, NIJM, MFNC, U, A) . This is a linear interpolation
routine which extracts tabulated data from TABLE, and then with the NUN independent
variables U1, U2, . . .  UNUN it linearly interpolates or extrapolates 2NUM — 1
times and supplies the NFNC 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:

N = O , C = AB*
N = 1, C = ATB*
N = 2 , C = A B
N = 3 , C = A TB
N = 4 , C = A B T
N = 5 , C = A TBT

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 FRHRAN for the linear interpolation of the
function V.

Program SETUP. This program calls the initial modules IMOD1 through IMOD2O
as designated by the code I control cards.

2U 5 .  Standard Atmosphere, 1969 (NASA, Dec 1969, Washington , DC)
V

10
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Subroutines IMOD1 through IMOD2O. 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 .

Subroutine DERIV. This subroutine calls the appropriate modules, MOD1
through MOD2O, as designated by the code 1 control cards.

Subroutine TERN. The termination condUions (code 4 control cards) are
checked and if any one o f them has been me t , the integra t ion is terminated.

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

Subroutines MOD 1 through MOD2O. 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 d i f f e rential 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 f ixed storage assignments are listed in Appendix B.

11
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PROCESS

MATRIX TRANS.

Y(800)

t . EON. OF MOTION

Y(500)

FORCES I
Y(300)

CONTROL

V(100) Y(49 )

v(4890)
GUIDANCE

TABLE LOCATIONS
Y( 1) Y(299)

Y(3t00) I Y(4940?
TARGET

Y(90)
Y(3000)

GENERAL INPUT

Y(2300)

EXECUT IVE

Y(2999)

FIGURE 3 Y ARRA Y S TORAGE V
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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 14 and 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 will 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 performec~.

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 “0” 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

N 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)
Control card (FORMAT 1415)Table 1 
Listing of independent variables (FORMAT 6El2.7)
Listing of values of dependent

function (FORMAT 6El2.7)

Title card
Control cardTable 2
Listing of independent variables
Listing of values of dependent function

Table I J repeat for as many tables
(1=3 , 49) as needed

BLANK CARD
BLANK CARD 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

L, N, M, n1, n2,. 
~
‘N (FORMAT 1415) where:

L 0 all cases

N = 3 number of independent variables

M = 1 each table contains only 1 function

n1, n2, n3 numbers of values of each independent variable
for which values of the function are tabulated .

15
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b. Listing of values of independent variables for  which function is
tabulated

On the first card(s) the n1 values of the first independent variable
are listed . On succeeding cards tV~e n2 and n3 values of the second and thirdindependent variables, respectively, are listed.

The following restrictions apply: Values of two different independent
L 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 6El2.7.

c. Listing of values of dependent function

The three independent variables are designated N1, N2, and N3. The
number of values of each of these variables is n1, n2, and n~, respectively.
A block of data contains those values of the function for al~ values of N3listed , and for one particular value of N1 and N2. The first block corresponds
to the first value of N1 and N2 listed ; tfie second block corresponds to the
first value of N1 and tfie second N2, etc . These blocks are repeated uncil
a set of blocks tor the first value of N1 and all values of N have been
presented . Sets for the remaining values of N1 follow until ~he table is
completed . As a check there are n sets, n x n2 blocks and n1 x fl

2 
x

distinct values of the function. he fortna~ 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 viii 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.
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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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MATRIX TRANSFORMA TIONS

LOCAL.
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____ 
FORCE AND
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EQUATIONS OF
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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 MOD5.
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 cana rd 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 and
ZR 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 ZL axis is perpendicular to
a tangent plane located in the earth’s surface and passes up through the
vehicle ’s center of gravity. The XL axis lies in the tangent plane and always
points north. The origin of the local axes are defined by the longitude, tR,
and latitude , 

~R’ 
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 {LRIJ where,

=[t RLJ [~]k R

--
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The winds are generally def ined with  respec t 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 whic h the inertia tensor will be a diagonal (see Figures 6 and 7). The
initial orientation of the princ ipal axes with respect to the local axes is
defined by the three angles M’ tM’ and (in that order) where,

r~i r~i[
~ 

= 
L LP] I~ I

~
.JP L it]

L

and

I cosc~4cos’y~ ~ CoSc s i n- , SiflC M

[2~~~
] 

= L c0
n _

~
1 — sin

~~tsin’ ~1cos’~~ cos
~M

cos
~~ 

+SinC
M

Sifl
~ M ~fl~MC0S€ Ml

_S1n
~ M

S1flY M
_ cos~~1 sin~~1 cosy~ _ s In .~ lcos

~ M + COS .
~~I

S1fl M SIfl
~ M cos

~ Mcose MJ

The means of a r r iv ing  at  th is  m a t r i x  a f t e r  the in i t ia l  time is defined and
explained in MOD4.

Geometric Axes. These are a set of or thogonal  axes which are def ined for
maximum convenience in express ing the vehicle aerod ynamics.  They will generally
define a plane of symmetry for the  vehicle external conf i gu ration and thei r
ori g in wi l l  be located at the  momen t r e fe renc e center .  The relationship between
these axes and the pr inc ipal axes are shown in Fi gure 7 .  The c e n t e r — o f — g r a v i t y
(e.g.) of the vehicle is defined with respec t to the origin of thi g~~ n~e t ric  axes
by the latera l t r a n s f o r m a t i o n s  X , Y and Z . The angular or ientat ion is
expressed th rough  the  r o tat i o n s  

~~~~

‘
, 

~~~~~~ 
and These t r a n s f o r m a t i o n s  are

performed in the force and moment module , MOD8 . The t ransformat ion  m a t r i x  is
defined as ,
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Aerodynamic  o o f f i c i e n t s  and o r l en t a t i on i - i  of the  v c l c f c ] c  w i t h  respec t to the
flow are generally defined with respec t to these geometric axes as i i  shown in
Fi gure 9.

THREE-DEGREES—OF—FREEDOM_~OE)ULES. The logic -al procedure  in norma l p o i n t —
mass t r a j e ct o r y  ca lcu la t ions  is r~ i n t e g rat e  the  bod y a c c e l e r a t i o n s  in an i n e r t i a l
system . In the sample case presented in t h i s  report , th ree  modules  i r t  used
to d e f i n e  the  second order equat ions  of mo t ion . These are MODs 1 , 2 , and 14
or MODs 1 , 3.~ ~nd 14. -As ment ioned e a r li e r , i t  is somet~~m &s necessary to perform
some c a l c u l a t i o n s  pr ior  to s t a r t i n g  the ac tua l  t r a j e c t o r y  c a l c u l a t i o n s .  These
types of c a l cu l a t i ons  are u s u a l ly  neces~oir v  in order  to p rov ide  the  In i t i a l
cond i t ions  fo r  the d i f f e r e n t i a l  e qu a t i o n s .  Since t l i e s t  need to be made only
once , they  are progranmed as INDDi-i and a re  cal led by the  execut ive  r o u t i n e  prior
to a c t u a l ly  s t a r t i n g  the t r ~~j e c t o r v  c al c u l a t i o n s .  For a l l  MODs ca l l ed  by the
program ( i d e n t i f i e d  by code 1 c a r d s ) ,  the program checks to see if there is a
cor responding  I M O D .  For the 3DOF c a l c u l a t i o n s  (as presented  in examp les included
in th is  r e p o r t)  an IMOD is requi red  for  MODs 1, 2 , and 3.

The f low logic used in these examples Is shown in schema t ic f orm on the
next  page . Remember , whi le  the  schematic is  general  in nature , the MODs used
in t h i s  report  are only t y p i c a l .  Each user can add to them or replace them
w i t h  those of h i s  own choosing.

S TX — DEGRE ES— OF — FREEDO M MODULES. For 6DOF simula t ions  there a re  l ikely  to he

six modu les or more . If the complex i ty  of a 6DOF s i m u l a t i o n  i s  war ran ted , it is
u s u a l l y  necessary to p repa re  a set of modules w h i c h  represent  a specif ic  m i s s i l e
sv,t em . In ~ioncro l the s imu la t ion  would be laid out  as shown in F igure  4 . A
group of tvp ic~il modules have been selected and enclosed w i t h  th is  rLp .’r t  in order
to aid the  user in the compi la t ions  of modules f o r  his own s imula t ion . The logic
of these sample modules is shown on the fo l lowing  page.

IMOD4 and MOD4 a re  used to c a l c u l a t e  the d i rec t ion  cosine matr ix . It  is
u n l i k e l y  tha t  any changes or add i t i ons  would have to be made to these modules
since they  deal w i t h  the  mechanics  of the s i t ua t ion , not a p a r t i c u l a r  piece of
hardware .  ~‘D)D~ is used to c a l c u l a t e  the loca t ion  of the t a rge t .  Here again ,
unless  a p a r t i c u l a r  maneuver  of the  t a r g e t  is to be programmed , It  is unlikely
tha t changes  would be made to th i s  modu le .  IMOD9 and MOD9 are used to calculate
the equat ions  of no t ion  of a veh ic le  fo r  which t h e  cross products  of i ne r t i a
are  zero.  MOD 19 should be used in p l ace  of ~~I) D~~ if the  cross produc ts  of i n e r t i a
are not zero .
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1
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PROCESS. This routine is used to calculate any quantities tha t 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 longitud inal range
along the equator , R , and the latitudina l range, ~~ . These are calculated as:

E E

R — R
E
[IR W

E
(t — t

i
) ]  — R

T EI.

R
‘
~Ei

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.

— ‘R 
— WEt

~x2
’ [R E sin~~ RL RE sin

~~ R )

= [— R
E 

cos sin T
E 

+ RE cos 
~‘R sin T E l

2 2A Z [R
E con ~

‘RL ~~~~ TE 
— RE con ~

‘R ~~~ TEl

where i4 and r are the last latitude and longitude calculated (last time program
execute~~subroJine PROCESS). The incren~ent of the chord of travel over a segment
of the earth’s surface is then expressed as,

Ac + Ay 2 + ~z2

and the angle subtended by the chord as

(AC
0 = 2sin~~~L2Rc E

The increment of surface traversed is then equal to

AR s RE°
and

RS = R S + A R S

— 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 PROC EDURE

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 0.

2. Select the appropriate modules for your simulation and arrange
the code 1 control cards In the order tha t 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 , T R (deg)
in Y(30l4) and the latitude, ‘4’R (deg) in Y(30l5) .

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

c. Locate the principal axes with respect to the local axes
by specifying,

y~ (deg) in Y(2066)

eM(deg) in Y(2067) IMOD4

~~(deg) in Y(2068)

d. Define the initial velocity with respect to the local
axes.

VE(fps) in Y(6l0)
IMOD2

y~ (deg) in Y(2209) MODs 2, 3
Y~ (deg) in Y(2208)

30
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e. Define the angular orientation of the princi pal axes wi th
respect to the geometric axes that you are using.

Xc~~
(f t )  in Y(3006)

Yct;(ft) in Y(3007)

Zcc ( f t )  in Y(3008) MOD8

O~~(deg) in Y(30 19)

-,I~~(deg) in Y( 3O.~O)

~~(deg) in Y(3021)

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

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

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

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

9. 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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FORTRAN LISTINGS OF EXECUT IVE
ROUTINES
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•OFC’c TF~1
C 01/ 1~~/7S 1?.~~6.~e7 JOHN HOLMES TWI0001O

OVFRLAY (TRA J,O .0 ) TWIOO100
PROGRAM OV (INP (JT,OhJTF ~IIT ,T APF~,,1APEI9 ,TAPE ’~IeTAPf6 Ah ITPUT)

C 8/2/77 ~IOHN Hf) !  lIES
COMMON Y(4940) TM100140
COM MON/TAB/Z(50) TW10015O
EOIJ!VALENCF(Y (2311),NOPLOI) Tll10016O

101) CALL 7FRO TwiO fliT O
201) CALL INPu T Tk1001N0
300 CALL OVERLAY (4HTRAJ,1,O ,6HPFCALL )

TF (NO PLOT.r,T.0) GO 10 ‘400 TW100j’OO
500 CALL RESET TRIOO21O

GO TO 300 TK100220
Q01) CALL OVERLAY 44!4TPAJ,2,n,bHPECA( 1)

C,n TO 500 TN 100240
1001) STOP TP1002SO

END TK1 00260
TKIO 0~~7O
TRIG Oë$O

SIJRROIITINE ZERO TK100290
C 7/2/74 JOHN F. HOLMFS TNIOO300

COMMON Y(4940) TR1003LO
FOUIV ALENCF (Y (?30?),J),(V(2305),MPW) TR1003?0
EOLIIVALENCF (Y (23fl4),L),(~~(23O1).XNF ) TR100330
EDUIVALENC E (Y(?30~~) .FPQOP ) Tk100340
EOt!IVALENCF (Y(3000),RE),(Y (3001),WE) TRIOO3SO
00 1 T=1.4Q40 TPLOO3bI )

I Y (I}=O.0 TN300370
C 11)100380
C DFF AIJL T OPTIONS Tk10O3~ O
C TR100400
C i=2 1k100410

Y (?302)=2.fl 1)4100420
c MpR=I TR100430

Y(2305) 1.fl TW100440
C 1= 0 114100450

Y (2304) 0.fl 1R1004f,0
XNE=0 .0 TR1 00470
EPPOR=—1. O T R1004R O
WF O.00007?9?llcf)P 114100490

C - TklOO”00
C MEAN RAD IUc FOP SPHERICAL FA R IM T!~1U0b10

RF=20925631 • 1)4100520
C TN100530

RFTURN 114100540
END TR100SSO

T R I OOS 6 O

114 100570
SUBROUTINE INPUT TN )OOSHO

C 7/2/74 JOHN F. }4OLH FS 
- 
114100590

COMMON Y(4940) TR100600
INTEGER OUTNO,STPNO (10),Pl•OT I O ),CVAP (31),DVAP (31) T14100b10
EOUIVALENCF(Y (2307),NOI100), (Y(?312) .NMOD(1)) TN1UO62O
FQUIV ALENCF (Y(230P),N0oUT).(Y(2332),HNwF1U)).(Y (2~ Q2),0UTlO(1)) TR100h3O
EQLlI V ALENCF (Y(?309),NOTN). (Y(~~42?),INP~0(1)),(Y(2~.2’),vALVf (1)) TF~1006S0
FOUIVALENCF(Y(2~~1 fl),N0cTO!~).(Y (2R22),STPNu(1)).(Y17M3?),SUP (1)), 1)4100660

• ( Y ( 2 8 4 2 ) , S I O ( 1 ) )  114100670
EO (JIVALENCF (Y(2311),NOPLOT), (Y(?R5?).PLOT (I)) T14100f040
EOtJtV ALENCF (Y(2M7?),L0rC (1)),(Y(2903),rVAR (1)),(Y(~)q34),L~~CD (1)) 1)4100690
EOUIVALENC F(V(?96’,),DVAR (1)),(Y(4890).KTAB(1 )),(Y(’M71),NUTAR) 114100700
EQU1V ALENCF(Y(2R7fl),NOr’EI4).(Y (?4469).~”OVAR) 11410071))
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1QUIVAL~ NCF (Y (3O51).K (1)),(Y(3044).III1(1)) TK1U0F~ U
EQ !JIVALENCF(Y (2996) .Kf ‘.41) ) 114100730
Et )UIVALENCFIYC2362),HPfll)).(Y (2377).Hn211)) 114100735
DI MENSION TITL (7) .NMOD(20) ,NNMF1 (30) .OIITNO (30).INNO (200) 114100740

,,VALV EI200) , SI ,P( Ifl) ,SLA( lfl ) ,K (4 ’4). 1)4100750
•LOCC (31),LOCO (31) ,KTAN (49) 114100760

* 
DIMEN SION )4DHIS),HU2(15) 114100765
NOIN O 114100770
NOMOD=0 1)4100780
NoouT=o 114100790
NOSTOP O 114100800
NOPLOT O 114100810
NOVA R= 0 114100820
NODER=0 114100830
NOTAR=0 114100840
C~ = 10w 114100842
00 970 1 1.1” 114100844
MDI (1)=SHFR .0 114100845

970 HD2U) 5HF~~.fl T1410084 ,
DO 11)1 1 1 . 49 114100850

101 KtI ) 0 114100860
PFAD(5,998) !R.UrTLCII.1=I.7 114100870
X1)ATF=t)ATE (1)11”) 114100877
XTIME=TIME (D!JMY) 114100874
WPITE (6.5000) 114100876

5000 FORM4T (1H1,TS~~.*NAVA L SURFACE WEAPONS CLNIER*/ 11410087$
•TSQ,~~WlsITE OAK IAHONATOPY°) 114100879
WPITE(6,SOf)1) (TIfl (1 .1 1.7).XDATE ,XTIME 114100880

5001 FOR MA T I IHO,10X,7610,T87,*HUN (~ATE°,A10,T101, TIMF* .A1D/) 114100887
2000 FOPMAT (IHI) 114100890
998 FOPMAT (12,7A 10) 114100900

IPPT=1 114100905
1 RF AD (S,1000) TR ,TN, VA 14,VAPR,HLfl1.HED?,H~ 03 114100910
1000 FflPMAT ( 12. T6.2E14 .6,A1fl,A7 .A1U) TR1009)’

61) 1012.3) TPPT 1w100920
2 IPRT ? 114100925

IP1= IR%I N 1= IN%VAR I=V AWc VA RR1=V ARRSHF D 1 1 LD1 I ~14 O2I= HE($2St4F f l3 I ~~ 4FO 3 TRl O093O
60 10 4 114100940

3 IPPT I 114100945
W P IT E (6 , I0 f l 1 ) I P 1 ,T N 1 ,V A P 1 ,V A R P I , Ht I) l1 ,HED2 1,HFO3 1,TP , IN,V A P, 114100950
•VARP,HEO1,HED2.HEI)3 114100955

1001 EOPMAT (1H .1?. T~~,2E14.,~,A10,A7,4lO,3~~,?h0*.3X. 12. 7~~. 114100960
,2F 1 4 .6,A10.A7 .AI 0) 1)4100965

4 CONTI NUE 11410096$
C 114100970
C MODULE NOM~~FP - 114100980
C 1)4100990

5 I F( I R .NE.1)  GO II) 10 1)4101000
NOMOD =NOMO O+) 114101010
TF(NOMO0.GT.2fl) GO 10 114101020
61) TO 7 114101030

6 WRITE (6,4001) 114101040
4001 FORMAT (1HO.*THF N (JM8E14 O)~ MODULES EACEEDS 7fl*) TR1UIO” O

STOP TR1UIO 6O
-7 CONTINUE 114101070

NMOO (MOMOD)=IN 114101080
GO TO I TR 1OLU 9U

C 114101100
C V A PIA RLE If) RE l ISTED TN OIJTP IJT 114101110
C TR1U I12O

10 IF (IR.NE.2) GO TO 15 1R101130
NOOUT=N000T.1 114101140
IFINOOLIT.GT.30) C,() TO JI - 114101150
GO 10 12 114101160

11 WPIIE (6.4002) 114101170
4002 FORMAT (1HO.*PPTNTOUT (IF MOQ€ THAN ~O ITEMS WAS CONc~ DF14FI) 1)4101180

A.3
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N~~ C/WOL TR 7511
•EXCESSIVE AND THEY WERE DROPPED’) 114101190
NOOUT=N000T-1 114101195
GO TO 1 114101200

12 CONTINUE 1)4101210
RNME I (NOOU fl =HED 1 TR101220
IF (HED3 .EQ.CK ) GO TO ?30 11410122?
IF (NOOUT .GT .15) GO TO 220 T14101225
HO! (MO OUT)=HFO3 1)4101227
GO TO 230 1)4101229

220 NOT NOOUT—15 114101231
HO2INOT) 14F03 114101233

230 CONTINUE 114101235
OL ITNO(NOO U T) 1N 114101240
GO TO 1 1)4101250

C 114101260
C DATA LOCATION AND VALUE TR 1O1 2YO
C 1)4101280

15 IFIIR. NE.3) GO TO 20 1)4101290
NO IN NOIN .J 114101300
IF(NO TN .GT .?00) GO TO 16 1)4101310
GO TO 17 T14101320

16 W RITF(6 ,4003) 114101330
4003 FO PMA T (1HO .’PJIPMREP OF INPUT V A R I A B L E S  FXCEED S 200*) 1)4101340

STOP TR 1OI3SO
17 CONT INUE 114101360

INNO (NOIN )=IN 114101370
V A LV E (N O I N ) = V A R  1)4101380
GO TO 1 1)4101390

C TR101400
C TERMINATIO N V A P T A R L E  W ITH UPPER AND LOW E R ROU NDS 114101 410
C 114101420

20 IF (IR .NE.4) 60 TO 30 114101430
NOSTOP=NOSTOP .1 1)4101440
IF (NOSTOP.r~T.10) c;o 10 21 114101450
GO TO 22 114101460

21 WPTTEI6,4004) 1)4101470
4004 FORMA T (IHO.*NIIMRER OF STOP CONOITIONS EXCEEDS 10’) - 114101480

STOP TR1O1490
22 CONTINUE 114101500

STPNO (NOSTOP )=IN 114101510
Su I P( I4O ST OP ) =VARP 114101520
SlO (NOSTOP)=VAR 114101530
GO TO 1 1)4101540

C TR 1O1S5O
C VA RI A R L E S TO HE PLOTTED 114101560
C 1)4101570

30 IF( IR .NE.5) GO TO 40 1)41015130
NOPLOT=NOPLOT .1 TR1O S90
IF (NOPLOT.C,T.1O) GO TO 31 114101600
GO TO 32 T R 1 O 1 6 L O

31 WPTTE (6,400S) 1)4101620
4005 FflRM AI C 1HO .eNU P4PFR OF PLOT V A R I A B L E S  EXCEEDS 10’) TR101630

STOP 114101640
32 CON TINUE . 114101650

PIOT (NOPLOT)= !N 114101660
GO TO 1 114101670

C 114101680
C DEPENDENT vAPIARLES ,  C A 14PA Y T 1410 1690
C 114101700

40 IF (IR .NE .6) C~() TO 50 114101710
NOVAR=NOVAP .1 114101720
IF (NOVAR .GT .?R) (,O TO 42 114101730
GO TO 43 TR 101740

42 W P IT E (6 ,4 0 0 0 )  114101750
40 00 FO RMAT ( 1 HO , ’THE Nu MBER OF l ) IF FE RF NT IA L  F OlIATIO NS EX r FEDS 7)4 * )  114101760

STOP 1)4101770
A4 .



NSWC/WOL TR 7850
43 CONTINUE T14101780

L OCC (N OVAR )=VA R 114101790
CV AR (N O V A R i = I N  T14101800
GO TI) 1 71410)810

C 114101820
C D E R I V A T I V E S, 0 ARR AY 7)4101830
C 114 101 840

50 I F C I P .NE .7) GO TO 60 T14101850
NODER=NODEO ,1 114101860
LOCD (N ODER )=VA P 1)410)870
DVAR( N ODER )=IN 1)4101880
GO TO 1 1)4101890

C 1)4101900
C TABULA TED VALUES 1141 019 10

60 IF (IR.NE.8) GO TO 70 1)4101920
NOTAA= NOTA P.1 114101930
IF INO TAB .GT .49) e,o TO 61 1)4101940
GO TO 62 114101950

61 W PITEI6,4006) 1)4101960
4006 FORM A T (1HO ,’TPuE NUM BER OF TABLE S EXCFEO S 4Q’) 114101970

STOP 1)4101980
62 CONTINUE 114101990

IVA R VAR 114102000
K T A B (IV A R ) = I N 114102010
GO TI) 1 114102021)

C 114102030
C AN T NOI CAT F R THAT TABLES AR E TO RE REAf ) 114102040
C 1)4 107050

7n IF( IR .NE.9) 61) To 80 114102060
CALL TAPTAR (K,KFN !,) 1)4102070
GO TO 1 1)4102080

80 CONTINUE 1)4102090
C END OF DATA FOP A SING) E PuN 1)4 102100
90 W 14ITE(6.2000) 114102110

RETURN 114102120
END 1)4107130

TRLO ? 1 40
1)4102150
7)4102160
114102170
1)4102180

SIIPROUTINE RESFT TR 1O?1 90
C 7/?/74 ~POHP*I E . HOIM F- S 1)4107200

COMMON Y (4940) TRIO?210
INTEGFP STPNO(10) T)410?220
FOUl V A L E NC F(Y ( ? * 4 6 3 1  ,ST O P)  1)4107230
F Q U IV A L E N C F (Y ( 2 3 0 7 ) , N O M O D ) , (Y ( ’ 3 12 ) , N M O D ( 1) )  114107240
EOLJIVALENC F(Y(?30q),NOTN).(y(2422),IAiNO(1)),(y (262?),VAL VF (1)) 7R10?2S0
E O U I V A L E N C F ( Y ( 2 8 7 1 ) , P I O T A B ) , ( Y ( 4 8 9 0 ) , K I A B ( 1 ) )  1)4107260
E OUI V A LENCF (Y (230~.),Fk POR ) ,(Y (29Q 6).STAGE ) 114102270
EOU IV ALENCF (Y (3044 ) ,TI TL (lfl , (Y (23D1) ,XN E) 1)41022140
EO U IV A L E N C F (Y ( ? 3 1 U) , NO S T U P )  T HI0?2 ’4O
E Q U IV A L E N C F ( Y ( 2 M 2 ? ) , S T P N O ( 1 ) ) , ( Y ( 2 8 3 ? ) , S U P ( 1 ) ) . ( Y ( ? 8 4 2 ) , S t O ( 1 ) )  1)4 102300
DIMENSION T IT L (f l . N M O !~~2 0 ) . I N N u ( 2 0 0 ) ,V A L V E ( 2 0 0 ) , K T A ~~(49 )  T14 1023 10
DIMENSION S U P ( 1 0 ) . S L O ( 1 0 )  1)4 107320
PFAD (5.998) TP, (TTTL(I),1 1,7) 1)4107330

C J R 99, STOP,ALL PUNS FINISHED T1410?340
IF( IR .EQ.99) STOP 114107350

C J R = 1 I , S T A G T N G  HAS OC C (JRP FD , NEW MOPS AND TA HLES A PE TO RE (ISFP T1410?360
IF (IR .EO .11) GO TO 80 114102370
DO ID 1=1 .7307 1141073140

1 0 Y (T ) 0.0 114102390
04) 12 I 2 8 ~.2.2SbR 114102400

1? Y( I)= fl .0 114102410
Y(29914) 0.O 1)4102420
Y (2999) 0.0 1)4107430
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NSWC/WOL TR 78.80
REWIND 19 - T)4 1U?43~
DO 14 1=3002,3043 114102440

14 Y( I) 0.0 1)4102450
C***************..** T1410?460
C DEFAU I I OPTION S T14102470
C TR 1O? 480
C J=2 1)4107490

Y (23 02) 2.0 114102500
C MPR 1 1)4102510

Y (2 305) = 1.o  TW10?5 2 0
C L=O 714102530

Y(2304) 0.O 114102540
X NE O.O 714107550
EPROR=—1 .0 114102560

114102570
GO TO 85 114102580

80 CONTINUE 114102590
STOP= 0. TR1O2600

STAGE=STAG F ,1 .fl 114102610
85 CONTINUE 7)4102620

WRITF(6,999) 11111 (l).1 1.7) 1)4102630
P40)400=0 1)4 102640
NOS TOP=0 114102650
NO TAB = 0 T 14107660

10 0 RFAD (S.10 00) IR ,IN ,VA14, VAPP .HEP1 ,I-4E 02 ,NED 3.14F04 T1410?670
WRITE (6,1001) IW,I N ,VA ~~,VARP ,HFD) ,HED2.HEL)3 ,HFD4 1141076140

1000 FORMAT (12 .T6 ,2F14 .6 .A 10.A7 .A 10 .A 9) 114102690
1001 FORMAT ( 1X ,T? , I6 . ?F14 .6 .A1( I , a7,ø I f l,AQ)  1)4102700
C MODULE NUP4RFP 11410?710

IF (IP.NE.1) GO TO 11 0 1)4102720
NOMOD=NOMOP.1 1)4 102730
NP400(NOMO D) = I N  1)4 102740
GO TO 100 TR102750

C DATA LOCATION AND VAlUE 1)4107760
110 IF (IR .NE .3) GO TI) 120 TR1 02770

NO IN=NOIN+1 1)4 102780
INNO ( NOIN)= IN 114102790
V A L V E ( NO I P 4 I VAR 1)4107800
GO TO 100 114102810

120 IF( IR .NE.4) 60 TO 125 114102820
C TERMINATION VARIA B LES 1)4 102830

NOSTOP=NOSTOP ,1 TR102840
STPNO(NOSTOP) 1N 114107850
SUP (NOSTOP)=VARR 1)4102860
SLO (NOSTOP)=VAR 1)4102870
GO TO .100 114102880

C TABULATED VAL UES 114102890
125 IF (IR.NE.81 C-fl TO 130 TR1U?900

NO T A B= NOTAR + l  T )41 U~’9 10
I V A R VAR 114 102920
KT A B ( IV A 1 4 ) = I N  TR 102930
GO TO 100 TR 1O2 9AO

C END OF DATA FOR A- SING! F RuI N 1)4 107950
130 IF(IP.NE.1 fl) 60 10 100 - 

TR 1O ?960
WPITE (6~ 20fl0) TR1O?970

2000 FORMAT (1H 1 1)4102980
990 FO R M A T ( 1 H O . 7A ) 0 )  TR 1O?990
9914 FOPMAT(12,7A10) T14103000

RETURN TR1O 3OLO
END T 14103020
SUBROUTINE TAPTAR (K,KF WD ) 114103030

C 114103040
C 7/2/74 .10149 F. HOLME S 1)4103050
C 114103060
C IT READS THE D A T A  CARDS FOP THE TABLES • ARRANGES THEM INTO THE T 1410307 0
C TABLE AR RAY ! AND wRIT ES  THE T A R L F  A R R A Y  ON F I I F  ~ 1)4 103080

A4
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NSWC/WOL TB 78.69
C 1)4103090
C TA R TAR IS A SUBROUTINE TO RE USED dI T H E RUPAN . 714103100
C 114 103110
C 714303120
C TABLE ( 1 )  N I l)  NUMBER OF AW1.JIM ENTS u- OR F IRST ~.A PTAR LF 1)4103 130
C TABLE 17) N- I?) NI)MRP R OF AW C ,(JMEN TS I- OP SECOND V A P I A B E F 114103140
C •.~~ 714103150

• C TA B LE ( N)  N I N )  NUMBER OF A RG UMENTS FOR N — T M  V A R I A b L E  T)4103160
C TA RLE (N.)) = JJM.1 F IRST  OF AR(,(JME NTS CORP FSPflNOING TO 114103170
C TI-* FIR ST VAu ~7A8 iF T14103180
C ... T)4101190

• C TAP LE( N,p .U1) )  U ( 1 . N ( 1) )  L A S T  (iF AR GUM ENTS CA PRE SPOWDIP4G 114103200
C To THE FIR ST V A R I A R I F 7)41 03210
C TA RI E ( N . N ( 1 ) + 1 , ) J J ( 2 .1)  I- UIST OF THE ARGUMENTS CORRESPONO IN(, TR103220
c TO THE SECOND V A R T A t 4 I F T R103230
C 1)4103240
C TIuF3LE (N.N(fl.N (?)) = (J(?,N(2)) l AST OF THE ARG UMEN T S T14103250
C CORPESPONI)I I-JC, TO THE SECONO VARIA BLE 114103260
C •.. 114303270
C TA RL E( N . N( l) ,N(2 )~~...•N(N) )  = U ( N , P 4 ( P 4 ) )  l AST OF AR (3UWFN T S 1)4103280
C CURR FSPONOINC ~ TO THE N T M VAPIA RI F 114103290
C T A R L E ( N , N ( l ) . N ( 2 . + ....N ( N ) + 1 )  A146 (1 ,1... ..1) TABLE VALUE 114103300
C CORRESPO NDIN G TO THE FIRST ARGUMENT OF TR 1033 10
c E ACH V A R I A B L E  7)4103321)
C TARLE (N.N())-’-’.112)....+N(N).1) APG(I ,j,....1, ?) TR103330
C •.. 114103340... 1)4103360

TA RLE (N.N(l ) .N (?)+ ...+F ’ (N).N(l).l) = AWG( % .1. ....2 .L) 114103351)
C TA R IE (N.N (1 ) .N(2) + ...+ N ( N ) * f j ( l ) * N (? ) * ...*NI( N))  = A P G ( N (  I) , N ( ? )  TR10337J)
C .....N(N)) 714103380
C T14103390
C RE ADS IN THE ADDITIONAL TAHI. E VALUES STARTING IN THE NEXT 114103400
C AV A ILABLF LOCATION IN T HE TA H I E  A R R A Y  ANO (ISIP4(, THE SAM F 114103430
C A RPANG EMFNT AS ABOV E 114103420
c T14 103430
c 114103440
C FOP AD DIT IONA l  T A R L E S .  T A R T A B  REA DS T hEM IN AS ABOVE.  STAPT 1 NG T 14103450
C IN THE NEXT A V A I L A R L E  I O CAI I ON IN THE TA8 L~ 4k RA Y T 141034A0
C 114)03470
C T 14 11J34140
C L,I-JIJM ,MFNC.N( 1) ,N(?) ,. . , .N(NuM) ( W ITH f O R M A T  1415) 114103530
C TH E CONTROL CA RDS MUST HF OF THE F O l L O W I N G  FO RMAT 114103520
c - 1)41035)0
C M( J )  ‘ . I(J MHER (F FJIHCT I(JNS T A R L I L A T E J  FOP THE ,J~~TFi TA HIF 114103500

— - C NT(J) NUMRFP OF V A P J A H L E S  IN T I-IF J—T H TAB l E T R103490
- - 

- C L=O.NUM NE 0 ONE TA FILF OF N(JM INI)FPENnENI V A H IA B L E S  IS PEArl 1)4103540
C T HE DECK OF T I-IF TA b LE IS AS FOLLOWS 1)4103550
C N C )) ARGUPINTS (VAI (IFS) OF THE FIRST TR1O3S6O
C V AR IAB LE — IN ASCE’~fl1N1 . ORDFP WITH S I X  PEP TR 103570
C CARl ) 1)4103580
C 9 ( 2 )  ARGUMENTS OF T I-I F ~.FCO Nt~ VA )4IAHJE , 114103590
C REGINNING ON A MEW CA RD .  IN ASCENDING ORDFPT NIUI600
C WIT H SIX PER CA RD 114103610
c ... 1)4 103620
C NIN I I M)  ARGUMENTS OF J(MJM ), FEGINN ING O N A  114103630
C NEW CAR D.  [N A SCE ND ING OW [) ER W I T H  c y X  PEN 1)4 103640
C CARD . -- 7)4 103650
C T I-IF F 11451 FIINCI 1014 TA R u L# T F r ~ IS PJ!A’Ci-uFfl 11’ 1)4101660
C PLOC K S OF r~(NIuM) W ITH SIX REP CA RD .  T HE 1)4 10367(1
C F IRST HLOCI< S T A R T S  W I T H  TM !- V A LUE 114103680
C co14pFSpou-Jr1IN (~ TO THE SRALLEST AR6URFNT OF 114103690
C E ACH VAR IA IILE AMC) Al l OwS 11 (N) TO VA R Y. 1)4103700

S 
C THE Hf X I  HL OC~ ‘-.141.15 ON A NEW CARl ) ANt) P451)4103710
C l)I N— j) TN CR FM FF TE D AND AL LOWc U (N) TO VA RY 1)4103721)
C AND SO ON UNTI L THE ENTI RE TAB L ILATI ON IS 114103710
C COMPEETFP . 1)4103740

H A-7
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NSWC/WOL TR 78-60
C IF MfN~ IS GREATER THAN ONE . REPEAT FOR 1)4103750
C EACH SUCCEEDI NG FUNCTI ON TO RE INCL UDED IN 114103760
C THE T A B L E .  T R 103770
C 114103 780
C L=0.P4UM=0 TERMINATE THE RUN T14103790
C 114103800
C 114103810
C TR1038?O

DIMENSION K(1).TA)4LE(100),N (15).M(49),T (7),NI(49) T14103830
EOU IVALE N C F (NARG ,AN6 ) T14103840
K OUNT = 1 T14103850
NF X LOC = 0 T 14103860
00 310 1=1.100 T R103870

31 0 TARLE(I) 0. 114103880
300 READ(5 .20 1)  (T ( I ) , l = 1 . 7 ) , f l I J M  1)4 103890

WPTTF2(6.20?) TR103900
WR ITE (6.201) (T (I),I=1,7).O (IM 1)4103910
READ( 5 .100) L ,N IJM .M (KO ,INT ).(N (I) .I 1.Nl ’M) .DI JM 114103921)
WPITEC6.100) l,NUM.M (KOUNT), (N(I).1 1,NUM) .OUM 1)4103930
IF (L.NE.O .OP.NIJM.G T. 1c .O)4 .M(KO UN T ) . G T . 1 5)  GOTO 800 1)4 103940
IF (NUM.EQ .0) RE T IIRN 114103950
NT (KOUNT ) = NUN 1)4103960
K(KOUNT ) NFX I OC+1 T14103970

C 114103980
C TO C A L C U L A T E  THE PRODUCT OF THE M C I )  S 1)4 103990
C AND PUT THE N(I) S IN THF TABLE 1)4104000
C TR104010

NS(JM = 0 114104020
NPROD = 1 1)4104030
00 400 I=1.N IJM 114104040
N A RG = NI l)  - 1)4104050
NSUM = NSUM + NAPG 1)4104060
NPPOO = NPPOr) * NARO 1)4104070
TABLE( I ) = APG 114104090

400 CONTTNUE TR1O4100
BUFFER OUT (Q .1)(TA8LE (1),TABLE(NUM )) 114104110
IF (UNTT (9)) 450, 450.1000 TR104120

450 CONTINUE 
- 

1)4104130
c T14104140
C TO PUT (1(1 1 S IN THE TA BL E ‘ 1)4104150
C TR1UA1 6O

I(START = NI PM + NFXLOC + 1 T14104170
DO 51)0 I=1.NUM T RIU4IRO
KFND = KSTAPT • N (I)— 1 114104190
KK END= KEND—KS TA RT .1 TR 1042 00
IF(KKFND .GF .99) Go TO ‘~oO 1)4104210
PFAO (c,11O ) (TARLE (KK).KK=1.KKFND) 114104220
W P IT E (6 ,2 0 fl ~~~~~~~~~~~~~~~~~~~~~~~~~ 1)4104230
BluFFER OUT (9,fl(TA8L !- (1),TABIE (KKEND)) TR104240
IF (IJNIT (9 ) 4 90 ,490 . 1000 TR1II42SO

490 CONTINUE 114104260
KSTART = KEND • 1 TH106~~70

500 CONTINUE TR104t~RO
C 114104290
C TO PUT THF TABLUATFO VALUES IN tHE TABLE 114104300
C 1)4104310

KAD D = N ( N I I M)  — 1 114104320
lE ND = NPROr) * I (KOUNT) / N (NUM ) TR104330
00 600 I=1.IEND TR104340
KFND = KSTAPT • KADO T14104350
KKEND=KEND—K STAPT.1 114104360
IF (KKEND.G F.09) GO 10 900 TR104370
RFAD (5.11 0 (TARLE ( KK ) ,KK 1 ,KKE N D ) 1)4104380
WPITE(6.203) (TABLE (l(K) ,KK=1,KKEND) TR104390
BUFFER OUT (9.1)(TABLF (l),TABIE(XK FND )) T14104400
IF (UNTT (9)) !,80,5fuO,1000 T14104410

A-B
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NSWC/WOL TB 78-69
580 CONTINUE 114104420

KSTART = KFND • 1 114104430
600 CONTINUE 1)4 1044 40

NFXLOC=KEPln 1)4104450
KOUNT = KOIINT • 1 114104460
IF (KEND .GE .1000)GO TO Q50 1)4104470
60 10 300 114104480

800 WPITE(6 ,200) 114104490
STOP TR IO4SOO

900 W P IT E(6 ,2 2 0 )  114104510
STOP 1)4)04520

950 W PITE(6.230) TR104530
STOP 114104540

— 1000 WPITE(6,240) 114104550
STOP 114104560

100 FORMAT (14Ic ,2 X ,A~~) T14104570
110 FORMAT (6E12 .5) 114104580
200 FORMA T (1H0,* TAPTA R 14€0UIPES 1.4AT I RI EQUAL TO 0 AND THAT N 1)4104590

- - •A ND N BE BFTWEF N 0 AND 15 ——ALSO CHECK FOR INCO RRECT NUMR(- R 1)4104600
•Of DATA CA~~n~ • TI1]04610

201 FORMAT (1X.7A)0,1x.A8) 114104620
20? FORMAT (1140) TR104630
220 FORMAT (IHO. * TAPI AB IS A TTEMPT ING TO I4EAP M0PF THAN 99 VAl UES TH104650

141 ONE TIME, THE DIMENSION OF TI-C E TAbLE ARRAY WILL HAVE TO
28F INCREASED.)

203 FORMAT (lPicF? fl.6) 1)4104640
230 FORMAT (1HO.* TABL ES E XCEED DIMENSIONED S h E  oF 3000 •) 1)4104680

240 FOPMAT( 1HO.* PARITY ERROR OCCIIRRFD Ptl~~ING THF WRIT ING TR)04690
+OF TI-CF TAB, FS ONTO UNIT • ~) 1)4104700

END
OVEPL AY (TRAj.1,O) 1)410472(1
PROGRAM START

C 7/2/74 I0#4 N F~ I-IOL MFS 1)4104740
COMMON Y (4 9 4 0 )  1)4 104750
COMNO N/ TA B, . / T A R L E ( 3 0 0 0 )  1R104760

FQU I VA L E N C E ( Y ( ? 3 1 ) 9 ) , N O I W ) , ( y ( ? 9 9 6 ) , S I A G E )  1)41047 10
E Q ( J IV A I E N C F ( Y ( 2 4 ? 2 ) , I N N O ( 1 ) ) . ( Y ( 2 6 2 2 ) . V A L V F ( 1 ) ) , ( Y ( ? 9 9 6 ) , K F N O )  TR 104780
DIMENSION INNO (?00),VALVE(?fl0) T14104790
RFW INfl 9 114104800
01 )1001 1 1.NOTN TR1O4H1O
IN=IN NO (I) TR104820
VA R=V ALVE (T ) 114104830
Y(IN )=VAR 114104840

1001 CONTIP-JIIE 114104850
IF STAGE.G T.0.0) CM To 1OO~ 114104860
LI EN=f) 114104870
N=1 1)4104880
M=301)O 1)4104893

1003 R (IFFFP IN (9.1) (TAPLF (I-’ ).TAR LE C M ) )  TR104900
IFC U NIT (9) 1I).1?.Il T14104910

1 0 LFN=LFNGTH (C4 ) T1410492t)
LI EN LEN •LLEN 1)4104930
IF(LLFN .E Q.3000) oO 10 32 TR104940
N=LLE N+1 114104950
GO TI) 1003 TR104980

11 WPITE(6.2000) TR104970
2000 FOPMAT(1HO .* PAR ITY ERROR OCCURRED WHI LE A TT Fl~PTIN~; IL) TRIOA9RO

•RF AO TABLES FRO M uNIT ~ ~ ) 114104990
STOP 1141 05000

12 CONTINUE - 114105010
CALL OVERLAY 4I-CTRAJ ,1 .1,6HRECALL )

1005 CALL OVERLAY(4HTPAJ,1.7,6HRF.C A LI
Eu-ID TRiOSORO
SURPOI.ITINE SFNCOS (A,SA.CA. I<EY ) T14105090
IF(KEY.NE. fl) GO 10 10 114105100
A A=A/57.2957795 TN1 0S 110

A-9
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NSWC/WOL TB 78-60
S A S I W ( A A )  1)4 )06120
CA =COS ( AA )  1)4105130
RETURN TR10’-~140

10 SA=S IN(A ) 114105150
CA =C O S (A )  TR 1OS1 6 O
RETUR N TR)05170
END 114)05180
SUBROUTINE AP K T A N  (A .H,C .MODE ) TR1OSI Q O

3 IF (4) 10,4.10 TR1OS200
4 IF ( 14)  5.6.6 114105210
S 7=3.14159265 1)4105220

GO TO 18 TR 106230
6 7=0. 114106240

GO TO 21 TR 10525 )
10 IF (B )13 ,11 .17 - TR105260
11 Z=S IGV i (1.57079f,3.A) 114105270
12 GO TO 18 T 14106 280
13 Z=AT AN (A /B) ,SIr ,N(~’.1 41c926S.A) 1)4)05290
14 IF (Z—1 .14169?65)16.1N .1b TR1OS300
15 Z=—Z 114105310
16 60 TO 18 1)4106320
17 7=ATA PsI(A /B) 1)4105330
18 IF (MODE)21.1Q ,21 1)4105340

19 C=57.?9577Q5~ ? 114105360
20 GO TO 22 TH105360
21 C=Z 114105370
22 T F ( A R S C C ) — I . F — O 7 ) ? 3 . 2 3 . 2 4  T 14105380
23 C=0.0 114105390
24 RFTU RN 114105400

FNO 114105410
SI’RPOIJT INE MAT INV ( A , R , C )  1141 05420
OT MENSION 4 ( 0 )  ,RIQ) ,C Q  1)4105430
D FLA = A (1) *A (c)*A (~~) + A C .))*A( 6) *A(7 ).A(3)*A(8)* A (4 )_ 4I 7) *A(N )*A (3)_ AT R105 440

1 (R) A (6)~~A (1)—A (9)*A (2)*A (4) 114105450
IF-IDE ) 4)10.20.10 114105460

10 J=O T14105470
DO 11 1=1 ,7.3 1)4105400
RU)=A (J •1) 1)4105490
R (I .1)=A LJ+4) 1)4105500
R( l~~2 ) =A (J .7 )  T 14105510

1) J=J .1 TR105520
C (1)= (R(S)*H (Q )_ 14 6)*H M ))/DFLA TR105530
C (2)= (R(6)*R(7)— R(4)~~I4(9))/F)ELA TR105540
C (3)= (R(4)*R(8)—R (5)~~k(7))/UELA T14105550
C (4)=(B (3)*R (R)—B(2)4H(9) )/DELA TR1OSS6O
C (S)= (A(1)~~R (9)—8 (3)~~,-i( 7 ) )/DEL A TR1O5STO
C(6) (R(2)*B (7)~~B (1)~~F4( 8))/DELA 114105580
C (7) (R(2)*h (15)—R (3)*P(5) )/DELA 114106590
c ( R ) = ( e ( 3 ) ~~B ( 4 ) — B ( 1 ) ~~H ( 6 ) ) / r)ELA 114105600
C (9) (B(1).A( 5)—Q (?)~~B(4 ) )/PELA 1)4105630
RETURN 114105620

20 WRITE (6,6) TR105630
6 FORMAT (34H DETFRMINANT OF A IS EQUAL TO ZERO) 1)4106640

RETURN 114105650
FN() 114105660

SUBROU T INE AROCFT (H.PPZ .TTZ .PPZ .CCZ .(,GZ) TR105670
DIMENSION 1(I?),A()O) TR1QS6FIO

C~~~~* ATMOS COM P IITFS STANOA PO PRESSURE, TEM PERATURE . AN)) DENSITY RAT I I S 114105690

~~~~~~ FOR A GIVE N ALT ITU D E C-i IN FEET. T 14105 7 00
X ( Z , A ,8 ,C) A * A L O G ( Z * C Z — H ) . C )  1)41 05710
Y (7,A,R,C) =A~~AT AN( 7* 1 4 c  114105720
DATA (A(I ),I= 1 ,1 0l/—3.j’0145769E—11.3.1~~176?924E—14 ,—1.269919974f—1TR105730
11,2.848535149F— 9,—3 .930824139E—7,3. .32295909E—5 ,—1. P3296?)45E—3 , 114105740
L .256403630F—2,—5 .232974573E—1 ,—3 .955242007/ TR10S750

2 =0.0003048*i-u 1)4105760
TM=0. TR 105770

- A-b
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N~~C~~oL TR 78-68
00 5 1= 1 .10 1)4105780

S TN= (TM•A (I))*Z - TR)05790
TM= TM•283 .74q2391 1R10S800
S1 Z+6356.77 114105810
IC I) — 1.4655396E— 7 / s )  1)4105820
T( 2)= 2.5icS3341E—11~~A lOG (S1 ) TR106830
TI 31= 1.4116834E— 4*A [OG ( 14.002385.Z) 114105840
TI  4 ) =— 3 .82829101— 5*A LOG (2 )6 .232250 -Z )  1)4105850
fl 5)=X (Z. 1.5084978E—4. 26.414270 , 684.10967 ) TR105860
TI 6)=Y (Z , 6.7419880E—4, 0.044294588, 0.5850046 C 114106870
TI 7)=X (Z , 8.5519675E—5 ,137.474S .10533.544 C 114105880
IC 8 ) =Y (Z .  4.9863416E—5. 0.013120767, 0.90188546) TR105890
T ( 9)=X (Z ,—2 .539?354E—4 ,1 93.32352 .10180.367 1 TR1OS900
T (10)=Y (2 , 1 .1921R7 9E—1. 0.034567717, 3.3413764 ) TR1OS 91O
flhl )=X (Z,—3 .3888604E—5.384 .32662 ‘38131.516 C 114105920
Tfl2)=Y (Z , 8.Q8)2379E—S. 0.02881021 ~ 5.5362654 ) TR)05930
TI NTEG=0 .2R016067E—02 114105940
DO 10 1 1’12 T 14105950

10 TI NTE(3 T I NT EG .T ( 1)  114)06960
QTNTEG —3483.6764 T1NTE6 T14105970
TTZ TM/288.16 TR1OS9RO
PPZ=EXP (QIIJTEC.) T14105990
RPZ PPZ/TTZ TR106 000
CCZ=SQ RT (4 01 .874*T M)/34 0 .?94  T R1O6OIO
Gt3Z= (1./(1..Z/6356.76h))~~~? 114106020
RETURN TRI0$030
END TR106040

SUBROUTINE FPMRAN (TA lC)  F,NIIM,MFNC,U,A) 1)4 106050
DIMENSION T A R L E ( 1 ) . U ( 1 )  ,A (1),T (1),TEMP (15),N (15),ID,IM(1 ) TR106060
COMMON /TAR/T TR 1O6OTO
EQUIVALENCE (N(1),TEM P (1)).(IDUM (1),T (1)) 1)4106080
N (IMR = NUN T14106090
N INS ? 1)4106100
NSUM = 0 1)4106110
NNPROI) = 1 T14106120
DO 300 I~~1,N (lMB 1)4106130
TEMP (T) = TA BL E - Il ) 1)4106140
NSUM = NSUM • N I ) )  TR106150
NNPI400 = NNPPOD N (I) 1)4106160

300 CONTINUE 1)4106170
C 1)4106180
c * * * * * * * *.* .*. #** * * *~~ *************** TR 106190
C TR1OA2 00
C TO FILL THE T ARRAY T14106210
C 114106220

MINT = 2 * NUMB 1)4106230
JPOS = NUMB 1)4106240
LII) 400 1 1 ,NLJ M R T141062S0

C 1)4106260
C TO SPAC~ T V) TH E 8F~~Il’NIN(; OF A RGU ME N TS CORPESPONnING TO 1)4106270
C THF I—T M V A R IA R L E  114106280
C 1)4 106290

JST R T = JPOS • P 1)4 106300
JPOS = JPOS • N(T) TR106310
DO 410 J JSTPT,JPoS TR106320
IF (TA PLE (Jl.C- .T.II(I)) GO 10 420 1)4106330

4 10 CONTINUE T)4106340
J=JPOS TR106350

420 1.1 = NUMT + 1 1)4106360
INJM(IJ) = J — JST PT •? TR106370

C 114106380
C 1 (1) THROUG H 1(N) ARE THE ARGUMENTS COERESPONDIP-IG TO T1-4 F N 1)4106390
C VARIABL ES 1)4 106400
C 1)4106410

IC!) = T48[F (J) T14106420
TJ = T • NIIMI3 114106430

A-il
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NSWC/WOL TB 78-68
C 1)4106440
C TC N+1) 114)4011614 T (?*u-~) A PE THE ARG IIM FNTS ONE POSITION BELOW THE TR106450
C AB OVE ARGUMENTS TR106460
C 114106470

T UJ)  = T A R L F ( J — 1 >  114306480
400 CONTINUE T14106490

ISTART = MIll-i T • 1 T 14106500
N)INT R=NUM T .NUM R TR IOASI O
ISUM=IDUM (NUMTB)-) 114106520
IF IN (IMB.EQ.1) GO TO 440 TR1UAS3O
NjNS NlJMB~~1 T14106540
NTOP=NUMB—3 TR1O ASSO
NPROD = 1 114106560
DO 410 1 1.NTOP T14106570
IJ=NU MTB— I T14106580
ITJ N INS— I T14106590
NPPOO = NPPOI1 * N (IIJ) 1)4106600
ISIJM = ISUM • (Il)I!M (IJ)—2 ) * NPROI) 114106610

431) CONTINUE 114106620
440 ITDUM = NUMB + ISIIN + u-’S(Jfr 1)4106630

DO 1000 M 1.MFNC 114106640
I I U M ( T S TA R T  = I100M 1)4106650
INDEX = 1 114106660
NPPOD = 1 114106670

C 114306680
C TO COM PUTE T I-C F INDICES OF IC-I F TA FI LE VALU ES NEEDFr) FO R THE 1)4 106690
C INTER POLAT IO N -

~ 1)4 106700
C - 1)4106710

DO 500 I=1.N(IMH T 14106720
INDEX = INOE X • NUN T 1)4106730
DO 510 .J 1.INDEX 114106740
I.) = I NDEX + J 1)4106750
KJ = NUMT • J 114106760

C 114106770
C THE b U M  ARRAY .~ ) NTA INS THE VALUES (CF T HE INOICF~ OF T I-C F 114106780
C TAB L E VAL UES NEED ET U FOR TH E I N T E R P O L A T I O N  114106790
C 114106800

IOIIM (TJ ) = IDUMIKJ) • NPWOO 114106810
510 CONTINUE TR 10682 0

IT= NINS—I T 141U6830
NPPOD = NPBOD * N ( T I )  114106840
INDEX = INDEX + INDEX 114106850

500 CONTINUE 114106860
C 1)4106870
C TO PU T T I-C F 14141 F V A I  liES NEEDED FOP ti-C E INTFRPOL~~TION IN THE 7)4106880
C I ARRAY STA PTIr~V~ W ITH T ( 2 ~~N +1) 1)4106890
C 114106900

00600 I ISTA RT .IJ 1)4106910
KJ = IDUMI T ) T14106920
T II ) TABIF (KJ 114106930

600 CONTINIIE TF4106940
C 1)4106950
C * ** * * * * *.* **** * * * ** ** * ** *.* ** * * * * *0  1141 0696(1
C 114106970
C INTERPOl AT ION T141069R0
C TR106990

JE ND = 2**u- ’oMR + ISTART — ? TRLO7000
KJ = NIJMB + 1 114107010
DO 700 1=1.NIJMR 114307020
Ij = KJ — 1 1)4107030
INDEX = NUMu-’ • U 114107040
TEN (U( I’l) —I C TN II FX ) I ‘IT ( TJ) — t ( [NICE X C I  Ii. 107050
1.1 = ISTART 114107060
DO 710 .J ISTART .JENI ).? 11410707 (1
T IJ) (TIJ,fl_T (~)))*TI- N + 1(J )  TR IOT OH I)
IJ = IJ + 1 T14107090

A-12 
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NSWC/WOL TB 78-69
710 CONTINUE 714 107100
700 COP’ IT [ NIJE 1)4107170

JFNO = ( J E N D + T S T A ~~f l/2  TR 1UT1 IO
A IM) = T(N’IMT .l) 1)4107130

C- 1)4 107140
C TO SPACE TO T I-l I- BF -. T NNING OF THE u-4 FXT C -UNCTION TABULAT ED T14107150
C 114107160

ITI1UM = IIDIJM + NP- PROi) 114107170
1001) CONTINUE 1)4107180

RETURN TR107190
END 114107200
SURRO(IT INE I . I A T V E C I A , k . ( . N )  1)4 107210
DTMEN SION A (q ),p (’-I),c (q),F(q),r,(g),i-i(u ) 114107220
IF (N) 10..~.1fl 1)4107230

10 GO TO (5,6.5.6.5).N 1)4107240
F. DO 6] J=1.9 114107250

6) F ( J ) = A ( J )  1)4 107260
Gil TV ) 70 114107270

6 142=1 114107280
DO 36 I< 1.3 114107290

114107300
DO 36 J=K, 3.) 114107310
F (M2)=A (J) 1w1073?O

3tu- M2=M 2 +3  114107330
70 IF IN—i )  7 3 , 7 1 .7 ?  714 107340
Ti M4= 1 114107350

Q() 73 J 1.3 114107360
7~ G ( J ) 1 4 (J )  1)41 0 7370

60 TO 80 114107380
7? M 4 7  1)4107390

60 10 (74,74,74,7,.75).N 1)4107400
74 DO 76 J 1,Q T 141074 10
76 G J )= 14(J )  1)4 107470

GO TO 80 114107430
7cz 142= 1 714 107440

DO 66 K 1 .~ 114107450
K1= lc+v ~ 1)4107460
0(1 66 J l( e l<1 . .~ 

1)4107470
G ( U 2 )= RIJ )  1141074140

6Cc M2 M241 1)4107490
R n 142=3 114107500

flO 30 Mj 1.M4, 1)4107510
DO 30 K=L .3 T141u7520

TR iO 7530
143= 143 114107540
H (M2)=0. 1)4107550
DO 20 J=K ,K1.3 114107560
H(M2)=HIM2),F(j)* (,1M3) 1)4107570

20 M3=M3+1 - 114107580
30 M?=142.1 1)4107590

IF (N— I) 9c.96.96 114107600
95 141=3 1)4 107610

60 TO 90 1141076211
96 141= 9 TRIO763O
90 DO 91 J=1,M I 114107640
91 C (JLAM(J) 11410765(1

RFTUPN 1)410766(1
END TR 1u7670

SLJRROII T INE ITA R (l -JTA H.N,1’.V ) 1141076140
C 7/2/74 IOHN F. HOLMI- S 114107690

COM MOl-$ Y (4940) 714107700
COMMOEJ/TAB/7 (5O) 114107710
COMMON /TAHI /TAH LE( .4000) T)4107)~~j

F OU IVAL ENC FIY (489) ),KtAMll) ) . (YI3OSI) ,K(1)) 1RIU7 7 i lC
DIMENSION I-TAHI 49).U (1),61a9) 11410774(1
IN=K TA BIN TAH) 1)4107751)

A-13
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NSWCMOL TB 78-59
KK=K ( f N)  114107755
MFNC=l 114107761)
C A L L  F R M RA l - J ) T A R L E ( K l c ) , N . M F - N C , U . V )  114107800
RETURN T14107810
END 114107820
SUBROUTINE FNOL 3(J,NN,G,L .MPP,XNE,x,Y,p,E)t:PTV .TFp14.OUIPL IT) 7)4107830
COMMON Y Y I 4 9 4 0 )
DI MENSION (‘(3) ,YII1),Yr’ (31) ,Y14(31 ,Yr 41) .I1IS1) ,DMl~~1,4),l-I~~31 .A) 714107840
•.FRROR(31),YK(31) 114107650

DATA F P 6 , E P 1 1 . 1 44 / 1 . F — h . 1 .F - - 1 ) . —4 /  1)4 107860
D A T A  ( C I K ) . K = l . 1),2* .L..1./ T14107*41O
0414 HMAXS,1.F35/ 114107880
NHTS O TR107890
FP2 0. 114107900
N=NN TR107910
J l= J — ?  TR1O79~~(I
H G  TRIO7W 3O
HN H  TR1C,7941)

11410795(1
NPFT MA 114107960
JTFST=1 7)4107970
IF IJJ •LT . 0) JTEST=4 1141079140
IF (Xl - IE.EO. 0.)  GO TO 15 1)4 107990
EC=Y (8i3) 1)4108000
FII P IO.**(_X NF) 1)4105010
EI.O E I IP .0fl1 114)014020
FM=ELO*31.62?7766 1)41014030

is x n=x 1141014040
X c =X T ) 114108050
00 20 1=l’l-’ 1141080140
FPRO R( I) 0. 114108090

20 Yfl(I )=Y (I) 1141014100
C A L E  DF R I V ( X . Y . D )  T R10~~1I0
CALL T FRM (X .Y .f l . F )  1)41 0 14120

C PRINT 114105130
50 CA LL OUTP UT(X,Y , f) .FN RU ,- ’ ,N,I .1-4 ) TR 1UH14O

* NOTE CHANGE MA DE tO ORI(,TNAL FNOL3 I- OH 140u1)-LY
IF(YY (?663).FQ.).f l )  RF-IUHN

IF (NPFT) Cc5.6O.’-5 T R1O R 15O
65 PRINT 3000. I-IN - 114101416 (1

3000 FORMATUORH1FX FCUI ION TERNINATED BECAUSE INTE I-~VA L OF INTE .PATJON 1 1)4108170
lESS THAN 1.OF —~~ TIMES INDEPENDENT VA14IA8 LF CX ) . Cl = .IPFIS.7)  1141014180

STOP - 
1141014190

60 RETURN TF4 10M~ 0u
Ccc N1414 0 1141014210

IF (MPR .LF . 0) PLA’T ( N + l) 1141014220
1 00 IF (JTFST •FO . S .4140. I-C .1W . 1414) (4(1 10 466 1)41014230

IF (JJ .GE• 0 )  I-l=HN T14101424 ()
IF (MK .NE. (I .OR. JJ .ME . 0) 60 TO ~0(’ 1141014250

C THE ADAMS MOIJLTO1 ’ NEll-iou 1)41014260
200 HD24 14/24. TR1OR?70

JA M O
00 210 1=1.14 1)4 1014290
ypj= (c5.*~ u (I,3)+37 .*r l-4( I .~~)) (5q~ *I,M (1,3)+g .*pM I 3,4)) 1)41014300
YP (I)=Yl )I1 +H024*YP1 7141014310
Y (I)=YP (I) T14105320

210 CONT IC-IIIE 114105330
X= XD+H TR1OM34O
CALL DERIV(X.Y .l)Ml1 ,4)) T1410#3’-~iC
DO 220 1 1.N 114 10143 61)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ TR 10~~37()
YC (I)=YD (I) .H 024*YPI 114108314(1
ERROR( ILAI YPII )— Y ( (I) )/14. 1141014390

C THIS ADDS TN A 21) CO14P FCT IV IN 1141014140 (1
A.14

V

1
~-JT QLJA_LFRu?~) ~~~~~4JIi H~ i 

1
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NSWC/WOL TB 78-s
YC(I)=VC (I)+FRROR (J) 7)4108410

220 CONTINUE 714108420
IF (XNE.NE..0) GO TO 700 - 

1)4108430
GO TO 455 114)08440

C THE RUNGE KIII TA METHOF’ T141U8450
300 GO TO (301 ,309.3014.309,303),JTFST 1)41014460
301 DO 302 1 1,N 1)41014470

Y K I I )= Y D I I )  114108480
30? CONTINUE 114)08490

XDS XD 114108500
60 TO 309 1)4108510

303 DO 304 I=1.N 1)4108520
Yl ((I) YC (I) 1141 014530

304 CONTINUE 1141014540
XOS XO.H TRLO RSSO

3014 1 4 C 1 4  114108560
H=2.~~l-4 T 141014570
60. 10 320 1)4108580

300 X =X t) 114108590
JAM 1 1)41014600
DO 3m I 1.N 1141014610
Y (I)=YP (I) T141014620
DIc ( T , 1 ) = D I T 1  1141014630

310 CONTINUE T14101464()
IF (JTFST .1 F. 2) CALL I)EPTV (X .Y,DK ) 1141014650
IF (1414 .GT . I •flP • J TF ST •~~T. 1) GO TO 320 114108660
DO 315 1 1.N 1)41014670
DM (I,4)=DKU.i) - 114108680

31 5 CONT INUE 1)41014691)
320 DO 335 K 2.4 114108700

H C H ~~r I K — 1 ) 714 1014 710
DO 310 1 1,N 114108720
Y ( I) Y 0 ( I )  + HC*IlIc( I,Ic -~1) 1)4 105730

330 CONTINUE 114108740
X=XO .HC 114108750
CALL OERIV (X,Y ,flK(l ,K)) 1)4108760

336 CnNT DUE 1141014770
l-4D6=H/6 . 1)4105780
00 341) 1 1.N T R I O A 7 9 O
YPI=DK(I,1).DK(I.4)+2.*(I)KU .2)+1)lc(I,3)) TR1OR*400
YC (I)=YD (I .HnCc~ YPJ T141014810

340 CONTINUE 114108820
60 TO (360,390,370,455.370).JTFS1 1141014830

360 DO 365 1 1.N 114105910
YP (I)=YCII) 1)41014920

365 CONTINUE TR1OP93O
JTEST=3 1141014940
GO TO 308 114108950

370  DO 38(1 1 1.N - 114)05960
YPII )=YP (I1 114108970 
YP (I)=YCII) TR1UR9MO

380 CONTINUE TR108990
H=HS 114109000 
XP XO+H 1)4109010
JTFST=? Tk10Q0?0
IF (1414 .EQ. 1) GO TO 309 1)4109030
GO TO 451 114109040

391) 00 400 1 1.N 1)4104050
• ER )4OR (I)=(Y C(I)—YP (I ))/15 . 114109060

YC (I)=YC (I)+FRP OR( 1 ) 114109070
Y P 1 I ) = Y C ( J )  1)4 109080

400 CONTINUE T14109090
JT EST S 1)4 109100
IF (XNE.NE..0) GO TO 100 114109110

C ACCEPT THE STEP SIZE 1)4109120
450 IF (JAM .E0. 0) GO TO “5~ 1)4109130
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NSWCIWOL TB 78-59
IF 11414 .EQ. 3 .AND . JJ .EO. 0) GO TO 455 1)4109140
IF (1414 .NE. 1) GO TO 303 TR109150
IF (JTFST .EO. 1 60 1 0 455 TRIO91 6I)

451 00 452 1=1.14 TR109170
YIT )=Y f)(I) 114109180

45? CONTINUE 1)4109190
GO TO 466 1)4109200

455 00 459 NQ= ).N TR1002IO
YO(N0) YC (NQ) TR109220
YIN Q)=YD (NQ) 114109230

459 CONTINUE 1)4109240
- IF (JJ .GE. 0 )  JTFS T 1 114109250

IF INK .NE. 0 .014. JJ .NE. 0 .0)4. NRFT •NE . 14’.) GO TØ 465 1)4109260
DO 46 ( 1 1 1.14’ 1)4109270
01411.4) =014 (1.2) 1)4109280
DM(I,?)=DMII .3) TR109290
DM(I ,3)=DM(I,1 C TR1OR300

460 CONTINUE 114109310
465 X D=XD .l4 1)4109320
46Cc X X D  TRI04330

IF (1414 •E0 . 3) 1 4 K 0  1)4109340
CALL flERI~f l X . Y , f l)  1)4 109350
00 470 1=1.6’ 114109360
DM(I ,MK+1 )=D (1 1)4109370

470 CONTINUE 1)4109380
4 140 FP=F 114109390

CALL TER M (X.Y.D,~~) 1)4109400
C DO YOU TEPMTNAT F 1)4109410

50(1 IF (A R S I F )  .LF. FP6) ,fl TO 1400 114109420
IF (FP .EQ . (1 .)  60 TO 6 ) 0  TR 109430
IF (NRFT .ME. M4 .01-4. F*1- P •LT .  FP11) C-U TO Sf15 1)4109440

s in xc =xn 1R109450
IF (141< .NE . 0 •ANO . H .EU. 1414 ) 1414=1414. 1 1)4109460

-: 00 YOU PRINT 114109470
600 NPR NPR+1 TR1OQ4RO

IF IMPR •Eo. 0) c,o TO 6 10 1)4109490
IF (NPR .GF . MPP GO T I~ 50 1)4 109750
GO TO 100 TR109760

610 IF IARS (Y(N.1)—PC) .6E . YIN.?)) 60 TO 50 TR1OQ77O
GO TO 100 TR109780

C DETERMINING T I-IF STEP SIZE 114109790
700 HP = I-IMAX5 TR109800

DO 760 I = 1.14 1)4109810
Z=ABS (E)4ROP(I)) TRiO 820
IF (YCII).EO .0.) 6(1 10 720 1)4109825
ZZ YC (1) T1410Q830
ZZ=ABS (ZZ) 114109840
IF (EC) 720,710.705 1)4109850

706 IF (EC .GT. 77) 7/ EC T14109860
71 0 Z=Z/Z7 - 114109870

72(1 IF (Z.C,T.ELIC.AND.Z.LT.EIIP ) 6010 750 1)4109880
HR = AMIN 1(HR . FM/ IZ~~E P 1 1 ) )  TR109890
6010760 1)4109900

75(1 HR=AM IN1 (HP,i.)
760 CONTINUE TR109920

IF (HB .NE.1. ) GO TO 765 1)4110130
NHTS= 0 1R110140
GO TO 450 114110150

766 HN H*HP**.2 114110160
IF (141< .NE. 1) ~JTFc T= 1 T1411 fl180
p414 3 114110190
IF (HP.LT .1.)  0010 770 1)41 10200
IF (A R S ( H N ) .01. A R S ( 4 .* H ) )  H I- =4~~*H 1)4110210
NHTS O TR110220
6010 450 TR1IO23O

770 HEPS AF SIX* FP 6) • C- Ph TR1L(1240
A-16
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NSWC/WOL TB 78-58

IF (ARS (HN ) .LT. ABS CH /4.)) HN H/4. 1)4110250
IF (AR S ( H N ) .61. HEPS) GO TO 790 TR 110260
NHTS = NHTS + 1 T R110270
IF INHTS .t.E. 10) GO TO 7140 1)4110280
NPET = 1 114110290
GO TO 450 TR}10300

780 I-CN=SIGN (HEPS .HN) TR110310
IF (NHTS •GT . 1) 60 TO 450 114110320

790 IF (NI-ITS .OT. 1) 6HTS () 1)4110330
IF (JAM .Eo. 0) 60 T O 100 114110340
00 795 I=1.N TR11A3SO
YD(I)=YK (I) TR110360

795 CONTINUE TR110370
XI)=XOS 114110380
JTEST=i TR 1i039O
GO TO 100 - , TR11O4 00

C THE TERMINATION LOOP - 114110410
800 NRET O TR110420
80S IF (NPET .1 1. 0) (“0 To 1406 1)4 110430

H=XD— XS 1)4110440
60 10 50 T R11O4SO

806 IF(E~~FP.LT .O.)  GOTO 81(1 1)4 110460
IF IF* FP2 .LT .0 .)  6010 1420 1)4 110470
GO TO 800 - TR 110480

8 1CC FP2 FP 114110490
HP 14 1)4 110500
GOTO 1430 1)4110510

820 FP FP2 11411 052 0
HP H + HP 1)4110530

834) NPET EJRET+1 114110540
H=HP*F/ (FP—F ) 1)4110550
J1EST=4 1)4110560
6010 300 114110570

END 114110580
RFAL FUNCTION KLMT (LI, ( .1< )

C
C THIS IS USED FOP MODELING A RATE GYRO UN SNY OTHEN PROPORTIONAL
C L IMITED OUTP UT DEVIC E
C
C Fl = THF TNP IIT
C L = THE LIMIT ON THE OUTPUT
C IC = THE GAIN OF THE DEVICE
C

R FA L 1,14
KL P4T K ~~E I
IFI A RSIKLMT ).C~F.t ) KLMT=S I14N(L ,KLMT )
E 110
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•DECK 1142
c ~~~~~~~~~~~~~~~ 1)4200010
C 03/13/75 12.56.47 JOHN H~ LMEc 1)4200012
C ~~~~~~~~~~~~~~~ TR20001 4

OVERLAY (TRA J,1,1) 114200100
PROGRAM SETUP TR20011O - 4

C 8/ 2/77 JOHN F. HOLMFS
COMMON Y(4940) 114200130
EPIJIVALENC E CY(2307),NOMOD), (Y (2312),NMOL)())) 1R200140
DIMENSION NMOD(?(U TR2001SO
DC) 1000 I=1,N0MO1~ 114200 160
L=N140r)( I) - 

- 114200170

GO TI) ( 1  .2 . 3 ,4 , 5 . C c , 7 , 8 , Q , i 0 , 1 1 . 12 , 13 . 14 , 1 5 , 1 6 , 3 7 , 1 5 . 1 9 , 2 0 )  ,L - 114200180
1 CALL IP4OD 1 114200190

60 10 1000 1R200200
7 CALL P4002 1)4200210

GO TO 1000 114200220
3 CALL IMOD3 TR200230

GO TO 1000 114200240
4 CALL 314004 114200250

GO TO 1000 114200260
S CALL TMODS 1R200270

GO 10 100 0 114200280
A CALL 1140D6 T14200290

GO TO 1000 114200300
7 CAl L r14007 1)4200310

GO T O 1000 TR20032 0
14 C A LL 114008 11420033 (3

GO TO 1000 114200340

9 CA LL IMOD9 ‘~R200350
GO TO 3000 114200360

10 CALL IMODAI’ 114200370
GO TO 1000 1R2 00380

1) CALL 1140011 TR 2 0 0390
GO TO 1000 - T14200400

I? CALL 114001? 114200410
GO TO 1000 TR2 00420

1~ CALL 1140011 114200430
6(1 TO 1000 114200440

14 CALL 1140014 1)4200450
GO TO 1000 TR200460

16 CALL TMOD1S 114200470
61) It) 1000 114200480

16 CA LL IMOO1A 114200490
GO TO 1000 114200500

17 CALL 1140017 114200510
GO TO 1000 114200520

15 CALL TMOOLR 114200530
GO 10 1000 TR200540

19 CALL 1140019 114200550
GO TO 1000 114200560

20 CALL p40020 1R200570
1 000 CONTINUE 114200580

END 114200590
114200600
114200610

SLIBRO IITINE 11401)1 T14200620
RETURN 1)4200630
END 114200640

714200650
114200660

SUBROUTINE IMUCI? T F4200b70
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NSWC/WOL TR 78-69
RETURN TR200680
END - TR20 0690

1)4200 700
114200710

SUBROUTINE 114003 114200720
R E T U R N  114200730
END TR200740

1)4200750
114200760

SUBROUTINE IMOD4 TR200770
RFTURN 114200780
END TR200790

114200800
114200810

SUBROUTINE 114005 TR200820
RFTURN 114200830
END TR200840

114200850
TR200860

SUBROUTINE IMOO6 TR200870
RETURN 114200880
END - 

TR20 0890
TR200900
114200910

SUBROUTINE 114007 114200920
RETUR N T R2 00930
END 114200940

114200950
114200960

SUBROUTINE 1140DB 114200970
RETURN T R200980
END TR200990

TR2 O 1000
114201010

SUBROUTINE 114009 1R201020
RE TURN T 14201030
END TR201040

TR2 O 1050
114201060

SURRO)J T INE 1140010 114201070
RFTUR N 114201080
END 114201090

114201100
114201110

SURNOUTINE 1140011 114201120
RETUR N 1R201130
END 114201140

114201150
1)4201160

SUBROUTINE 114001? 114201170
R FTURN TR2OI1BO
EN!) 1)4201191)

TR2O) 200
114201210

SIIRROIITINE 1140013 T14201220
RETURN 1)4201230
END 1142 0)240

1)4201250
114201260

SLJRRO1ITINE IMO~)14 11420)270
RFTURN T14201280
END

TR201300
TR2 O 1310

S(IRROIJTINE 1140015 1)4201320
RETURN TR201330
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NSWC/WOL TB 78-59
END TR201340

114201350
TR2 O 1360

SUBROUTINE 1 1400)6 114201370
RFTURN TR201380
END 114201390

TR2 01400
T R2O 1410

SUBROUTINE 1140017 TR201420
R E T U R N  TR20 1 430
END TR201 440

114201450
1)4201460

SUBROUTINE 1140018 1R201470
RETUR N 114201480
END 114201490

TR2O 1500
T R 2 O I S 1 O

SUR R0IITINE 114OD19 TR201520
RFTURN 114201530
END 114201540

P4201550
1)4201560

SUBROuTINE 1140020 114201570
RFTU R N TR2 01580
END 114201590

1)420160 0
114201610

OVERLAY(TRAJ ,1,?) 114201620
PROGRAM INTGPT 114201630

C 7/2/74 JOHN E. HOLMFS TR201840
COMMON Y (4940 TR201650
INTEGER C V A R (3 1 ) ,OVAR U ) TR201660
EQUIV ALENCE (Y(2300),G),(Y (?30i),XNE) TR201670
EOUIVALENC F(Y (2999) .1) TR201680
EQUIVALENCF (Y(2306),ERROR),IY (2903).CVAR (1)),(YI2914),LOCD(1)) TR201690
EOLJIV ALENCE(YI2965),OVAR (1)C,IY(2872).LOCC(1)I,(Y (?1470),NODER) P4201700
EQUIVALENCF (Y(2869) ,NOVAR) TR201710
EQUIVALENCF(Y (2862) ,TI) , (Y ( 2 9 9 6 )  .STAG E ) 1)420)720
EQUIVALENCE IYI? 868) ‘DELl) 114201730
DIMENSION I OCC(31),LOCD( 31) TR2O)740
DI MENSION CI31),D (31) TR201750
EXTERNAL DFRIV .TEC4M.OUT TR201760
DO 10 1 1.31 TR201770
C U) = 0 .0  1)4 20 1780

10 D ( I ) 0.0 1)4201790
DO 2000 I 1. NOVAR 114201800
Jj=LOcC (I) 114201810
JK CVA R ( I) T R20 1820
C (J J ) =Y ( J K ) TR20 1830

2000 CONTINUE 1)4203840
DO 3000 1 1,NOOER TR201850
JJ=LOCDII) TR201860
JK D V A R I I )  - 114201870
D(J J ) =Y ( J K ) 1)4201880

3000 CONTINUE 114201890
IF (STAGE.G T.O.0) 11= 1
1=11 1)4201900
C (NOVA P+2) Y (2997) 1R201930
C (NOVAR+3)=ERROR 114201940
P4I-I=NOVAR TR201950
DFLT C, 1)4201960
J=IFIX (Y(230?)) 11420)970
L=IFIX (Y (2104)) P4201980
MPP IFIX (Y(2305)) 11420)990

400 CALL FNOL 3 (J,NN,G,L,MPP.XNF,1,C,D,1)EPIV, TF)4M,IIUT ) TN2O?000
A-20
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NSWC/WOL TB 78-69
END 11-4202010

- TR20 2 020
114202030

SUBROUTINE D E R I V IT , C , D)  1)4202040
C 7/2/74 JOHN F. C-C Ot MFS 114202050

COMMON Y (4 9 4 0 )  114202060
INTEGER CVAR (31),DVAR (31) 114202070
E0 (JIVALENCF (Y(2307),NOMOD),(Y(2312),NC400 (1)) 114202080
EQ (JIVALENCF (YI2903),CVAR(1 ),(Y(2934).LOCD (1)) 1)4202090
EO U IV A L E N C E IY ( 2 9 6 5 ) , D V A R ( 1) ) , ( Y ( 2 8 7 2 ) , L O C C ( 1) ) , ( Y I ? R 7 0 ) , N O r ) E R )  114202100
EQLIIVALENCF Y (2 8 6 9 )  ,NOVAR ) TR2 O21IO
DIMENSION I OCC (31).LOCDI31) 1)4202120
DIMENSION C (31),D (31),EJMOD (20) P4202130
DO 2000 I= 1.NOVAR 1)4202140
JJ=LOCC (I) 114202150
J K=CVAR ( I) TR202 160
Y(JK )=C (JJ) 1)4202170

2000 CONTINUE TR202180
DO 1000 1=1,1401400 114202190
L=NHO0(I) TR202200
GO TO I1,2,3,4,5.6,7,8,9,10,1I,12,13,14,15,16,17,iR.19,20) .L 114202210

1 CALL MOD1 TR202220
GO TO 1000 1R2 0?23 0

2 CALL 14002 TR202240
GO TO 1000 114202250

3 CA LL 14003 TR202260
GO TO 1000 1)4202270

4 CALL 14004 1(4202280
GO TO 1000 1)4202290

5 C A LL NODS 114202300
GO TO 1000 TR202310

6 CALL 14006 114202320
GO TO 1000 114202330

7 CALL 14007 114202340
GO TO 1000 TR202350

14 CALL 14008 1)4202360
GO TO 1000 114202370

9 CAL L 14009 TR2023 80
GO TO 1000 114202390

10 CALL MOD1O 1)4202400
GO T O 1000 1142024 10

11 CALL MOD li 114202420
60 TO 1000 114202430

12 CALL 140012 114202441)
GO TO 1000 TR202450

13 CALL 140013 114202460
GO TO 1000 TR202470

14 CALL 140014 1R202480
GO TO 1000 TR2 O?490

15 C A LL MOO lS 1)4202500
GO TO 1000 TR2 02510

16 CALL MOD16 1R202520
GO TO 1000 114202530

17 CALL M0017 TR2 O?540
GO TO 1000 114202550

18 CALL M0018 114202560
GO TO 1000 1)4202570

19 CALL MOD19 TR207580
GO TO 1000 1)4202590

20 CALL 1401)20 TR2O2800
1000 CONTI NUE 1(4202610

DO 4500 1=),NOO FP 11420?620
JJ=LOCO (I) 1)4202630
JK DVAP(I) 114202640
DIJJ )=Y (JK ) Tk20?650

4500 CONTINUE 11421)2660
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RETURN 114202670
END - - - 114202680

- - 1(4202690
- 114202700

SUBROUTINE OUT (T ,C .D ,EPRO R,DMY, DNYX. t I ELT)  1(4202710
C 7/2/74 ~JOHN F. HOLMES 1)4202720

COMMON Y ( 4 9 4 0 )  1)4202730
INIEGER CV AR I3I),DVAR (31).PLOTI1O),OLJTNO (30) 1(4202740
INTEGER PLCT - 114202745
EQUIVALENCF (Y(21462).TI), (YI2R63),STOP).(Y(2864),TS) 1(4202750
EOU IVA LENC F (Y (2866 ) RUC -414) , (Y I2 867),OATF )
EOU IVALENC F (Y(23014 ,,NOOL JT) .IY I2332) ,P-JA1(1)), TR202770

L + (Y (2392 :’,0UT140 (1)) 114202780
E Q I J I V A L E N C F (Y ( 2 3 1 1 ) , N O P L O T ) , ( Y ( 2 8 5 2 ) , P 1 O 1 I 1 ) )  114202790
E I ) U IV A L E N C F ( Y ( ? 9 0 3 ) , C V A R ( 1 ) ) , (Y ( 2 9 3 4 ) , I O C D ( 1) )  1)4202800
EQ U IV A L E N C F (Y ( 2 9 6 5 ) , D VA R ( 1) ) , IY I2 8 7 2 ) , L O C C ( 1) ) . (Y ( ? 1 4 7 0 ) , N U u ) E R )  114202810
E Q U IV A L E N C F IY ( 3 0 4 4 ) ,T IT L I 1 ) )  TR202820
FOUl V A L E N C F (Y ( 2 1 46 9 )  ,NOVA R) 114202830
FOU !VALENCF(Y (1043 ) ,PLCT),(Y I2362) ,HD1(i)). (Y (2377) .H02I1)) TR202835
DIMENSION L O C C (3 1 ) , L O C D I3 I )  114202840
DIMENSION TITLI7).J-4D1(l5),HD2 (15),FOR1I31),FO,~2 (311 114202850
DIMENSION NAI (30),C (31’j,D (31) TR2O?860
REAL P1(10) 1)4202870
FO PMAT I3X ,4 NRIJN .F12 .2 , 1OX. 7A 1O,6X ,7 1- IFOI4MAT .11) TR202 880

2 FORMAT (3X .F 12.2,9?X ,5H DAG E ,13) TR2 O?1490
4 EORM AT (1H1) 1)4202910

5 FORMAT ( 1HO,2X ,5HT IME ,ISA B/  114202920
** 147 = NO. LINES STORED FOR CURRENT PAGE
** 141)14 = NO. FORMATS
** NP = NO. PAGES OF EACH FOPUAT
** J,J2 = SUBSCRIPTS F0I-~ OUTPUT ARRAYS

DC) 3000 1 1,NODER 114202940
JJ=LOCD ( I)  114202950
JK= DV A R ( I )  P4202960
Y (J k ) =OIJJ)  1(4 202970

3000 CONTINUE TR202980
00 200(1 I=I.NOVAR TR2O?990
JJ=LOCC (I) 1)4203000
J14=CVA P (1) 1)4203010
Y IJ Ic )=C (JJ) 1R203020

2000 CONTINUE 1)4203030
Y (?86R) OEI T 1)4203040
Y ( 2999) T TR203060
I F ( T — T 1 )  105.1(10,105 114203080

100 CONTINUE
NP=0 114203100
1<7=0 1(4203110
J 2 0
J=O 1)4203120

105 CALL PROCESS
~~~~ STORE OUTPUT IN Y (3JO0~~) A RRAY UNTIL FULL PAGE IS A CC IIMULA TFD

115 K7=KZ.]
200 J=J.1

J2 J2+ I
Y (J + 3 100)  =1
Y (J 2+3980 1=1
00 330 1 1.NOOIPT
IN OUTNO (1)
IE( I.t  1.15) J=J+1
IF (l.LF.15) Y (J+31 00) Y(IN)
IFII.GT.15) J2 J2.)
IF(I.GT.15) Y(J2.~

Q8O)=Y (I1- )
330 CONTI NUE
599 IF (NOPLOT.FO.0) GO TO 131

DO 600 1 1,NO P L OT
I ! PLOT ( I)
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600P1(I )=Y (1I) 
N69VCIWOLTR 7B-80

PLCT PLCT+I
WPTTE(19) P(JNN,T, (P1(I) ,I=l .NOPL OT)

331 IE(STOP J 332,332,15
332 IF(KZ.LT.51) GO TO 333 - -

•~~‘ WRITE PAGE OF flJJTPUT IN EACH FOk’4AT. .ARC4AYS DIMENSIONED FOR Sb LINES
15 NP N P+ 1 114203230

IF (NP .GT.1) GO TO 22
- - 

NLJM (14+NOOUT)/15 1)4203240
FOP1 ())=91C (1X,F7.?. 114203242
FOR2 (h)=9$(IX,F7.?. 114203243
00 1. 14=1.15

L.. I=?~ N
FOR! U) =1401(N)
FOPI (I.1) 1H,
IF( NOOJ)T .GF.P4 ) GO TO 15
FOR1 ( 11=10 14
FOR 1 (T•1) 114

114 FOR2 (I)=I40,(N)
FOR2 (I+11=IH,
IF ((NOOUT—)5).C’E.N ) GO 10 39
EOR2 (1) =1014
Ff1142 (1•1) =114

19 CONTINUE
IF (NOOUT.GF .15) FOP 1 (3 11= 1H)
IF(NOOUT.LT .15) FOR1 (N000T*2+l )=lh )
IF(N000T.IF.15) FOP2 (I)=9H(JX)
IF(NOOUT.GT .)5) 10)421 (NOOLIT—15)~~2.1)=1 H)

22 DO 30 L=1,tJLIM
WPTTE (6,1) RLSNPJ, (TITL(I),1 1,7),L 1(4203260
WPITE (6,2) DATE ,V9P
IF (1.61.1) GO TO 21

20 W P IT E(6 ,S )  (NAI( I) ,1= 1,15)  1)4203290
N=J.3 1 00
WPITF 6,FOP1) (Y(I),1 3101.M) 1(4203320
GO T O 26 114203330

21 WRITE (6,5) (P4A 1 (I),I=1A, 30) 1(4203340
M=J2+1980
W PITE (6 ,F OP ?)  ( Y ( T ) , I ~~~981.M) 114203370

26 W P I T E(6 ,4 )  114203530
30 CONTINUE 1(4203540

J 0  TR 203550
= 0

147=0 1)4203580
GO 10 333 TR203590

333 RETURN
FNL) 1(4204100

114204110
11421)4 120

SUBROIJTINE TERM (T .C .0 .F)  TR204 130
C 7 /7/74 JOHN F. HO LMES TR ?0414 0

COMM ON Y (4 94 0 1  114204150
INTEGER C V A P (31 ),DV AR( 31 ) ,ST PNO (10 ) TR2O416O
EOUIV ALENCF (Y(2146?).TT) 1)4204170
EQUIVALENC E (Y(21363).STOP) 11420411411
EOUIV AL ENCF(Y (23]0),NOSTOP),(y (282?).STPNO (1)),(Y(2p3?),S (IP(1)), TR204190

114704200
-
~~ EOUIV ALENCF(Y (2903),CVAR (1)).(Y 2934I,IOCD (1I;,(Y(~’Mb 9J,NOVAR) 11421)4211)

FI)()IVALENCF (Y(29t,5),DV AR (1)).(Y(2872),IUCC (1)), (Y (?570),Nr,OER) 11420422(1
EQUIVALENCF (Y(2009),LPP (1) 1)4204230
DIMENSION i oCC 3fl.LOCD (31 7)4204240
DIMENSION cI)P (lO),SLO(10),C (31),fl (3]),14 (9),RPT (9),RPI (9) 114204250
REAL LPP(9) 1(4204260
V (2 9 9 9) = T  1)4204270

j
~. 7 F 1.fl 1)42042141)

OELA LRP (1)*l WP(5)*LPP (9).(RP (?)*LRI-~(6 *LPP(7 +LPP(l)* 114204290

A-23
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•LPP (8) *Li4P 4)~~LRP 7)*L PP (S)*LR P (3 )—L PP(8 )*LPP( 6)*LR P (I)— 114204300
•LPP (9)~~L)4P (?)~~LRP( 4) TR204310
IF( D ELA ) 50,60,50 114204320

50 CONTINUE 114204330
C**•*T0 INSU RE ORTHOGONALITY OF LRP MATRIX ~~~~~~~ 114204340

DO 9 1=1 .3 114204350
CALL MA T INV (IRP ,R PT ,R) 114204360
CALL MAT IN V (RPT ,R,RPI ) 1)4204370
00 8 J=1.9 TR2O&380

8 LPP(J)= (LRP(J) .RPT(J))/2. 114204390
9 CONTINUE 114204400
60 CONTINUE TR204410

00 15 I 1 ~~NODER 114204420
JJ=LOCD (I) 114204430
JK DVAR (I ) 1)4204440
Y (J K)= D(J J  T 14204450

15 CONTINUE 114204460
DO 10 1=1 ,NOVAR TR204470
JJ=L DCC ( I)  114204480
JP( CV A R ( I )  1(4204490
Y ( J K)=C (JJ )  1(4204500

10 CONT I N U E  - 
1142045111

IPRVA=IFIX (Y(?99R))
C (NOVAR .1 I =,  (IPRVA)
SGN 1.
DO 20 I=1.IIOSTOP 1)4204520
IN STPNO ( I)  1(4204530
HA LF A B S ( S I I P ( I )— S L O ( I )  1/2.
SMTD (SUP (I) .SLO (I)) /2.
FF=HAL F—ABS (VI IN )—SMIO )
IF (FF .LT.0 .) SGN=— 1 .
IF (FF .LE.0 .) STOP=1 .
F= F*ARS (IF)

20 CONTINUE
E=F~ SC,N

3? RETURN 114204590
END 11421)4600

114204610
1(4204620

SUBROUTINE 14001 TR204630
RETURN 114204640
El’D 114204650

1)4204660
1)420467 0

SUBROU TINE MOD2 1142046 140
RETURN 1(4204690
EP~D 1)4204700

114204711)
1)4204720

SUBROUTINE M003 1142 1)4730
RETURN 1)4204740
END 114204750

1)4204760
114204770

SUBROUTINE 14004 1)4204780
RETURN 1(4204790
EM) 114204800

P4204(4 10
114204820 —

SLIRROIJTINE MOOS TR?04(430
RETURN T14204b40
EP~fl 114204850

1)4 204(460
114204 (4 70

SUBROUTINE MOD6 1)4204880
RETURN 1)4704890

A.24 -
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EM) - 114204900
114204910
7R204920

SUBROUTINE 14007 114204930
RETUR N 1)4204940

IWO 1(4204950
114204960
1)420497 0

SUBROUTINE MOOR 1)4204980
RF TUR1--) 114204990
EN!) 1(4205000

L 114205010
714206020

SIJHRO IIT INE 14009 T 14205030
RETURN 1)4206040

END 114206050
TR? 0606 0
114206070

SC IRRO IITINE 140010 1)4205080
RETURN 114205090
END TR205100

114205110
1)4205 120

SUBROUTINE 140011 1)4205130
RETURN TR20~~140
END TR20~~1S0

TP2OS 160
1R20~~170

SLIBRO I ITINE 140012 TR2 0~~180
RETUR N P4206190
F~ D T 14205200

114206210
TR2 05220

SUHR O IJTIN E 140013 1)4206230

RETURN 114205240

END 7(4205250
1)4 205260
114205270

SUBROUTINE M0fl14 TR20~ 280

RETUR N 1)4205290

END T 14205300
1(42053 10
TR205320

SUBROUTINE MOfl 1S TR 206330
R E T U R N  T J42O~.340
END 11420535 0

1)4205360
114205370

SIIBROh 1T IP~lE 140016 1)4205380

RFTLIRN 1)4205390

END 1)4 205400
1R2O~~41 0
1142 0c4?0

SUBROUTINE 140017 TR205430
RETURN 1(4205440

END T R2054 50
1)4205460
1 (4705470

SLIRPOIITINE 1400114 1142054 140
RETUR N 1)4206490

END 114205500
114205510
TR 2O5~~20

I
. SUBROUTI NE 140019 T1420’-53(1

RETURN 1H2O’-~54O
END A-25 T I-4 20655() 
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714206560
114205570

SUBROUTINE M0020 114206580

RETURN T(420~ 590
END TR20~ 600

714206610
114206620

SUBR OUTINE PROCESS 114206630
RETUR N 114206640
END 714205660

TR205660
OVERLAY (TRAJ,?,0) 114206670
PROGRAM TR IPITS TR?06680

C 7 /2 /74  IOHN F. HOLMES TR20~ 6Q0
COMMON Y (4940) 114205700
CALL MVPLOT TR20~~7 10

FND T R205720
SUBROUTINE MV PL0T TR206730

C 11/13/74 JOHN F. HOl MES 114206740
COMMON Y (4 9 4 0 )  1(4206750
INTEGER P L O T ( j O ) , PLCT 1)4 205760
E O U IV A L E N C F (Y (2 3 1 1 ) , NO P L O T ) , (Y ( 2 1 4 5 ? ) . P I O T ( 1 ) )  1)4206770
EQ L I IV A L E N C F (Y ( 10 4 3 )  ,PLCT ) 114206776
REAL P1( 101 114205780
REW IND 19 1)4206785

C 1(4205700
C THE I NFO RM 6T ION TO BF PLOT TED SHOUL I’ flf READ AS FOl l OWS. 114206800
C TR2O SB IO
C DO 20 J 1,PICT 114206(415
C R FAD (19) PUNN .T, (PL(I) .I= 1.CJO PL O T) 1142051420

C 20 CONTINu E TR20582-~
C 20 CONTINUE 114205830
C Pt C T ARE THE PIUMRFR OF DATA POINTS TO ME I-SL OTTED 1142051435
C SUPPLY YOUQ OWN GOULD CALLS 1)42061440
C 1)4 206850

RETUR N T(420~ 86O
END 1(4206870

‘1

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.

t B-i

-— — --- ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ - -
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- 

PARAMETER IDENTIFICATION LOCATION IN : AP~~T

XNE - INTEGRATION 2301 *

J CONTROLS 2302 *

SEE PAGE 2303 *

L 2304
MPR 2305 *

ERROR 2306 *

NOMOD Number of modules 2307
NOOIJT Number of output parameters 2308
NOIN Number of code 3 parameters 2309
NOSTOP Number of STOP conditions 2310
NOPLOT Number of plot variables 2311
NMOD(1) 2312

4. MOD controls, see subroutine 4
INPUT

NMOD(20) 2331
RNME 1(l) 2332

+ Header controls, see subroutine 4.
INPUT

RNME 1(30) 2361
HD 1(l) 2362

‘1- +

HD1(15) Header controls, see 2376
subroutine INPUT

HD2( l) 2377
+ - 

4.

HD2 (15) 2391
OIJTND( 1) 2392

4- Output controls , see sub— +
rout m e  INPUT

OUTNO(30) 2421
INNO(l) 2422

4- Input controls , see sub— 4-
routine INPUT

INNO(200) 2621
VALVE(l) 2622

4- Input controls, see sub— 4.
routine INPUT

VALVE(200) 2821
STPNO(l) ) 2822

4. Stop (termination) controls, +
STPNO(lO) see subroutine INPUT 2831
sUP(1) 2832

4. Upper bound termination +
locations

SUP (10) 2841
SLO(l) 

) 
Lower bound termination 2842

4. locations +
SLO(10) Y 2851

B—2

_ _ _ _  _ _ _ _ _  
_ _ _ _ _ _  
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PARAMETER IDENTIFICATION LOCATION IN Y ARRAY
PLOT(l) 2852

Plot variable locations 4-’
• PLOT(1O) 2861

TI - Initial time 2862 *

STOP Termination parameters 2863
TS 2864
PRFR Print control, see 2865 *

RUNN RUN Number kPrmnted on each 2866 *

DATE Date 5 page of printout 2867 *

DELT Integration time step (see) 2868
NOVAR Number of dependent variables 2869
NODER Number of derivatives 2870
NOTAB Number of tables 2871
LOCC( 1) 2872

4- Locations of dependent variables 4
LOCC(31) in C array 2902
CVAR(l) Y array locations of 2903

4- dependent variables +
cVAR(31) ) 2933
LOCD(l) Locations of derivatives 2934

4- in D array +
LOCD(3l) 2964
DVAR(l) Y array locations of 2965

4- derivatives +
DVAR(31) 2995
KEND Size of table array 2996—— Print increment when ZIPR O 2997 *

PRVA - Print variable when MPR~O 2998 *

T Time (sec) 2999 *

RE - Earth’s radius, default value is 3000 *

20925631 f t
WE Earth’s spin rate, default value 3001 *

is 7.29211508 x lO~~ rad/sec
3002
3003

D Aerodynamic reference length (ft) 3004 *

A Aerodynamic reference area (ft2) 3005 *

DXC 3006 *

DYG Center of gravity location w/r 3007 *

DZG to geometric axes , see Figure 7 3008 *

lxx 3009 *

I?? Principal moments of inertia 3010 *

(slug—ft2)
IZZ 3011 *

MS Vehicle mass (slug) 3012 *

H Vehicle altitude (ft) 3013 *

TAUR Longitude (deg) 3014 *

• PSIR .
~ 

Latitude (deg) 3015 *

I~~ 3016 *

( Cross products of inertia 3017 *1-1 iyZ 3018 *

H B—3

:
~

_ _ .
~~~
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PARAMETER IDENTIFICATION LOCATION IN Y ARRAY

3019
3020
3021
3022
3023
3024
3025
3026
3027
3028
3029
3030
3031
3032 -4

3033
3034
3035
3036
3037
3038
3039
3040
3041
3042

PLCT Number of data points being plotted 3043
TITL(1) Storage location for 3044

+ title +
TITL(7) 3050
K(1) Intermediate table 3051

4- identification; see subroutine ITAB +
K(49) 3099

—_ 3100—— Output array storage 4-—— - 4889
KTAB(l) Assigned array locations 4890

for tabulated functions 4-
KTAB(49) 4938

4939
4940

- B—4 
-
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APPENDIX C

IMOD1; INITIAL DIRECTION COSINE MATRIX FOR
3DOF OVER A ROTATING SPHERI CAL 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 long itude 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:

COS
~i~R 

sini
~R

SinTR 
SifltL)RCOSTR

[ZRL] = 0 c05TR Sifl I R

S1fl
~P R —cos1L’Rsinl R COS~P RCOST R

IMOD 1 Parameters

Parame ter Uni ts Loca tion in Y Array

Input
Degree 3015

Degree 3014

Output
[Z RL

} 2000—2008

- C—i

~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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SURROUTINE IMOPI 114300100
C
C 3 /10 /78
c - 114300110
C THIS ROUTI NE CALCULATES THE INITIAL DIRECTION COSINF NATR IrE LRI 114300150
C FOR 300F STMULATIONS 114300160
C 114300170
C IT REQUIREc THE FOL LOWING INITIAL CONDITIONS ON COOF 3 CONTROL 114300180
C CARDS 114300190
C 114300200
C TA(JR Y (3014) LONGI1UDE (DEG)
C PSIR=Y (301~~) • LATITUDE (O EG)
C T143u0230

COMMON Y(4940)
EQUIV ALENCF (Y(3015) ~PSIR) , (Y(3014) ,TAUP)E O U IV A L E N C F (Y ( 2 0 0 f t ) , L R L ( 1 ) )  114300260
PEA L LRL(9 1 114300270
CALL SENCOS (PSIP~ SP,CP,0) 1(4300280
CALL SE N C O S (T A U R ,s T ,C T .0 )  114300290
L R L (1 ) CP TR300300
LHL (2) 0. 1(4300310
LPL (3) SP  114300320
LPL (4) SP*ST 1(4300330
LRI. (S ) C T TR300340
LPL (6 )  — CP * ST 114300350
L~~L (7 )  =— S P*CT 114300360
LPL (R) ST 114300370
L’~L (9)  =CP*rT TR300380
RETURN 114300390
ENI) 114300400

IR 30 04 10
114300420
114300420

C-2

-4
4 __ 

_ _  _ _ _ _ _
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APPENDIX D

MOD1 ; DIRECTION COSINE MATRIX FOR 3DOF OVER A
ROTATING SPHER ICAL 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,

TR = tan
’ IR.

ZR

tan_1(y 2~~ 
ZR2)

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

COSI1)R 
sin

~
i
R
sinTR 

_sifl~J~cosT~

[Z RL] = 0 cosiR 
SiflT

R

Slfl
~
)
R 

cos~)~ sin r~ cos
~ R

cos-r
R

The transfer matrix 
~~LR’ 

is expressed as 
~-LR

1 =

MOD 1 Parameters

Parameters Units Location in Y Array

Input
XR feet 803

feet 804

ZR feet  805

Outpu 
T

H R radian 3014

H 
~R radian 3015

[t RL I 2000—200 8

[ LRI 2039—2047

- -- ~~~~~~~~~~~~~- —

_ _  

- ~-~~~~~~~-



NSWCIW0L TR 78-s

SUBROUTINE MOD1 114300930
114300940

C
C T~-lIS ROUTINE C A L C U L A T E S  THE DIP~~CTIOPI COSINE M ATP ICF LRL FOR A 114300980
C 300F SIMULAT I ON OVER A ROTATINr, SPHFPICAL EARTH 114300990
C 1030 1000
C 3/10/78
C

COMMON Y (4 9 4 0 )
F O U IV A L E N C F (Y(803) ,XR ), (Y(804) ,YR), (YU-0S ) .ZR) 114301020
EOUIVALLNC F (V (3015 )  ‘ 145114) ‘ (V (3014) ,TAUP )
FOU IVAL EN CF (Y(2000),LRI (1)) 11430)040
FOUIVALENCF(V (?039),LLR (1)) 114301050
REAL L R L( 9 ) , L L R ( 9 )  TR30 1060
DI MENSION P(9) TR3OIOTO

C
C LATIT UDE AND LONtUTUDE CALCULATED
C
10 CALL A R K T A N ( — Y R . Z H , T A U P , 1 )  114301080

CALL ARKTAN (XR,(SDRT (ZR**2,YR**2)),PSIR,1) 114301090
C
C INERTIAL To LOCAL AXES TRANSFER MATRI X
C

20 CALL S F NC O S ( T A U R , S T A R ,C TA R , 1 )  114301100
CALL SFNCOc (PSIR.SPSR,CPSP,1) 114301110
L P L( 1) CPS~ 1(4301120
LI’L (?) O. 114301130
LPL (3)=SPSP 114301140
L P L C 4 ) = S P S p a s r A H  114301150
L14L (S) CTAP TR301160
LP1 (6)~~~CPS(4*STAR TR3O)1 71)
LPL (7 )=—SPSR*CTA R 114301180
LPL (8) ST4Q 1030)190
Li~L (9) CPSP*CTA W 114301200
CALL MAT INV(LRL ,H ,LLR) TR301210

114301220
END 114301230

T R3O 1240
1 (4301250
TR3 O 126 0

D-2

p_— -~ 
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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
ear th.

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

XR = sitL + R (h + RE )

cos~PR (h + RE)sinTR

ZR coslpR(h + RE)costR

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

V
E

cosY
E
cosI

H

[ t } ’ V Ecos’).Esiny H 
— W E (R

E 
+ h)cos

~ R

ZR 
V

ESirLY E

The initial star ting po int of the vehicle ’ s flight path as projected onto the
ear th ’s surface is defined as,

R = R
E
T
R (~)

- ~~ 
R~ = R

E~ R (Tb)

This IMOD serves for  MOD3 and MOD9 also - 
-
:

E-l

- - -~~~~~~~~~~~
-

-
- -
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-
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - 4 -  - - A

p 
- - -,- v—.--. -



NSWC/WOL TR 78-59

IMOD2 Parameters

Parameter Units Location in Y Array

Input
h feet 3013

RE feet 3000

(RE default value 20925631 feet)

VE feet/second 610

degree 2208

1E 
degree 2209

WE 
radians/sec 3001

(W
E 
default value = 0.0000729211508 rad/sec)

T
R 

degree 3014

degree 3015

Output 
-

XR 
feet 803

feet 804

ZR 
feet 805

XR 
feet/second 800

feet/second 801

ZR feet/second 802

R feet 818

R feet 819

~
Ei

E-2

• _ •
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SLIRROIITINE IMOI~? 103004.30
C T1430044.)
C 3/10/18
C 114300460
C THIS ‘iflUTJ’~,F CAI CItI A TF . 1HF INITIAL VA I (‘ES uf- Xf~,VP./P
C AND X?D , Y ’~f’. AND ~(4I1. ANI) IHI I N I t I A L  LA HIH ~OS ItTriN s TI.i300~~U0
C RTEI. AM) ~) PF T T (4 300s10
C
C Ts-~F FflL LO,~T N1~ I N IT IA L  rON~’T T IONS A Hf- HFUUIW FII  ON ( ( ~~‘~~~ ~~

C CONTROL CA’~OS
C
C PS I(4 = V ( 3 0 1 c)  • [ A T I T O F ( J [ - r , )
C TAUR=Y (301~~) • I ONGTT uUF ([* (

~ )
C H=V (3fl13 ) , A Lr TTUO~~cFt )
C R F=V ( 3 0 0 0 )  • RA D IUS ‘W FAWT H( FT ), O~ fA UL T VALUE 2t’9?S~~~1.
C W F = V ( 3 0 0 1) • EAI~T I-4 S cP lN ~ A T F ( PA ~j / S f - r ) .  DEFAU L T  “A L’ ,E =
C 0 .0 ’) 0072~~2 11’00
C V F = V  U-do) • IN IT IAL ~/ELOf:IT V w/f~ TO i-A ~-4T~-~ UPS)
C GA MAE=Y (22n’fl • Vt -:Lurr ry FL EVA TIflt~ A~~(’L~ (Of - I,)
C G A M A H = V ( 22f lB )  • VELUCT ry Hf - A’)1 P40 AN(’ ( f- (W- (,) -‘

C
C

CI1MMOK, Y (4Q40)
E I , I V A L I N C F ( V ( R 0 1 ) s X P ) . ( V ( 4 ) . Y P ) , ( V U A O S ) . 7 ~fl
E(~I’I VALENCE ( V  ( ?O  ~ ‘-~ ) ‘II— (1)) • (V  (2 0 0 0 )  .1 i-.-~ (1)) T14300r, ~~I)

E (JUIVAL ENCF (V (301~,).PSTid.(Y (3I14 ),TA(IId )
FO (II~~ALE NC c(’r(30D 1),iift ) TR3uD~ 9i
EQ U1VA L~ NCc- (V(~~p-’),wT~~I),( V(f ~1q ),RpF I) 3&Ot ~~)t)
EDU1VALENCF( Y (~~flflfl ),RF), (V(3013 ),f~) TR300oku
FWJIVA LENCV ( V  ( ? ? I  ~) •OT I, (V (??14) , O P)  TR3(,0b20
F OU IVAI ENCF(V (6SM).MI).(Y(4(~12).MS) T1430063’)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Tf 4 3 QO ~.4i)
RFAL LLH (9’i .~~Pt (-~ ),LR TR3006~ 0
DIMEPJSION q (g) TW 3 u 0 6 #~~,I

E”TRY TMOL’) -4 T143Qfl~ f~
E~~TPV 7MODQ

C

C U’ITIAL INF’~TIA 1 POST1ION
C-

CALL SFNCOc (TA’ft~.cTA(4,cTAH.0) T(4300670
CALL c C O c ( P c T ~~.cPS P ,rPS ~~. C, ) T R3Ufl t~M 0

x~~= SP sp *(H .~~F I  10300690
L~’=CP SP* (H+,~’F) Tf~30fl7O0
YI-~=— ( p*STAI .,  1f.~3 ( j f l 7  10
Z P L~4*CTAR TW30O7~~i i

C
C It~I T T M  1 N FW T T A I .  V E L O T T I ( - ’
C

CALL cFNCOc~ (-AM A E.Sf - .c~
- .(’; TW30073()

CA L L  SFNC 0cCC ,AMA~-i. S~-I~ (~ ..(fl 1H300744)
V (S1?) Y(610)*CF*CI-l - T i~ 3 Qf l75 ’ )
V (~~1~~).~Y (,~1flI *CF* SH t TR30016~i

T H 3u o 77 , )

1J4~~Qf l 1 R ( p
CALL MA ITN ’s( L PL (I) •I~.I~ ~- ) )

CALL MA 1VEr (I)P.V(’- ~1?).y(ij,H,),f l )  Tp~3UflMfli)
On 21) ~~~~~ T.J 3U~~~

,N,)
?t) V f T .~~)’fl V ( 1.’-~1 ) )
C
C I”,! II AL RA~j(,FS
C

1-’-- PAO 3.141S’)? SR(~/1~4 I - . T~.i IJ ( C ,4 (o

E-3

- rn 
~~~~~~~~~~~~~~~~~~~~~~~~~ -
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PTEI PF*TA IIP*RAD 1(4300820
R PFI RE *PS IP*RAO 1 (4300830
OT=TA IJR*RAO 114300840
OP=PSIR*RA P 114300850

114300880
OFTURN 114300890
E ND TR300900

114300910
114300920

E4

- - - -

~~~
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APPENDIX F

MOD2; 3DOF PARTICLE TRAJECTORY ALONG A
PROGRAMMED FLIGHT PATH

The purpose of this module is to calculate the transformation matrix for
a vehicle f lying along a 3DOF pa r ticle t ra jectory over a spherical earth where
the elevation angle of the velocity vector is preprogrammed . This elevation
angle, ‘YE’ is taken from a table of as a function of time which is to be
supplied by the user as Table Array Number 10. The heading angle, ‘

~H’ 
is

maintained constant. The altitud e is calculated as,

h = 
~
/X

R + + ZR
2 
- RE

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

V~ 1
~R 0

~~RL
1 

~R 
÷ W

E
(R
E 
+ h)COS:.R

VZ ZR

The resultant  velocity is then calculated as,

VE {XLE 
+ VY

2 + V1
2

The [
~ PL

] matrix , necessary for transforming ~Iectors from th~ principal axes
to the local axes is written in terms of~ ~ 

and as,

— 
cos-

~HcosY E sifl~Y H cosy Hsiny E

= sinY
H
cos-)’

E 
cos’Y H 

sin
~
YH

sinYE

sin )-
E 0 COS Y E

F-i

- - - -  
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ .N ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~ -

- _
T 

~~~~~~~~~~~~~~~~~~~ -: 
- 

- 

—-

~~~~ 
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MOD2 Parameters

Parameter Units Location in Y Array

Input
degree 2209

degree 2208

XR 
feet 803

feet 804

ZR 
feet 805

feet/second 800

feet/second 801

ZR 
feet/second 802

RE feet 
- 

3000

Output

2057—2065

h feet 3013

feet/second 512
le -

feet/second 513
LE

V1 
feet/second 514

LE
VE 

feet/second 610

F—2

- 
- 

~Y~- -~ 
- - -

- - - J
~~

_
~•# ’_ ~

.

- 
— -

~~~~~~ 
~~~~~- ~~~~~~~~~~~~~~~~~~~~
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SIIB(4OIJT INE MOO?
C
C POSITION MOOIIL~ f-OR A 300F PARTICl E TRA J. WITH PROGRAMMED
C P I T C H A NGLF

• C
C 3/10/78
C
C C,AMAF (OEG ?S 1Aii(ILATFD AS A FUNCTION OF TI ME (SEC ) IN
C TARL E. A Q ( 4 A V  NO. 10
C GA MAH (D EG) IS A CO NSTANT IN LOCATION Y ( 2 2 0 8)
c TR301280

COMMON V ( 4 0 4 f l )
FOUIVA LENCF (V ( 3 0 ) 3 ) , H )
E,3LJIVALENCF (V(R03),XR ),(Y (804),YR).(Y(005),ZR) 114303460
EDLIIVALENC F (V (10 1~~I,I-’S 114) (V ( 30 14) , TAUP)
E OIIIVALENCF (Y(300fl,Wt ),tY (3000),WE ) T14301500
FOLJIVALENCF (V (512),VXLE ), (V (513),VYLF).(Y(514),VZLE ) 114301560
FOUIVALENCF(Y (2999),T) 1(4301610
E(~UIVAL ENC F (Y (2?0M),GAMAH ), (V(2209).C,AMAE ) TR3O16S0
EOIP1VALENCV(Y (2057),1141 (1))
FoUl V AIENCF (V ( 7000) ,L14L (1)) (V (t~10 )  , y E)
DIMENSION 11 (2 )
Of-AL LPL (9),LPL (9)

C
C FLIGHT PATH AN GLF S
C

In ( U I ) = T
Cl’LL ITAH (l 0.1,T.(~AM Af - )
CAL.L SFNCOS (GAMAI-I,SH ,CH,O ) T1430?160
C A L L  SENCO S (C ,A M A F .Sf - ,C F ,U )  T14302170

C
C PPINCTPAL 1(1 L OCAl THANSFFR MA TO IX
C

2n L PLt 1 =Cl4*CE 10302180

LPL(?) —SH*CF TR302190
LPL (3)~~SE 1(4307200
LPL (4) SH T1430?210
LPL (5) CH 1(4307220
LP1 (6) 0.0 1(4302230
LPL (7) =—Cl-”’SF 114302240
LPL (8) SH*SE 114307250
LPL(9)~~CE 114307260

C
C 4 L T IT ’ I O F
C

30 H=SOPT (XR**2,YP**2+Z (4**?)~~PF 114301740
C
C LOC AL VELOCITY COMPONENTS
C

4 n CA l .L MA TV EC (L41 (I),Y (,~flO),Y (5I?),0)
VXLE=V(51 2 ) 1(4301750
VVLE= V(S13)+WF*U~F .l-,)*rOS (PSI14) 114301760
V 7LF Y(514) 10301770

4 VF SQPT (VXI F**?,VVLE**2,VZIE**2)
Of TURN 1 (4302320

• EP~’O 114307330

F-3

- 
~ 

‘t~~~-w~~- -: ---v ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

~~~~~~
31T

, 

-~~~ ti~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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APPENDIX C

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;

h =~~/XR
2 + ‘

~R 
+ Z

R
2 - R

E

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,

V~(~

Vy = 
~~~~~ ~R 

+ 

J 

W~ (R~ + h)coslPR

Vz 
- ZR 

L

The total velocity with respect to the earth is then,

~ =,~/v 
~~~~ 2 +v 

2
E ,~ 

XLE ~LE ZLE

The fl ight pat h ang les , angles of the velocity vector with respect to the
local axes, are then calculated as,

/ —V
—1 ! ~LEy H tan 

~\X LE

/ V
—1 / __________

-~~~ 
y,, — tan 

_ _ _ _ _ _ _ _ _ _

2
V ‘+ VXLE ~LE

G— 1

- •— - - 
_ __

~~~~~~~~4’_• - • - - - - -

4 ,
- .. —--- - --  -
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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 ,

COSYH
COSY

E 
sifl’y’11 ~ CO8Y H8iflY E

[t
PL
] = 

_SiflY
H
COSY

E 
CO SY H 

sinYHsinYE

Sifli E 
0 CO SY E

MOD3 Parameters
Parameter Units Location in Y Array

Input
feet 803

feet 804

ZR feet 805

RE 
feet 3000

feet/second

feet/second

Z
R 

feet/second

WE 
rad/sec

radian

Output

h feet 3013

V feet/second 512
XLE

feet/second 513
LE

V feet/second 514
ZLE

VE 
feet/second 610

degree 2208
4 ;

degree 2209

G—2 

2057—2065

,- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ - -~~W’ ~~~~~~~~~~ - .~~~~~~~~~~~~~~~~~~ -~~~~~--

-
~~ 
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SUBROUTINE MOD3
C
C PO S ITT ON MODULE I~O14 A 300E RAIL ISTIC P*RTICLt IRA..).

• C 114301300
C 3/10/78
C 1(4303330

COMMON Y (4 9 4 0 )
Fi1UIVA LENCF ( Y ( 3 0 1 3 ) . H )

• EOUIV ALENCE (Y(20c7),LpL (1))
EOUIVALENCF (V (803),XP), (Y(1404),YP).(Y (P05),7P) 114302530
EOUIVALENC F (V(3015),PSTP), (V (3014),TALlP)
EOIJIVALENCF(Y (3001),WE ).(Y(3000),RE) 114307570
EOUIVALE.NCF(Y (c12).VXL~~),(Y(S11),VYLF), (Y(S14),V ZLFI 10307640
EoUTVA LENC F (V (2?0~i),i3AMAH). (Y(2209),C,AMAE) T1430?730
EOUIVALLNCE (V (?000),1 (4L (1)),(V(6iO),Vf)
Or AL LPL (9),l~~L (q)

C
C AL T IT IIOF
C

In H=SIJPT (XR** ?+YP **?+Zk**?)_ PF 114302810
C
C LOCAL VEL OCITY COMPONENTS
C

?0 CALL MATVEC (114L (1),Y(800),Y (512),0)
V XLE Y (512) 1(4302820
VYLE V (513).WE* (WF4H)*C-OS (PSIR) 1(4307830
V7LE V (514) TR3O?840
VF SQPT (VXI F **2+VVLE** ?.VZLF **2 )

C
C FLI(,HT PATH AN GLES
C

30 CAL l ARKT A ’~I(—V VILE. VX Lf.GAMAh ,O )
77Z S1)R1 (VYLF**2, VVLFI**?) T14301100
CALL AR ,cTAN (V7Lf-,z7Z,c~AMAE,o) T14303110
CALL SFNCOS (GAMAH.SH,C14,0) - 1(4303220
CA LL SENCOc(GAMA F,Sf-i,Cc,0) 114303230

C
C ~‘PI NCTPAL TO LOCA L T14ANSFFW MAT R IX
C

40 L P L ( I ) CH* CE 1(4303240
L t ~I (2I~~~ SH~’CF T14303?5O

LPL (1) SE 114303260
t~-L ( 4) SH TR303270
LPL (,)=CH 1(4301280
LPL (6) 0.0 TR303240
LPL (fl=—C l4*SF 1(4303300
L PL (R) SH*SF 1(4303310
LPL (9)=CE 114303320

C
RETURN 10303380
EHD T03013Q0

A G3

- ~~~~ ~J- J - - ~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~ ~ - -•

~ 

-

~~~~~~~~~
‘
~
‘
~~~~~~~~~

-
~~ 

-

~~~~~~~~~~
--- ---

~~
•- - 

~
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APPENDIX H

IMOD4; 6DOF INITIAL DIRECTION
COSINE MATRIX

The purpose of this routine is to calculate the initial direction cosine
mat r ices fo r 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,

• cost
~
)
R sinlpRsinTR sinlPR

cos-I
R

~~RL
1 0 cos-IR 

Sifli R

Slfl
~

)
R 

_COSI !)
R

Siflt
R 

cos~~~cos1~

and the local to principal t ransform matrix as

CO St
N

C O SY
M 

_COSc
M
5iIrY

N -

= 
~

Us
~ MSiny M 

— S1n
~M

Sine
M
COSYM 

cos4lMcosy
M 
+ sin1t

~M
sinc

M
sin-Y

M SIn4L
~
cOsc

M

slnq~~sin~~ — cos4
~M
sinc

McosYM 
_SiflC

MC0SYM 
+ cosllMslncMsinyM 

cos4lMcoscM

The angles PR 
and TR 

are the latitude and longitude angles in degrees and the
angles 

~M’ ~M’ ~ 
are the position angles of the principal axes with respect

to the local ang~es. These angles are shown in Figures 5 and 6.

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

= [z LP ][
~~RL ]

H H-i

-~~~~~ -- -‘-~~~~ —~~~ - - - - -

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~
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IMOD4 Parameters

Parameter Units Location in Y Array

Input
degree 3014

degree 3015

degree 2066

degree 2067

degree 2068

Output

~RL 
2000—2008

2009—2017

~LP 
2027—2035

H- 2
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SIIRROLJTINE 1(400’ S1X00150
C S IXUO1 A ( )
C c I X u O l M O
C MOD PACISA G F c J X f l ’~. A (,I NE14A L (J ll(4 P(J SF 61 UF C- I I I I IF ! )  00 S J X U O 1 ~~o
C U~’GUInFD TPA .?VCT,HJ Y PPIU;RAP cIX0O ?no
C S IX O O 2 L u
C 3/10/78
C
C THIS ROUTINE CA IC II LAT E C 1HF IN ITIA L DIHECTIIIN COSI~~ MATR3 CE S t~~I ,cIXOO2? 0
C LLP,LPP 51*00230

S1X0024C’
C IT REOUIREc THE Fl)LLOWTN (, INITTAL CONDITIONS oN COrW ~4 CONTROL SIX002~’0
C CARDS S1X0fl260
C c1X 0027o
C PcIR=v (301c) • LA II T IIITh(O EG)
C TAIIR V (3014) • t O NG IT LJL ) E( f l Eo )
C c,AMAM=V (2O.~ .J • (4LAI TNO ANGL E ((lEO) (‘F l-’141N( IPAL A~~l-S
C FPSILM Y (2067) • 1t I- ’/ATJ ON ANGLE (PF~~) OF $-‘ -TNC I PA L A A ~~~;

C PI-4 1M V (206M) , ~ilLL AN G L E Of- PPINCT PAL AX FS
C S1X00330

COMMOV” y(4Q60) S1X00340
FOLJIVALENCF(Y (1nl’),PcIP).(V(30) 4) .TA (’P) S1X003’- fl
FOU l V A (  ENCF (V (71) ‘ )  ,( M4 M )  • (V  ( ? ( l ’~7 )  .1- ILM ). Lv ( ? f l e - .M)
FCIU I V A I E N C V ( y ( ? 0 0 0 ) . t l - . 1 (1)).(y (20o~n .I L~p (I)), (yC?o7 7 ).1Lp c1 )) 51x00370
PFAL LWL (9).LPP (9).LLH (9) c1x0038(,
CALL cENCOc(PSIR.c,-’,C~~.n) cIxuo3 Ro
CA L L  SFNCOS (TAIIP .’,T,C1.fl) SIXUO400
LPL (1)=CP 51*00410
1P1 (2) 0. 51*004/0
LRL (3) SP 51*00430
LRL. (4) SP*ST S1X00440
LUL (5) CT 61 *0045 0
LkL(~~) —C P* cT 61* 0046 0
LPI (7) —SP*CT c1XL ~0470I R L( R) S1 61* 004 (4 0
LPL( 9 ) CP*CT ~ IX0049 0
CALL SENCOS (OAMAM ,S(j,Cr;,lJ)
CALL SENCOS (FPSHM ,SE .t€ , 0l
CAL L SFN COS( PH IM ,’-P,Cl-’ .O)

LI P (1) =CE*rG
Li P( ? ) C P* c G_ c P * S ~~*CO
LI Pfl) _SP*SC’_CP*~.F*Cf,
IL P(4 )  =—CE * Sr ,
LI P ( 5 ) = C P * r ( +SP *S ~~*S( ,
LI. P(6 =_SP*CF,CP*Sf-*S ;
1.1 P(7)=SE
I I P (R)=SP* F
LI p (g)=CP*~~
CALL MA TVE r (I I P ( 1  ).L14I. (1) ,LHP(1) .2) c 1x00620
RFT L I R N  c1xunh~ o
F~’P 61*00640

x

H-3

- ~~~
‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -~ - - -- - - __________
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APPENDIX I

MOD4; 6DOF DIRECTION COSINE MATRIX

The purpose of this module is to calculate the direction cosine matrices

~~P T ’  iRp~ 
and 1

~LP for a 6DOF simulation of a vehicle flying over a rotatingsp’flerical earth.

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

—l / ~Rr0 = tan ( —
~~~~

-

\ ‘R

-l / XR
= tan 

~~~~~~ 
+ Z

R
2

The inertial to local transfer matrix can then be written as,

[C0SV R 
Sifl lP

R
SiflT

R 
sin

~PR
cosTR

0 cos-r R siflT R

L 
sirniR 

COS
~P

R
Siflt

R 
cos

~
p RcosT R

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.

1f~J
= ‘~~RP 1 ~

- k R

where 1:
is a unit vector along the inertial axes

k R

1—1

- .—~~~~~~~~ - —

~~~~~~~~~~ 

~~~~~~~~~~ ~~~~~~~~
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and

I is a unit vector along the principal axes

and

I ~ii ~12 ~131
[i~~,I = 

~ ~2l ~23

L ~3l ~32

When the above are expanded , the equations look as follows:

~
p = 

~ll TR l 2 3R + t l3 kR

3•
P = f2l tR + i 22 3R + t 23 kR

k~ = ~31 
TR + ~32 3R 

+ Q33 k~

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

tP = 
~~~~~~~~~~~~~~~~~~~~~~

+ - . + • 4.
= 

~2l P + ~22 3R + ~‘23 
kR

tP = l
3l

TR 3 2 TR~~~~33
k
R

If the following relationships are substituted into the above equations

u x = r~ 
- q

T~ =~~x = p;i~ 
— r

k~ = w x k~ = q 
— P

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

—

1—2 

- _ _ _ _ _

,

~~~~~~~

—
, ~~~

_ w~~~~~~~,~~~~~_ 1  
~~._,I p -

~~~~~~
—_-- - •-~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - 

- 

—
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- q~31
— — r9~11

- 
~ ~~ — n f
31 h l l  ‘2 l

= rt 22 
- q~32

£22 = ~~ 32 
- rt12

= q~1~ 
- 

~~22

~18 
r~23 

- q~33

£23 
= P~ 33 

- ri13

= q~13 
- 

~~23

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

1 —l
- 

RL 1

1
~ LP1 = t

~ RP 11
~ LR 1

1 [~ 
—l

PL~ 
- 

LP 1

1—3

- 5’- 
- - - - - 

~~~ULS 
-

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 
w p.—.t . -—~ — • - -- ________
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c .  M004 Parameters

Parameter Units Location in Y Array

Input - 
-

X
R 

ft 803

Y f t  804
R

ZR 
ft 805

P rad/sec 806

q rad/sec 807

r rad/sec 808

2009—2017

Output

T
R 

deg 3014

deg 3015

[iRL] 2000—2008

2027—2035

~~LR 1 2039—2047

~~PL 1 2057—2065

1—4

T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _- - - -
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SLIR ROUT IN E M004 61*01260
C 61*01270
C 3/10/78
C 51*01290
C MOD PACKAGE SIXOG. A GFNERAL RIJRPOSF 600F C4IIDFQ QO 51*0)300

• C UNGUIDED TRAJECTORY pROGRAM 61*01310
C S1X0 1320
C THIS 000TIPJE CALC u LAT E S THE DIRECTION COSINE MATPII -~ S 101.100, 51*01330
C L(. P FOR A 600F STMULAT TON OVER A ROTATING SPHFWICAI EARTH 61*01340
C 61*01350
C NOTE” THE I PPO (9 )  M A T Q IX  ELEMENTS APE DERIVATIVES ANtI MUST RE 61*0)360
C IOE NTIFIEO ON CODF 6 A’jD 7 CONTROL CAPOS 61*01370
C 61*01380

COMMON V (4040) 61*01390
EC’UIV ALEMCF(V (003).XR),(YU404),YR),(V(H05).7M) cIXOl400
EQ LPIVALENCF(V (203~.),PHTL),(Y(2037),THETAL).(Y(203R,.PSII) 61*01410
F OUIVALENCF(Y (1014),TA ,14),(V (3015).PSIP) 61*0)420
E O I I I V A L E N C F ( V ( ? 0 0 0 ) , L P L ( l ) ) , ( V ( 2 0 0 9 ) , L Q P ( 1 ) ) . ( Y ( 2 o I M ) , L ( 4 P p ( 1 ) )  61*0 1430
E(l(JIVALENCF (Y(006).PP)•(Y (R07).OP),(Y (RU8),(4P) 61*01440
FoU1vAL.LNCF(V(2o27).LLp (1)), (yc~~03q),tLw (1)),(Y(2oc7),Ipi (l)) 61*01450
RE AL (RI(9).( PPfl(9),LW~~(~~).LLP(9),~~IP(q),LP~~(9) 61*01680
DI MENSION 0(9) S1X01490
DF G=IRO./3 .14159?65358R SIXOI500

C
C LA T IT I IL ) E AND LON (,ITUL~E
C

1 0 CALL APKTAM(—V P,7P .TA (IIJ,0) 51*01510
CALL A PKTAM (XR. (SORT (Z **?+YR**?)),PS1 R,0) 61*0)520

20 CALL SENCOS(TAUR.STAN ,CTAF4 ,0) 61*01530
CALL SENCOS (PSTP,SPSR,CPSP ,U) 51*01540

C
C IN FRTTA L To LOCAL .  LOCA L TO PRINC IPAL , AND INERT IA ) TO
C PRINCIPAL TRANSFER MATP ICES
C

LML (1)=CPSP 51*01550
L~ L (?) O. 61*01560
LR L (3 ) = S P S P  6 1* 01570
LPI (4) SPSP*STAP 61*01580
L (4L (S) CTAR 61*01590
LPL (6)=—CPSR*STA (4 51*01600
LR L(7 ) — SPS P* CTAP 61*0 1610
LPL (R) STAP S1X01 620
L W L ( 9 ) CPS P* CTA R 6 1*01630

30 LP P D( 1) ~~RP* IP P(? )_ O P* L P P( 3 )  61*0 1661)
L P P[)(~~) PP*L(4P(3)_RI~*LPP (1) 51*01650
LPPO C ~ ) ~QP* LPP (1 ) _ PR *LHP (2) 61*01660
LPPDC4)=NP.i. RP(5)_ (JP*Lr;P(t,) 61*01670
LPPD (c) PP*LPP(6)_RP*I RP (4) 51*01680
LPPD (6) 0P*L pP(4) PP*LRp(5) 51*01690
LPP0(7) RP*LPP(1~)_QR*L.4P(I~)) 61*017 00
LOPD (M) PP*LPP(9)~~PP~ I 9P(7) 61*01110
LPP(l (R) UP*LPP(7)—PP*t~~P(H) 61*01720
CALL MA TINV(IPL .(4,ILP) SIXOIT3O

40 CA LL MA I V EC ( L R P , L I R . L L P ,2) 6 1* 0 )74 0
C
C O RIENTA TION OF PR1NCIP~~L A X E S  ~/R TI) LO CAL A X E S

• C
_

CA LL A R K T A ~I ( — L 1 P ( 7 ) , L L p ( 1 ) . T h L 1 A L , O )  5 1* 01750
IF(T HETA L ) 

~~~~~~~~~~~~ 61*03760
43 THETA L=T HE IA L .3 6 0. 61*01770
44 CONTINUE S I X U I 7 M O

CAL L A RKTA PI (— LL P( .~),tLP(5).Ph1L, fl) 61*01791)

L 
I-S

. 
~~~~~~~~~~~~~~~~~~~~ - -

.‘ 

~~~~~~~~~~~~~~ ~~~~~~~~~ —~~~~~~— - --.-— — -
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IFCPHIL 46,48,48 SIXO1 800
46 PHIL PI-II1+lbO. 51*01810
48 CONTINUE S1X01820

CALL SENCO S (PHIL .SPH.CPH,O) 61*0)830
PSIL A S IN Q L P 4))*r*6 51*01840

SO CALL MA TIN V (LLP.R.LPL ) S1X01850
RETURN SI XO1B6O
END S 1X0 1870

— H

1-6

—S.——--. ~~ U-I--- —

- , -~~~---. ~~~~~~~~~~~~~~~ ~~ - — -~~ .
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APPENDIX J

L 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,

~T’ 
latitude , ~p and longitude, -ITi~ 

The velocities are presented as vertical ,
RT, longitudinaT , VT ; and latitudinal , VT . These relationships are shown

in the following sketch :
X8

TARGET
hT

T
T

ZR

The inertial coordinates of the target are calculated as,

XTR = RTsin~PT

~TR = 
_R
T
cosI

~T
sinT

T

ZTR = RTcos~ TcosT T

J— 1

S - -~ .-a~~~~~s ~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~ - - .
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where

RT = R + h T +~~T ( t _ t j )

+ (i~ ) (t 
— ti)

T
T 
= T

T
i 
+ ~ (~~Q) (t - t i) + W

E 
- t

1
)

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

DIST = + A~
2 + AZ2

where ,

= target—missile

AX = R~ sin~ —

AY = _R
~cos~ sinT -

AZ = RTcosI
~’cosT — ZR

J-2

-~~~~~~~~ -~~~~~“~~~~~—~~~~~~~~~~~~~~~
-
~~~~=.- - 
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MOD5 Parameters

Parameter Units Location in Y Array

Input
h ft 1
T
i

-r
T 

deg 2

deg 3
i

VT 
fps 4

V
T: 

fps 5

RT 
fps 6

R
E 

ft 3000

W
E 

rad/sec 3001

sec 2862

f t  803

ft 804

Z
R 

ft 805

Output

XTR 
ft 10

~TR 
ft 11

ZTR 
ft 12

AX ft - 13

A’? ft 14

AZ ft  15

DIST f t  19

_ _ _ _ _ _ _ _ _ _.5— =*5 —— —-- __ -l_-_- ~~~~

- ~~~ -
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SUBROUTINE MOOS 61*01910
C 51*01920
C 3/10/78
C 51*01940
C TARGET EIXFD OR MOVIHG AT A CONSTANT VELOCITY cIX01950
C S1X01960
C THE REQUIRED INPUTS AkI- . 61*01910
C HTI = INITIAL HEIGHT OF THE TARGET (El) S1X01980
C TAUT !  = INIT IAL LONGITUDE . (DEG) 51*01990
C PSITI = INITI AL LATITU DE ( r ) EG) 51*02000
C VTTAU = LONGITUDINAL VELOCITY 1W TARGET (FPS) 61*02010
C VTPSI = LA TIT IJOINAL VE I OCITY OF TARGET (FPS) S1X02020
C RTDOT = VERTICAL VELOCITY OF 1ARGE T (FPS) S1X02030
C S 1X0 20 40

COMMON Y(4040) SIXO?OSO
EQUIV ALENCF (Y(1).’-’TI),(Y (2),TAUTI),(Y (3),PSITI) 6IX02060
EQUIV ALENCF (Y(4),VTTAU) ,(Y(5),VTPSI),(Y (6),RTOOT) SIXOPOTO
EOUIVALENCF (V (3000),RE), (V(3001),WE) S1X02080
EOUIVALENCF (V(?868),DEI r),(Y(2999).T) SIXO?090
EQUIV ALENCF(Y(?862),TI) 61*02100
EQUIVALENCF (Y(7).PT),(V(14).TAU), (Y(9),PSI) 51*02110
EOUIV ALENC F(V(1fl ’,,XTP).(Y ()1),YTP), (Y(12).ZTR) 51*02120
EOUIV ALENC~~(Y (13),DX),(Y (14),[1Y).(Y(JS),OZ) 51*02130
EuUIV AI ENCF(V(803),XR).(Y (R04).YR),(Y(1405),7R) 51*02140
EQ (IIV ALENCF (VU9).OIST SIXO?150

C
C INERTIAL CII000TNATES OF TARGET
C

OF G=1R0./3. 14159265358979 61*02160
RT=RE+HTI+~~TDOT*(T~~TI) SIXO?170
PSI= PSITI, (VTPSI/PT)*DFG*(T_TI) SIXO?180
CA LL SENCOS (P6T.SP ,CP,n) 61*021 90
TAU=TAUTI, (VTTAU/ (Rr*cp ))*rW6*(T_TI) 61*02200
TAU=TAU .WE * (T_TT)*DEG 51X02210
CALL SENCOS (TA (J.ST ,CT. 0) 61*02220
XTR=RT*SP SIXO?230
YTR=_PT*CP*ST 61*02240
ZT P R T *CP~ rT sIXO?250

C
C I F E R T I A L  O I S T A N C F.S BEr~ EEN TARGET AND MISSILE
C

DX=XTR—XR 51*02260
DY=YT P—VR 61*02270
07=ZTP—ZR SIXO?280
DTST SORT (ny*a2,DV**2,nZ**?) S1X02290
RETUR N SIXO?300
END SIXO?310

J.4

- -
~~~~~~~~~~~~

-- - 

~~~~~~~~
- - .:  -

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- _ _ _  ~~~~ -
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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 def ini t ion of proportional navigation is that the angular
rate of the vehicle should be proportional to the rate of change of the line—
of—si ght 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,

aN
=

r

where the following sketch shows the definitions of the parameters.

MISSILE 

V
~ LOS

- 
~-1Zj5 INSTA NTANEOUS

CENTER OF
CURVITURE

HORIZON

TARGET

1•- •

K— l

-~- S~~~ _S’- - -5.ts~~~5- - - - • - !~~~~~~~~~ -~~~ -~‘-~~~~~ ~~ - -4 6~~4=~- 

pt - 
~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
- -

~~~~~~~~~ -~~~~-- . _ _
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Since ,
.* -~V =  w x  rc

U) E —ct =

the radius of curvature is

r =

The normal acceleration then becomes

aN 
= V y

or since the definition of proportional navigation is

aN 
= VK ~

The velocity componen t of the missile at right angles to the line—of—sight
can be defined in two ways.

V
1 
= Vsin~~~~

or

V = R  4
J- S

Therefore ,

- 
R5~ 

= VsIn4 LOS

and
V .

— 
sin LOS

Rs
and

Ky 2 
-aN = 

_ 
S ifl

~~LOS 
. 

- 
-

K-2 - I

_

~~~~~~~
4.

~
-

-- ~~ - 
- -

~~~:-~~~ 

-

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 
-I 

~~~~~~~~~ -
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The r e l a t i v e  locat ions  between the target  and the  missile wi th  respect to
the ine r t i a l  axes were calculated in the Target Module. These “position errors”
can be t ransformed into “body ” related displacements  by,

- — 

AX R
= 

~~RP
1 AYR

-

where

Z p

/

I V
~~Z p

X~ -
~~~ ,~~ TT~~~~~~~~Ti~~~~ ’7 “~~~MI SSILE

1 / L~~
’E 

~
_— J  ./

,-
I , I

Y P

The angular  re la t ionships  can then be calculated as

— l f~~~P
~E tan

— tan~ 
(

~I~~~~~

)
E

— l
E 

= tan 
kAZ P ,i

K—i

~ ;~~~~~~~~-~Ak~ ~~~ - -

~
• 

~~~~W4~~~~—— —~~~.
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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

- a
~p ~~~~~~

— SiflO
E

Ky2
aYP = Rs ~~~~~

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

Ky2
aZP = ~~~

0
E 

(pitch)

aL = — 

~~~ 
Sifl~~~~ ( roll)

S

/ 2\
The factor (i— ) can be thought of as a navigation parameter , NV. This

‘S I
is usually tailored to f i t  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 al so be necessary to have a different NV for
each of the missile control functions; therefore, the program has been written as,

aZP = NVP SiflO
E

~~~ = NVP 
~~~~~

a
L 
= NVR 

~~~~~

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

fr-- 

~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ W~~~~~~ — ~~~~~~~~~~~~~~~~~~~ - j
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MOD6 Pa rameters

Parameter Units Location in Y Array

Input -

AX ft 13

AY ft 14

— 
AZ ft 15

NW ft/sec2 126

NV’? f t / sec2 127

NVR f t / s e c2 128

Output 2
AZP ft/sec 102

AYP ft/sec
2 101

AL f t / sec2 100

rad 123

rad 124

rad 125

K-S

- -- ~~ 

~~~~~~~~~~~~~~~~~~~~ - - _
-~_;I~~

- i-~~~~~
-
~ 

—

~~
.—-

-.‘ 1

___
~~~~~~~~~~~~~~~~~~~~ _~~~~, 

~~~~~~~~~~~~~~~ ~~~~~~~~~~~ -
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Su BROUTINE M006
C 61100110
C 3/10/78
C 61100130
C PROPORTIONAL NAVIGATIO N 61100140
C 511 00150
C THIS PROGRAM TAKES THE TAP (ET DISPLACEMENTS, CALCUI ATES THE 61100160
C A NGULAR DISPLACEMENT. AND THEN PROCESSES ir IN OROFP TO ARRIVE S1100170
C AT ERROR SIGN ALS FOR T~4F AUTOPILOT 51100180
C 61100190

COMMON Y (4940)
EQLIIVALENCF (Y(?009),LRP) S1100210
EOUIVALENC F(Y(126),NVP),(Y(127),NVY),(Y(128),NVR) S1100220
EQUIVALENCE (Y( 100) ,AL) • (Y() 01) , AYP) . (Y( 102) , A?P)
EQIJIV ALENCF(Y (1?3).PHIF),(y(124).TNFTAEJ, (Y(175),PSrEJ 51100230
PEAL LPP (9),NVP,NVY.NVR 51100250
CALL MATVEC(IRP,Y( 13),Y (100),O)
CALL ARKTAN (Y (1O1).Y (102 ),PI-IIE,1) 61100270
CALL ARKTAN (Y(102 ),Y (100),THETAE.1 ) S1100280
CALL AR KTA N (Y(1O 1 ) ,Y(100).PSIE,1) S1100290

C... . . NOTE. . . . .  . . .  611 00310
C PROGR AM THE NAV IC,A rION RA TIOS TO SUIT YOUR MISSILE 61100320

NVP YU26) 51100330
NVY Y(127) 51100340
NVR Y(128) S1100350

C......   61100360
A7P NV P*SIN (THF TA E) 61100370
A YP NVY*SIN(PSTE) 61100380
A l NVP*S1N (PHIE) 61100390
RF TURN 61100400
END 61100410

I
K-6

_____ 
- ‘~~
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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 examp le , it is assumed that the vehicle has
a bi—planar control system and that the vehicle does not roll. This module
demons tra tes 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—l 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 Z~ axis of the
vehicle. A similar arrangement exists for the yaw channel.

L—l

______
.5~~~~~~~~~~~~~ 

.5
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ERROR z] (CA LLING FOR +Z~ DISPLACEMENT) M~ J [
~~

j
4

(ZK1) ~ 

(ZK3) Z~,_j

• e..A I ~~~~~~~~~~~~~~~~~ 
__]

o
T 2 - T 1 (LEAD-LAG NETWORK)

Ao T2 1 (ACTUAL MISSILE CHAR.
___________________  IN THE PRIN. BODY AXES)

S

r(zK2) eo 
~~ 8 _________________

I 

AO~~O- O M~ 
I

(ZK7) i~O

“S
i

I ,.-~~~~~~~ ,X
J A -1 CRIT. DAMPED

ZL1 f’ A <1 UNDER DAMPED

____________________ (L I M I T E R)

“S
i

.0 W~~
(e

~
.e0).2X

~
i0 WN (ACTUATOR DYNAMICS)

4 0

(BODY PR IN. AXES)

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

FIGURE 1-1 Z CONTROL CHANNEL

L-2

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
——

~~~ 

_ _ _ _ _ _ _ _ _ _ __ _
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ERROR ~ I~ 
~~~~~~~ ‘up

(YK4)V
(YK 5)~~Y,~ 

]

B ~ 
~~~~~~~~~~~~~~~~ 1

r 4.T3
e~~ e. + B

0 T4

(YK6) 
~

I _ _ _ _ _ _

L ~YK8) ~~~1I

4e.

4ei

v~ 
w~ (e. .e0).2X~ e W N

• (BODY PR IN. AXES)
(POSITIVE FOR A DISPLACEMENT OF

4 THE MISSILE ALONG THE V P AXIS)

FIGURE L-2 V CONTROLC HA NNEL

_ _ _ _ _ _  

L~3

_ __ _ _ _ _ _
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MOD7 Parameters

Parameter Units Location in Y Array

Input
ERROR Z 102
ZX1 300

sec ‘ 312
sec 313

Z~2 sec 
2 

30].
ZR ft/sec 814
qp rad/sec 807
ZK3 302
ZK7 306
ZL1 308
ZL2 309
WNZ 332

A z
ERROR Y 101
YK5 304
T

3 
sec 314
sec 315

YK6 305
ft/sec2 813

r rad/sec 808
Y~4 303
YK8 307
YL3 310
YL4 311
wNy

335

• 
~RP 

2009—2017

Output
386

S B 387

L-4

_
~-_ -. ,w~~_- __i~_. -
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SUBROUTINE MOP? 51100450
C 51100480
C 61100490

• C AUTOPILOT RASE1,Rf—PLANAR CONTROL OEFLFCTIOPJS 51100500
C 51100460
C 3/1 0/78
C 61100510

• C NOTE THAT THIS PWORRAM REQUIRES CODF 6 AND COOE 7 CANTWOL
C CA RDS FOI~ A.AO,R,BD.EO7,EO7D,EOZflD,i~OY.~~OYI),EOYDD
C

COMMON Y (4940)
EOUIVALENCF (Y(100),ERRORX) .(Y (1O1).ERP ORY).(Y(102),FRRORZ) 51100530
EOUIVALENCF (Y(300),ZKL),(Y (301).ZX2),(Y (302).1K3) 51100540
FOUIVALENCF (Y(303).YP(4),(Y (304),YKb),(Y(305),YK6) 51100550
E0(JIVALEMCF(Y(306),ZK7),(Y(307),YK8).(Y(308).ZLL) 51100560
EOIJIVALENCF(Y(309),ZL2), (Y(310),YL3),(Y (311).VL4) 61100570
EQIJIVALENCF(Y (312),Tl). (Y(313),T2),(Y(314).T3),(Y(.~15),T4) 51100580
EOUIV A LENCF~~Y~~~~?),WNZ).lY(33J),LZ),(Y(334).WNY),(Y(33~~),I Y) S1100590
FOUIV ALENCF(Y(31~~) sAD) • (Y(317) sA) 51100600
EOLIIVALENCc(Y (31M),BD), (Y (319).B) 61100610
EQUIV ALENCF(Y (R06),I~P1, (YC8O7),OP),(Y (F~OtS).RP) 61100620
EOUIV ALENCF(Y (R)2),XDD),(Y(813).YOI)),(Y (814),?OI)) 51100630
EOIIIVALENCF (Y(2000),LPI (1)),(Y (2009),1PI.e(1)) 51100640
FQUIV ALENCF (y (lsq),THEU),(y (3b0 ).PSTD) 61100650
FQIJIVALENCF (Y (329).EozoI)),(y(330),FO7O),(Y (331),F07) 51100660
FQ IJIVALENCF(Y(336).EOYOI)),(Y (337),EOYD),(Y(338),EOY) 61100670
EOU1V ALENCF (Y(3RO),PP~W),(Y (381),OMP).(V (38?),RMP) cllOO€ .80
EQIJIVALENCF(Y(3H6) .DA) • (Y(387) .DR) 61100690
EOUIV ALENCF (Y(2051),LPI (1)) 61100700
PFAL LRL (9),LRP (Q).LPL (~~),LZ,LY 51100110

C
C PITCH CHANMFL
C
10 ET=ZK1*ERROR7 51100720

s1100 730
En= (T1,T2).EI+((T?~~r1),Te)*A ci1oo7~ o

20 THEO=7K2*E~ 61100750
U C

C YA W CHANNE !
C
30 EI=YKS*ERR (~RY 61100760

Bf) (ET— 8)/14 SilOOTTO
EO= (T3/T4)*FT,UT4—T3)/T4)*H 51100780

40 PSTD YK6*En 61100790
C
C MISSILF ANC.IP LAP PATES IN PRINCIPAL A XE S
C

CALL MA TVEC(IR P ,Y( 812),Y(383),0) 61100800
• 50 ~~~~~~~ c11 00810

QMP~~~0P+ZK3*Y (3~ 5) 611u0820
RMP RP,YK4*Y(384) 61100830

100 Y 3 ~ 3 =0. 61100840
Y(324)= (THFD~ OMP)*ZK7 51100850
Y(32S) (PSTP—RMP)4~Y)ct4 ~ 11UO86O

C
C LIMITS ON ACT UAT OR 5IG~iALS
C

IF (Y(~~?4).(E.7L2) Y(324)—ZI~~ 61100870
IF~~Y ( l 2 4 ) . J F . Z L 1)  Y(324)~~ZLJ 51100880
IF(Y(325).r,F.YL4) Y (3?S) Y14 61100890
TF (Y(1?5).LF .Y13) Y(3?’~) YL . 3 c1100900

C

L-5

— T ~~~~~~~~~~~~~~~~~~~~~~ 1J

* ~~~~~~~
_-;r -

__~~~‘~
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.
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C ACIUATOM UYNAMICS
C

EOYDD (WNY*’2)’(Y(32S)—EOY)—2.O’LY*FOYD*WN Y S1100910
EOZDD= (WNZ*’2)~~(Y(32 4)—FO7 )—2 .0~ LZ.FOZP~ WNZ 61100920
DA=EOZ 51100930
OP=EOY 61100940
PFTURr~ 61100950
END 61100960

A 
L4

-
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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 ,

V 0
X

LE 
r

= E t RL
) 

~
‘
R 

+ W E
(R E + h)cosI

~R

V 0
ZLE 

R

Winds are then introduced in tabular form as a function of altitude. The wind
velocity , V~ 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 ,

V
A 

V.., V
w
cos(P..w)

XL ~LE

= V~ 
- V sin(A.

~
)

V V 0
AZL ZLE

—

Axp A
XL

VAyp 
= 1

~ LP 1 V
~~~L

V V
A~p AZL

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

M-l

• • . • •
~~~~~~~~~

.
~~~~~

— -—---- — 
~~~~~~~~~~~ • •

_ _ __ _  - ‘~i:~ ~~~~
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VA V
xc A~p

~~PC~

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

VA 
V
”A.

~ 

+ V~~~
2 + V

A
2

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.

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

Iv
- i i  AZGa t a n

L A xc
V

~i Ayc
B tan

see F 1.gure 9

— 1 1  AYG
~A t

~~ IV ~
___

L Azc

fv ~~~~ 2
— -l Ayc Azc
~~= tan V

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

S i
M-2

~~~~~~~~~~~~~~~~~~~~~~ ~~~~
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AERO COEFF . TABLE ARRAY NO.

C(M , z ) 12

C~(M~ a~ 6A) 13

C(M , ~~‘ 
~~ 

14

C (M , c~~) 15
yp

C~ (M , a, 16

CQ 
(M , )  17

p

C~ (M , )  18
6

C ( M , °~ ‘
~A~ 

19

C ( M , a~ 
~~~ 

20

C (M , e )  21
q

C (M, c t )  22
np

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

FXG CXG THRUST[:;:1 = ( V
A2) * (A) * [::] Li

where
C = CXC. x

~~~ = Cy C0
~~ A 

+ ~y ~~~~~ 
+ C COS

~~A

C~~ C COS
~~A 

— C Sifl
~P A 

— C
y ~~~~~~~ 

sin~ A

The aerodynamic moment coefficients are written as

I M-3 ,

—— __..I ~
-v.ø~ •~~•~
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CLG = C
Z + CZ ~e_ + C~

p A 6

= C COS
~~A 

+ ~n ~~
“
~ A 

+ C
M~ 2V ~

1
~~A 

+ Cm 2V - Cm ~A
A q A

CNC = C COS
~~A 

- C 
~~~~ 

+ ~n 2V COS
~~A 

+ C
m 

+ CM 6
B

p A q A

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

CL + Cy~~
z _ C

Z~~
Y

= :~ 
G 

(Q A

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

M-4

~ ~__.a — — — —  —..——• —•

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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MOD8 Parameters

Parameter Units Loc z~tion in Y Array

I~ p~~~

AX , AY , AZ 3006 , 3007 , 3008

XR 
f t  803

ft 804

ZR 
ft 805

RE 
f t  3000

f t / sec  800

ft/sec 801

ZR 
ft/sec 802

W E 
rad/sec 3001

deg 3015

deg 3002

deg 3003

d ft 3004

A ft2 3005

6 deg 604

deg 386

deg 387

tLP 
2007—2035

~RL 
2000—2008

p,q ,r 806 , 807 , 808

Out~~~~
M 577

Q lb/f t
2 576

deg 572

deg 573

deg 599

deg 574

F lb 550
XR

lb 551

F lb 552
Z
R •

M—5

~~~~~ ~~~~~~~~~~~~~~~~
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Parameter Units Location in Y Array

Mu, f t lb 547

MMP ft—lb 548

ft—lb

~GP 
f t—lb 563—57 1

VA fp~ 575

MOD8 TABLES

Table Array No. I~~ie Units

3 Vw
(h) f ps

4 A.~
(h) deg

12 C ( M , & )

13 C ( M , a , 
~~~

14 C ( M , a,

15 C (M ,~~~)yp
16 C 1(M , a ,

17 C1 (M,~~~)

18 C1 (M , a )

19 C ( M , a ,

20 CM(M, a ,

21 C ( M , c z )
q

22 CMP (M s a

23 THRUST (t) lb

24 m5(t) slug

25 1 (t) slug/ft
2

4 26 I~~~(t) slug/ft2

27 I
~~~
(t) slug/ft2

28 AX( t) 
*

29 AX( t )

30 AZ(t)

—

~~~~~~~~~~~~~~~~~ 
Ø~~~~~~~~~

UU

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 
-

~~~
--—-
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SIJAROU T INE MOF)M

C
C A ( , E N F P A t  P (IPPOSE ho OF F Ol .dcf APII) (

~(IMFN1 ‘~UDkJ L~ FO~ A
• C HISS!) F W I T H MOMF 1~T CP’lTI~t1l IN TWO P1 A~~~S

C ~ i10 )030
C 3/1 0/78
C 6110)040
C T~ RLFc. KTAP(3)=vW (H) 1~TNfl  SPFEf II~PS) 61)0)050
C K1AF1 4’=Aw (t-fl • W IN o AZ IMII1H (IE ( ) 6110)OhO
C KTAR(ln =CX(M.AL PHA HA P) 611010 70
C KTAIR (Lfl=CY (M.ALPHA HA P.PHLA ) S 1 1 O I O R O
C ,~TAH()4)~~CZ (M.ALPHA P A P , P H T t ~) S1IU 10~~)
C KTA P (1~~) CYP (M ,A I PI1A HA P ) c i i o i i o o
C P~TAR (1h~~~C L U ~.ALP HA H AP , P H I A)  6 1 1 0 1 1 1 0

C KTAP (17)=CLP (M .ALPhA BAR ) 61101120
C k TA F~(1M)~~CLP (M ,Al PbA HAP) c 1 1 O ) 13 ( ,
C K TAH( 1~~)=CM (M .ALPHA HA R, Ppi JA) 61101140
C KTAH (20)=CN (M.ALPHA HAP ,PI-(JA ) 6110)150
C KTAR (?1)=CMQ (M.A I PHA RAP) 611011 60
C K TAR( ?2) CNP (.n ,Al PHA HAP ) 61101170
C l (TAR (23) THPU ST (T). ((H) S11011$ (,
C KTAP (?4)=MS(1), TOTA L MAS~~.(~~LUC) 5110119(1
C KTAR (?5)~~ JX X (T). (SLLJ ( _FT**?) 61101200
C KTAP (2 (,)=IYY (T). (SI 1IC,—ET*4?) 61101210
C KTAR (27)~~ IZ7 (T). (SLII( _FT**?) ~ 110122fl
C X TA l~ (?’3 )~~PX (lT )
C K T A P ( ~.’9) D Y ( , ( T )
C
C 61101261,
C D PEFFPl NC~ IT. (FT ) 611012 (0
C A=PEFFRENCF A REA (FT**2) 611012’4(I

C Dx ( *I OCA TTON OF FUM . AXFS w/P TO A FPflII YN. UATA A x r S
C I)V1

C P/G * (NONDTMFNSIOI\AL , F1/’~ )
C PHG YAW AN (( F (l)F( ) Hi~TwN ‘3 EOM .  A XE S A”J I P PT N . AX E s 6110132 0
C THG PITCH 6110133 (1

C
C

CriMMO,~’ Y (4Q4fl,
CUMMON/TAR/7 (5f1) cjlOl 3 Su
F( IIVA I ENCF (Y(51H),GHAI,),(Y(577),VMACb) 5110)36(1

F~~I•IIV P1ENC F (V ($001 •XPI)) • ( V  (901) ,yN1)) • (V  ( H O ? )  i / R U)  c lll137 rp
E( IV AL~~NC~~(Y(3fl1’~),PST~~),(Y (30l4).TAL I.#) S11013M 0
F fl III VAI ENC~ ( V I  ~O1I 1 ) ,WF ) • (V (3000) •R(- ) • (V (2027) •~ LP (1)) 61101390
Fo( ’IVA LENC F (V (?000) ,LRI (I)) • (Y (3013) .P- ) , (Y(5~~~ ) ,LGL~~ 1 ) ) 61101400
FOU TVA LEN C F(Y 301’n ,T~* TA (~~ • (V ( 3 0 2 0 )  •P’~1G ) • (V (30?)) .Pi-~T c..)
EU (IIVALENCF (V(H03 ).XP ),(YCMO4),YP ),(V(M05),ZR) 61101420

E~~IJIVA LENC F (V ( HUh) •P) , ( 1’ (71071 .0) • ( y ( H o 7 1 )  , ~ 1 611014311
Fr~(JIVALENCF (V (3004) .tI). (Y (300b),A) 611014411
FQI JIVALfNCF (Y(3O0h),Dx (,),(y(3007),)V(~).(Y(~~0fls),1)7(Z) 5110145 .
E ( I l I V A I ENCF(V (S47).MtP), (Y(54b),M~~P).(Y (54’~),~~N~P) S11O 147~lI
E (J(I IVAf ENC F(Y (’~50),FXp),(V( 1),FYR).(y(55?l,I-7P) 6110141(1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 61101490
E I I1lIALENCF(Y (~~fl0).XEI)),l’y (~.01 ).YF!)I.(y (~~I)?).7F()) 61101490
F(~I I1 V .)LENCr (VI 21157) .1 0-’) (H) , ( V ( 2 0 3 9)  • (  P C I ) )  • C i ’ 1 20~ ~ ) .1 P( ( 1 ) )  6110) ~,Oo

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ s11 01’-~)u
F( ITVA[ENC F (V(575).VA). (Y(~~7~~).0P),(Y(~~20 ).VA ~~L)
FflI )IVALENCF (Y (5?) ) •VA V 1. ( V ( 5 ? 2 )  •VA7 I 1 61101531 )

• Ei~U IV A l E N C ~ (Y(3451 ) •K (1 )) c i l O I ’ +l
FOI II V AI FNC F (V(?9~~~ ),T) c1ju15~~fl
F Ull) VA L FWC F (V ( 54 4 )  •~ X (~ I , C V I 545) ,FYG ) • C y I 54h ) ,~~ 2(~ ) c l i  0 1  s - ~
EOuIVALEN CF (y (5g (I,.THI ~~IS1).(y (599).A[ P~~I 6110157 (1

M-7

- -• ‘• • • • • -~ ‘is— ,-
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• •‘ ,4’J-•.-.•• ~
,,- _______________________________________

~L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ - ..-. -~ ,- - ~~~— 
-
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EQUIVALENCF (Y (S29),CX),(Y(532),CY),(Y (533),CZ) slioISRo
EQUIVALENCF(Y (534),CLP),(Y(536),CM),(Y (b37).CMQ) 61101590
EQUIVALENCF (Y (535).CLD) .(Y(539).CN) 61101600
FOU IVAL ENCF(Y (61 4) ,CYP) ,(Y(6 15),CN P) ,(V 1616 ) .CL )
EQU IVA L EN CF IY (5 1A 1.VW ) ,(Y (519 ) ,AW )
EQI IIVAL ENCF(Y (2 017 ),THFTAL ) , (Y (3012)
EOUIV AL ENCF (V (526 ) .VAX (). (V (527) sVA Y ~~), (V (52 8) .VAZr,)
EOUIVALENCF (Y( ’009) ,LM P) .(Y(556) ,PHIAD ) ,(Y( 604) ,DAF)
EOU IVAL EN CF (Y (605) ,PD2V) ,(y (606) ,OD2V) ,(V (607) ,R02u ) 61101660

61101670
EOLIIVALENCF(V (608),CMDA ),(Y(4S09),CNOR) 6110)680
EOU IVALE NCF(Y (611) ,M LG) ,IY I6)2) ,MNG ). (Y(61 3) ,MNG ) 61101690
E0U IVAL ENCF( Y (300~~) ,IxX ) ,(V(3 01 Q) ,IYY ),(Y (3011 ) ,IZ? )
EOU IV AIENC F (Y (610 ),V E ) 61101710
DIMENSION K(49) 5110)720
DIMENSION R (9) 61101730
DIMENSION ~~~~ 5110 17 40

LLR (9).I .PG (Q) ,LPL (9) 61101750
RFAL LPL (9).Lf,P(9),MLP.MMP,MNP,LLP (9) 61101760
REAL LPP (9),M S ,IX X ,IVY ,IZZ 61101770
RFAL MLG .MMG.MN0-, 61101780
PAD I. 141592653589/180. 61101790

C
C V F L O C I T I E S
C
10 CALL MATVEC(LRIU).Y(MO0),Y (512),0) ~1101800

H=SQRT (XR**2,YP**7,ZR**2)_RF 61101810
V X L E V (512
V YLE V (513).WE~~(PFT+H)~~COS (RAD*PSTR) 61101830
V7LE V(514) 51101840
VF=SQRT (VXLF**?.VY E**?+VZLE**2) 61101850
CALL !TAB (1,I,H,VW ) 61101860
CALL ITAB I4,1.H,AW) 51103870
A W=AW* RAD S1I01880

60 VWXLE=—VW ’COS C AW) 61101890
VWYLE=VW *STN (AW) 51101900
VWZLE=0.0 61101910

70 VA XL ~ VXLE—VWXLE 51101920
61101930
611019 40

80 CALL MATVEC(Y (2027),Y(S20),Y(523),0) c1101950
C
C PRINCIPAL AXIS M!SALI(NMENT
C

CALL SENCOS(THFT*C-,STG,CTC4,0)
CA LL SENCOS(PSIG,SPG,CPG,0)
CALL SENC0c (PHIG.SPHC~.CPHC,,O)
Lr.P (1)CPG*CT (
LC.P (2 )  CP)4( *STr,_SPH6*SP6*CT(~
LC~P (3) =_ SPHG*STG_ CPHG*SPG*CTC ,

—CPH *STG
(5) =CPHR aCTG ,SPHG*SPG*STO

1C~P(6) —SPG*CTG,CPPIG*SPG*ST (,
Lr~PI7) 5PG
Lr.P(8 =SPHr~*CPC,
LC.P(91 CPIIC,*cPG
CALL MAT IN V (Ic3P,p,LPC~) 61102070

100 CALL MATVEC(LPC,.V (523),y(5?6),fl) 61102080
C
C ATMOSPHERI C/FLOW PRO PEPT IES
C

VA=S QRT(V(676)**?,Y(5?7)**?,y(628)**?) 51102090
IF(H.cAF.500000.) (‘0 To 115 511021 00

110 CALL ARDCFT(H.PP,TT,D1),VS~~;) 61102110
vM*cps=vA/ (vs~~1116.4) 61102120

61102130

M8
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QP~ 0.5*RHO*VA**? 6)102140
GO TO 11 14 cllU?)50)

116 V MA C N O.0 ‘.11( 60,
PP0~ O.() c3I 0?110
QP=o. fl

11 8 GpAv= (32.l74*$F*~~?)/((’.ok1(xP**?.Yw**,.j~~*~~?l)*~~?) 611 021911
C
C A NGULAR REi A T T O N S ’ - 4 I H  IWIw ~~~ N MIS S L I  Ai~’1) V FL o I 1Y  ‘l~~CIOP
C

12n C A LL APKTAP,I(Y(5?H).Y (S?6)•AI PHA ,0) 61)02200
CA LL A R K T A N ( Y ( S 2 7 ) , V ( ’ . .’ 6 ) . k FT A . l , )  c 11u?~’ l O
CALL A P K T A 0 - t ( Y ( 6 ? 7 ) . Y ( 5 ? M ) . l~H 1 A . O )  6 1102220
CA LL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 6 110223

C S1I0??’fl
C F(IPCF AND MOM ENT c,FNF~~ A T i ( I i  * ***4~~~~~*~~~#**** ** * ** * ** * * * * * *~~ *~~~****
C . ~ 110??hO
C TA BU LATED A F Pnf lY~IAM IC 4 0)- I- F IC IF~ IT S
C

(((1)zRMAC H 61102270
( J ( ? ) A LPB 61102280
C A L L  T T A B ( ) ? . ? . I ! , C X )  6 1107290
CALL TTAB (i S.2.U,CYP) 61102300
CALL TTAB (i7.?,I’,CI I-’) ~ 11fl? 3I fl
CA l L IT A H( 1 k ’ .? ,( , .C(U)  c110?3?0
C A L L  T T A ~~(2 ) . ? , ( l . C M O ) 6 11(2330
C A L L  TTAB (7?.2.I ,(NP) 61102340,
I F ( P H I A)  140 , 150. 150 6 11u?35I 1

140 P# IA PHIA+’hf l . cj1 0?36 io
150 CONTINUE 6 1 ) 0 2 47 0

lJ (3) A MOD (P I- ’ T A . 9 0 .) 6 110231401
611 (02390

CALL ITA8 (13 .~~.t~.r Y) Sllu?400
CAP ) ITAH(14.1,IJ•Cl) 61107410
CAL ) ITAB(16.3 .U,cI ) 51107420
CALL TTAB (iq . ),II,CM) 61102430
CALL TTAB (2o.3.o.rN) 61102440

C
C A NGULAR RA T ES OF ROL) Y ~~/$  TO i• OW
C

CALL SE NCOS ( P HT A ,’.PH.C P- 4 . 0 ’ )  61102450
C a l l  M A T V E C ( l 0 P ,~v ( $ 1 ? ) . V ( ’ . 63 ) , f l)  6 1)0246 0
CA l L MAT V E C ( ( p G . Y ( 6 5 3 ) . y ( ’ .s 3 3 . n )  6 11024 7’,
CAL L M A T V E C ( I P C , , Y ( .U 0 6 ) . Y ( 8 ? f l ) , 0 )  S1 1U?4Mfl
1i (V A 1 G * * 2 +V A V I * *?)  1’ - ( , ! h ,17fl c1107490

160 P~~lAO~-V (82n) 51102500
G~l TO 175 6 11025 10

170 CoNTP’,14E c ll u ?520
6 1 10 753 00
61102540

176 CONT I NUE 611u7550
PP?V PHIAO*P/ (?.fl*VA ) S110?S6 ()
or?v~~v ()~21)*I)/(?.o*vA) 61102570
prI7v=vus22).r4,(?. l~~vA) 611075140

C
C AF RO )  CO E F F T C T F P” T c
C

CX C . C~CVC ,=CY *CPH .C 74 c PH. fYP* ~~Pè ’V * CPH 6 1102600
C7C .~ C 7*CP k_ CV *S _ C V P f l 2 V * 5 0~I-. 6 3 10?h IO
Cl r,=CL.CLP*pr)?v
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4:- sp)-.4cM(~*(3 l P— C 0.D A * 14 A Sit 020’ 10’

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1-I 61  10,’64n
C
C fl PIJST AND MA S S PI~r4P F..’ I ( 0 - s
C

L ) ( 1 ) T

M.9

TRIS PAD! IS BEST ~UALIT! PRACTICLBLI
~~~~~~ • • ~ £ ‘  I••. -‘ ~.. ,~~. T~’

— ~~~~~~~ i,••’~ 
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CA LL T I A H C’ 3 , i , lJ ,T H H U ST )  61 102660
CAL L ITA B(74 .1 , I I . ’~’S) 6 1102670
C AL L ITA8 (75, 1.II ,TXX ) 611026140
CALL ITAB (26,1.lI .TVY ) 61107690
CALL TTAB (’7,1,’i.17Z) 61107700

C
C FORCES AND HOMENTS
C

F X G CXC ,*QP*A ,THP I I6T  61 107710
FVC, CYC,*QP*A c 110?720
F7G=C76*QP*A S11U?730
CALL TTAR (2M.1. Il ,I X’i) 61107740
CA L l . IT A 8 (2 9 , 1 . L ’ .PVG )  c l iO?750
CALL ITAR (~~O,l.U.

1
~7~’) S110?760

MI G= (C LG.CyG~ n7G— CZ 0 ~~
liy( ; ) *4J P*A * ) )  6 1102770

MMC, (CMG. C7G *OX ( , ) *Ql.~*A*I) 61102780
MNU ( C NG— C Y G* f l x r ,) *OP*A* l)  61102790
CA LL M A T V E C ( l I , P , y ( 6 3 3 ) , V ( S 4 7 ) . ”) c l l o?800

200 COMT !P”LIE 511021410
CALL  M A I V E C ( I G P .Y ( 5 4 4 ) .Y ( 5 5 0 ) , l l ) S110?~ 2O
CALL MA TVEC (IP I •V ( 5 5 0 ) .Y ( ’ . ” O ) . I ) ) 6 11071430
CA ) L MATVEC (I I I~.Y(550) •Y(’-”~I),0) 611(07840

Si IU?M5 O
P~~T t I~~ S 11 0?HhO
F NH

1.51 ~UkL1I’fis FA~ i~ 
1.3

-
~~~ 

‘~ lS1t~D 1’~ ~~~

S

M~1O

L •~~~~~
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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 , in , with the fo llowing character istics,

ZR 2 R
where Xi,, ~~ Z~, are the principal axes of the mass, and X~, ~R’ ZR are theinertial axes, the general acceleration of point,p is,

-4 -4 —4 -4 + -t -# -~ -
~ -4(a) R = (aO ) R + to x (w x OP) + w x OP + (ar ) + 2w x (Vp)

• In this equa tion , (a
P
)
R 
is the acceleration of P with respect to R,

is the acceleration of a with respect to R ,

(~~~~~~) 
is the acceleration of P with respect to o, and(s,) is the velocity of P with respect to o.

N - i

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘— -— —— •  
— —..• - ‘~~~~~-~~~ -“-‘ - ‘ •~•~ - - • -

:~ ~~~~~~
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If the assumption is made that in is a rigid body, then

-4 S

(a
r

) 0

(v~)~~— O

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

~ [ó~~ x (~~~ ) 
]dm ~ O~~x [~~x O ~~+~~~x (~~x~~P)]dinm R fli

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

= m~ F~~

= m~ F~~

ZR = in
5

= ~yL~ [q r (I ,~~ — +

4 = -ji--- [pr( I ~~ — I~~ ) + Mm,]

t = y~— [qP(I~~ — I,.~~) +

where FXR, FYR, and FZR are the resultant forces in the inertial system, and
M~~, Nm,, M~~ 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,

FXR
= — — g

F

~R = + g cosli)RsinTR

FZRZR 
— 

in 
— g cos~

)
~cos-r~~

where FXR, FYR, FZR consist of all external forces except those caused by
gravity.

• N-2

• • .~~~ - 
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MOD9 Parameters

Pa rameter Units Location in Y Array

Input
0J
~R degree 3015

T R degree 3014

FXR pound 550

FYR pound 551

FZR pound 552

m
5 

slug 3012

GRAV feet/ second2 578

P rad/ sec 806

q rad/ sec 807

r rad/sec 808

1xx slug—ft
2 3009

I,~ slug—ft
2 3010

slug—ft
2 3011

feet/pound 547

feet/pound 548

feet/pound 549

Output 2
X
R 

feet/ se cond 812

feet/second2 813

• ZR fee t/ second 2 814

• P rad/ sec2 815
q rad/sec2 816

• r rad/ sec 2 817

N -3

‘- ~~~~~~~~~~~~ •.•- • • • ~~~~ ~~~~~~~
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S(I RROIJ TINE P4009 6 1X 064 50
C SIX O64 F,IJ
C 3/10/78

• C SIXOA4RO
C FOLIATIONS OF MOTION S1X06490)
C SIX0~ S0O• C MOD PACKAC ’F S IX OC ’. A (,FNIRAL PURPOSE 6I~OF GUTOFO (10 SIX0~ S1o
C UNGUIDED TPAJFCT OWY PRC4 (.O4A M S1X06520
C S1X06530

L.. C THE MASS,MS AND MOMENTS OF jNEs~TIA IXX .IYV ,177 ARI~ PEOUIPFD S1X06540
C SIX O 6SSO
C NOTE” DERIV ATIVES XRO)fl,VPOL,ZPDD . XPD,VND,ZR0,PO,00.PP,P,0,N SIXU6S6O
C S1X0657 0

COMMON Y (4960) 61Xu 6580
FQUIV ALENCF(V(547),MLPo. (Y(5414),MMP).(V(549),MNP) S1X06590
FQLIIVALENCF (Y (550),FXR), (V(bS1),FYR). (Y(552),I-ZR) SIXOF.600
E 01 1IV ALENC r (Y( 14I2) ,XP UO ) , (V (811 ) ,VROD ) ,(Y (814 ) ,ZRD I1) SIX OA6IO
EO (IIVAL (-NCF (V(8 15 ) ,PD) . (V (816 ) ,00) ,(V (81 7) ,R0 ) 61X06620
EOIII VAL E NC F (V (3009).I X X ) . (Y (3 010 ) ,IYV) , (V (301)) ,11 7) S1X06630
EOUIVALENCF (Y(RO6),P),(Y (8O7),o~).(yUo0R),H) 51X06640
EOUIVALENCF (V(3012),MS) S1X06650
E UIV ALENCF(Y( 3fl1~~),PSIP), y (30I4),TAUP),(V(57R).o~,~ AV 61X06660
EQUIVALENCF(Y (2999),T) SIX06670
RFAL MS,MLP ,MMP .MNP ,IXX ,IYY,IZ7 SIXOA6RO

C
C LI NEAR EQUATIONS OF MOTION
C

CALL SFNCOS (PSIP,SPS,CPS,0) S1X06690
CALL SENCO6 (TAIJ R,STA ,C1A,O) 61X06700
XPDD FXR/Mc~ GPAV*SPS 61X06710
VPDD FYR/M S+GRAV*CPS*STA ç IX 06720
ZPDD FZK/Mc_C’PAV*CPS*CTA ci x0673o

C
C A NGULAR EQI’ATIONS OF MOTION 4
C
30 P0 (Q*p * (Iyy—17 7) .MLP)/TXX S1X06740

Qfl= (P*P* (I77_TXX)+MMP ),IYV 51X06751)
RF0 (Q*P*(I~~X_ IV y)+MNP)/ILZ SIXO676o1

40 CONTDIUE S1X06770
RFTURI’~ S1X06780
END S1X06790

1
4

N4

-

~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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APPENDIX 0

MOD 14; 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,
V . and the heading angle, A (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,

V~~ V~~ -V cosA

V
Ày 

= VYLE 
— V~~inA

VAZL 
V ZLE 

0

or

VA =~ /v~~~ 2 + Ày 
+ VAZL

2

The atmospheric properties such as the speed of sound and density are gotten
from the 1969 Standard Atmospheric Prq,erties Tables.

The forces along the body principal axes are then expressed as

Fxp = THRUST - (
~ 

P u/
A2)(~~ EF)(cD)

= 0

S 

F~p = O

.41
C~ is the drag coefficient input in tabular form as a function of Mach number in
TXBLE ARRAY No. 5.

• •

0—1

• ~~ I*~.
,
~~~1r1_~ — ~~~~~~~~~~~~~~~~~~ 
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Other associated necessary quantities are the mass of the vehicle and the
acceleration due to gravity. These are,

m5 m1 +th(t — t 1)

where

in
1 

= initial mass

iii = mass depletion rate

t
1 

= initial time

= system mass

t = current time

and
2

g 

~
,
/x R

2 + Y R
2 +zR

2)2

The equations of motion can then be written as,

R F~p 

— 

sin
~R 

—

= 1
~ LR 1

~~ PL 1 ~~~ + g COSl
~
)
R
Sint

R

ZR F~p 

— 

cos
~R

cosT
R

I
H 0-2
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MOD14 Parameters

Parameter Units Location in Y Array

Input

H f t  3013

V~ fps 512
LE

V~ fps 513
LE

V~ fps 514
LE

f t  803

ft • 
804

ZR f t  805

M1 
slug 658

iii slug/sec 589

t~ 
sec 2863

t sec 2999

THRUST lb 590

Output

V fps 520

fps 521

VA 
fps 522

ZL
VA 

fps 575

H fps 577

CD 
fps 529

Fxp lb 601

~~~ lb 602

FZP 
lb 603

FXR 
lb 550

FYR 
lb 551

FZR 
lb 552

XR f t/sec 2 812

- f t/ sec 2 813

ZR f t/ sec 2 814

• 0-3

- - 
- - • -
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SUBROUTINE M0014
C
C FORCE MODULE FOR A 300F PARTICAL TRAJ.
C
C 3/1 0/78
C
C TABLES. K TAB(3)=VW (H) • WIN)) SPEED (FPS) TR301360
C K TAP (4)=AW(H ) , WIND AZIMUTH (DEG) TR301370
C KTAR(5 )=Cfl (M) ,ORAG COEFF.
C K TAR(23)=THRUST (T) (LA)
C
C
C INPUT PARAMETERS

C
C MT=V (658) , INITIAL MASS (SLUG )

C MDOT=V(589), RATE OF CHANc.E OF MASS (SLU~ S/SFC)
C TT=Y (2862) • INITIA L TIME (SEt )
C Tl-4RUST=Y (590) • CONSTANT THRUST (LR)
C A=Y (3005) • REF. AREA (FT**2)
C

COMMON Y(4040)
EO UIVAL LNCF (V (3013 )  ,H) , (V (2999) ,T)
EQUIVALENC F (V (512) .VXLF) (V (513) .VYLF) , (Y(514) ,VZI .F)
EQUIVALENCE (V (2057) .LPL (1) ) ,  (V (2039) ,LLk (1)
EPUIVALENCF (V (803).XR),(V(804).VR),(V (805),ZR)
EQUIVALENC F(V(578 ,GRAV) .(Y(577),VMACH) TH301450
EOUIVALENC F (V (812),XPOO),(V (813),YRDD).(Y (1414),ZRDH) TP301480
EOUIVALENCF (V(3012) ,MS) TF301520
EOUIV ALENCF(y (550),FXR), (V(551),FyR),(y (552),FZR) TR301530
EOUIVALENCF (V (30 05) ,A ) • (V (3000 •RE
EQLIIVALENC F (V (349) .PSIP) ‘ (V (348) ,TAUP )
FOL)IVALENCF(V (S7S) .VA ), (V(’76),QP),(V (520),VAXL) TR301580
EQUIVALENCF(Y (521) .VAYI ) ‘(V(522 ),VAZL ) TR301590
EOUIVALENCF (y (601),FXP),ty(602),FyP),cyc603),FZp1 TR301620
EOUIV ALENCF(Y (589),MDOT),(Y(590),THPUST) TR301630
EOUIVAIENCF (V(529) .CD) TR3U1b4O
EQUIVALENCF(Y (658).MI),(V(2862),TI) TR301670
DI MENSION “ ( 2 )
REAL LLR (9),IPL (9),MS.MT,MI)OT

C
RA0 3. 141592653589/180. TR3O)820

C -

C WINDS
C

CALL ITAB (3.1.H .VW)
CALL ITAB (4,1,H .Aw ) -
A W=AW*RAD TR301830

60 VWXLE —VW~ COS (AW) TR301840
VwVL E=VW~ STN (AW) TR301850
VWZLE=0 .0 TR301860

C
C VELOC T TV W/ I~ TO A T R
C

70 VAXL=VXLE — VWXLE TF430 1870
VA VL VYLE— VWVLF TR301880
VAZ L~ VZL~ —vWZ LE TR301890
V A S QRT (V (520)**?,V (521)**2+Y(522)**2) TR3O)900

C
C ENVIR ONMENTAl PROPERTIES
C

IF (H.GE.500000.) GO TO 115 TR30191o
110 CALL ARDCFT (H,PP,TT,DO.VS .G) TR301920
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VMAC H VA/ (VS*1116.4) TR301930
RHO=Dfl*O.0023769
QP=0.5*RHO*VA**2 TR301970
GO TO 118 TR3019 8 0

115 VMACH=0.0 1R301990
RHO O.0 TR3 O2000
QP= 0.fl . TR3O?Q10

11 8 GWAV (32.114*RE**?)/((SQRT(XR**2,VP *2,ZR**2))**?) TR302020
C TR3O ?030
C MASS
C

t4c=MI.MDOT* ( T — T I )  TR3O?08 0
C
C FORCES
C

U (1) :VMACH TR302090
CALL ITAB (S.1,LI,CD)
FXP THRUST—QP~ A*C!) TR302130
FVP O.0 TR302140
F7P 0.O TR302150
CALL MATVEC (LPL,V (601).V (5S0),0) TR3O?270
CALL MATVEC (Ll p,V (550),y (S50),o) TR3O?280

C
C EQUATIONS OF MOTION
C

XPDD FXR/MS~ 6RAV* (STN (PSIR)) TR302290
YPDD FVR/MS,GRAV* (COS (PSIR)*SIN(TAUP)) 1R30?300
7R~)U F7R/M S_ (RAV * (CHS (PSIR)*COS (1AUR)) TR302310
RETURN
F ND

V
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APPENDIX P

PROCESS, 3DOF AND 6DOF
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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

TI sec . 2862
T sec. 2999

VXLE fps 512
VYLE fps 513
VZLE fps 514

Output

GX g ’s 2205
GY g’s 2206
GZ g ’s 2207

GAMAH deg. 2208
GAMAE deg. 2209

I
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SUBROUTINE PROCESS SIXOf~82O
C S1X06830
C 3/13/78

SIX OAS 5O
• C MOD PACKAGE SIXOG. A GENERAL PURPOSE 600F GUIDED 0° S1X06860

C UNGUIDED TRAJECTORY PROGRAM c1X06870
C SIXO F8AO

COMMON Y(4940) cIX0f~8QO• EQUIVALENCF(V (2863),STOP).(Y (3012),MS),(Y (658),MI) SIXUA900
E0U!VALENCF(Y(2213),OT),(V(22141,OP),(Y (2215).RS) SIXOA91O
EQUIVALENCF(V(3000),R)~i.(Y(2$b2),TI),(Y (3O01),WF ) 51X0692u
EOUIV*LENCF (V (504) .01 A~ ) .  (Y (505) ,OLR), (V (506) .OT 1$). (V ( 2 9 9 9 1 s T )
EOUIVALENCF (Y(3014),TA(lR),(Y(3015),PSIR) S1X06940
EOUIV ALENCF (Y($IR).RTFI),(Y(819),RPEI) SIX0s~95U
ErnJIVALENCF(V (803),XRM),(y (8o4),VRM),(y (80c),?RM) S1X06960
EOUIVALENCF (V(2?0n),RTE),(Y (220)),RPF ) 51X06970
FQUIVALENC F(V(2?oS).c,x),(y (220A),Gy).(y (2207).GZ) SIXIm980
EoUIVALENCF(Y~~~12),VXL F),(Y(513),VY1f).(Y(514),VZIF) 51x0699tj
EoUIVaLENCF(Y(~~?oM),GA’AAH).(Y (2209).GAMAE) 51X07000
EQUIVALENC E (Y(2204),GT)
EQUIVALENCF(V (651).CXA ), (Y 652),CVA),(Y (6b3),CZA )
EOIIIVALENCF(V (S26),VXG), (Y (b27),VYG) .(V(SdR),VZG)
Foul V ALENCF (V (648 •CXG , (Y(649) .CYG) , (Y(650) ~CZG)
EOUIVALENCF (V (660),LGA (I)),(V (3005),A),(Y (578).GF4AV )
EQUIVALENCE (V (30)2) ,MS) , (V (654) .AALC )
REAL MI,MS .LGA (91

C 51X0702o
C F UATOPIAL PANGFS 51X07030
C

RA0 3. 141542653589/18C • si X07040
RTE= (RE (TAUP*RAD_WE*(T_TI))) SJXO7OSO
RPE= (PE~ PS T P~ PAD) S1X07060

• C SIXOTO7O
C RODY ACCELERATIONS IN THE PRINCIPAL AX FS s (6.5) 51*07080
C

CALL MATVE C(Y(2000),V(R12),V (2202),0) 51*07090
• GX=V (2202)/32.174 51*07100

GY=V (2203)/32.174 51*07110
GZ=V(2204)/32.174 51*07120
GT=SQPT (GV**2+G7~ *~’)

C 51*07130
C LOCAL FLIGHT PATH ANGLES, ((lEG) 51*07140
C

CALL APKTAW(—VVIE.VXLE,GAMA )-t,O ) S1X07150
77Z~~SORT (V X L E* * 7 ,v V L E * * ? )  S IX O 7  160
CALL ARKTAN (VZLE.ZZZ,(,AMA L .0) SIXO7ITO

C 51*07180
C TPUE DISTANCE TRAVELEI W/P TO THE EARTHS SURFACE 61*07190
C

TAUR=TAUR~ PAfl SIXO7200
PSIR=PSIR~ PAO 61*01210
TAUF =TALJR~ wF*T 51X 07220
0x2= (RE*SIN(OP)—Rf*SIN (PSIRfl**2 S1X07230
0V2=(_RL*C Os OP *STN(OT)4R~ *cOS PSIP)*SjN(T AUF ) )* *?  51*07240
D?2 (RF*COS( (1P)*C OS (OT _RE*COS(PSIP)*Cr~S(TAUF))**2 51*07250
DC=SOPT (0X2.DV2+D72) 51*07260
THETA 2.0*ASTN (DC/(2.O*RE)) 61*07270
OPS PF*THETA SIXO72I4)
R5=RS.DRS 51*07290

OT=TAUF 51*07300
OP=PSTR SIXO731O

p.3
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TAU R=TAU R/ PaD 6 1*07320
PSJ R= PSIR/PAfl 61*07330
IF(STOP) 20,20,10 61*07340

i n  TI~ T S1X0 73 50
Mt=MS S1X0736e

20 CONTINUE 61*07370
RFTURN S1X07380
END S1 X07390
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