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PREFACE
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contvact project monitor was D. L. Cobb, DRSMI-RDF, both from the Systems
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The contract period extended from February 3, 1982, through May 28, 1982,

The views and conclusions in this document are those of the authors and
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I. INTRODUCTION

A. Statement of the Task and General Approach

This report documents the results of the work performed under the
Pershing II Task Order DAAHO1~81-D-A003, Delivery Order 0038 (GT/EES
Project No. A-3165). The task order required that the following subtasks
be performed:

o The range safety problems which would arise if the motor nozzle
were unintentionally deflected during boost phase were to be evaluated.

e The aerodynamic simulation model used in a Pershing I1 computer-
simulation program was to be validated against actual flight test data.

o Computer simulation results were to be compared with actual flight
data for a set of Tactical Ballistic Missile (TBM) trajectory profiles.

The results of these comparisons were "to be presented in a form use-
ful for evaluation”.

B. Background

The task documented with this report was an outgrowth of an earlier
task (Pershing II Debris Studies, DAAHO1-81~D-A003, Delivery Order 0017,
GT/EES Project No. A=-2946). The earlier task was aimed at evaluating
launch and target sites for Pershing II firings, determining the effect of
varying aerodynamic conditions on the missile's flight behavior, and con-
ducting range safety studies. A follow-on task order request is in pre~-
paration and will expand upon the work performed in support of these two
projects.

C. Contents of This Report

A detailed discussion of the subtask objectives and accomplishments
is given in Section II. Section III discusses the U70 and TRW simulation
programs used to carry out Pershing II missile eimulations [l]. It in-
cludes a description of the U70 program and the computer om which it rumns,
modifications that had to be made to it to support this task, and the
operational procedures for running it. It also discusses the problems
involved in converting the TRW program to run on the U. S. Army Missile
Command's Perkin-Elmer 3220 computer. Section IV discusses the results
that were obtained in the execution of this task. Finally Section V pre-
sents recommendations for future work.




I1. DETAILED OBJECTIVES

A. Subtask Objectives and Accomplishments

) * During the performance of this task, two of the three required com~
puter simulation studies were performed, using the U70 trajectory simula~
tion program [1] and the TRAJ targeting program. The third study, the
comparison of Pershing II computer simulation studies with actual flight
data, could not be carried out because flight test data were not availlable
during the period of performance of the task. The effort that would nor-~
mally have been expended upon this comparison of flight test data and simu-
lation results was directed instead toward the implementation of a Maximum
Likelihood Method computer subroutine for data analysis.

Similar studies were to be undertaken using a new Pershing II simula~
tion program developed by TRW, Inc., but the full computer program could not
be obtained in time for use on this task., Its treatment in this report
is necessarily restricted to a discussion of the conversion and docu-
mentation of the program itself rather than the results obtained using it.

A more detailed description of the four subtask objectives is given below.

1. Flight Safety (Motor Nozzle Deflection) Study

The motor nozzle deflection study was a flight safety study con-
ducted to determine the breakup point of the Pershing 11 missile in the
event of an engine malfunction. A nozzle deflection would cause the
missile to deviate from its normal flight path. The objective of the study
was to determine how quickly the missile would leave its flight corridor in
the event of a spurious nozzle deflection and whether Range Safety would
detect this aberration in time to permit destruction of the missile before
it could endanger life or property.

2+ ‘Aerodynamic Model Validation Study

A validation of the aerodynamic mathematical model used in the
' U70 Pershing II digital simulator was required for utilization of flight
! data. To compare the simulation results to the flight data, a statistical
. technique called the Maximum Likelihood Method was to be used. This tech-
nique de—-serves special mention because of its key role in the performance
of this task. This technique is used to fit theoretically predicted values
, of relevant variables to experimentally derived values when the experimen-
& tal values contain random measurement errors. Generally, the Maximum
! Likelihood Method provides better estimates of the underlying true values
; of variables than a least-squares curve fit because, in making its estima-
| tes, the Maximum Likelihood Method uses a prior knowledge of the standard
deviatinnas of instrument measurement errors as additional information to
help refine its estimates.

e e # o . eyt T =t =




3. Tactical Ballistic Missile Trajectory Study

The Tactical Ballistic Missile (TBM) study took the form of a
matrix of U70 runs with various flight paths along one dimension and dif-
ferent flight characteristics along the other dimension.

One launch site and three target sites were used to generate the
three flight paths. Then for each flight path, a set of three runs was
made for three assumed conditions - first, a “nominai motor” or unperturbed-
baseline flight plan; second, a ballistic re-entry vehicle flight plan in
which no aerodynamic corrections are applied to the missile during its ter-
ninal re-entry phase; and third, a flight plan assuming offsets in target
latitude and longitude from its normal target location. Thus, a total of
nine runs were made for this study.

B. Conversion and Installation of The TRW Simulator

The TRW program is a six-degree-of-freedom simulator developed for
the purpose of validating Pershing II onboard software. This simulator
contains aerodynamic modeling features and provides simulation capabilities
not found in the U70 simulation program - capabilities which the U. S. Army
Missile Command's Systems Simulation and Development Directorate, Systems
Evaluation Branch, seeks to add to its repertoire of simulation programs.
The job of understanding the program and converting it to the Missile
Command's computer was assigned to Georgia Tech as a part of this task
(A-3165). TRW delivered a copy of its program to the Systems Evaluation
Branch. However, when program compilation and link loading was attempted,
certain sections of the program, such as the MAIN control program and the
INTERP routine were found to be missing. These could not be obtained
during the period of performance of the task, and therefore, could not be
converted. Insofar as possible, the remainder of the program was partially
converted from TRW's Digital Equipment Corporation VAX 11/780 computer to
the System Simulation and Development Directorate's Perkin-Elmer (PE) 3220
computer after making minor changes to accommodate for the differences bet-
ween the FORTRAN capabilities of the two computers.

Although the installation of the TRW program on the PE 3220 computer
and the incorporation of its aerodynamic model within the U70 program is
not explicitly required in this task's scope of work, it is implicitly
required for the proper performance of the task. Since it has consumed
much of the task's effort, it will be discussed in this report as though it
were a fourth task objective.




III. THE U70 AND TRW SIMULATION PROGRAMS

A. The U70 Program
l. Description of the U70 Program

The U70 trajectory program employed in the performance of this
task, uses the given prelaunch, target, and flight conditions to simulate
the flight of a single-stage or two-stage missile and its assoclated
maneuvering re-entry vehicle. This program utilizes the equations and
requirements found in the Pershing Launch Computer and the Pershing
Airborne Computer to simulate the missile flight from launch through the
boost, midcourse, and terminal portions of flight to impact [2].

The U70 trajectory program runs on a Perkin-Elmer 3220 computer
system equipped with 800 kilobytes of random access memory, a nine-track
tape drive, three 67-megabyte disk drives, and five demand terminals
(including the system console). The simulation is coded in FORTRAN VII-D,
although it is probably compatible with other versions of FORTRAN.

The program is able to restart the missile simulation at any
time during the terminal re-~entry portion of flight upon entry of data such
as time, position, velocity, and orientation of the missile at the desired
restart time, plus the restart data acquired from a previous simulation.

2. Modifications to the U70 Program
a. Modifications for the Motor Nozzle Deflection Study

For this study, mudifications were made to the U70 program's
BAPLT (Boost Autopilot) subroutine to enable desired deflection angles to
be input at some time during boost. These modifications are as follows:

MODIFICATIONS TO BAPLT

470 CONTINUE
IPND = ICON(50)
IYND = ICON(51)
IF(IPND .EQ. 0) GO TO 453
IF (TIMC .LT. CIN(382)) GO TO 453
DNV (1, 1) = CIN (380) * DTOR

453 CONTINUE
IF(IYND .EQ. 0) GO TO 454
IF(TIMC .LT. CIN(382)) GO TO 454
DNV (1, 2) = CIN(381) * DTOR

454 CONTINUE
RETURN
END




b. Aerodynamic Model Flight Validation

As mentioned previously, the Maximum Likelihood Method (MLM)
of data correlation was intended tv help fit the simulator-generated aero-
dynamic flight data to the actual test-flight telemetry data, i.e., to
"average out” random telemetry instrumentation errors in order to provide
more meaningful comparisons between the simulated and experimental results.
The machinery for accomplishing this was incorporated into a new U70
subroutine called DATACORR. The addition of DATACORR to the U70 program
required the creation of a new link procedure, TU70LINK.CSS, which builds a
new task called TU70.

The TU70 task requires as inputs the instantaneous inertial-
frame X(t), Y(t), and 2(t) position coordinates and ¢(t), 6(t), and ¥(t)
(roll, pitch, and yaw) angular coordinates of the missile and their time
derivatives (where t represents time). For program checkout purposes,
constant offgets have been programmed into the inertial position and rota-
tion inputs. Since the MLM uses an iterative technique, an upper limit
must be entered on the number of iterations that the computer is to attempt
before giving up (in case the iteration sequence does not converge).
Finally, a 6 x 6 matrix of standard deviations and cross-correlations of
measurement noise must be entered for the three position and the three
rotation coordinates at t = 0, e.g., at launch (Table 1).

This matrix contains in its (1, 1] location, the variance (ag)

of the instrumentation measurement errors of the missile's x-coordinate at
t = 0. In its [1, 2] location, it contains the mean square error in X due

to an error in Y 03§¢), and so forth, for all 36 elements. These TU70

input requirements are summarized in Table 2. The coding for the DATACORR
subroutine is reproduced in Appendix A.

c. Data Format Modifications for the Tactical Ballistic
Missile Simulatioas

Modifications were made for the Tactical Ballistic Missile
trajectory simulations to provide the same output format for all stages of
flight. Different variables were output for the boost and for the re-entry
stages; these variables were combined to produce one block of output data
for both stages. This required changes in the BOUT (Boost OQutput) and
RVOUT (Re-entry Vehicle Output) subroutines. These changes are documented
in Appendix B.




TABLE 1.

COVARIANCE MATRIX OF MEASUREMENT NOISE, N
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TABLE 2. TU70 INPUTS FOR THE DATA CORRELATION FEATURE

INDICATORS:

CIN(75) = Contains an on—off "switch"” for the data correlation feature
(0 = Off, 1 = On)

CIN(70) - Contains an on—-off "switch" for the computation of the transpose
of the sensitivity matrix, S (0 = Off, 1 = On)

CONSTANTS:
CIN(499) - Contains the number of experimental data points
CIN(498) = 0,2 )

CIN(497) = 0,2 |

y
CIN(496) = 0,2 Contains the initial inputs of the co-
var.ance matrix of the measurement
CIN(495) = 0g2 noise (agsumes a diagonal matrix)

CIN(494) = o¢2

CIN(493) = awZ

CIN(492) = Eg |

CIN(491) = E¢
Contains the error=-vector differences
CIN(490) = Ey between the measured and computed values
of x, v, 2, 8, ¢, and ¥

CIN(489) = Ey

CIN(488) = E

CIN(487) =~ E,




3. Instructions for Using the U70 Program

A description of the procedures for compiling, running, linking,
restarting the program, and making output tapes is given in Appendix C,
together with a list of the .CSS files used to accomplish these tasks, and
a 1ist of the U70 source files.

The TU70 program contains an array of input constants and indica-
tors called CIN. Table 2 contains definitions for the constants and indi-
cators which serve as inputs for the DATACORR subroutines for the TU70
task.

B. The TRW Program
1. Compiling the TRW Simulation Program

The TRW program was originally set up for interactive com-
pilation, program linkage, and execution. However, in converting the
program to the Perkin~Elmer 3220 computer, it became necessary to switch to
batch mode compilation and linkage. The reason for turning to batch mode
operation was that not every file or function required by the program is
present in the program itself. Some of the necessary information 1s stored
in independent files, and operating in batch mode permits these independent
files to be found during compilation and to be linked to the MAIN program
during the program linkage phase. To accomplish this result, the $BATCH
command had to be placed at the beginning of the program, the $BEND command
at the end of the program, and the $PROG declarations put at the beginning
of each subroutine,

Next, a "compile file" was produced by modifying a copy of the
systems file F7CAE.CSS (which contains the FORTRAN VII compiler and the
linking loader) and then using it to compile the TRW program. Compilation
time was saved by compiling one subroutine at a time, producing an object
code image and saving it in a separate file, and then linking it together
with other object code subroutines during the link phase. This meant that
only those subroutines which had been updated had to be recompiled.

F7CAE.CSS is a procedure which compiles and links any program.
The compiler in F7CAE.CSS uses system file F7D.TSK to produce an object
file and F/D.ERR to record errors found during the compile phase. The
F7CAE.CSS link loader processes object files generated by the compiler and
creates a task file for execution. The link loader also creates a load map
and provides a record of any undefined external references or syabols.
Appendix D lists the file names used by the TRW program and Appendix E
lists the program's subroutine names and calling sequences.




Of the many error messages which surfaced during the first com—
pilation, a substantial fraction was associated with VAX-peculiar FORTRAN
INCLUDE statements. INCLUDE is a VAX FORTRAN compile-~time command which
causes the compiler to copy a disk file into a program - typically, a file
containing COMMON and EQUIVALENCE statements. This permits a simple
INCLUDE statement to be substituted in subroutines for the extensive COMMON
and EQUIVALENCE statements that would ordinarily be found there instead.
This practice not only reduces the amount of effort required to write and
update the program but also reduces the chances of making a mistake in
coding, since the COMMON and EQUIVALENCE statements only have to be updated
at one place in the program rather than in every subroutine in which they
are referenced.

Another VAX-peculiar FORTRAN VII enhancement is the DO WHILE cow-
mand. Since the DO WHILE statement is not recognized by Perkin-Elmer's
FORTRAN VII compiler, it was necessary to replace DO WHILE's in the
original program with ordinary DO statements in the Perkin-Elmer version of
the program.

The above modifications constitute the principal programming
changes that have so far had to be made to the TRW subroutines in order to
convert them from the VAX 11/780 computer to the Perkin-Elmer 3220 com~
puter.

2. Subroutines Missing From the TRW Program

As mentioned in Section II.E,, the TRW simulation program was
delivered with some major portions of the program missing. The most cri-
tical missing subroutine was INTERP(Interpolation) which, by interpolating
large data tables, would have provided the thrust characteristics, mass
properties, and aerodynamic data needed to simulate the flight. The main
control program, MAIN, was also missing, although a program SDCTRL
(Six-Degree-of-Freedom Control) was found which seems to perform similar
functions. Essential portions of the program that were required to simu-
late steering, guidance, and navigation in the Pershing Airborne Computer
were also missing. Finally, an error message routine ERRMSG was missing.

a. INTERP(Interpolation)

With the aid of a former developer of the TRW INTERP routine,
a prior version of INTERP was located in an earlier edition of the TRW
simulator and efforts were made to understand it and use it in the curreant
version of the TRW program. At the heart of the INTERP routine is the
above mentioned involved set of aerodynamic tables, organized in a way that
minimizes storage requirements without unduly increasing run times. A
discussion of what has been learned about this multi-dimensional data table
is presented in Appendix F.




b. MAIN and SDCTRL (Six-Degree-of-Freedom~Control) Programs

After finding that the MAIN routine was missing from the TRW
simulator, efforts were begun to develop such a function-controlling
routine. An earlier version of MAIN was found in a program listing and the
listing was used to help understand what was needed to recreate a current
MAIN routine. A flowchart of this early version MAIN routine is contained :
in Appendix G. Appendix H contains a flowchart of the SDCTRL routine. )

¢+ The Qutput Processor

The TRW simulation program has an output processor which takes
advantage of large arrays to store values of variables for output. These
arrays are saved in three groups named BIGALR, BIGALlI, and BIGPLD, which
contain Real, Integer, and Double Precision variables, respectively. These
output-variable values are transferred to the BIGPl arrays for use by the
output processor through EQUIVALENCE statments located in each
subroutine [l]. Each variable stored in BIGOAIR, BIGPlI, and BIG@ID is
stored on a disk file BIGOI.Qég. The names of these variables are listed
in Appendix I.

3. Tape—to-Disk Conversion of the TRW Program

TRW delivered its asimulation program to the System Evaluation
Branch on a nine-track 1600 bit-per-inch tape. This was loaded onto a
Perkin-Elmer 3220 disk pack using the following procedure:

Mount the tape on a 1600 bpi tape drive.
> CopY
> AL FILEl.FTN,IN,80
> OUT FILELl.FIN
> COPY *,*

10




IV. RESULTS

A. Flight Safety (Motor Nozzle Deflection) Results

As mentioned earlier in Section II,B, this Pershing II missile simu-
lation was carried out using the U70 simulator to determine what would hap-
pen if, through some hardware failure, the nozzle were accidently deflected
during a live missile firing. In carrying out these simulated flight
tests, the missile was allowed to "fly" unperturbed (in the computer) for a
ghort time. Then the motor nozzle was deflected by a pre-determined angle
and the simulation continued until either the missile's total angle of
attack exceeded 15° or the normal (perpendicular to the body of the
missile) acceleration exceeded 5 g's. Either one of these occurences was
assumed to generate sufficiently unstable conditions that breakup of the
missile would occur, so the simulation was terminated at that point.

The spurious nozzle deflections were assumed to occur at 30 seconds and
at 49 seconds into the flight, The 30-second flight time was chosen
because, at 30 seconds, the aerodynamic forces acting on the missile would be
at or near their maximum, i.e, a worst-case condition. The 49-second
flight time was chosen because it is almost at first-stage burnout, and is
a time when missile failure is likely. Three nozzle deflection angles were
tried, 0.5°, 2°, and 7.6°, first in pitch and then in yaw, leading to a
total of twelve cases (two deflection times and three nozzle deflection
angles, first in pitch and then in yaw). All the cases were simulated
flights from McGregor, New Mexico, to McDonald's Well, New Mexico, with the
targeting conditfons given in Table 3 below. Before presenting these
results in detail, some data comparison problems need to be discussed.

TABLE 3. LAUNCH SITE AND TARGET

McGregor, NM LAUNCH SITE

Latitude = 32,09575°
Longitude = -106.2035°
Altitude = 1251.0000 m

McDonald's Well, NM TARGET SITE
Latitude = 33,113580°

Longitude = -106,35897°
Altitude = 1228.00000 m

11




In order to provide a standard by which to compare the deviated-
nozzle runs, a nominal or baseline simulation was run in which it was
assumed that the missile followed a nominal, undeflected flight plan.
Since the deviated nozzle results were printed at 0.l second intervals, it
would have been advantageous to have also printed the baseline results at
0.1 second intervals for purposes of comparison. Unfortunately, the large
volume of printout generated by the U70 program made it impractical to
print results at 0.1 second intervals, and the results were available only
at 1.0 second intervals. Consequently, the baseline results had to be
interpolated at 0.l second intervals in order to compare them to the
deviated-nozzle results, i.e., a direct comparison was not possible.

A second data comparison problem resides in the fact that, for
unknown reasons, the first data points in the deviated-nozzle simulation
printouts (the results for 30.0 seconds and the results for 49.0 seconds)
are invalid. These 30— and 49-second numbers are not random but seem to
come from some earlier time in the flight. Subsequent results appear to be
correct when compared to the unperturbed flight results. For example, the
interpolated unperturbed flight results for 30.1 seconds agree to four
decimal places with the deviated-nozzle results, with subsequent data
departing from the baseline data in a regular and reasonable way. It is
the authors' conclusion that the faulty first point in each set of numbers
was the result of a print-routine malfunction rather that an error in the
deviated nozzle results. However, the reader needs to be aware of this
characteristic in the data.

Figure 1 depicts the missile's flight path for an unperturbed flight
plan and for the three different yaw-axis nozzle deflection angles looking
down from above when the nozzle deflections occur 30.0 seconds into the
flight. Figure | is a plot of downrange coordinates versus crossrange
coordinates. The "straight line” in Figure 1 represents the path of an
unperturbed migsile. (It curves about 1° to the right but the curvature is
too small to be visible in the plot.) For all three deflections, the
missile disintegrates because the yaw angle of attack exceeds 15° rather
than because the normal acceleration exceeds 5 g's. Note that for the
smaller the nozzle deflection angle, the farther the missile can travel
before it reaches the critical angle of 15°.

Figure 2 shows a similar plot when the nozzle deflection occurs 49
seconds into the flight., Note that the flight path deflections appear to
be smaller than they were when the nozzle deflection occurred at 30 seconds
(Figure 2). In reality, the deflections are the same but the velocity of
the missile is greater, and this increases the horizontal scale of the
plot., (The results for a nozzle deflection of 7.6° are missing because of
a faulty computer run.)

12
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Figure 3 shows a plot of the missile vertical pitch angle versus its
downrange coordinates when a nozzle deflection in pitch occurs at 30
seconds, and Figure 4 depicts similar plots for the 49 second pitch nozzle
deflection.

Figures 5 through 8 show how the normal (lateral) accelerations of
the missile vary with time. An examination of these curves confirms that
in every case, the simulated flights terminated before the normal accelera-
tions exceeded the destructive limit of 5 g's, i.e., the flights terminated
because the missile's total angle of attack exceeded 15°. There is an
interesting tendency for these normal accelerations to rise, dip, and then
rise again. No simple explanation has been advanced for this behavior,
although the Pershing II guidance system is sufficiently complex that a
complex response might be expected in the event of a major nozzle deflec-
tion malfunction. (The results for a nozzle deflection of 7.6° are missing
because of the faulty computer run mentioned previously in connection with
Figure 2.)

These simulations show that the missile would leave its allowable
flight corridor and exceed the allowable angle of attack within approxi-
mately one second.

B. Aerodynamic Model Validation Results

As mentioned in Section II.B., this study could not be completed
because Pershing II flight test data were not available in time.

In support of this task, the DATACORR subroutine, incorporating the
| Maximum Likelihood Method of data correlation, was written, compiled, and,
insofar as possible, was tested. However, one important part of this
: subroutine, the derivation of sensitivity coefficients, was not completed.

? C. Tactical Ballistic Missile Trajectory Results

As mentioned in Section II.C., nine U70 runs were made for this study
for nine input trajectory profiles. Three of these profiles entailed off-
sets in target latitude and longitude.

When the study was completed, the results were output on tape and deli-
vered to the spomsor.
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D. Conversion and Installation of the TRW Simulation Program

Some of the details of the TRW program conversion have been discussed
in Section III.B., and in Appendices D through I. A summary of the results
is as follows:

l. All subroutines except those missing from the incoming :
program tape were converted and successfully compiled. ’

2. The organization of the INTERP tables was deciphered and
documented (Appendix F).

3., The MAIN and SDCTRL subroutines were flowcharted (Appendices
G and H).

4, A linking task builder TRWLINK.CSS and a compiler task builder
DAVEF7.CSS were created to accommodate the TRW program.

22




V. RECOMMENDATIONS FOR FURTHER WORK

A. Flight Safety (Motor Nozzle Deflection) Recommendations

One of the recommendations for future work is to carry out these
evaluations, re~running the simulation with print statements that monitor
the moment-by-moment variations in the angles of attack, the down-range and
cross-range coordinates, and the inertial flight path angles before,
during, and after the moment when the nozzle deviation occurs,

B. Aerodynamic Model Validation Recommendations

Recommendations for future work consist of completing the DATACORR
subroutine and carrying out the study using actual flight data.

Normally, in employing the Maximum Likelihood Method, all the com—
puted constitutive forces and moments that make up the total X, Y, or 2
forces or ¢, 6, or V¥ moments (constituents of lift, drag, etc.,) are com—
pared individually, with their equivalent measured values. However, the
aerodynamic model used in the U70 simulator is not yet sufficiently
detailed to permit making these comparisons because of the difficulty of
attributing corrections to individual cowponents of the U70 predictions, so
the comparisons are to be made at the level of overall body forces and
torques. For this reason, the DATACORR subroutine doesn't presently output
its force and torque corrections to the main U70 program. However, future
plans call for the upgrading of the main program to provide aerodynamic
modeling at the constitutive level. When that is done, the DATACORR
subroutine and the TU70 task will be upgraded to output these corrections
to the U70 prograa.

C. Tactical Ballistic Missile Trajectory Recommendations

Recommendations for further work depend upon the sponsor's require-
ments.

D. Conversion and Ingtallation of the TRW Simulation Program

The Maximum Likelihood Method correlation technique being used to
validate the U70 simulator predictions against actual flight data (Section
I1.C.) should be used to evaluate the TRW simulator.

Recommendations for future work consist of completing the coanversion

and installation of the TRW program, using it to simulate Pershing II test
flights, and comparing its results with the actual test flight data.

23
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APPENDIX A
CODE LISTING FOR THE DATACORR (Data Correlation) SUBROUTINE
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TABLE A-1.

$PrOG DATACORY

- $Y3ROUT

INE DATACORR

PINCLUDE 9,U70TIM, COM .
IEGIN COMMCN PACK  ##%
"IMPLICIT DOUSLE PRECISICN (A=H,€-2)
REAL C3v,CUR3V,DCB,DCI,SCD,SCI,PSAVE
CINC400),SC0¢119CG),SCIC(1100),D0C3(7200),DCI(0640)
TITL(12),TRAJ(30),TAB(SN),TTA3(9C),CURIV(3300),0uM2(10)"
TCONC100),IDB(32),IDC(33),IDI1(32),1SC(31),IS5IC30),IND3IV(T
NOB(22),NDI(22),NSICI0),NSTRC30) NTV(3Z,10),IALIGN
JCONST/ A13 #A23 sA33

-

-

0=~ O \A &~ LN} =

* kb

COMMON
COMMCN
COoMMON
COMMON
COVMON

COMMON
CCMMON
CO4MON
COMMON

- COMMON

COVMCON
COMMON
CCYMON
CCMMON
CCMMON
ZOM¥ON

COYMON
CCHMMION
COMMON
CCMMON
CCMMON
CCMMCON
COMMCN
COMMON
CCYMON
CCM¥3N
COMMON
COMMON
CCMYON
CCM¥IN
CO4¥ON
COVMAN
CCMMON
CCHMON
{OvVON

cAa
DSAMS
12C9
F4YEL
RC2Z
TFFS
URANZ
LY
vizs
VIEHX
ZINTS

AA1
ALPHP
ATC
A22
cETAR
13
CAAP
CNAYD

¢12
DFY
t21
£E2DLC
£oclIc
ETHDS
FY

GA

H

%31

CXNUP ,CXNUY ,DTCR
21 #2522 #F23
RPRES ,RTOD ,SINSL
SXNUY ,S11 812
$31 #5832 #S33
u11 ~U21 U22
coT #SCT +PIC2
PIOG

sACCEL ~ACR sACRYS
#2GST  ,ORNO L,DVEL
2ITHM  LIYAW ,PHIP:Z
sPHYE® L,PSIC ,PX
#RD #RDD s AMAG
rTGE +sTGN + TGS
sURAX ~URAY ,URAZ
sURZ +VE s VEX
sV1® PVLEX ,VLEY
sVREHY LVREHZ ,IDIFF

»2COSBL
»02AC2
»F31
s SINPL
#2513
+»TANPL
2023
s THOPI

+ACRS

s GAMMC
sPHIRE
PY
sSGDE
+»THETAC
+URAZX
+»VZXS
rVLEZ
»ZETAE

CODE LISTING FOR THE DATACORR SUBROUTINE

#COSPL ,CPSIA

+F11
#F32

2F12
2633

#SPSIA ,STHA

»521
»TOLH
~U31

r322
»TOL1D
2033

#THIRD ,SQART2

#3PINT
s GAMME
sPHIYE
P
»SGE
2TIVPL
s URAZY
#VEY

s VR
»LETRE

sBYINT
sGAMRE
sPAPEC
+RCX
#5306
+URANX
sURAZZ
»VEYS
sVRE
sZINTC

sCTHA
~F13
sRL
+»SXNUP
25823
»TOL2D
Pl
»SQART3

+CGDE
»IGUID
»PHPEP
#»RCY
+»TFF
sURANY
»URX
#VEZ
+sVREH
+ZINTP

sAA2 +ALDDTC,ALDDTS,ALCACF,ALOADS,ALPDDELALPHDD
sALPHPD,ALPHPS,ALPHS ,ALPHT ,ALPHY ,ALPHYD,ALPHYS

sATP sAX sAY
AT »A32 2382

s3ZTAY ,3ETAW ,3ETDDE

29321 ,222 #2823
+sCAAY ,CAIN LCLP

s CNP sCNG sCNVDO L, CNVDP LCNY
CISTHD,CPHI ,CPST ,(CTHE
#C13 #DELTAY,DELTA2,DELTAZ,DELTAG4,DFP

207 +OVIC LODVTP
P AN D22 031
2ZPH4DC ,EPHDS ,EPHIC
»sSBSI® ,zPS1S LETA

o FZ sFP sFROLL
rFYAY  L,FYAW ,FYN
sGACCTC,GADDTS,GAMDD
2407 M1 412

PR R M2 s IAERO

sA2Z sA11 A2 sA21
+»8EDDTC,3EDDTS,BETADO,SETAP
,27C sSTP 811 0312
231 »332 »,833 »CA
sCMG +CMXP  ,CN +CNAPD
»CN2 »COSPSD
CY sCYP +CYR »C11
+DFR
+DVTS ,D11 +D12 #D13
,D32 +033 +DELS ,EDLC
sEPHIF ,2PHIS LEPSDC LEFSDS
sETHAC L,ETHAP LETHAS LETHODC
sFSL +FT e FX s FXM
sF2 s FIZAV  LFIM rx<
+GAMDC S, 3R eGTC oGTP
,H12 r421 sPH22 sH23
#ICN »22C0 2IDINT »IDISC

L T I T T T




TABLE A-1. CODE LISTING FOR THE DATACORR SUBROUTINE (Continued)

COVMON 10T 7iCUBL 7IENV LIFAIL SIPF20K ,IFINC LIFLAG ,1GC
COMMON IHIJ ,IKHT sIMA) LIMISS LINDH LINDT LINT +IPAGE
COMMON IPLOT ,IPNT ,IPRNY LIPRC? ,IRJU ,IRUN ,ISEN ,LISATH
COMMON ITA 2113 2ITC +ITHR  LITOLE ,ITPOS ,ITY »TUNT
COMMON IUPD ,IVAC ,IWD +IMIN ,ISTG ,KFLAG »,KSTG ,LBCNT
COMMON LINC ,LINTYOT,MA) ,MBAL ,NTPU -,P PC sPDC B
CCMMON PDS  ,PDT  ,PHY ~ LPHID LPAYE LPHILC ,PHINC PP ~
CCMMON PS +PSI »PS1D LPSIE ,PTIM ,PXPC ,PXPP ,PXPS
COMMON FYPC ,°YPP ,L,PYPS ,PZPC ,P1IPP ,PIPS ,P11 P12
COMMON P13 P21 P22 P23 ,P31 P32 P23 x|
COMMON 3A s2C 2QDC +sQDS sQMIN ,QP QS sR
COMMON RAIM ,PRC ,RDC #RDS +RET sRHO sRP sRS
COMMON SIGMA®,SIGMAY,SINPSD,SINTHD,SPHI ,SPSI ,STHE ,SXG13D
CCMMCN T30 2TRS +TDIFF ,TDT sTEMPY LTEMP2 ,TEMP3 ,THETA
COMMON THETAD,THETAE,THETL ,TIMC ,TIMP ,L,TIMS ,TLIM ,TST
COMMON TSTMAX,TSTMIN,TTT s UMA sVIXC SVIXP ~VIXS L,VIYC
CCMMON VIYP ,VIYS ,VIZIC LVIZIP ,VIIS ,VMA VN +sVPRIX
COMMON VPRIY ,VPRIZ ,VOW sVRXP ,VRYP ,VRZIP ,VS s VW
COvMMON VWE sV%S VX VY V2 s +WACS ,4ACBS
COMMON WD +WOAC3 ,wDACBS,WDS W0 »WIN s WMA sWP3
CCYMON WwWP2S L WPN sWPS rdS XC e XDC sXDDC  LXDDS
CCMMON XDG #XDIN ,XDP 2 XDS sXEL 2 XET +XIN 2 XIXX
COMMON XIYY ,XI2Z ~»XKN sXLANM  SXLAMM LXLCM ,XLCP »XL11
COMMON XLT2 ,XL1T ,XL21 ,XLZ22 ,XL23 »XL31 ~,XL32 ,XxL33

{ COvMMON xM #XNAID /XMASS ,XMAX ,XMAY LAMAZ /XMAVX ,XMAVY

' COVMMON XMAYZ ,XMC sXMEX LS XMFY ,XMFZ ,XMSP ,XMTX ,XMTY
COMMON XMTZ  ,XFMXALS,XMYACS,XMZACS,XNLOAF,XNU XNV 2 XNV2
COMMON XNV3 ,XP »XPC #XPDC  ,XPDD ,XPDS ,XPP 2 XPS
COYMON X3 #YC 2YDC +YDDC ~,YDODS ,YDG +2YDIN ,YD?®
CCMMON YDS sYEL +YET +YMAID ,YP »YPC 2YPDC ,YPOD
COMMON YeDsS LYFP rYPS s YS r2C »20C #20DC ,IDDS
COVMON 210G sIDIN ,2I0F sIDS 22EL PRS2 »ZIN sIMAID
COVYMON 77 s LFC »1PDC  LIPODD ~,2°0S L1PP ,1P8 +15
CCMMON 221 172 P22, L1214 2115 2125 2217 ,128
COMMON ACC +AD511 LADE12 ,ADET3 ,ADE21 ,ADE22 ,ADE23 ,ADE3Y
COMMCN ADE3Z ,ADIZ2 LALDC LALDCL ,ALPHPL,ALPHYL,ALPC ,ALRC
CCMMON ALYC LALRFP ,ALRFY ,LALTC ,ALTCL ,AMAX ,APEST ,AYEST
COYMON APX 2 APY rAPZ s3ERR  ,BETA ,3ETASH,B8ETASW,CAD

' CO“MCN CAEBASS,CASF  ,CNLIM ,CUN +CUE 2CUD +0SLPA ,LDELRA

i CCMMON D:ILYA ,DELPL ,DSLRL ,DELYL ,DLAM ,DLAMD ,DVN sOVE
TCYMON CVD 2INSCS ,E2SCS ,SRALT ,GACPC ,GADODPC,GADDPS,GDOODP
CC¥YIN GADYC ,GADDYC,GADOYS,GDODY ,GAMMAD,GAMMAT,GDDC ~GODCL
CCMMON CGDPZ  ,GD2C  »GDYC ,GDPX ~,GDPY ,3DPZ L,GOTC ,GDTCL
CCYMMON CLIM  ,HA3S LHOOT ,<4NAV  ,»HPCS L»TIASW »IATM ,1I8SW
CCUMON IoUM  LIFIL LIGAIN LILAG ,ILAST ,IRIEF L,IRUP ,LISCS
CCUMMIN I3Ea ,I349D LISTZIR ,JESw ~NEC2 L, HIAL ,PHICMD,PHIGD
CCYMON OPHITA3,PN oPS PO +POS +°PUN s PUE +PUD
CCYMMON RKE s RKSD 2O0KGT  ,RUX sRUY +sRUZ +TEJ »TG
SOMMON TLAY L, TLAMD ,TPD +TRTN ,UPC PURC UYL sVHS
SIMMIN WNAV L, VXS sVYS VIS s WAP #SXFATIL ,YFAIL »ZFAIL °
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"TABLE A-1. CODE LISTING FOR THE DATACORR SUBROUTINE (Continued) .

COMMON XMT 2XPTD  L,YMY 2YMTO LINT 2INTD

END COMMON PACK %

COMMON/CTHERS/AC sACPH sACPX  LACPY ,ACPL ,ACX s ACY .
1AC2 sAPIC2,14) sAPC #sAPFB ,AYC »AYFB ,CGE +CLDR f
2COSTC ~DGAMC ,DNV(Z2,%) sEPP sEYP sFEEP  ,GAMMCS,GAYNMG

JIACFLG,IAPFLG,IRD »,1083 ,1D34 -,10B5 ,1IDB6 ,IDI3 .,IDI&
4IDIS5S ,1016 ,ICOF ,LIGAFLG,IPOFL ,PMX PMY PMZ »QAP
SSINGC »SINPC ,SINTC ,TGSM ,TGSMS ,TTIMP ,TVACF ,TVACP ,T11
|6T12 2113 »T21 e T22 +T23 +T31 ,T32 sT33 VG
VIS - ,NTS __ »,XMAP_ ,XMSAP ,YIN ,HANK(20) -AfcY . .
DIMENSICN DMG(64),PMG(64) o o
DIMENSION DCG(54),PCG(S4)
DIMENSICN ASC(6,6),5A5(C6,5),RA(5,6),AATC6,6)0A81(6,6) '
DIMENSICN AL(6,6),AM(6,6),AM1(6,6),AE(6,1)2AN(5,1) !
DIMENSICN 0C(6,1),AP(6,1),AR(6,1),4AR(6,1) '
DIMENSICN X(6,12),W0RK(12),IHLD(S)
DATA DMG/SH TME,SH PHE,S5H PSE,SH XE»,SH YE,SH ZEs
54 THC,SH PHC,SH PSC,5H XCC,S5H VYCC,5H ZCC.,
SH THDC,SH PHDC,S5H PSDC,SH XDCC,SH YDCC,5H ZIDCC.,
SHTHODC,SHPHDDC,S5HPSDDC,SHXDDCC,SHYDDCC,SHZODDCC,
SH AA11,SH AA12,5H AA12,5H AA14,5H AA1S,SH AA16.,
SH AA21,5H AA22,54 AA22,S5H AA24,5H AA2S,5H AA2¢,
SH AA31,5d4 AA32,5H AA32,5H AA3Z4L,SH AAZS,SH AA3G,
€4 AAL1,SH AAL2,SH AAL3,5H AAL4L,SH AALS,SH AALG,
SH4 AAS1,SH AAS52,5H AASZ,SM4 AAS4,S5H AASS,SH AASéE,
SH4 AAS1,54 aA62,5H AASI,SH AASL,SH AABS,5H AAGG,
54  IXX,34 IYY,SH I1Z,SHIMASS/
JATA DCG/5H AS11,5H AS12,5H AS13,5H AS14,54 AS15,5H AS16,
SH AS21,5H4 AS22,54 AS22,5H AS24,SH AS25,54 AS26,
54 AS31,5H AS32,5H AS33,5H AS34,5H AS3IS5,SH AS36,
€Y AS41,SH ASLC,S5H aS4L2T,5H ASG4L,54 AS4S5,54 AS4é,
5S4 ASS51,54 AS52,5H AS53,5H AS354,5H AS55,5H ASSE,
SH AS61,5H ASAZ,SH ASH3,S5SH ASS4,54 AS65,5H ASH6,
54 £C11,54 DC21,54 DC31,5H4 0C41,54 DC51,84 DCH%1. :
SH AR11,5H AR21,54 AR31,5H APRL1,54 ARS1,54 ARS1,
SH AE11,5H AS21,5H AE31,5H AcS41,5H AES1,5H AES1/
SQUIVALENCE (HANKC1),XPCOTC), CHANK(2),YPODTC)» (HANK(3),2°DDTC)

IF(IPRNT.EQ.1) RETURN

w!

e TF U BB BN W W WS

[}

D ) O NO NN -

~N A N -

€

C
¢ INITIALIZATION DONE ONLY CNCE-INTERVAL
IF(JJJ.E2.1) GO TC S
KKK=0
S CONTINUE
KK¢=KKK+1

NG, EXPEIIMENTAL DATA PCINTS-=INPUT

Y O O

N=CIN(269)




111
1112

¢
¢
o
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TABLE A-1. CODE LISTING FOR THE DATACORR SUBROUTINE (Continued)

WRITECS,111) XXK.N
FORMAT(/SSX,SHINTERVAL,3X,13,1H~,13.,/)
WRITE(6,1112) TIMC
FORMAT(S6X,"TIME',G15.7)

COVARTANCE MATRIX,INITIAL-INPUT

IF(XKK.EQ.1) GO TO 15

D0 15 I=1,5%

D0 15 J=1,6

AS(I,J)=3A5(1I,0)

CONTINUE

IF{(KKK.GT1) GJ TC 10

0C 40 1=1,4

D0 40 J=1,%

AS(I,d3=N,

CONTINUS -

ASC1,1)=CIN(C399)

ASC212)=C{N(§?7)_ ) .
AS(3,3)=CIN(39%) T N
ASC4 0)=CINC39S)

AS(5,5)=CINC394)

AS(E,6)=CINC393)

CCNTINUC

JJJd=1

U79 VALLES TAKEN AS COMPUTED
AND EXSERIMENTAL DATA-INOUT

THE=TH=ZTA
PHe=PHI

PSt=pPSI
THE=THI+CIN(392)
PHE=OHI+LIN(391)
PSZ=PSE+IN(29N)
THC=TH=TA
PHI=PHI

PSC=PSI
THDC=THETAD
SHOIC=PHID
PSDC=PSID
THODC=aD¢(
PHDODC=PEC
PCODC=RCC
IMAS3S=W

SST=CINC 21)
IXX=XIXX*G:T
[YY=XIYY*337
12Z=XIYY=G3T
XE=ATC+CIN(T309)
YZzeTC+CIN(S?)
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TABLE A-1. CODE LISTING FOR THE DATACORR SUBROUTINE (Contihﬁed)

T YESETCRCINCYED

XCC=ATC

YCC=BTC

2CC=GTC .
XDCC=AT1-VX+A12%VY+A132y]
YDCC=A2T2VX+A224VY+A23 %Y 2
IDCC=AZT=VX+AT2#VY+A33 VT
XDDCC=XPODTC

YDOCC=YFODTC

I00CC=ZPDOTC

ERORR MATRIX

AE(1,1)=THE-THC
AE(2,1)=PHE-PHC
A€(3,1)=23z=-PSC
AEC4,1)=XE-XCC
AT(S,1)=YE-Y(C
AZ(6,1)=2E-2CC

INSRTIAL TO MISSILE MATRIX-A3

CTHC=CO0S(THE)

STHC=SINCTHC)

CPHC=COS(PHL)

sPAC=SIRTPACY ~ T
CPSC=CI5(PST)

SPSC=SIN(PSC)
A311=CPSCACTHC-SPSCASPHC*STHE
AR12=2CTHC*SPSC+STHCASPUCHCPSC
AP13==STHC*CPHC
AE21==SFSC*«CPHC

8232 =CPHL*LPSC

ARZI=SPHC

AP 31=CPSCHSTHC+CTHCASPHC*SPSC
AE32=STHCRSPSC=CTHCASPHC*CPSC
ABI3Z=CTHIRCPHC

SENSITIVITY MATRIX

)=
)=
)=
38(1,4)=
)=
)=
)=

ARl
AN(2,2)=
AA(2,)=
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TABLE A-l. CODE LISTING FOR THE DATACORR SUBROUTINE (Continued)
ANC2,6)=

" AAC3,1)=

AA(3,2)=
AA(3,3)=
AA(3,4)=
AA(3,5)=
AA(2,0)=
AAC4,1)=
AACL,c) =
AAC(4,3)=
ApR(4,4)=
AA(4L,5)=
AACL,E) =
AA(S,1)=
AA(5,2)=
AA(S,3)=
AA(S,4)=
AA(5,5)=
AA(S,4)=
AA(6,1)=
AA(S,2)=
ah{o,3)=
AA(L,4)=
AL (&,5)=
AA(6,¢)=

MAIN GRCJP PRINT ORDER

om53( 1)=THE
PM3( ¢)=3H:
aM3( ?)=2s:
2#5C 4)=«E
o¥3( S)=YE
MG ( 6)=T7c
PMGCL 7)=THC
eMs( 2)=PHKHC
PM5( 9)Y=PSC
eME(1C)=XC¢
ovM3(11)=YCS
oM™ 53(12)=7CT
OMG(13)=THIL
dM3(14)=PHBC
oM3(15)=2$dC
ar5(16)=4DCC
PM5(17)=YDCC
PM5(1¢2)=2DCC
orMG(13)="HDDC
PMT(ZN)=2HODC
M 53(21)=7282DC
PmM3(2<)=xD0CE
I83(23)=vD)(CC

k)




TABLE A-1. CODE LISTING FOR THE DATACORR SUBROUTINE (Continued)

PM5G(24)=20D0CC
PMG(25)=AAC1,1)
OM5(26)=4A(1,2)
orG(27)=AA(1,3)
PM53(28)=aA(1,4)
PM3(29)=4A(1,5)
PMG(30)=8A(1,6)
PMG(31)=AAR(2,1) )
PMG(32)=AA(2,2) -
PMG(33)=aA(2,3)
PM3(34)=AA(2,4)
PMG(35)=AA(2,5)
OMG(36)=AA(2,¢&)
PMG(37)=4A(3,1)
PM5(33)=4A(3,2)
PM3(39)=4A(3,3)
PRMGCL0)=AA(3,4)
PMG(41)=AA(3,5)
PM3C42)=4A(3,6)
PMG(43)=44(4,1)
PMG(44a)=AA(4,2)
PM5(45)=A4(4,3)
PMG(4£6)=AAC4,4)
OM3(4T7)=4AC4,5)
BM3(45)=8A04,6)
PM3(49)=AA(5, 1)
PMG(SDYI=AA(S,2)
OM3(51)=AA(5,3)
PMG5(52)=aA(%,4)
PM5(53)=4A(5,5)
P¥5(54)=AA(S,6)
oM53(55)=4AC0,1)
PME(S56)=AALL,2)
PM5(57)=4AC6,2)
OMG(58)=AA(L,4)
PM3(59)=AR(6,5)
PY5(s()=AA(6,6)
PMG(51)=1IXX
IMG(2)=1YY
P¥3(53)=112
IMG(54)=1IMASS

nN
[AV]
wh

FOAMATC(IN ,5C1X,A5,315,7)))
WEITS(4,2235) (oM3(T),Pve(I),1=1,54)

COMPUTZ AA TIANSPOSE=AAT

€ vy

IFCIZON(7Ga20.0) 530 T2 20
{ N=%

i W l=N=-1

25 0 T=1,NM1

32




TABLE A-1. CODE LISTIﬁG FOR THE DATACORR SUBROU*INE (Continued)

TP1=T+1 ST
0 20 J=IP1,N
TMP1=AA(I,J)
AACI,J)=AAT(J,D)
20 AAT(J,I)=THP1
WRITE(5,1002) AAT(Z,1)
1002 FCRMAT(1X,315.7)
31 CONTINUE
IF(KKK.t2.1) GO TO 35

[a N o]

COMPUT: INVERSES AS =4AS1

20 50 I=1.,%

00 50 $=1,¢€

XCI,4) = ASCILY)
SO CONTINUE
MNT1=4
N=5
N2 =N
Ms=1
IC=1
10=
19=1
CALL SE:DVI(XIVIN?IMSI”K1IDIQIE/WOQKIIHLDIICIID;IS)
20 €93 9=1,0
90 €1 X=1,5
AS1C¢J,K)=X(J KD
CONTINU:
CCNTINUE
IF(XKK.CT.1) GO TO 55
59 55 I=1,»
00 55 J=1,5%
AS1(I,J)=C.
AS1¢1,1)=1./7CIN(3G93)
AS1(2,2)=1./7CIN(307)
AS1(3,3)=1./CIN(395)
A51¢C4,.)=1./0INL3GR)
AS1C€5,35)=1./7CIN(3C)
A81(6,5)=1./721N(0393)
S35 CCNTINJE

ARITE(14,420)

200 FOAMAT(1x,'55%) W

[N
wi O

6 SENSITIVITY-T#CCVARIANC-1 MATRIX=AL

vl X
HWn
[ O NN

3¢ 70 =1,
DO 73 J=z1,2

3

_




«

TABLE A-1. CODE LISTING FOR THE DATACORR SUBROUTINE (Continued)

DO 70 K=1,N
7O ALCILI)=AL(I,J) + AACK,I) * AST1(K,J)
WRITEC14,401) .
4yl FORMAT(1X,'72%)

c :
C AL*SENSITIVITY MATRIX=AM -
C
LS
N=§ -
P=6
‘ 20 280 1=1,M
0C 8J J=1.,7P
AM(I, J)=D,

D0 80 K=1,N

87 AM(I,J)=aM(1,4) + AL(I,K) » AA(K,J)
WRITE(14,402)

402 FCAIMAT(1X,'80")

(&)

C AL*AT MATRIX=AN
Nz6 |
p=1 '
DO 90 I=1,™ ]
DO 90 J=1,2 ‘
ANCILJ)=2.

00 91 X=1,N

90 ANCI,J)=ANCI,J) + ALCI,K) * AE(K,J)
WRITZ(C14,433)

4C3 FOIMATLIX,'90Y)

COMPUTE INVERSZT AM =aAM1

€3 4D v

27C 100 I=1,6
2C 1230 J=1,¢ . .
X(IL,d)=aM(I,J) i
Tu) CONTINJE
ARITI{(14,494)
«D& FORIMAT(1X,%12C") : -
wWN1=6
NEo
NE=N
n5=1
I1c=1
i0=C
1$=1 \
CALL SESOMICX,NANEBAMS,MNT1,0,3,5,40K,INLD,IC,ID,18)
20 113 J=1,¢
>C 11C X=1,¢
110 av1(4,<) = X{J k)
wPITS(14,429)
+15 FCOIMAT(IX,"11G7)Y

34
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TABLE A-1. CODE LISTING FOR THE DAIACOkR SUBROUTINE (Continued)
AMIAAN SATRIX=DC

0C(I,J)=0.
D0 120 X=1,N
DC(I,d)=DC(Ird) + AMI(I,) % AN(K,J)

SENSITIVITY#D(=AP

130 I=1,M

20 130 J=1,P

AP(1,4d2=).

20 130 x=1,N

AP(I,J)=4P(I,d) + AA(I,K) = DC(K,J)

Ac-AP MATRIX=C

NR=6
NC=1
C 140 J=1.NL
2C 140 I=1,NR
AA2(T,4)= AE(I,d) - AF(I,J4)
N=CINC(39 )

x5 ~T=AS

A5€1,1)=4a201,1)*AAR(1,1) /N
A301,22=4AR01,1)*RAR(Z,1) /N
AS(1,3)=AAR(1,1)»8AR(Z, 1) /N
A3C1,4)=28R(1,1)%AaAR(4,1)/N
aZ{1,5)=8a2¢1,1)*2AaP(5,1)/N
ASC1,5)=RAC(1,1) «A2AR(E,1)/N
AS(2,1)=8A3(2,1)«A0R(1,1)/N
AS(2,2)=383(C2,1)+«AAR(2,1)/N
AS(€2,7)=4AR(2,1)*»AAR{(3,1)/N
AS(2,L)=A223(2,1)%AARC4,1)/N
AS(2,5)=AA3(2,1)%AARP(5,1) /N
ASC2,6)=822(2,1) »AAR(E,T)/N
15€2,1)=243(3,1) %282 (1,1) /N
ASC3,2)=aaC 3, 1) *RAR(Z,1) /N
AS(2,2)=0AR(3,1)*AdR(Z,1)/N
ASCI,6)=AAR(3,1)«A0F (ur1) /N
ASC,8)=383(3,1)~AAR(S,1)/N
AS(I,8)=a83(2,1)282P(%,1)/N

kL




TABLE A-1. CODE LISTING FOR THE DATACORR SUBROUTINE (Continued)

ASChs1)=AARCL,T1)*AARCT,1)/N '
ASC4r2)=AARCL,T)I*AARC2,1) /N . |-
ASCa,3)=0AR(L, 1) *AARCI,LT1)/N -

o ASC4,4)=0AR(4, 1) *AAR(4,1)/N ‘

' ASCL,S)=AAR(L,1I*AAR(S,1)/N
ASC4,6)=AAR(L, 1) *AAR(E6,1)/N
AS(S,1)=AAR(3,1)~A2R(1,1) /N
ASCS5,2)=AAR(S5,1)*AAR(2,1)/N
AS(5,3)=AA(S,1)»A_R(3,1)/N i
AS(S,4)=AAR(S,1)*AAR(4,1)/N d
ASCS5,5)=AAR(S,1)*xAAR(S,1)/N
AS(S5,6)=AAR(5,1)*AAR(6,1)/N
AS(6,1)=AA(5,1)*AAR(T,1)/N )
AS(6,2)=AAR(5,1)*AAR(2,1)/N ‘
ASCt,3)=AAR(6,1)#AAR(3,1) /N
ASCE,4)=AAR(S5,TI *AARCL,1) /N
A53€0,5)=2ARR(5,1)*0AR(5,1)/N
AS(6,6)=2AAMA5,1)Y*xAAR(6,1)/N

507 FORNAT(S7X,17HCONVERGENCE GROUP)

RESIDUAL MATRIX-ONE ITZRATION AHEAD SRRCR MATRIX

OO Nn

AR(1,1)=4A2(1,1)
AR(2,1)=A8R(2,1)
AR(Z2,1)=4A%(3,1)
ARC4,1)=AAR(4,1)
AR(S,1)=RAR(3,1)
ARC(&,1)=AAR(5,1)

aXaXa)

CCNVEIR3eNCT 3POUPS PRINT ORDER

PC2C 1)=AS(1,1) i
2L 3¢ 2)=45¢1,2) ;
53¢ 1)=45¢1,3)
5CG( «)=AS(1,%)
0050 5)=45¢1,5) . |
505( €)245(¢1,8) |
°C 3¢ 7)=45(2,1)
5C3C 2)=45(2,2)
PCol 9)=a5(2,2)
505¢10)=A5(2,40
PC3(11)45(2,5)
©C3(12)=45C2,¢)
5¢3¢13)=45(7,1)
2C3¢14)2A8C2,2)
PC3C15)=A5(3,2)
°C3(16)=AS5(2,4)
PCi(17)245(2,5) : ;
2¢3(12)245(3,5) i
203(19)245C4,1)
0f 5(2C) =45 C4,2)




TABLE A-1. CODE LISTING FOR THE DATACORR SUBROUTINE (Continued)

PCG(21)=AS(4,3)
PC5(22)=45C4s4)
PCGC23)24S5(4,5)
PCG(24)=A5(4,6)
PC3(25)=AS(5,1)
2¢5€26)=AS(5,2)
PC3C27)=2458(5,3)
PC5(28)=AS(5,4)
PC3(29)=45(5,5)
9€5(30)=A5(5,6)
PCGCT1)=AS(6,1)
SC6(32)=A5(5,2)
°C3(33)=48(5,3)
PC3(34)=A8S(8,4)
PCGC35)=45(6,5)
PC3C36)=4S(6,6)
PC3(37)=0CL1,1)
C3¢38)=0C(2,1)
FC3C39)=DC(Z,1)
°C35(40)2DCC4,1)
2€5€41)=0C(5,1%)
PCGC42)=DCC6,1)
2¢3€43)=ARC1,1)
PL53(44)=aR(2,1)
PC3C4S)=AR(Z,1)
2C5(46)=AR(4,1)
OC5C47)=4R(5,1)
PL3C4%)2A(6,1)
PC3(49)=42(1,1)
PC5C50)=4°(2,1)
9C3(51)=48(2,1)
®C3(52)=AEC4r1)
505(53)=RE(5,1)
°€3(54)=485(%5,1)

WRITS CCVARIANC,DC,QRSSIOUAL,ZRARCR

YOO

ARITECs,504)
WRITE(A,225) (DCG(I),PCG(I),I=14,54)
DC 150 I=1,6
20 150 J=1,46
153 SASCI,J) = AS(I,J)
RETURN
END

37
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APPENDIX B
MODIFICATIONS TO BOUT (Boost Output)
AND RVOUT (Re~entry Vehicle Output)




APPENDIX B

MODIFICATIONS TO BOUT (Boost Output)
AND RVOUT (Re—entry Vehicle OQutput)

The changes to the BOUT and RVOUT subroutines of the U70 simulator
needed for the Tactical Ballistic Missile Trajectory Study are listed in

TABLE B-1. MODIFICATIONS TO BOUT AND RVOUT

PRM(70) changed to PRM (72)
RPG (162) added

DIMENSION PR(30),PRE(18), PRM(72),PRG(78),RPG(162)
Both DO loops changed from '1,70' to '1,72'

725 DO 730 IMX = 1,72
290 CONTINUE
IF(IMISS.EQ.0)GO TO 310

Added after PRM(70) = WACB

PRM(71) = 0O
PRM(72) = 0

551 CONTINUE
PRG(22)= PRG(22)*RTOD
PRG(23)= PRG(23)*RTOD
PRG(28)= PRG(28)*RTOD
PRG(29)= PRG(29)*RTOD
PRG(34)= PRG(34)*RTOD
PRG(35)= PRG(35)*RTOD
PRG(41)= PRG(41)*RTOD
PRG(64)= PRG(64)*RTOD
PRG(65)= PRG(65)*RTOD
PRG(75)= PRG(75)*RTOD

g e —

RPT(I) = PRG(I) added after PRG(75) = PRG(75)*RTOD

RPG(4)=PRG(22)
RPG(52)=PRG(23)
RPG(10)=PRG(28)
RPG(58)=PRG(29)
RPG(16)=PRG(34)
RPG(64)=PRG(35)
RPG(137)=PRG(41)
RPG(130)=PRG(64)
RPG(151)=PRG(65)
RPG(129)=PRG(75)

39
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TABLE B-1. MODIFICATIONS TO BOUT AND RVOUT (Continued)

WRITE (14,26) statements added before the WRITE (6,2) statements

IF(ICON(52) .EQ.0) GO TO 515
WRITE(14,25) PTIM ;
515 CONTINUE |
25 FORMAT(615.7)
c WRITE(6,2) PTIM,TSTT,DT,IRJU,IFAIL

IF(ICON(52).EQ.0) GO TO 516
WRITE(14,25) TIMC
516 CONTINUE
c WRITE(6,2) TIMC,TST,DT,IRJU,IFAIL

IF(ICON(52).EQ.0) GO TO 533
WRITE(14,26) (PR(I),I=1,30)

533 CONTINUE
WRITE(6,5) (DR(I),PR(I),I=1,30)

IF(ICON(52) .EQ.0) GO TO 534
WRITE(14,26) (PRE(I),I=1,18)

515 CONTINUE

26 FORMAT(6(E15.7))
WRITE(6,2) DRE(I),PRE(I),I=1,18)

IF(ICON(52).EQ.0) GO TO 546
WRITE(14,26) (PRM(I),I=72)

546 CONTINUE
WRITE(6,5) (DRM(I),PRM(I),I=1,70)

IF(ICON(52).EQ.0) GO TO 533

WRITE(14,26) (RPG(I),I=1,162)
515 CONTINUE

WRITE(6,5) (DRG(I),PRG(I),I=1,RN)

40 ;

i
!
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TABLE B-l. MODIFICATIONS TO BOUT AND RVOUT (Continued)

- PRG(78) = TFF - - - -
IFCICON(52).EQ.0) GO TO 220

; RRGC 1) = PRG(1)
RRGC 2) = PRG(2)
" RRGC 3) = PRG(3)
RRG( 4) = PRG(22)
© RREE S5y =PREESY———— ——— - -
RRGC 6) = PRG(6)
RRGC 7) = PRGC7) -
RRGC 8) = PRG(8)
RRGC 9) = PRG(9)
RRG(10) = PRG(28)
RRGC11) = PRG(11)
RRG(12) = PRG(12)
RRGC13) = PRGCTIY
RRGC14) = PRG(14)
RRGC15) = PRGC1S)
RRG(16) = PRG(34) '
RRGC17) = PRGCIPY ~ — - : ,
RRG(18) = PRG(18) ?
RRGC19) = O
h RRG(20) = 0
RRG(21) = Q-
RRG(22) = 0
RRG(23) = ¢— — ~— - - —mmm e
RRGC24) = 0
RRG(2S) = O - -
RRG(26) = 0
RRG(27) = 0
RRG(28) = 0
RRG(29) =-PRGC4CY—— - | -
RRG(30) = 0
RRG(31) = 0 -
RRG(32) = 0
RRG(33) = 0
RRG(34) = 0
RRGE3SY =0~ — — =~ o s e
RRG(36) = 0
RRG(37) = 0
RRG(38) = 0
RRG(39) = 0 -
RRG(40) = 0
‘RRGC41) = O T T T T s s e e e
RRG(42) = 0
f RRG(43) = 0
: RRGC44) = O
| RRG(45) = 0
IAPFLG + 10%IGAFLG + 100%IACFLG + 1000+ISEQ

; INDGC =
' RINDGC = INDSC + 99.05 + 0.000005
RRGC46)

s PRG(?¢)




TABLE B-1. MODIFICATIONS TO BOUT AND RVOUT (Continued)

RRG(47) = 0

RRG(48) = 0

RRGC49) = O

RRG(S0) =0
"RRG€54) =0 — - — - - e e s e
RRG(52) = PRG(23)

RRG(53) =0 - - -
RRG(54) = 0

RRG(55) = 0 B

RRG(56) = 0

RRGC572) =40 - T T T T e
RRG(58) = PRG(29)

RRG(59) = PRG(53)

RRG(60) = 0

RRG(61) = O

RRG(62) = 0

RRG6(63)Y = Q0 -~ —— — - ST - T ST T e e e
RRG(64) = PR5(35)

RRGC65) = PRG(S4)

IFTEMP = IALTU+10*(IPUDFL+1)+100+(IUPDFL+1)+1000*JB8SW
T + 100GO*CIRCHFG+1)
RRG(66) = 0

RRGC68)
RRGC69)
RRG(70)
RRG(71)
RRG(72)
RRG(73)
RRG(74)
RRG(75)
RRG(76)
RRGC77)
RRG(78)
T RRGI7I) = PRGN
RRG(80) RG(33)
RRGC81) o
RRG(32)
RRG(83)
RRG(84)
T RRG(BS)
RRG(36)
RRG(87)
RRG(38)
RRG{39)
RRG(90)
TTRRG(9T)
RRG(92)
RRGC(93)
RRG(%4)
RRG(95)

T O S TR O T I I T )

[N =RoXe iy ]

z°9
{

(1]

RG(57)

!
|
|
i
!
!

gooo

RG(53)

00 vo

42
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TABLE B~1.
RRG(96) = 0
RRGC(97?) = 0~
RRG(98) = 0
RRGC99) = PRG(69)
RRGC1003= 0

TRRGC101Y= O T

RRG(102)= 0

—RRGCIOSY="0—
RRG(104)= PRG(4)

© RRGC1OS)= O T T
RRG(106)= 0

- RRGC107Y= 0~
RRG(108) = 0

- —RRGC109)= O
RRG(110)= PRG(10)
RR3C111)= 0

RRG(112)= 0
RRG(113)= 0 T
RRG(114)= 0

C o RRGUYESY=Q— T
RRG(116)= PRG(16)
CRRSCITTI= O T

RRG(118)= Q
RRG(TT?I= Q
RRG(120)= 0

- TRRGCIZTYTPRGCACY
RRG(122)= PRG(26)
AR3123) = PRG(3ZY
RRG(124)= PRG(47)
RRG(125) = PRG(4E)
RR3(126)= PRG(?77)

- -RRGTI2PYTPRGCSIY
ARG(128)= PRG(60)
RRG(129)= PRG(7S)
RRG(130)= PRG(64)

| RRGCI3TY= PRGC24Y
RRG(132)= PRG(30)

RRG(134)= PRG(37)
RRGCT3IS)= PRG(IE)
RRG(136)= PRG(39)
CCRRGCIITYE PRGCATY
RR3C€138)= PRG(4Q)
RRGC139)= PRG(44)
RRGC140)= PRG(45)
T RAGCTATY=PRGCASY
RRG(142)= PRG(43)
—— RRGCIAIIT PRGESCY —
RRG(144)= PRG(51)
) s¢sey————
RRG(146)= PRG(55)

“RRGCE3III=PRS(IE)

MODIFICATIONS TO BOUT AND RVOUT (Continued)

——RRGCIETI= PRGCSE)
RRG(148)= PRG(S58)
— RRGCI49Y=PROCETY
RRG(150)= PRG(62)
- 3
RRG(152)= PRG(66)
———RRGCTS3IY=PRGCE7T)
RRG(154)= PRG(68)
RRG(156)= PRG(71)

9 - Q
RRG(158)= PRG(?3)
RRG(160)= PRGC46)

— RRGCTET = PRGCTEY —
RRG(162)= 0

PRG(22)= PRG(L2)*RTOD
T TPRGE2I )= PRECZIIwRTOD——
PRG(28)= PRG(28)*RTOD
PRG(29)= PRG(29I*RTOD
PRG(34)= PRG(34)«RTOD
PRG(35)=" PRG(3ISI*RTOD
PRG(41)= PRGL41I*RTCD
T T PRECSAITPRECEAI A RTOD— ——
PRG(&65)= PRG(S5)«RTOD
PRG(7SY = PRGCZI)IwRTOD -
RRG(4) = PRG6(22)
T RRE(S52)= PRG(23)
RRGC10)= PRG(23)
T RRG(S58)= PRG(29)Y—
RRG(16)= PRG(34)
RRG(44)= PRG(3S5)
RRG(137)=PRG(41)
RRG(130)=PRG(64)
RRGC151)=PRG(6S)
RRG(129)= PRG(7S)
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TABLE B-1. MODIFICATIONS TO BOUT AND RVOUT (Continued)

IF(ICON(52).EQ.0) GO TO 515
; WRITE(14,25) PTIM
i 515 CONTINUE
25 FORMAT(615.7) :
c WRITE(6,2) PTIM,TSTT,DT,IRJU,IFAIL : '

IF(ICON(52).EQ.0) GO TO 516
WRITE(14,25) TIMC

516 CONTINUE

i c WRITE(6,2) TIMC,TST,DT,IRJU,IFAIL

IF(ICON(52).EQ.0) GO TO 533
WRITE(14,26) (PR(I),I=1,30)

533 CONTINUE

26 FORMAT(6,(615.7)
WRITE(6,5) (BT(1),PT(I),I=1,30)

IF(ICON(52).EQ.0) GO TO 534
WRITE(14,26) (PV(1),I=1,18)

534 CONTINUE
WRITE(6,5) (DV(I),PV(I),I=1,18)

IF(ICON(15).GT.0) GO TO 544

LINC = LINC + 14

WRITE(6,4)

IF(ICON(52).EQ.0) GO TO 541

WRITE(14,26) (RM(I),I=1,72)
541 CONTINUE

IF(ICON(52).EQ.0) GO TO 554
WRITE(14,26) (RG(I),I=1,162)
554 CONTINUE
WRITE(6,5) (DG(I),PG(I),I=1,NG)
DIMENSION PT(30),PV(18),PM(54),PG(120),RG(162),RM(72)

RG(162) ,RM(72) added




TABLE B-1. MODIFICATIONS TO BOUT AND RVOUT (Continued)

PRC 1) = PMC 1)#GST " RMC 1) = PMC 1)

PRC 4) = PMC &I+GST RMC 4) = PMNC 4)

PMC 6) = PMC 6)=GST T RMC ?Y = PMC 8y - o
— M9y = PN 9INGST RM(10) = PM( 9)

PM(11) = PM(11)%GST T RMOT3IY = PMC11Y T

PM(16) = PM(16)*GST RMC19) = PM(16)

PM(18) = PMC18)2GST TTRML23) = PMC18Y T -

PMC19) = PM(19)2GST RM(24) = PM(19)

PM(20) = PM(20)»GST © O RM2SY = PM(0yY —— ———

PM(22) = PM(22)%xGST RM(29%) = PM(22)

PM(23) = PM(23)xG6ST RMCZQ) = PMC23) — ~ =

PM(24) = PMU24)2GST = RM(31) = PM(24)

PM(26) = PM(26)*GST RMC3S) = PM(26) CoT

PM(2Z7) = PM(27)2GST ’ RM(36) = PM(27)

PM(28) = PM(28)=2RTOD TURMC3T?) = PMC2S) -
T PWMU{ZY) = PM{ZYIERTIOD RM(33) = PM(29)

PM(30) = PM(30Q0)*RTOD RM(39) = pM(30y -~ — —

PM(31)= PM(3T1I*RTOD RM(40) = PM(31)

PM(32) = PM(32)»GST " RMC4T) = PM(32)  ~—

PM(33) = PM(33)=RTOD RM(43) = PM(33)

PM{34) = PM(34)2RTOD TTRMCGAY = P3Gy

PR(35¥= PM(3ISI*RTOD RM(45) = PM(35)

PM(36) = PM(36)*RTOD T RMT4LEY = PM(3SY

PMC37) = PM(37)*GST RM(47) = PM(37)

PM(33)= PM(38)#RTOD RMC49)Y = PMCIBY — -

PM(39)= PM(3J)#RTOD RM(50) = pPM(39)

PMC&Y)= PM{40)*RTOD TTORMCSTY = PMCED) —

PMC(4TY= PMC4L4TY®RTOD - RM(S52) = PM(41)

PM(42) = PM(42)*GST RM(S3) = PMC&Y T

PMC48)= PM(48)XRTOD RM(53) = PM(46)

PM(S52) = PM(S2)%*RTOD RA{67) = PM(S2)
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TABLE B-1. MODIFICATIONS TO BOUT AND RVOUT (Continued)

PG(120)=DVD~ZNTD

RGC 1) = PGL1) - -
R6C 2) = PG(2)

RGC 3) = PGC3Y

RGC 4) = PGC4) :
- RGES)T=PEES— —— ‘

REC 6) = PG(6)

RGC 7) = PGCTY -~ — - -

RGC 8) = PG(B)

RGE 9) = PGCIY -~ - = - - -

RGC10) = PGCIO) i

RECHTY = PEETD—— ————— — - == - o

RG(12) = PG(12)

RG(13) = PGC13y — - -

RGC14) = PG(14)

RGC15) = PGC1Sy — -

RG(16) = PG(16)
RGCTPY = PECt?y—— — — — - —— ————— - =

RG(13) = PG(18)

RECT9Y = PGCT9Y S - s -
RG(20) = PG(20)

RGC21y = PGC2TY -~ - T~ -

RG(22) = PG(22)

T RG(23) = PG(23Y T T T : ‘
RG(24) = PG(24) .
RGC25)Y = PG(2S) - o o - .
RG(26) = PG(26) !
RG(27) = PG(28) - 3
RG(23) = PG(28) |
RG(29) ="P5(29) e
RG(30) = PG(30)

RGT31) = PG(3TY
RG(32) = PG(32)
RG(33) = PG(3D)
R6(34) = PGC34)
RG(35) = PG(3S5) |
RG(35) = PG(36) g
RG(C37) = PG(3I7Y - .
RG(38) = PG(38)
RGC39) = PG(39)
RGC40) = PG(40)
RG(41) = PG(4T) ~ — — T s E
RGC42) = PG(42)
RGC43) = PGC43)
! RG(44) = PGL44)

3 RGC4S) = PG(4S) o
! INDGC = IAPFLG + 10*IGAFLG + 10C*#IACFLG + 1000+ISEQ

! RINDGC = INDGC ¢ 99.05 ¢ 0.00000S
: RG(46) = PG(46)

RG(47) = PG(4A7)

RG(48) = PG(43)
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TABLE B-1. MODIFICATIONS TO BOUT AND RVOUT (Continued)
RG(49) = PG(49)
RG6(50) = PG(S0Q)
RG(51) = PG(ST)
R6(52) = PG(52)
RGC(S3) = PG(53)
RG(54) = PG(54)
RG6(55) = PG(S5S) e
RG(56) = PG(S56) !
RG(57) = PGESPY—— ~ ————— - "— T o e oo e
RG(58) = PG(S58)
RG(59) = PG(59)
RG(60) = PG(60)
RG(61) = PG(61)
RGC62) = PG(6D) ;
- RG6(63) = PGES3) - S - s |
RG(64) = PG(O4) ;
RG(65) = PG(S5)
IFTEMP = IALTU + 10%(IPUDFL+1) + 100+(IUPDFL+1) + 1000~
1 JBSW + 100CO*(IRCHFG+1)
RG(66) = PG(66)
RG(H67) = PGE6ET) — - - - I
RG(68) = PG(58)
RG(69) = PG(49)
RG(70) = PG(70)
RGC71) = PGCT1)
RG6(72) = PG(72)
RGC?3) =PGEP3I)y— - - — - e e - — -
RG(74) = PG(74)
RG(?75) = PG(7S)
RG(76) = PG(76) j
RG(?7) = PGC(7?)Y
RG(78) = PG(78)
“RGET9) = PGEFYY -~ — - - - mmom— oo e si—— e
RG(8J) = PG(BD)
RGC81) = PG(8T) z
RG(82) = PG(32)
RG(83) = PGC83) : i
RG(54) = PG(B4)
—~RG(85)Y = PG(3S) ~ - —— - T m —o s e ST o
RG(86) = PG(8%)
RGC87) = PG(87)
RG(83) = PG(38)
RG(89) = P3(89)
RG(90) = PG(YD)
_R,G - ——— e
. RG(92) = P5(92)
RG(93) = PG(9I)
RG(94) = PG(94)
# RG(95) = P3(95) ‘
= | RG(96) = PG(96)
{ RG(97) = PG(9IT)
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TABLE B-~1. MODIFICATIONS TO BOUT AND RVOUT (Continued)

R6(98) = PG(98)
RG(99) = PG(99)

RG(100)= PG(100) :g:};g;: g
RG(101)= P5(C101) TRECTSDY T O —
RG(102)= PG(102)
- R6(152)= 0
T RECTO3IE PGCIO3Y RGCTS= 0
RG(104)= PGC(104) =
B} R6(154)= 0
RG6(105>= PG(T105) - = -
= Re(TSSY=0
RG(106)= PG(106) R6(156)= 0
RG(1Q7)= PGC1AT) —TTRECTSTY=0—
RG(108)= PG(108) =
RGCT09Y= PGCTO9Y ~— — as"musap ;-
RG =0
R6(110)= PGC(110) =
R6(1603= 9
RG(111)= PG(111) -
RG(1871)= O
RG(112)= PG(112) RGC162)= O
RG(113)= PGCT113)

RG(114)= PG(114)
RGLT1S)¥= PGCTTSY ~—  ~
R6(116)= PG(116)
RGC117)= PSC117)
R6(118)= PG(113)
R6<119)= PG(119)
RG(120)= PG(120)
RGC121)=C -~ T —
RG6(122)= 0
RG(123)= T -
RG(124)=
RG(125)=
RG(126)=
RG(127)=
RG(123)=
RG°129)=
6 (130)=
RG(T131)=
RG6(132)=
T RGCTIZY =

RG(134)=
RG(135)=
RG6(136)=
RGCTI?)=
RG(138)=

CTRGETIO)=
RG(140)=
RGCI4T)=
RG(142)= Q
RGCI&3)="0— "~ 7
R6{144)= 0

TTRECTES)Y T 0 -
RG(146)= O
R6C147)= 0
R6(148)= 0

[~ XoNololnloReYololoNoRalololel]

Q
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TABLE B~l1. MODIFICATIONS TO BOUT AND RVOUT (Continued)

S TPECAY=PEC AYRRTOD
P6(10)= PG(10)*RTOD

PG(43)= PG(43)*RTOD
T PE(RY Y= PGCAY I ERTOD

PG(52) = PG(52)#RTOD
— = . {
PG(58) = PG(58)*RTOD !
— PG EE)r = PG 6 YRTOD——— :
PG(71)= PG(71)*RTOD
TTPECTTIT PGCITINRTOD —
PG(83)= PG(83)+RTOD
T PGUBSYT PGEISSIRRTOD —
PG(89)= PG(89)*RTOD
TPE(I0I=PGCIOIVRTOD——— —

P6(94)= PG(94)*RTOD

“T PGLYSY= PGCYSITRTOD —
PG(96)= PG(96)*RTOD

PRI PG (ITIRRTOD— —
P6(100)=PG(100) *RTOD

PG(102)=PG(102) *RTOD
CORGCEY T PEC Ry
R6C10) = PG(10)

RGCTHE)> =PGCt6)
RGC43) = PG(43) :
—REEHEP) =PG4
RG6(52) = PG(S52) '
- REESS)y = PSESS)—— — -

RG(53) = P5(58)
© O RGEEA)I T PECEE)y ———— -

RG(71) = PG(71)

- NT U7
RG(B3) = PG(83)
RG(EB)Y =PGB8y —
RG(89) = PG(89)
T RG(90) = PGCIGY —— ———
RG(94) = PG(94)
<95)
R3(96) = PG(96)
RG(97) = PGCOT)— -
RG(100)= PG(100)
RGC(TOt)= PGCTI0TY -
RG(102)= PG(C102)
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TABLE B-1. MODIFICATIONS TO BOUT AND RVOUT (Continued)
PM(54) = WDACB
’ RMC 1) = PMC1)
RMC 2) = PM(2)
— RME-3) = PMEH ——
RMC 4) = PMC4)
- RMCS5) = PMCSy—— —
RMC 6) = 0 RM(50) = PM(39)
- RME-7) = PMEE—— RMCST) = PM(40)
RMC 8) = PM(7) RMCS2) = PM(41)
~—RME 9) = PHMEE)———— RMCS3) = PMC42)
RMC10) = PM(9) RM(S4) = 0
RM(11) = PME10)>— — RMCSSY = PMC43)
RM(12) = 0 RM(56) = PMC44)
RMC13) = PMCHE) - T RMESTY = PMCEST
RMC14) = PM(12) RM(53) = PM(46)
- RMHEES) = PMEAI——— — © RMCS9Y = PM(47)
RM(16) = PM(14) RM(60) = 0
RM(17) = PM€15) RMCETY = PWCA8)
RM(13) = O RM(62) = PM(49)
RMC19) = PM(16) TTURM(EIYy E g
RM(20) = 0 RM(64) = 0
RM(21) = 0 — T TRMCESY £ PMCS0Y -
RM(22) = PMC1T]) RM(66) = PM(51)
RM(23) = PM(18) T RMCETY = PM(S2)
RM(24) = PM(19) AM(68) = PM(53)
RM(25) = PM(20) CRMCEIY = PMCSE) -
RM(26) = 0 RM(72) = 0O
RM(27) = 0 e RMC?1) = 0
RM(28) = PM(21) RM(72) = 0
RM(29) = PM(22)
RM(30) = PM(23)
RM(31) = PM(24)
RM(32) = O
A=
RM(34) = PM(25)
RM(3S) = PM(26)
RM(36) = PM(27)
RM(37) = PM(28)
RM(38) = PM(29)
RM(39) = PM(30)
RM(40) = PM(31)
RM(41) = PM(32)
RM(42) = 0
RM(43) = PM(33)
RM(44) = PM(34)
-~ RMTESY = PMC3SY "
RM(46) = PM(36)
RMC47) = PM(3T)
RM(48) = 0
RMC49) = PY(38)
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U70 PROGRAM .CSS (COMMAND SUBSTITUTE SYSTEM)
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APPENDIX C
U70 PROGRAM .CSS (Command Substitute System) SOURCE FILES

The Perkin-Elmer 3220 computer on which the U70 program was run, has a
development compiler which compiles rapidly but produces slow-running
object code, and an optimizing compiler which compiles slowly but produces :
fast running code. The development compiler was used to compile the U70 - )
program, since compile times rather than execution times were at a premium
during the period of performance of this task. As stated in Section III,B, -
in order to further reduce compile times, each subroutine was assigned its -
own data file so that one could recompile one subroutine at a time rather
than having to recompile the whole program each time a change was made in
one of the subroutines.

There are two .CSS commands that can be used to actually carry out a
compilation: U70CA and U70C. The U70CA command compiles all the Pershing
II source files, while the U70C command is used to compile an individual
subroutine. The specific job control sequence which initiates the U70 com-
pilation is as follows:

u70 @1, @2, @3, @4, @5

@l Input source file

@2 Object filz uam~ (defaults to @1.0BJ)

@3 List file name (defaults to @1.LST)

@4 Start option(s) sepa_ated with spaces (defaults to
no options)

@5 Load size for F7D (defaults to 50K bytes).

A cross-reference listing can be obtained by including the command XREF in
the @ list of start optioms.

A preprocessing program called TRAJ must be run before the U70 program :
is ready to run. The TRAJ program is derived from equations resident in H
the Pershing Launch Computer, which is located on board the missile. Given !
the launch and target latitude, longitude, altitude, and the number of sta-
ges (Table C-1), it computes launch presets and transmits them to the por- i
tion of the program which simulates boost and terminal guidance. This, in
turn, generates a data file containing estimates of the desired velocities
and cutoff angles, estimates of flight and pitch-over times, and target
offsets (Table C-2). The U70 program uses these outputs to make its own
calculations, interpolating the TRAJ output tables.

Execution of the U70 program is initiated using the routines UST2 or
UST3. These commands invoke .CSS files containing other commands to load
the task, make logical unit assignments, and start the task.
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The UST2 routine is used in order to make a full run (flight from
launch to impact). The inputs to UST2 are obtained from the TRAJ programs
and are used to build a new data file (logical unit 11). This file is
used to create a new input tape in the U70 program, TAPE ll. The output
from UST2.CSS is printed at time intervals whose value is input in
Constant 271, or is printed at any point along the flight path where a
discontinuity appears (such as the end of the boost phase, the apogee,
etcCe,)e

The subroutines in the U70 program are linked using the .CSS command
U70LINK. This command builds an overlaid executable task. For example, it
ensures that copies of all of the subroutines called within a given
subroutine are present within that subroutine.

TABLE C-1. TARGETING PROGRAM INPUTS

ITRS = 210 Single Stage
220 Two Stage

LONT = Longitude of the Target
LATDT = Latitude of the Target

HT = Altitude of the Target

LONL = Longitude of the Launch Site
LATDL = Latitude of the Launch Site
HL = Altitude of the Launch Site
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TABLE C-2. GLOSSARY OF TARGETING PROGRAM OUTPUT VARIABLES

Uu70 TRAJECTORY OUTPUT DEFINITION

140 GAMDE + DELGAM Flight path angle desired before pitch-over
142 AZD Flight azimuth measured from north
115 AZD * Same value

114 LATDL Launch latitude

116 LONL Launch longitude

117 HL Launch altitude

203 DLAT Almpoint offset latitude

205 (Unnamed) Aimpoint offset altitude

206 LATDT Target latitude

207 LONT Target longitude

208 HT Target altitude

219 GAMDE GAMME desired at cut-off

220 TCO Time of booster cut—off

302 TFF Elasped time of re—entry vehicle freefall
310 TGAQ Elasped time before pitch—over

312 VRE Required velocity for terminal phase
314 TF Boost guidance flight time estimate
411 CHI Normalized velocity loss

420 TAU Initial delta value time impact

421 AXPU Acceleration begins pull-up

412 DVP Velocity control bias
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U70LINK is structured so that it contains four overlays. The first
overlay includes a subroutine called MINIT.0BJ, which presets all variables
to zero. The second overlay includes ENPUT.OBJ, which creates a new input
data tape. The third overlay includes all binary files appropriate to the
boost phase of simulation. The fourth overlay includes all re—entry-
vehicle binary code.

In addition, U70LINK creates a load map, U70-U70LINK.MAP, that is use-
ful for debugging purposes. Control indicators are input to set flight
options, and program constants are entered to control the initial con-
ditions, multipliers, limits, errors, print controls, etc. Aerodynamic drag
and atmospheric data are input through the tabular data portion of the
input file. A list and description of these data inputs is given in
Reference 1.

After a full run has been made, a restart can be created using the
output from UST2.CSS and the UST3.CSS command. The restart procedure is
a very useful tool in a study where new conditions are imposed on a missile
at a certain point in flight. However, the restart could not be used for
the nozzle deflection study, since a restart could not be made during the

boost phase. Certain values which appeared in THRUST were functions of time
and could not be re-initialized at the arbitrary time desired for a restart.

The values which are required to be input into the UST3.CSS data file of

UST3.CSS are listed in Table C~3. Tables C-4, C-5, and C-6 list other U70
files used in the performance of this task for the benefit of anyone who
might want to initiate U70 runs.

The procedure of outputting U70 flight data to tapes required that
modifications be made to the subroutines BOUT (Boost Qutput) and RVOUT
(Re~entry Vehicle Output). The desired output was written to logical unit
14 and a .CSS file was created, with logical unit 14 set to MAGf, to write
the data to the tapes.
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TA-BLE C-A L3

U70 SOURCE FILES

ARD59D.FIN
BEE.FTN
CONV.FIN
FASTD.FIN
FASTC.FIN
SORTIT.FIN
SPEEDY.FIN
WRTAPE .FTN
BINIT.FIN
BGUID.FIN
FUNC.FIN
VACRAN.FTN
FOLD.FIN
GRAPH.FTN
NINIT.FIN
ENPUT.FIN
RVEXEC.FTIN
STAT.FIN
RVOUT .FIN
RVGUID.FIN

QUAD.FTN
RVINIT.FTN
RVAPLT.PTN
RVAERO.FTN
SCS.FTN
GAUSS .FTN
RANDU . FIN
BEXEC.FIN
THRUST . FTN
TRIMA.FIN
BOUT.FTN
BAPLT.FTIN
RATLIM.FTN
BAERO.FTIN
UST2.CSS
UST3.CSS
UST4.CSS
U70LINK.CSS
U70C.CSS
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TABLE C-5. FILES USED FOR DEFLECTION STUDY
COB351.DAT - 30 seconds, .5 degree pitch
COB352.DAT - 30 seconds, 2.0 degree pitch
COB353.DAT - 30 seconds, 7.6 degree pitch
COB354.DAT -~ 49 seconds, .5 degree pitch
COB355.DAT - 49 seconds, 2.0 degree pitch
COB356.DAT -~ 49 seconds, 7.6 degree pitch
COB357.DAT -~ 30 seconds, .5 degree yaw
COB358.DAT - 30 seconds, 2,0 degree yaw
COB359.DAT - 30 seconds, 7.6 degree yaw
COB360.DAT - 49 seconds, .5 degree yaw

COB361.DAT - 49 seconds, 2.0 degree yaw
COB362.DAT - 49 seconds, 7.6 degree yaw

TABLE C-6. FILES USED FOR TRAJECTORY PROFILE

COB370.DAT
COB371.DAT
COB372.DAT
COB373.DAT
COB374.DAT
COB375.DAT
COB376.DAT
COB377 .DAT
COB378.DAT
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TRW PROGRAM FILE NAMES STORED ON DISK
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TABLE D~1. SUBROUTINE FILE NAMES STORED ON DISK

TWAERO.FIN
TWAFC.FTN
TWALNON.FTN
TWAMC.FIN
TWATMENT . FTN
TWATMEXT . FIN
TWATMOS .FTN
TWAUX1 . FTN
TWAUX2 .FTN
TWBATT.FTN
TWBURST.FTN
TWCMDPRC.FTN
TWCROSS.FTN
TWDCU.FIN
TWDCUERR.FTN
TWDERIV.FTN
TWDMNDC.FTN
TWDOT .FTN
TWDRAND.FTN
TWEBITS.FIN
TWFLIGHT.FTIN
TWFSICFU.FIN
TWFSISA.FTIN
TWFSSCFO.FIN
TWGRAV.FTIN
TWGRN.FIN
TWIMSALN.FIN
TWIMSPLS.FIN
TSIMSRSV.FTN
TWIMSTST.FIN
TWINTERP.FIN
TWJDM.FTN3
TWMAGN.FTN

TWMATRX1 .FIN
TWMATRX2 .FIN
TWMAXBT .FIN
TWNAVON.FTIN
TWNESTG.FIN
TWPWRON.FIN
TWRADAR.FTN
TWRCS .FTIN
TWRCSFM.FIN
TWRGU.FTN
TWRKUTTA.FIN
TWRMMUL.FTN
TWROTATE.FIN
TWRVAERO.FIN
TWRVBAS .FIN
TWRVPTCH.FIN
TWRVROLL .FIN
TWRVYAW.FTN
TWSAF .FTN
TWSBITS.FTN
TWSDPROC.FTN
TWSSICFU.FIN
TWSSSCFU.FIN
TWSTINIT.FIN
TWTHRUST .FIN
TWIRNSF2.FIN
TWTRNSF3.FIN
TWTRNSPO.FTIN
TWURN.FTN
TWVANES .FIN
TWVMP .FIN
TWWIND.FIN




TABLE D-2. FILES CONTAINED ON DISC FOR USER PROGRAM HANDLING

" The following files are used:

DAVEF7.CSS - Used to compile each subroutine file.

TRWLINK.CSS - Used to link the TRW 6DOF simulator.

DCOMMENT .FTN - Contains comments which describe the function of each
subroutine.

TRWRV.DAT - Contains re—entry aerodynamic data.

TRWSS.DAT - Contains single stage aerodynamic data.

TRWTAB.FTN -~ Used to read TRWRV.DAT and TRWSS.DAT and string them into a
long one dimensional array. TRWTAB.CSS is used to run this program and
TRWTAB.DAT contains the output of the TRWTAB.FIN.

BIGO1R.DAT, BIGOll, BIGOlD - Contain variables defined in the program and
their storage locations in the BIGOl arrays, as specified by EQUIVALENCE
statements,

The following files are used in the SINCLUDE stateéments to handle
common blocks and equivalence statements.

TRWOO1.DAT
TRW002 .DAT
TRWOO3.DAT
TRWO04 .DAT
TRWOOS .DAT
TRWO0O06 .DAT
TRWOO7 .DAT
TRWO08 .DAT
TRWO09 .DAT
TRWO010.DAT
TRWOO11.DAT
TRWOO12.DAT
TRWCON.DAT
TRWCONST .DAT
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TRW PROGRAM SUBROUTINE NAMES AND CALLING SEQUENCES




TABLE E-1. SUBROUTINE NAMES AND CALLING SEQUENCES

AERO oCU FSISA NEWSTG SBITS
RVAERO INTERP SBITS TRNSF2
AFC SBITS SDPROC
AMC DCUERR FSSCFU PWRON SBITS
SBITS TRNMAT
AFC DCUERR TRNSPO SSICFU -
INTERP INTERP GRAV STINIT SBITS
GRAV
ALNON DERIV GRN RMMUL SSSCFU
MATRX1 WP SBITS
TRNMAT AUX1 IMSALN RADAR
TRNSPO NOZZLE SBITS TRNSF3 STINIT
RMMUL THRUST RMMUL RMMUL
JDM TRNMAT RCS
AUX1 TRNSPO THRUST
AMC AERO RCSFM INTERP
INTERP IMSPLS CROSS
DMNDC RMMUL TRNSF2
ATMENT SAF RGU
- SDPROC IMSRSV TRNSF3
ATMEXT BATT - RKUTTA
FSICFU IMSTST DERIV TRNSPO
ATMOS FSISA SBITS
FSSCFU RMMUL URN
AUX1 SSICFU INTERP
MATRX1 SSSCFU o ROTATE VANES
GRAV BURST JDM . T
RMMUL SBITS RAVERO P
MAGN CMDPRC MAGN RVBAS INTERP
ATMOS RVROLL
DOT MATRX1 RVPTCH WIND
AUX2 MAGN TRNMAT RVYAW INTERP
MAGN ROTATE
MATRX2 DRAND RMMUL RVBAS
RMMUL TRNSPO INTERP
EBITS
BATT MATRX2 RVPTCH
SBITS FLIGHT TRNMAT INTERP
RKUTTA
BITS AUX1 MAXBT RVROLL
AUX2 INTERP
BURST IMSALN NAVON
- IMSPLS TRNMAT RVYAW
CMDPRC IMSRSV TRNSPO INTERP
SBITS RGU MATRX1
STINIT SAF
CROSS FSICFU GRAV SBITS
UNITV SBITS RMMUL
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APPENDIX F
ORGANIZATION OF THE INTERP(INTERPOLATION) DATA TABLES

An interpolation routine called INTERP forms the backbone of the TRW
progran's aerodynamic simulator, and utilizes a large set of multidimen-~
sional tables to generate its results. The multidimensional interpolation
process 1s straightforward and is described with the aid of the following"
example.

Suppose that we have a table of pressures:

TABLE F-1. AERODYNAMIC PRESSURES

0 0.1 003 005 (bars)

and a table of temperatures,

TABLE F-2. AERODYNAMIC TEMPERATURES

1000° 1300° 1600°

The pressure and temperature are considerd to be independent variables.
Asgsociated with these independent variables is a table (Table F-3) of aero~-
dynamic coefficients, C:

TABLE F-3. AERODYNAMIC COEFFICIENTS

0.30021 0.30106 0.30028
0.30021 0.30176 0.30057
0.30021 0.30268 0.30081
0.30022 0.30345 0.30117

Now suppose that we are given pressure, P, = 0.3306 (bars) and
temperature, T, = 1116°, and we want to interpolate to find the aerodynamic
coefficients that correspond to these values of pressure and temperature.
First, the interpolation routine tests the input pressure value P, against
the table of pressures and determines that the input value P, = 0.3306 lies
between 0.3 and 0.5. The location of the upper number - the "0.5" - is
read out and stored in a variable which might be labeled "PINDEX" for
Pressure INDEX. Since 0.5 is the fourth element in this independent
variable table, the number stored in PINDEX is a "4", and it is a pointer
to the interval in the independent variable table in which 0.3306 is
located.
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Next, the same operations are carried out for the temperature, using
the temperature table. Since the temperature lies between 1000° and 1300°,
the location of the 1300° value - location #2 - is stored in TINDEX
(Temperature INDEX) to designate the proper interpolation interval.

Finally, the two index values, 4 and 2, are used to locate the inter-
val around the 4th row and 2nd column of the dependent variable table of ’
aerodynamic coefficients (Table F-3). Then the pressure and temperature to
be evaluated, P = 0.3306 bars and T = 1116°, are used to carry out the
actual interpolation, in order to obtain the interpolated values of the
aerodynamic coefficients.

In the listing of the INTERP subroutine's data output, the following
commands appear:

BEGIN
INDEPENDENT_TABLE OUTPUT VARIABLE/
INPUT VARIABLE
DEPENDENT_TABLE OUTPUT VARIABLE/
INPUT VARIABLE, INPUT VARIABLE
END.

At first, these were thought to be VAX 11/780 commands. Later, it
was determined that the TRW program contains its own data input processor
and logical analyzer, which reads and interprets input data tapes,
including the above statements. Apparently, these table definitions are
used only for printer output formatting. Using the example given above,
these statements would take the following form:

BEGIN

INDEPENDENT TABLE PINDEX/PRESUR
INDEPENDENT_TABLE TINDEX/TEMP
DEPENDENT_TABLE AEROCO/PINDEX, TINDEX
END

When the results are printed out, AEROCO, standing for “"Aerodynamic

Coefficients”, would be printed at the top of the column listing the aero-
dynamic coefficient values which INTERP generates by table interpolation.

h




APPENDIX G
FLOWCHART OF AN EARLY MAIN PROGRAM
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Prompt to
uger for

source file

MAIN

INCLUDE

LOGICAL ONETIM

INITIALIZATION

CALL FERRFL

©

68

[ S ——

~ntains

>mmon and
Jouivalence
Statements

©E

Figure G~1. FLowchart of Early MAIN Program,



l
ONETIM = FALSE

TRMFLG FALSE

[ ]
® OO

Figure G-1. FLowchart of Early MAIN Program (Continued).

69




Y]

IDRNAM = SFILE
SFILE = BLNK(1:40)
EXTFLG = 1

]
[ CALL REDIDR |

TRUE ERRFLG FALSE
# .
0
ERRFLG
A
10 | '
/ READ srn.f/
ERRCLS = 3
CALL SCERR ERRFLG = 0
TRMFLG = ZFATAL

® © OO

Figure G-1. Flowchart of Early MAIN Program (Continued).




#
BLNK (1:40

ROTNAM

SFILE(1:20)

-

SFILE(1:40) =
BLNK(1:40)

l
|

ROTNAM = IDRNAM

[ Go To 100 ]

ERRFLG = 01 40

£
[ Go To 100 ]

ERRFLG = 02 50

[<o r[o 100 ]

|
| ERRFLG = 03 | 60

[ _GoTo 10 | 100

l—LT@L F ]

Figure G-l1. Flowchart of Early MAIN Program (Continued).
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ERRCLS = 4
QUAL(1:40) = SFILE

CALL SCERR
FALSE

IOFLG =12 |

DO 220 1I =
BUSPNT(1, IOFLG),
BUSPNT(2, IOFLG), 1

BIGO21 PACLNKZIISS [

Bxcou(snn.nx(n))

ez <5

DO 240 II =
BUSPNT(1, IOFLG),
BUSPNT(2, IOFLG), 1

BIGO1L(PACLNK(IX)) =
BIGO3T(SIMLNR(II))

Figure G~1. Flowchart of Early MAIN Program (Continued).




YOO

TRUE

[INITFL = 1
L

L=2 |
|

—
[ CALL SDCTRL |

[TINITFL = 1 | [INITFL = 2 |
L 1
—
[T CaLL DMNDC |
TRMFLG FALSE
0
TRUE

elolo O

Figure G-1. Flowchart of Early MAIN Program (Continued).
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FALSE

[ INITFL =

[ CALL TMNGR |

FALSE

KK = 10

DO 260 II,
BUSPNT(1, KK),
BUSPNT(2, KK), 1

BIGO2I(PACLNK(II)) =
BIGO3I(PLCLNK(1I))

Lo © O &

Figure G-1. Flowchart of Early MAIN Program (Continued).




K
TRMFLG FALSE
0
TRUE
[ CALL PACEXEC |
|
A
1
L
L
_
[ CALL SCEXIT |
I STOP |
Figure G-1. Flowchart of Early MAIN Program (Continued).
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APPENDIX H
FLOWCHART OF THE SUBROUTINE SDCTRL
( SIX~-DEGREE-OF-FREEDOM CONTROL) PROGRAM
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FALSE

| CALL DRAND (-1) |

INITIALIZATION

|
LALR = LAL*DTOR
LOLR = LOL*DTOR

FALSE

TRUE

ISEQ = 10
CALL PWRON
ISEQ = 20

ISEQ = 70
END IF | CALL NAVON
ISEQ = 80

CALL STINIT

l__

CALL IM
CALL IMSPLS
END IF | CALL RADAR

CALL DCU

®

Figure H-1. Flowchart of SDCTRL Program.




CALL STINIT
CALL IMSSST

CALL ALNON
ISEQ = 40

CALL STINCT,
IMSALN, IMSPLS,
IMSRSV

END IF J

Figure H~1, Flowchart of SDCTRL Program (Continued).

v
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FALSE ELSE

IF ISEQ

TRUE

[ CALL STINIT
IMSALN, IMSPLS,
IMSRSV NOZZLE

= 60

.L——__'

CALL STINIT,
IMSALN, IMSPLS,
IMSRSV

CALL NAVON
ISEQ = 80

ELSE
IF ISEQ
= 90

FALSE

CALL NEWSTG
ISEQ = 100

CALL STINIT

IMSRSV, RGU

IMSALN, IMSPLS,

TRUE

Figure H-1, Flowchart of SDCTRL Program (Continued).
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CALL NEWSTG
ISEQ = 140

Figure H~1. Flowchart of SDCTRL Program {Continued).
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ISEQ = 170

CALL RCS,
RCSFM, FLIGHT

|

|
' CALL ATMENT

ISEQ = 180

ISEQ
= 180
; 1 ()

Figure H-l. Flowchart of SDCTRL Program (Continued).
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CALL

CALL RCS,

CALL RCS, RCSFM, RCSFM, FLIGHT
FLIGHT, RADAR, DCU

CALL FLIGHT
RADAR, DCU
1

L

.

Figure H-1. Flowchart of SDCTRL Program (Continued).




APPENDIX I
TRW PROGRAM OUTPUT VARIABLES




TABLE I~1. TRW PROGRAM OUTPUT VARIABLES

AZARTH 3I301R(C 1)ZIUATIQLAL ZARTA RADIUS

ALT STI5CTRC 23ALTITLE: o -

AST 3I501R(¢C 3)ALTITUDE 2F TARGET

VI ¢ SIGOT1RC  S)INITIAL (M CFFSET

DELTIM 3I501RC  7)INCREMENT FIOM LASY PACP IC EE ADDED SIMTIV
CIR T 3TRCMIw O &FSTATE VARIAAL:D OZRIVATIVES — -~~~ 77777
DLF3V  3IGCIR( 2C)FIRST STASZ VANE DSFL. ANGLES

CLRAVVY ST3CTA(247PV VANE DZIFL. AANGLES o oo T

SFTO0OF 3ISCTR( 28)24ARTH-FIXZD TI DJESTIATD TRANSFIRMATICN MATRIX
ZFTCKF 3ISCTRC 3TIZAFTR=FIXZID T2 MISSILES TOANSFORMATION MATAIX
ZFTIND sISCTRC 4C)EASTH=FIXZID TJ LJCAL NED TRANSFORVATION MATRIX
FROS¥ ™ ITGOIRUTSEYRCS THRUST VECTI9 TN 4ISSTLT FRAME 77 777

Gz sIGCT1R( >J)GRAVITY VI CTOR IN EARTH=-FIXED FQAME

a" 3I301C 62)

HZAD 3IGCT1RC 26)AZIMUTH 37 MISIILZI LONGITUDINAL AXIS ON EL
LAL sIGCTRU 74)LATITUDE CF LAUNCH ’ )
CAL R 2I301RC 72)LATITLDE OF LAUNCA IN PAaDIANS

JLT TRIGTTNT 7edLONIITLOE CcF LAUNTy -~ T T o T
Ll 5I301R8C 77)LINGITUDS €7 LAUNCH IN 2AADIANS
38T 2250150 73TMAIN SNGINEG MASS FLIW RATI
METSEF 313C1R(C ’G)M‘SS‘;E T2 ZARTHY FIXZD TRANSFORMATION ¥ATRIX
MJoM 3I3G13C 2S)JET pAVPING MOMINT VILTOI® TN MISSILE FRAME
MIC3» 31301R( 31)9’5 WOV¥ENT VECTIR IN AISSILZ FRAMZ
MTV TOSTISUTRCOIEIPACRULSIVE TRAUST VMIMENT VECTAR MISSTLS FRAME
NOLZSTA 2I3018C 97)N0ZZLZ PIVCT PCINT LCCATICN=X COMPCNENT
4 SL3CTRT ISIRILL, 2ITIH, lh) YAy 3TDY QATZIS-P, 23, AND P
Pz 5L331RCI1IZIATNISPYSRIC PRZ3SUFS

Fii STS0TRTTIZIZULZR ANGLEI=ILATFCOIM T35 WISSILI FARANMS

e ITICTIRCISSICILATE ZARTH RATIUS

TFEVS  ZIT2TO(1I17)TIMT FRIM BV 3:’5?!TT'V ) T

T 3ISCTIRCTIF)TASIC PACALLSIVT ThUIT VECTCR IN MISSILS FQAME
TNEW SIFUTR(122)TING AT ENE OF :”Qt-VT STEP (ZMITIV & DILTIW)
ToL 2I3C15(123)7IvVE OF LIFT=OFF

TIRYS  3IZ3C1R(T24)TIv:- 2% AV SZT2ARATION

TJ84d SIGUTR{125)TINMI OF SZCOND STACE 16 WITIDN
L TITGCTICTILIVIL2CITY CIN N'S“TLL Fax™ o
aZ SIGCIRC(129)E4RTH RITATICY 4TS
XCM STA 3IGOTICIZQ)MISSILE "TSANSIINT oM LCCATION
X: SIGUTR(1313PISITICN IN EZARTH=FIXTD FRAME

L FISCTIR{T34)LAUNCY 20SITICON VICTCOR TN FARTH-FIXID FRAME
ATZ SIZC1ACIZ7)TARGET POSITION VILTS2 IN EAnTH F;X D FRAME

: ACFSST SI2CTRTIR2)TINT DIRTVATIVE IS ALPHAY - -
; ALPmA¥ SIS31F(141)91TCH PLANE CI¥PONENT OF ANSLE 7 ATTALK
ALPHAT ITIOTE(T142)TOTAL ANGLT CF ATTAIK : -
AMCOLA 3130120143478, MCMENT COSFSIZISNT TPANSFI® DISTANCE
AMCSTA 3I3C13¢14)2ERD. YOMENT ZCIFFICIINT REFIAENCE LOCATION

}
| AL 373017 (143)ALTITUDS 9F LALNCH
; ASL 7 3TSTIRCTSS)HIALTITUDLT T LaUNCY = -
mRZF _lab1=(1*‘>A 97, RIFIFINCE A2€a
--,A' 3130170157)Ya0 PLANE COF3ININT CF INGLZI IF ATTACK
S:TDCT 31zt =z1as)r:ra SERIVATIVE CF 3FTaw |
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TABLE I-1. TRW PROGRAM OUTPUT VARIABLES (Continued)

CAT FTSCIRCTSSITATAL AS’D, AXIAL FORCZ COEFFICIENT

Cv sIGC1RC13SCIFASIC NIPMAL FCRCE CCEZFFICIENT

(N~ SISCTIR(TISCIPARANETER  FOW ATTELERATION LIVIT -~~~ —~
CNSTAT 3ISCTRC1S1)TITAL STATIC NCRMAL FORCE COEFFICIENT

CNT T IISCTIFCTS2ITOTAL AERO. NORWAL FCYICT COEFFICIENT

(PMT 3TIGI1RC153)TCTAL ASRO. PITCHING VOMENT COEFFICIENT
CAMT " SIGOTRCTSGYTITAL ASRO. RILLINZ MOMEINT COSFFICISNT

(o S3IGOTRC153)SPE=ZD OF 3CUND

CY = "IT3CTR(ISEYEASTC SIDT FIORCT CTTCFICT:ENT - T

CYMT 323C1R(137)TOTAL ASRI. YSWING MOMENT COEFFICIENT

CYSTAT SISOTRYS2ITITAL STATIT SITE FIRCE CJIEFFICTENT -

YT 3I5C1RC15S)TOTAL AERD. SIDZI FORCE COZFFICIENT

UILRAVT TISCTFCIHCY IV VANE DELFECTICN USID IN INTERPIOLATICN
CILTAP 23I301R(151)Z3LIVALENT 3CLL COMTROL VANZ DEFL.

DELTAG 31G0T3(152)EILIVALINT PTICH LONTROGL VANSE DEFL.

DILTAR 3ISCTR(123)Z3LIVALENT YA~ CONTOCL VANE DIFL.

VLFSVP 3IGUTR(1354)EIRS5T STAGE RILL CCNTRCL VANE DSFL.

OXURL  3L1aG1RP(14S)TOTAL AZRJ. MIMENT CCZF, TPANSFER DISTANCE
DYNPR sISCIRC14¢6)DYNAMIC PRESSURS '

SoIPTS 3I301R(137)SLLIPICITY JF SA4R’TH

IP3A T aIS0TR(T9EYTIAT 29013 IN TOTAL Az, CCSFFICIENTS

«PSAF  SIZO0MTR(174)FIACTICNAL =RRORS IV TOTAL AFR0. CCZFFTICIENTS
SPSCNI 3I5GT1R(C123)5IA83 2723092 IN LONCITLOINAL CM POSITION

IPSIE  3I3C012(C1°21)3IA5 3923248 IN YOMENTS AND ©RODUCTS OF INSRTIA
B1P(1s7) Z233C?2 IN YOAENTS AND SPIOLUCTS C£F INZRTIA
C13(133)Mas3 2I4S I3RIR
TATI4NSTAS 2930 IN YIMINT °¢C
N vcacwf COEF.
. Fauf' ICTER IN
I_E w3 I:hT VICTIR
TIA TIn.

"DEFL.

U

[w
G

CEF.
DUz
vis
IN

A WD O

C ('\ Dol

LT;ND.
«.«:r
YALA

MAM
MASS =
vA33

u1~T¢1~‘A‘=n.

C1R(Z2C) »acCH \UV‘==

S3JVTRCZ29IEZRIL MOMINTS 230497

u1°(226)-JCST MaSS ZSTIAATE

1R(224)vIkPICLE ¥aA3S

STR(e23)MASS IXPELLID

1RCTT4YEA3 GIVMZRATSR MAS

rA1AP aUTR( 2508280, mJLL ANGLE

r41°r JIqC’F(-Z,)A:PJ. JWLL AMN3L:

PAIAY  3IS0TR(C3UIMSCIFIZD 4323C, IILL AMGLE FIR INTERPCLATICN
*A0 SIGSOTR(CITIDATNMOSPHERIL DINSITY

RedoV ITGUARCCSAILASEF /4 (2.0 » vAT)

'y TTHISCTRCe33)3YNGLDS NL AZEE

ANTRNS 3!361R(2:«).3LWDARY LAYER T : SYNCLDS NUM2:R
sJMer 3 1P(Z?S)‘J”“ATIJN ; A ] IOFRAv:

R AT I S{Z32)5UYMATIGN = . FIAvE
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TABLE I-1. TRW PROGRAM OUTPUT VARIABLES (Continued)

wcf SISLTIP(I44)MISSIL: INERATIAL VEL. woR.T, ZARTH~FIXED FRANMZ
VAT~ 7 EI5010(247)YMaENTYUDE CF #ISSILZ VELOCITY w.R.T, AIR =~ 7
vz 2IGCT1R{243)IMIS3IILE CARTH=QILATIVSE VZLCCITY

VE 77 TIISUTRCZAETZARTH RLATIVE VELIZTITY VICTOR -

Vi 3Ia“1 (259)XMISSILE INERTIAL VELCCITY

VIST  "EISTIR(ISOYTIEFFICIENY CF VISTHSIY —— — 7 /77— 77

VLAT Jqu1Q(451)V_HICLE LATITUD:
VLONT 31331023520 VzkITLE LONSITLDT
wihoe 21301P(253)WIND VECTOR IN ZARTH=FIXED FRAME
XZW27T T IGUTAUTTA) AR T FRILATIVTE VELCCITY COMPONENTS =
AexIT  SISUTRC3IJYINDZILE IXIT AREA

OTP TTIGUTTCTICYFIRST STAGE _WSZYL PITCH TCWMAND 00 T

1Y SI3T1R(311)FIRST STAS JZZLE YAWN COMMAND

DZP T TTIIGTIIALZTIISTLIND S’AGE' JZ7L: PITCH COMYAND

ClY 3I3C19(313)SSCOND STAGS NOZZLZ YAWw COMMAND

u3T ‘—“:r3,1ﬁ( 147V VANE T TAMMAND — 77 7 ST T
032 ITGITRCITISIIFV YANE 2 CIOMMAND
b3 "“3f?61°(‘1:)94 WERNE TETCAMAAND T T - T
;34 313G1R(T17)aY yANE & CSMMAND

¥Co ‘3:uc1a(*1frﬁr‘—c'ION CSSINTY CF THZITOCS YUIUST VICETCRS
CLF3VO SIGCIRCIGZIFIRST STAG: VANI AM3ULA? 2ATES

SLANP TUITIOIRCISAINGTICS AITCH ANsSU: T Tt/ T
SUNPD  3ISCIS(IS47INIIILE OITC4 NGULAT RATE

DLNY “““ SYAOTE TSN STILE YA ANGL:T T T T T T o T

NYD  SI3017{24%)INJ2ZLZ Yaw dNgULAR RATE

-AVVD 316801 (335X VENES A\(JLA: 2aTsSe T T oo T

s2C z:au1=<‘sa,s'=:’ STAGE VAND 3CLL CIMMaND

CT3CS TSIGZNTATISSYRCS ULT Tz.: JTLayT T -

2P$T=S 313019(:3c)749J°T 3118 ZTIP3IR

IPSTRE 3ISTTR(3I57)FRACTICONAL TRAICIT IYN C3 THUST MAGNITUDE
_3STSF 3IGUTR(T23)FAACTICNAL SR3I3 IN THAUST

FRC5 T FISCT1RIZAeINSNINAL MAZNITULODE C£F (S THIUST FOR ITH JETY
<y SISCIRLIT4)CAVITY PARAMETE?

J2 SISCT1R(I7SYSZCOND D506 IONAL HARMONTC - o
o3 3IT5C15(376)THI3D $3D35 ZONAL RARMONIC

o+ T SISCARCITTIFOUARTA DRDc I IJNAL THAIMONIC T T
LAMNZ  31au1R(I7%)

Ldd SISCTIRCTI7CICHAAAACTEIPISTIC JET SAMOING LENGTH POSITICY
WAy SIG01RCC T 20MANINT A% YEITIOS IF THe AZS JITS (& JITS)
NoTAFS 21301204 3¢)FIFST STASZ NJZTILE DEFL. ANGLS LIMIT
SLIMSS TIGC1RCeU?) 330N STAGES NTZILE DEIFL,. ANGLE LIMIT

ERYS PR S E K- J € AVES R . B T T ’

F3Lv 3I3217€6)8) 838 Lavil PRE3SUYRS

TCSOLA 313015 T0)ACE MOVENT 4fM O SOWMPINEINT ALON: X AXIS
Re33TA 3I301F(a11)30S LICATICON=X COMEININT

el STS01RCL20)TIN: AT W=ilh La43T NCIZ.T ANGLES CCMPYTSD
TYAWES I13J1PLA2IITIN. AT WHYCH _LAST VANE ANGLES CCMPUTED
VOIVFS TICAALL22)FIAST STASE VANI DEFL. ANGLET LIVIT -




TABLE I-1. TRW PROGRAM OUTPUT VARIABLES (Continued)

VOIMRY sI30G1R(LZ235Y VANZ DIFL, ANGLET LIMTT
aF3V 3I3U1FCals)FIAST ITASE VANS NATURAL “REGJENCY
aNF 3ISC1RC4ISINBZILE PITCH NATURAL FR-_QUENCY
aNY T 3IGCTIR{L23INCIILE YA NATURAL FRZIQUJENCY
ARVY JISCIR(L27IRY VANE NATYRAL FREIUSNCY
XN0T T ITGTASTEIEYINITIAL NOYTZILT POSITION WITH RESP=CT TO (M
ZETANP 3IS0TRCLATIINOZILE OITLH DAMPING FACTOR
CETANY 3IGOTR(432INJZILE YAN DAAPING FACTOR ST
<zTFSV SIGC1IF(422)FTINST STASS VANG DAMPING FACTIR
SITRAVY ZIGITR(E34)AV VANE DANMOPING FACTS3 ~
AzIAS  3IG0TR(LS3I)ACCELIROMET:IR STASES
A;ﬁ"‘“‘EISUT ("67?2A TTATIONAL ACCELSRATION VECTIR
ASPILY CTR(4S59)PREVIOUS GRAVITATIONAL ACCELERATICN VICTOR
Ato ’Hﬁ‘I$L1=(5127§_;*LTH "TYAWDQAESCLVIR CFFSET
830 );ou1P(QOc)Al YUTH (YAW)RZSCLV=ER CFFSET
GoYX TOITITTFCESTIY 7Y X NCNTRTHCSONALITY PRe3ET 7
207X lSC1n(~3.)Y TS X NONCATACGONALITY PRESET
SILYX T ETIGCTRUAEEIITINTITYNEINALITY 3FETWIEYY Y AND X ATCZILERICWETTERS
S2LIX 3I3CTACLs7INSNIRTHOZINALITY 2ETWIEN Z AND X ACCELZR0METERS
SILIY TIZTI2(L3EINIRIFRTHRGINALITY 3ETwiZW 2 AND Y ACCELERCMEZTERS
! 513013 (49G)GYEY =3TIAINT DRIFTS=X, Y, AND 2
bt ITIGOTRCA7Z)INFUT YASS UN3IALANCI JRIFTS-X, Y, AND 2
b 5I3612C67S)2 GIPS ACCELEQATION ALCNG X CLUSTSF

STRQR7ETCITA0T 4ESS TUTTALANTZ ORIFTSI=X, Y, AND 2

z iz"

H 1

I I
o) 1
I 313
IS 3ISUTR{LT79)c L2 ANGLES=T24E IS P_ATFZOM TC PLATFORMW
13335 CZIGOTSULC2YTIAITTAMAL TRV ACCELEZAOVETSR 3748 ESTIMATE
2PSCEL 3IT3C19(4L72)GINM AL ANGLE <I3SE3 FOR COSINZ TSCLVERS
IPSCFG STICTIRCuIEYFRALTICNAL TRAITT IN IMS TASINE X=SCLVIR WZaA3U9E
T3FD “I3018Ce?1)Z3RIP IN PLATFCIM FIXZID DRIFT £5TINMAT:S
I2S30 TEILUTRULGLTFEATTICYAT = ?CT'TR T=3INSITIVE DITFY PARTIALS
S23NSF 2IZTIRCGAEI?)E ?Q"? IN Nc;. CELE?JﬂiT IR SCALc FACTCR
SASTRTY I SC1E(SI0)EseSR IN XCCEZ: MITZR NCNZ QT4 S3CNALTIY
J3SRPIF 2I3C1R(S)2 )*?F‘R IV 2C3, AZCTLSROMETTP SCALE FaACTCR
©2353e3 3I3CTRA{TTIcIGIMTAL ANGLZ 2I383E3 F2R SINZ RESOLVERS
=P33FG #1301F (‘39)F=FC'I”VAL SRRCY IN IMS SINZT R‘SCLV R ¥zZAaSL?:
IASTD TTSIEOTIUSTINERETT IN TCGUT: SLZw FATEE T
IASTINM JISC19(53143I48 TEST TIvwes
I<TOIF FTSTTACEI7ILMNEATTAL REIBEQENCT TC INEAITIAL ETASTH TeaANS.
ITOPF 213219 (S22)IN=3ITIAL T78 32802 TC PLATFZRA TRANS., MATRIX
AL ST33T¥(EI5YALCILTPOVETZR LOA GAIN 5CaL? 2X3Ca5=XYT
<IH 223015 (0ZY9)ATCILZIRIMEIT IR wIGH SAIN SCALE =2R23AS-XYZ
%A3F  3TS0TFCESTIRSVINAL NEGITIVE HI5F GATY B(TELERCAELTEY Scats
ColaF  sIGUT~(3ed)NSVYINAL NIGATIVT LCW 381N ACCZILZIPONMITEZIR SCAL!
<) STICTRQSSIIACCILZRINZT =R Low FATN ITASZS=X,Y, A% I
<Jn 5I3C13(244)ACTZLERIYIT R Alod JAIN SIASES=Xs, Y, AND I
KINTFT 3ISCTE(TASINIVINIAL PISTTIVT ATSH CATIY XTTILTICYETZR 3CaLs
KPLSF 423313(55¢)\7N1NAL PISITIVI LCw 3AIN ACC, SCALZ FACTOR
L3 SL30T3(531)a0CILIR2MIT IS L 0a ZATN IYMMITIY 233993-XY2
<, s30T (354)A2C0LZ30¥3T:0 HIGH SATN SYMUMITRY SRAICIC=XYT
<” SIGL130S37) YRS TTRGUT? SCALT TeITF GATIY

: AT DT 1R (TS0 )LATITYOE JF TasnTT




TABLE I-1.

TRW PROGRAM OUTPUT VARIABLES (Continued)

LoT SI30TRCSATILONIITUDE CF TARG:ET

METOIR 3I501K(S552IMISSILE TO INERTIAL REFIPINCE TRANS. MATRIX
MFTOND SIGLTRCE71IMISSILE TO LCCAL NED TRANS. MATRIX

MFTOPF SIGCIRCS3QIMISSILE TJ PLATFCRM TRANS. MATRIX
PFTOIR 3ISCIR(375)IPLATFOAM TC INZRTIAL REFERENCE TRANS. MATRIX
PRO azqoﬁpchS)?}lgj ASSOLYVER OFFSZY )
P3I0TP ZTGCTR(4DI0)PREVIOUS VALUS OF FIE-LAUNCH EULEZR ANGLE RATES
ACPLH SIJJ1F(OJ9)C0<1N- IMS 2I7CH o
ACRILU  SIGCTR{A1CGICTSINE TMs d¢llL

FCYAw oISJTRCET1)COSING IMS YAN o B
xEl 3I6JM1R(ST2ILALNCH LOCAL ZARTH RADIUS

RIT 2IGQTR(ET13IDITARPGET LOCAL ZARTH RADIUS

Aane 15019 ¢514)HTICH GAIN ACCELZIRIVETZD DRIFT-X AND Y

PLG SIGCIR(ET€ILOM GAIN ACCEILERCYMETER DRIFT-X AND Y .
R0 ST30TRCETSIRILL RESOLVER OFFSET

R3PCH  SIGCIR(319ISING IMS OITCH o ) o
A3ROL  3IG01R(£20)8INE IMS pCLL

R3YAW 32IGGT1RC0Z1)SINZ IMS YAW

SIGOLY 3ISCTRCEZIISTANTARD DEVIATION OF DELTA V SEN3SED 3Y Ive
SI30  3IGD1R(£22)CSVIATING PLATEORM DRIFT SRIM RANDCYM =RRC13S
vioRuA SISCTRECZAYETANDRARY DEVIATION O0F IMS RESILVER ¥YEASJAZ
Vid 3I5013(C€28IMTISSILE VELICITY IN INZITIAL PZFERENCS FRAME
VP SIS TR(C293MTS3ILE VvILICTTY IN PLATFORM FRAMZ T
VPCLD 2IASCTRCE3IZIPREVIGLS VILOCITY VICTOR SINSED 2Y IMS

A TP TTIGUTRCE3S)PREVIOUS ALY fFao¥ ©Cl €1]9F MIpsL  ~ 7 7
arnA S3IG01RCETEITRANSTIR FUNCTINON =20l ANTINNA ANGLS

APSA TET O FTCSTYTRANSFE FUNCTISN ~VAG ANTEWNA ANGLE

ATHA .*Jc1r( 3E)TIANS, FUNCTION ~2TTCH ANTENNA ANGLE

2P T TTIISTTR(EIGITAST ZRRASATIATAMETEY FHM ocU ZQRCR MIDSL
IPHA =1aa1p( 54C)TRANS. FUNCTICON ~2CLL ANTENNA ANGLE
TONTTTUSISTTRUESTINDETA TR FIRAMITIRFICY 5CY TRICR MCDEL -
=PSA 3I3012¢432)TRANS, FUNCTION =YA,4 ANTENNA ANSGLR

STRE T ITSUTR(Ga I TUANT L T FUNSTION =PITCH INTENRR ANGLE T~ ~ 7
cP SIGUTACES4)UPLATID INeATIaL PCSITIMN £, AND DCPD)

0 T OSTEUTARTUSETISRRTR INTOCSITIONSNDRTH, ZAST, TANY 0WUN T 7C
DTACG 213C1R(&3C)TINE 3IINCI START IF OCU ACCUISITION ATTIMPY

€233TP ZYGCTR{SSTINTSSILE IIDY IATE MIASUICHENT UTAS =RPCR -
=235CER
ZPSTFR

5!301R(c56)ﬁ¢ SIvsal SIASES FC? COSINE RESILVERS
TSTACIF LTS FARTTIONAL "TFCRTIN FU COSINE RESCLVER WEASUVE

! £25FGR ?ISC1§(¢5L)F%A TICVAL 353C? IN MISSILE 2QdDY ATZ MSASURE
33383 SISCTIRCESTTIRY STWeA. "aNGLle SI8SES FCRTSINE RISOLVERS
22S3F 2TSCTIR(o34)CAIALCTIONAL ZRAICA TN FY SINE RSSOLVER “eASuURE

. Ed 7 SIGOIF(IaeIOCL TYROR EART oot T/ e mm e e - g
2N S3CT1R(S70)0IL EARZR ANNDTU
KIHA T T IISCIATETL) TAANSTERITALNCTION CUNRSTANT=CLL ANT. anNGl:s —
KSS4 JIGCTIRCLPSITRANSFER FLNCTION CONSTANT-YAW ANT,. ANSLE
KTHA - ).au1i(‘7¢5T1AN°=== FLNCTION CINSTANT=2ITCH ANT. ANGLE
va 11301327 2)MATCH AUALLITY
1 TISCTRCETIFIRIT 3TAS:E ROL. RATS )

Fé SUTF(e31)SZCIND 3T37: QL €472
£3 T3T1A(03ed TN s 3Tac: 94LL "sars T - -
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TABLE I-1. TRW PROGRAM OUTPUT VARIABLES (Continued)

Pe SIS0TR(63T)3V :ZP/A3/SE RILL QATE

235 B 3IGUIRUTSSLIRY P A2LL ATE oo o

Fa 3I301F(03S)RoV AS/S3 CLL QAT' [

Fnul 3I53TR(838)84AU ROLL dRIVET ~ — 7 7 AR

Pi3C 3ISCIR(23TISAL Yaw D’IV:

OT T SIGUIRGRIEIFIFRSY STAGE PIYIH RAYE T 7 T
P 2I301%(c29)SZCoND STA‘: PITCH WAATE

@3 7 TTILA0TRUAICIVINGLE STAEZ OTITCA RATE: — —7 777 T

aé 3I301R(&?1)RV EP/AS/SE PITCH RATS

@5 3ISCTACEAIZYOY TP PITCH RATT -~ — 77t o omTeT ot
(Y3 SIGOTR(EIIIRY AE/S2 PITCA RATE

A SISCIR(6F4)FIRST STAGE YAWw RATZ

]2 3IG0TR(535)SSCOND STAGS YAW RATE

R3 T TZYISCIRCETFE)ISINGLE STAGS YAW RATE —~ — 77 T TTo

X S3I3015C&97)RY =P/A3I/S3CS YAW RATE

R: 3ISOTRCETEIRY EP YAW RATT ' T T
R 3ISCIR(ec?TIRY AS/S52 Yaa RATE

RATT T ToTSDTRU7OCT UL 2 ANGLES=ANTENNAT TS MITSILE FIAAET

ACAPH  3IGCTRAC7OI)CISING ANTENND PITCH

RCAIL  SISCIR(T7I4AICISING ANTANNT 2ATJLL T T T

RCAYw  SIGCIR(7USICISING ANTENNS Yau

23APH  AL3CTIR(TITICING ANTENNG PITCH Tt T -

s3AL 3ISCIR(7D2)SING ANTINNA WL
i3AY6"?TSC1€T7C?7STKE'4NTEWRE“YA} o/ . s
alG6R SIS2TR(TILISTANDARD DIVIATION 2IF MISSILE 20DY RATE MIASyLRE
SI393K 2TIUTIR(7T11)ISTANDAR) 26VIATION JF RJ RESOLVER MZASUREYENTS
T4¢C 3T3C1R(712)8AaL PITCH TRIVE

ToxaAC3d 3IS0TRAL(7I3IMAXIMUM TIF: FCP ICALISITICN Y DCL TV ALTITUDE
TWON  3I5C1R{714)TI¥Z AT WAICH RADAR UNIT TURINZID CW

CAPON "SICTATTITHIBATIC AXTAL FSTE COEFFICIENT (20WER IN) ©

et

Cam SIGCIRC714)2ASIC PITCRING MCOMENT COEFFICIENT

£3¥a  EISUIRCTITIPITCAING “OWENT % DAMPING CZIRIVATIVE™
M ‘Iab1R(71')5AS’C POLLING MUMENT CCEFFICIENT

CAMY ~ 3IG0TR(TIT)ZASIC R0LLING MIMINT DAVPING TERIVATIVE
Crm AIGCTIRL72C)2A5TC YAWING MCMENT COEFFICIENT

CYMR T IISTIF(72TIYAWING TMOMTNT R DAVOING TESIVATIVE ~ 7~
' CCAAE  3ISCTR(722)INCREIVENTAL CA DLUZ TO AZFOELAS. EFFZICTS
DCADP  ITGTTISUT72IYINCAZIENTAL Ca DUE TC D=LTAP VANZ DIfFL.
LCADG 3ITSUTIR(T24)INCAEMENTAL €4 JUZ TO DELTAQ VANE DEFL.
DIADR  3.3CtR(TISIINCRATVINTAL Ci'bbi TC DELTAR VANE DETL,
DCAPCF LSI3JTR(726IADLITIVE 2ASC PRESJIURE \XIAL FORCEZ COEF.
OCASF  FIS0TR(727)YIKIN FRICTIS N EXIAL FJi CCEFFITIENT -
‘ CCAYY aIaL1‘(733)IIC°E1:NT&L ca dUs ¢ VAN: MISALIGNMENT
! CCNmE  SISOTRETZFIINEPEMINTAL €V OLZ YO ASODELAS, EFFICTY
vehOP  LTADTR(730)INCIEAZNTAL Cv oUS TC DELTAP VANE DIFL,
SINDG  SISUTR{TSITITNCREVMINTAL Cy TUZ TO DSLTAJ VANE TEIFL,
boNOr  3I3Q13(732YINCITVINTAL L DUE TC DELTAR VANE DIFL.
GONVY  TTISCIRITIZIIINCITMENTAL 2N DJUT TC VANT WMISALISKMENT
CP IRz =253CT3(T34)INC2E%eNTAL CPM DS T acSwlsLA3, SFFE(LTS
CPACP FIGUTSCTTIS)IINCRATATNTAL C2¥ BJ: TI OTL.TAP VANT DEFL.
CPYCY 2I5CT18(772) INCREVENTAL C2™ DJe T2 DSLTAO VANZ DEFL.




TABLE I-1. TRW PROGRAM OUTPUT VARIABLES (Continued)
JCPMLR SIGUIRCTI7?IINCREMENTAL £PV DUE T2 DELTAP VANZ DEFL.
DCPYUM 313GTR(TISIINCREMENTAL CPM DUE T VANE MISALIGNMENT
YCRWAE JIGCTRTTITYINCIEVENTSL CPW DYE TT REWCESLAS. EFFELTS
DCRYDP 3IGCIRC74ULIINCREMENTAL CI¥ DUE TS DELTAP VANZ DEFL.
DIRMDITITSOTRCTSTYINCISYENTAL CRM DUE T2 DILYAG VANT DEFL.
DCRYPR 3IT30TR(T4ZIINCREZMENTAL CRM DUE TO SELTA® VANE DEFL.
DCRMVM SIGUOTRC74IYINCREMENTAL CRY DYE TO VANE MISALIGNFMEINT
JCYAS  3I501R(744DINCRIEVENTAL CY OUE TC ASROELAS. EFFECTS
CLYDP TZIGUTRCTESYINCREVERTAL €Y DUS YO DELTAP VANE LIFC
CCYDQE 2IGCIR(746)INCRIVENTAL CY JUZ ™0 CELTAQY VANE DEFL.
DCYDR IISCTRCZ47YINTITMENTAL CY DUE TC DSLTAR VANE DEFC.”
DCYMAZ 31G01R(74E)INCREMENTAL CYM DUE TO ASRCELAS. IFFECTS
OCYHDP 3IGOTR(74F)INCPEMENTAL TYM DUE TD DELTAF VANE DEFL.
CIYMEQ 3IG01RC7?SCIINCRIZVMENTAL CYM DUE TO DELTAG VANE DEZFL.
DTYVWDR JISUTRCZSTIINTIEMENTAL TYV DUE TJ DELTAR VANE TEFL.
DCYMVA aIGCTIRC732YINCIEMENTAL CY¥ DUE T2 VANE MISALIGAUMINT
GAM: 3I501RC757IEARTH=RECATIVS FLIGHT ANGLE WRT HDITZONTAL
AAMT 31301R(734)ZLEVATION CF LCS TC TARGET WRT LOCAL 4CRX.
SAPX T CITGUIRC(7?SSIELTVATION ¥IS3ILI X=&XTIS WET LOCAL HOR.
GAL SISCTIRCTSCYGICUND RANGE LAUNCH POINT T9 CURIRESNT 20S.
© 0 3ISOTP(7S5TYSICIND RANTCZ FIDIM CURIENT POSTTICH TO TARZET

-oocr 3I501R(7323)EARTH=RILATIVE VILCCITY IN LOCAL NED FRAM:

TTITI0TRCP7TTICARTH=-RSLATIVE FLICHT PATH ANSLE WRT NORTH

SISUNRC7T2IAZINUTH OF LINZ-CF-3IGKHT TC TARSET
CUEFIGOTEC?TIIATIIVUTH 0% MISSTLE X AaXIST T T

3IGC1RC776)SLANT RANGE T2 TARGET

215018¢775)

515CIRC73CIVEL, OF MISSILE RELATIVE TC AIR IN MISSILE

SIGGTIR(7¥4IMISSILE POS. VECTOP IN OSST?ED (TARGET) FRAME

3I3019C757)MTISSILE EAATH=9FLATIVE VELCCITY IN ZARTY FRAME

JIG01RP(77C)FISITION 9F MISSILE RELATIVE TO TARGET IN £

SISUTPCETI2IFIXNTD DAIFTS=X ,Y, AND 2 o
duv 21301 C3I21)DILTA MAGNITLOIE OF INSPTIAL VEILOCITY
OSMAT  3IG0TR(224)G=SINSITIVE ORIFT PARTIAL OZRIVATIVE MATRIX
FJOIAS  313C19(¢533)1IM5 FIXIC CITIFT RATE )
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AV #t g
L AN AN A
> =19
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N3 F 3IGCTIR(E3€6)IIMS NSGATIVE SCALZ FACTORS=X, Y, AND 2

F3F T eTSC1Q(¢335)I48 POSITIVE 5CALS FACTOOS=Xs, Yo, AND 7~
230V 21301R(242)IYE RzSIDUAL DELTA VvV MEASYRE¥ENT

SYX T AIEITR LI INSTAXIT NENCRTROSCTALITY-Y T X T
X FI301R(244)IYS AXTS NCNORTACICNALITY=Z TO X

¥ T ATS0TR(EAT)IING AXIS NCNOITHCICNALITY=-Z TO Y

TOMAG  3I501R(C348IMACNITUDE CF INMS TCRQUS RATE

IAXR T ZIGCIP (49 T T

ivy 213501RC€358 o . R ) )

122 T SITEILIRC(ERYY T B

YILon sIsL1PCisa) o

NCZILX 3T301C:32)N3ITZLE MOMENT &Y COMPONENT ALGNG X AXIS
TAIILN 313013 C(E35)TING AT WwHICW RIS J3T wiS TUPNED OA

a3 TTICTR(A3YTLLIR ANGLE SATI3=8NTINNA TO WMISSILI FRAMZ
N 313016 {2528 UL=s ANALE ACCS.-#\TZNJA TO WISSILEZ FRawS
T&CU  313CTRCE?L)ITINI 22,0330 FIR CCU AZSUISITION
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TARLE I-1. TRW PROGRAM OUTPUT VARIABLES (Continued)

TOCPI  3IS01R(E71ITING AT HHICH CP1 CIMVYAND WAS RECZIVED
F3IFLG 3I501IC 5£)IFIRST 3TASE ISNITICN FLAG
FSSFLG =IS01I( 59)FIRST STAG: SZIPARATICN FLAG

ID9 7 7 3IGOTIL 3?) 37 INPUT DISCRETE WORD 1
I02  3IGY1IC 5%) 9  INPUT DISCRETE WSRO 2 e
102 JISTITITE5Y © INPUT DISCRETE WORD 3

I2ER JLSUTIC 7CGIDERIVATIVE CIMPUTATICN COUNTE®Q

INITFU IISOUTIU 7AVINTITIACTIZATION FLAT — 7 T T
i3¢ed 2IGU1IC 72)FLISHT SEILEINCE INDICATOR

ISTAG:Z 3IGOTIC73I)STASE FLAGS =1 LAUNCH AND 'STAGCE,=C CTHERWISE
¢o2 SI301IC 28) 0 TUTPYT SISCRAETE wCRD 2
RIVSALS STISUTICIITY®V ScePARATION FLAS — 77
S3IFLG 3IG0TI(113)SZCOND STAGZ IGNITION FLAG
SSSFLG SISOTTUITA)ISSCIND STAGE SESARBTION FLAG
T4rROPT 3IGITI(113)THAUST OPTION (1-USE TSLV; 2- USE TVACQ)
JOFLG "SISUTIETIONET FLAS (T=NY JO7 "1=Jd" ——~ =~ — =77~
M3TIPT 3IGC1I(227)MASS TAALZT IJIPTICN FLAS

RVJ 7T STEUTTCAIZIRZACTICN JET=ON FUASS (T JeTSY —— —— 7~ °7
ARMCCD SISCGTIIC(435)CHEIFU ARM €02

SRCITT 3TR0TT(EZO L ATTEY ACTIVATE TCD¢ i
2AFLG  SIS0TIC4T7)3ATTERY ACTIVATID FLAS
COWRD JISCTIT4Z3IISAF RIQUIRED CUTCF¥Y WoRy - " 777777 ~—77 77~
2PwRD 2IS0VIC43G)SAF RIQUIRSD ZP WIRD
FTRT3§'BIIUTITEKUTC?F?U_FTF?-fGF:' T T T T T
FSAAFL SIG01ICa41)FISST STAGE ISNITICN S AND A ARM FLAG
FSACCD' 41ubT*(~«¢)FIF§T_FYA¢E ISNITICN § aNd "4 (008 7
1=CFL  ZIGTO1I(443)30C3T CONFIG. (1- SINGLF/ €=TWC STAZE)
IFAMRD "STSCTI (440 SAF R: UTFETN’NrLTC4T TAIMINS T 40D T
LOWRE  2I50TICe45)SAF REIUTIAED LIFT=CFF WORD
Co17 7 3TGTTI(4A3) 0 " SUToUY FISCRETZ WoeD 1°
PaCNF  3I3C1I1C447)PAC NY FAULT FLAG

AV Sard 3IGCTICLLEYSAF TZ5UTRED IV SSPARATICON WwCRD
TIIARD 3IGCTI(447)3AF RZQUIRED TEIMINAL SITUSNCI INITIATE WORD
uwArEG‘3IaU1I(L>G)HI§UEAD AdYEID FLAT -0

Afc FLG 3UTI(451)wWARPHIAD SURST FLAG
aﬁT“““aTﬁUll(l:ZT?Tﬁn§r57ﬂﬂ7%ﬁ""”
CuRIV 3I3U1ICe0T)CLEAR IVS OILTA~-V JOUNTI?I FLAS

CAYSC ™ RIGCTITZELTNCIYIZY JF S4AYS SIVC: LAST TS TALIBRATION

I1la 3150121C8135) 0 INPUT DISCRETE WwlRD &
NOLV . "3TSTTITTUSOYNEEATIVE ALULSE COUNT=X, Y, AND™ o
vdé 313C12(592) 9 JLTPUT DIS{RETS WCRD &

POLV 31uC1I(532)PISITIVE °uLSE CUINT=X, Yr aND 2
TAITST SI3011(025)IWS TORCUES £ITZ TEST FLAG
IS5 TEISTITTE71)Y 07 LN’UT DISCAETE WIRD T
2% 21301i(e?2) 2 INPUT DISCRETE WOPD 5
INTTOE ZISCTICE7IVOIL 2RADATYI0TL INTITIALIZATION FLAE —
MNFCNT 325011CE77IXA0CR FAAME COUNTER

SO TIICTITE?S 70 TTAGTRYY BISCRETE WCRD ¢ 77— 7 T
«FOAFL 3Z3012(7025)FIX DATA Q24D oy 28(CP=-FLAG

adToh SIS0TI(TS5L)ANTINGA O FLAGSSTAZILIZE ANTINNA RSCZIVED
SCLCY I3 TI(755)00L TN FLAC
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TABLE I-1. TRW PROGRAM OUTPUT VARIABLES (Continued)

FRYOSN 3TGTTIIC7SEIFIRSTY STACGE mYDRAULTC SYSTEM ON FLAS
NaVFLS 313011(742)==CIN NAVIGATICN FLAG

TV3 BIGUTI(73e)Y T —3U7?—T—t’1 RETZ"WCRY T — 77—/ T 7
PARFLS 3IG01I(757)%ISSIL: Po2wzZR=CN FLAG

RCSIN ’TFUT'(76y)?-[fT'GN”f’V*T”L SYSTEM 'ON FLAG — — 77
2UCN 2IGC1I(75%)YRALAR UNIT N FLAS

SHYDUN 3ISTIIC770)TSTOND STACT SYDWALLICS SYSTEM ON FLAG —

¥CSGGT SICCTIIC(778)IVCE GAS GENERATOR MNUMIER 1 INITIATE FLAG

VTSSGZ TTIGCTITTTSIVES UAS GENZRATIR NUM3IER INITIATE FLAZ
WNDOPT 3ISCIT(732)WIND JPTION, U-NO WINDS, 1 NEV, 2-HAV
cAWRD T 3TGUIICTIIVEATTERY ACTIVATC #CROD FROM SAcCP
CIFLG 3SISCT1I(794)SAF CUTOFF FLAS
EPFLG ITGUTT(775)YSAF T4APTH F‘N“f?ATU? FLAG
FSAWRD 3IGCT1I(734)FIPST STAGE ISNITICN S AND A WORC FROM PACP
F‘tJTT~TT3U1TT’VTTTTF¢T_3T1’F“T}VIT’UV"I?W D FLAS
Fa‘nPD 31G0V1IC7IEIFIRST STASE IGNITICN ACRD ERQM PACP
FISAFL 3TSCTIT(7I9TFIRIT $TAG:E S"APATIvV']ﬁ“EﬁwaAC“’
F3SwRO SISOTICIOJ)IFIFST STAGE SIPARATICN WORD FROM PACP
IFAFLS TIGOTI(cJ1)SAF ’ﬂr‘I’hT’%RMINC‘TLAa )
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