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SOAP USER'S GUIDE
1. INTRODUCTION

The Subsatellite Orbital Analysis Program (SOAP) is an all-digital functional
simulation designed to model the interaction of several independent fliers in
the on-orbit environment. Equations of motion are integrated for both rota-
tion and transiation of each vehicle. Each has its own pilot, control system,
sensors, and environmental interactions. The properties of each vehicle and
the fidelity with which each is modeled are determined by the user, The SOAP
supplies a library of math models for various vehicles, a structure for setting
up the relationships among various math models, and a mechanism for general
input and output.

The SOAP is written in FORTRAN and is designed for use with a UNIVAC 1100
series computer. It differs from most FORTRAN simulations in that the order
in which computations are made is determined not only by‘1ogica1 branching
within subroutines or within a driver program, but on the basis of simulation
time, The SOAP maintains an internal clock and also maintains a schedule of
events. These events can include such procedures as execution of control
system routines, sampling the vehicle dynamic state by sensors, response of
control jets to a pilot's commands, the recording of vehicle states for
output, or the pilot checking the status of a fuel gauge. The user need only
develop subroutines modeling the desired events and specify their whereabouts
to the SOAP executive program. Events which occur at regular time intervals
are scheduled by alerting the SOAP executive. Routines which occur only
irregularly or wivich occur only when some specified condition is met can be
scheduied or called by other routines during the execution of the simulation.
The advantage in using the SOAP executive lies in the fact that the sequence
of events can be arranged to reflect realistic order and time of occurence.
There is no need for the times at which events occur to be integer multiples
of a single time unit. In addition, the SOAP automatically creates a driver

to call all the subroutines desired and to produce appropriate input and output.

This facilitates the setup and execution of new simulations.

1-1
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From the user's point of view, each vehicle has a separate pilot, control
system, dynamics, and sensors. Each vehicle and its pilot may or may not
have knowledge of the activities of any other. Typically, communication
between the control system, pilot, and dynamics takes place by jssuing com~
mands in the form of setting locations in COMMON blocks. Communication with
the user typically takes the form of inputing into locations in COMMON blocks
at the start of simulation, printing out information during the simulation
(either at fixed time intervals or at the beginning and end), and of plots
generated after the sfmulation.

Performing a simulation using the SOAP typically involves four stages of

program execution:

a. Preprocessing - The mith models to be used, the logical and/or temporal
sequence of events, and the input/output desired are specified. A pro-
gram js executed which sets up the driver program and writes several sub-
routines which zct as subdrivers.

b. Mapping or Object Code Collecting - Instructions are provided which de-
scribe the location of all object code which will be needed by the
simulation.

c. Simulation Time Proceeds - Input to the simulation is typically performed
by specifying values for COMMON block locations at the start of the simu-‘
lation. The simulation proceeds until it is terminated due to the attain-
ment of some internal condition. Printed output can be obtained during
this stage.

d. Postprocessing - Data which has been collected during the simulation is
plotted.

.From the user's point of view, steps a, b, and d are not of particular interest.

They simply require a series of steps which must be followed in order to pro-
duce the simulation desired. They are, therefore, documented by a user's
guide (section 2) and by brief descriptions of individual subroutines.

Step ¢, the simulation, is discussed further.

The SOAP system maintains a clock and a driver program. It takes care of
input and output automatically, but most other activities are specified by
the user. These routines, typically, are either scheduled or called by other

1-2
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routines. The SOAP system is not aware of the names of the routines unti}
the preprocessing stage. | '

Several activities have a special status within a SOAP simulation, One such
activity is the process of computing the position and attitude of each vehicle.
This activity requires that forces and torques due to such effects as gravity,
gravity gradient, aerodynamic drag, and reaction control jets be computed.

It also requires that thz mass and the iertia tensor of each vehicle be
updated, This series of computations is termed the "Environment" (of the
Flight Control System and pilot). In most situations the entire dynamics
computation is performed at once (for all vehicles), The modeling of each
vehicle need not, however, be the same. Both the causes of force and torque

and the way in which the causes are modeled can differ,

The Environment communicates with the rest of the simulation and the user via
COMMON blocks. The Environment routines and COMMON blocks have a special status
within the S0AP, iecause the SOAP executive knows their names. This knowledge
of the names of the COMMON blocks involved is required to enable the user to
input data from the outside. The knowledge of the names of models allows the
SOAP executive to create a driver. It should be noted that any of these names
can be changed, but a system change is required.

Figure 1-1 displays the organization of the Environment routines. The names
of the routines displayed are really names of driver routines. Each driver
does 1ittle except call the routines which perform the ccmputation for each
vehicle, The usual execution involves the drivey program ACTVEH calling
vehicle models for each vehicle (§pace Shuttle Crbiter, Subsatellite, Manned
Maneuvering Unit, etc.). These vehicle models typically call all of the force
and torque computations involved with a single vehicle.

Two other special categories of model exist: '"Passive Vehicles" which repre-
sents a free-flying vehicle without active control, and Sensors. Each of
these categories is special to the SOAP executive in that the routine name
and supporting COMMON block name is recognized. The Sensor block consists

of a sensor control driver which, in turn, calls models for the sensors
(e.q., gyros, horizon sensors) associated with each vehicle.

1-3
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A1l routines in the Environment,Sensors, or Passive Vehicles are specified
to the Preprocessor by 1isting the version names of those drivers which are '
to be used to the Preprocessor (see section 2). A1l routines used, both
drivers and actual models, must have the relevant object code collected by
mapping instructions during the map execution (phase b above). The actual
execution of these routines is triggered by the necessity of updating the
dynamics (as requested from other parts of the simulation) mr of carrying
out a command (e.g., turn on jets) issued by the flight control or pilot.
The dynamic state can alsc be updated at regular intervals by scheduling a
driver program terned CALENV at the desired intervals.

The SOAP differs from previous similar simulation programs (notably the Space é
Shuttie Functional Simulator (SSFS)) in that the computations supporting the 1
vehicle dynamics can be performed entirely in double precision. %

A1l portions of the simulation not previously specified are specified by the
user at the time of Preprocessing (step a) and/or mapping (step b).

Any operation desired by the user can be written as a subroutine, either
callabl2 by another routine or occurring on the basis of time or logical ;
decision. Any routine which is not solely called by other routines is
"scheduled." That is, the user tells the SOAP executive the name of a particu-
lar simulation subroutine, the simulation time at which it begins to be used,
the time interval between executions, and the time when it ceases to be used.
If any routine is to be executed before or after a scheduled routine but at .
the same simulation time, this can also be specified. The preprocessor uses
this information to create a calling routine (SELECT) with knowledge of the
routines to be called. The map instructions must include the whereabouts of
object code for all routines used, whether scheduled or called out.

Some models, such as control jet models, accept commands from the pilot or
control system and may even delay the execution of the action commanded. Such
a delay would be specified by the environment model accepting the commands.
The SOAP master clock ensures that the delay is applied. Table 1-I lists

- commands which are in use by some of the SOAP models. The SOAP system assigns

the usage of these command indices at the time of simulation, so there is no ‘
necessity to avoid the command indices used by a model when the model is not g

in use.
, ‘ 1-5




TABLE 1-1.- SOAP ENVIRONMENT COMMAND SERIES ASSIGNMENTS

Command nos.! | Mode
500 - 550 SS0 - RCS Model
551 - 574 RCS free flier 1, 24-jet system
575 - 599 RCS free flier 2, 24-jet system

]Command numbers 100 - 1100 are available

[ |

i i - Figure 1-2 displays the organization of a simple two-vehicle simulation.
o The two vehicles involved are the Maneuverable Television (MTV) and the
)
|

Space Shuttle Orbiter (SSO). The interaction between the two in the simu-
lation displayed is solely through the "master clock" which represents the
entire SOAP executive and scheduling system. The information written near
{ the interface arrows describes some of the variables, in COMMON blocks, which
" are shared by the models. Any one of these variables is available for output
at regular time intervals by specification to the SOAP system executive at
the preprocessing stage. Such operations are transparent to the user once

they are specified. .

T —

S—

D

The simulation in figure 1-2 shows no sensors or passive vehicles, but these
would form separate, additional blocks driven by the master clock. Pilots

for the vehicles would form additional blocks within flight control. Infor-
mation about each vehicle can be passed to any other through the COMMON blocks.
Such passage would involve additional lines joining the flight control blocks
of the vehicles. Vehicles can be added simply by replicating the blocks which
model the vehicle teatures and by supplying the appropriate vehicle parameters.

Output from a SOAP simulation is typically initiated by the user by specifying
those variables to be printed or plotted and the time interval at which they
are to be recorded. The specifications are made during the preprocessing
~ operation. Up to six dependent variables can be displayed as a function of
~a single "independent” variable within each plot. Three of the variables are
' represented by the position of symbols of the user's choosing, and three by
the angles at which these symbols are drawn. Simplified plots can be produced
on a line printer.
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The SOAP executive provides diagnostic capabilities in the form of a state
image print and a restart capability. The state’imagefprint reproduces all

of the COMMON block locations in decimal or Hollerith form. Such a print is
typical]y supplied at the start and end of a simulation and car be requested
(scheduled) at intervals during the simulation. The restart capability allows
the user to initialize the simulation to replicate some point in the middle

of another simulation; thus, a problem maneuver could be restarted immediately
prior to a point of difficulty to avoid repeated simulation of an un1nterest1ng
time period. Instructions for obtaining a restarted run can be found in

section 2Q4.2.

Up to this point the SOAP description has been deliberately vague. The
simulations which can be performed using the SOAP structure are not ciearly
limited. Those simulations which have already been performed and for which
runstreams and models are already set up form a much more limited set.
These simulations are documented by the runstreams in section 2 and by the
models in section 4. It is hoped that these models will give the user a
headstart in creating a model for any operations required.

Models of vehicle flight control systems are typically documented by flowcharts,
scheduling algorithms, and program descriptions. The SSO software has, how-
ever, a special status. The operation of the SSO softwars is described in
detail by Functional System Software Requirements (FSSR) documents., Much

of the SSO software used by SOAP was developed for the SSFS and was designed

to produce a functional model of the flight system. These routines, therefore,
are not as extensively documented as are those rout1nes deve]oped for the

SOAP alone.

The SOAP has roots in the SSFS. This document itself owes much of its develop-

ment to documentation for the SSFS (refs. 1, 2, and 3). The authors would
like to thank those who developed the SOAP framework and to refer the reader
to this documentation as an example of a SOAP-type simulator.
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2. SOAP USER'S GUIDE
2.1 PROGRAM FILES

This guide describes construction of runstreams which cause all four SOAP
operations, i.e.,:

Preprocessing

Mapping

Simulation Execution

Postprocessing

These instructions are geared for the user of the UNIVAC 1110 with Exec 8.

The SOAP systems and library routines are maintained on tapes and secure files
in the UNIVAC 1110. Both source and relocatable codes are available, though
the casual user will interact with these routines only by scheduling and by
mapping the relocatable elements. Typical selections of models and mapping
instructions are available in section 2.2,

2.2 RUNSTREAM

Table 2-I displays the basic logical unit assignments for a SOAP run. Table
2-11 describes the setup of the files required for a typical simulation.
Typical lengths are associated with these files to ensure the availability
of adequate storage. ’

2-1
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TABLE 2-1.- INPUT/OUTPUT FILE REQUIREMENTS FOR SOAP EXECUTION

Usage
Required

Required
Required
Required
Required

Usage
Required

Required
Required
Optional

Optional
Optional

Optional
Optional

Required

Optional

(a)
Type
File

File
Reader
Printer

_File

(b)
Type
File
Reader
Printer

Tape
Tape
File

File
File

File
File

Preprocessor

Purpose

Output images for subroutine SELECT,

CALMOD, and DUMMYS

Output images for the collector directives

Card input (can be file)

Printed output (can be file)
Scratch input/output

Simulation
Purpose
Scratch input/output
Card input (can be fi]e)

Printed output (can be file)

State image dump input file; used for
RESTART runs only

State image dump output file; used for
RESTART or RECYCLE runs

Headlines print retention file; required
if subroutine HDLNS is used

On-Orbit Astronaut File

Standard or primary plot dump unit; required
if subroutine BLKPLT is used

Scratch input/output
Secondary plot. dump unit

-
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Usage
Required

Required
Required

Optional

Optional

Optional -

Optiohal

Type
File

Reader
Printer

Tape
File

File

File

TABLE 2-I.- CONCLUDED

(c) Plotter

Purpose
Scratch input/output

Card input
Printed output

Plotter output tape required for CalComp
plots

Standard or primary plot data input unit
as furnished by the simulation step

Intermediate storage of plot data; required
if the data is provided by tape and the
PLOTER program is used

Secondary plot dump file, as furnished by
the simulation step

2-3
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; TABLE 2-II.- SOAP RUNSTREAM SETUP i

%‘ [Nhen multiple entries with the same number] | i

g appear, only one is used for a simulation ;

7y 1: @RUN,R/TPR 170G, E/3053, ED4-L44444,60,800 %

- 2:  @HDG,P PAGE HEADING INDENTIFYING RUN i
’ 3: @ASG,AX ED4-~144444*S0AP800, i

3 4: @USE S., ED4-144444*50AP800. {

; 5 @ASG,AX ED-L44444*SOAPWORK. ;

; 6: QUSE SW., ED4-L44444%SOAPWORK. ' ;

; 7A: @USE S5., ED4-L44444*SOAPBOSST, '

i 78: @USE S5., ED4-144444*S0AP805D2. %

‘ 8: GASG,AX S5, !

| 9A: @USE SB., ED4-L44444*S0AP2BODS. 2

; 98: ®USE SB., ED4-L44444*SOAP2BODD.

] 9C:

10: @ASG,AX SB.
1: GASG,T 3., F40/1/TRK/20
12: GASG,T 4., F40/1/TRK/20
13: @ASG,T 8., F40/5/TRK/500
: 14: @ASG,T 20., F40/20/TRK/500
15: @ASG,T 29., F40/1/TRK/20
16: @XQT S5. PREPRO :
17: @ADD,L SW.SCHED/SOAP )

@USE SB., ED-L44444*SOAP3BODD. 1%
i
i

18A:  @ADD,L SB.SCHED/MTV s
18B:  ~@ADD,L SB.SCHED/MTVD | | :}
18C:  @ADD,L SB.SCHED/MECD | §
o 18D:  @ADD,L SB.SCHED/MEC2 ]

18E:  @ADD,L SB.SCHED/SSO
19: GADD,P 4.
o 20:  @ED,U SW.MAPIN, SW.MAPINN
L 21A:  ADD SB.MAP/MTV
21B:  ADD SB.MAP/MTVD
21:C ADD SB.MAP/MECD | | o
21D:  ADD SB.MAP/MEC2 | )

2-4
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21E: ADD SB. MAP/SSO
22: @PREP SW.
23: @MAP,S SW.MAPINN,TPF$.SOAP
24: @%QT SOAP
25: (SIMULATION INPUT DATA CARDS - see section 2.4)
26: @JSC*CALLUP . TAPELABEL
27: @ASG,TJ $P-P$TAPE,U,,21 . FRMO2/31 PLT DESC.
28: QUSE 14., $P-P$TAPE,
29: GREWIND 14,
30: @XQT S5.PLOTER
31; (PLOTTER DATA CARDS ~ see section 2.5)
32: OFIN
2-5
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Card 1:

A description of each of the cards shown in table 2-II follows. A more §x~f§
detailed description of the control statements and their options can be

found in UNIVAC system documentation. In the following descriptions,

each "card" represents one 1ine of instructions.

Image: @RUN,P/0 RunlD,AcctID,ProjID,RT,PG/CD NAME N

Purpose: To initiate the run and provide identification and accounting

information to the system.

Format: @RUN
P

RunlD

I oA

AcctlD
ProjID

RT
PG/CD

NAME

Sre

(e . :
oo i o il it i el e e B

CRAOREEE T e

1 is the system default value.

Required mnemonics for the run card.

Priority code for the run. It consists of a single
letter: R, S, U, V, or Z. R has the highest priority;

Run card options.

Run identification field, which must consist of the box
number, two of the user's initials, and a letter designa-
tor as required for uniqueness; e.g., 170NBB. §ix
characters is the maximum number,

Account identification field, which is composed of the
first letter of the user's organization code and the
user's project number separated by a slash; e.g., E/3096.

Project identification field, which consists of the user's
organization code and employee number separated by a
minus-sign; e.g., EH2-1,55555.

Maximum run time in minutes. |

Maximum number of pages (PG) and cards (CD) output for
this run. If no.cards are expected, the /CD should be
omitted.

First six characters of the user's last name. The field
begins in column 61. (OptionaI), :

b b A AN 11 e a0 ek

[
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N - A6 in column 80, designating UNIVAC 1110-6 EXEC 8
processing.

Card 2:
Image: @HDG,P MESSAGE

Purpose: To provide a heading message to be printed at the top of each page
of printer output along with a page number and date,

Format: @HDG = Required mnemonics for the heading control statement.

P - Heading statement option specifying that the page count
will begin with 1.

MESSAGE - Heading that is to appear at the top of each page. The
heading is limited to 96 characters, including blanks,
NOTE: A period (.) cannot be used in the message because
the portion of the message following the perjod may not
be printed.

Card 3:

Image: @ASG,A ED4-L44444*S0AP800.
Purpose: To assign the SOAP System to this run.
Format: @ASG - Required mnemonics for the assign card.

A - Assign card option: The A indicates that the assign
is for an existing cataloged file.

ED4-L44444* - Complete file name of the cataloged file containing
S0AP800, the SOAP System.

Card 4:

Image: @USE S., ED4- L44444*SOAP800

Purpose: To link the 1nterna1 file name S. to the external file name

ED4-L44444*SOAPB00. The MAPIN program references file S. as
the standard program file for the SOAP system.

2-7
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Format:

Card 5:

Image:

Purpose:

Format:

Card 6:

Image:

Purpose:

Format:

QUSE - Required mnemonics for the use control statement.

S. = Internal file name.
ED4., ., - External file name.

@ASG,A ED4-L44444*SOAPWORK

To assign the file containing flight software, Environment, and
utility routines used for most simulations.

@ASG - Required mnemonics for the assign card.

A - @:ﬁign card option indicating an existing cataloged
file.

X - Indicates exclusive use of this file by this run.

ED4-L44444* . complete file name
SOAPWORK

QUSE W., ED4-~L44444*SOAPWORK

To 1ink the internal file name W. to the external {ile name

ED4-L44444*SOAPWORK. The MAPIN program refers to
file W. as the standard program file.

@USE - Required mnemonics for the use control statement.
W. - Internal file name.
ED4~ » « - External file name.

2.8
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Card 7:

Imaye:

Purpose:

Format:

Image:

Purpose:

Format:

Card 9:

Image:

Purpose:

P o

QUSE, S5,ED4-144444*S0AP805S],
@USE, S5,ED4-1.44444*S0OAP80O5D2,

To 1ink the internal file name S5. to the external file name
ED-L44444*S0AP805S]1 or ED4-144444*S0AP805D2. SOAP805S1 is the
single precision, two-vehicle program file containing the pre-
processor element. SOAP80SD2 is the double precision, multi~
vehicle (up to 1 SSO and 2 MTVs) program file version file version
of SOAP805S1.

QUSE =~ Required mnemonics for the use control statement.
S5, = Internal file name.

ED4-1.44444*SOAPBO5S1 .

ED4-144444*S0ARB05D2.

or external file name.

$ASG,A S5.

To assign the file containing the PREPRO and PLOTER elements
and various input/output routines.

@ASG - Required mnemonics for the assign card.
A - Assign card option indicating an existing cataloged file.

S5. - Internal file name attached to either ED4-L44444*S0AP305S51
or ED4-144444*S0AP805D2.

GUSE SB., ED4-L44444%SOAP2BODS.
GUSE SB., ED4-L44444*SOAP2BODD.
GUSE SB., ED4-L44444*SOAP3BODD.

To 1ink the internal filename SB. to one of three external file name

-~ as foliows:

2-9
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A) ED4-L44444*S0AP2BODS - Program file containing environment and

flight software routines for a single precision two-vehicle
simulation.

B) ED4-L44444*SOAP2BODD - Same as A) only in double precision.
C) ED4-L44444*SOAP3BODD - Same as B) only for 3 vehicles instead of 2,

Format:

Card 10:
Image:

Purpose:

Format:

Card 11:
Image:

Purpose:

GUSE - Required mnemonics for the use control statement.
SB, =~ Internal file name

ED4-144444*SO0AP2BODS
ED4-144444*S0AP2BODD
ED4-144444*S0AP2BODD

‘external file, use one

@ASG, A SB.

To assign the file containing the appropriate flight software and
environment routines for the simulation.

@ASG - Required mnemonics for the assign card.

A - Assign card option indicating and existing cataloged file.

SB. - Internal filename attached to one of the following:
ED4-L44444*S0AP2BODS . |
ED4-L44444*S0AP2BADD.
ED4-1.44444*S0AP3BODD.

@ASG,T 3.,F40/1/TRK/10

To assign a FASTRAND-fdrmatted mass storage file to this run. The
file is used for Preprocessor output.

A_.A—mm‘ 1.‘;_.;__
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; Card 12:

!f Image:
Purpose:
Format:

e
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QASG

3.
F40

TRK

10

]

Required mnemonics for the assign card,

Assign card option denotihg a temporary file assignment.

Internal file name assigned to the file.

Code specifying that this assign statement is for a
FASTRAND-formutted mass storage file and identifying
the specific device required.

Integer specifying the minimum amount of mass storage
required for this file.

Increment or granule size for this assignment. One

track (TRK) has 1792 words.

Integer specifying the maximum amount of mass storage
required for this file (10 tracks = 17,920 words),

@ASG,T 4.,F40/1/TRK/10

To assign a FASTRAND-formatted mass storage file to this run. The
file is used for Preprocessor utput.

GASG
T

4.
Fa0

TRK

10

Required mnemonics for the assign card.

Assign card option denoting a temporary file assign-
ment.

Intei..d1 file name assigned to the file.

Code specifying that this assign statement is for a

FASTRAND-formatted mass storage file and identifying
the specific device required.

Integer specifying the minimum amount of mass storage
required for this file.

Increment or granule size for this assignment. One
track (TRK) has 1792 words,

Integer specifying the maximum ahount of mass storage
required for this file (10 tracks = 17,920 words).

2=11
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Card 13:
Image:

Purpose:

Format:

Card 14:
Image:

Purpose:

Format:

@ASG,T 8.,F40/5/TRK/500

To assign a FASTRAND-formatted mass storage file to this run. The
file is used for state image dumps for recycle and/or restart

purposes.
@ASG

1

8.

F40

TRK
500

Required mnemonics for the assign card.
Assign card option dengtin§ a temporary file assignment.
Internal file name assigned to the file.

Code specifying that this assign statement is for a
FASTRAND-formatted mass storage file and jdentifying
the specific device required.

Integer specifying the minimum amount of mass storage
required for this file.

Increment or granule size for this assignment.

Integer specifying the maximum amount of mass storage
required for this file.

@ASG,T 20.,F40/20/TRK/200 |

To assign a FASTRAND-formatted mass storage file to this run. The
file is used

GASG
T
20.
F40

20

for plot dump output.

Reqqired‘mnemonics for the assign card.

Assign card‘bption denoting a temporary file assignment.
Internal name assigned to the file.

Code specifying that this assign statement is for a
FASTRAND-formatted mass storage file and identifying

- the specific device required.

Integer specifying the minimum amount of mass storage

required for this file.

2-12
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Card 15:

Image:

Purpose:

Format:

Card 16:

Image:
Purpose:

Format:

TRK - Increment or granule size for this assignment.

200 - Integer specifying the miximum amount of mass storage
required for this file.

@ASG,T 29.,F40/1/TRK/10

To asskgn a FASTRAND-formatted mass storage file to this run. The
file is used for scratch input and output.

@ASG - Required mnemonics for the assign card.

T - Assign card option denoting a temporary file assignment. i |

29. - Internal name assigned to the file.

F40 - Code specifying that this assign statement is for a
FASTRAND-formatted mass storage file and 1dent1fy1ng n
the specific device required. g

1 - Integer specifying the minimum amount of mass storage 5
required for this file. é

TRK - Increment or granule size for this assignment. ]

10 - Integer specifying the maximum amount of mass storage 5
required for this file. )

@XQT S5.PREPRO é

4

To execute the SOAP Preprocessor proygram.

exqr - Required mnemonics for the execute control statement.

S5, - Name of the file containing the absolnte element PREPRO. |

PREPRO - Name of the absolute element to be- executed. :
2-13
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: A Card 17, 18 (A, B, C, D, E): These cards represent the data images for the
; Preprocessor program. The specific contents oflthis deck are discussed in
2 | section 2.3,
:i ‘ | Image:  QADD,P 4.
| | Purpose: To add the images on logical unit 4 to the runstream at this point.
| Format:  GADD - Required mnemonics for the add control statement.
P - Add statement option indicating that the ADD statement
appears in the listing.
4. » External file name of the file to bs added to the run-
' strean,

See section 2.3.1 for the options affecting the output listing of routine
SELECT and the Memory Allocation Processor (MAP) for the SOAP.

~Card 20:
Image:  OED,U SW.MAPIN, SW.MAPINN

- T e T e A

Purpose: To call the edit processor to update the existiny element MAPIN and
to name the new updated element MAPINN. MAPINN will contain a set
of collector directive cards as specified by card 21.

Format: @ED - Required mnemonics to call edit processor.
U - Edit card option indicating an update of the element.
SW. e‘Internal file containing the element MAPIN.
; | MAPIN - Element containing some collactor diredtive»cards

standard to all runs.

MAPINN

Updated element containg all necessary coilector directive
cards to produce the absolute element SOAP.

. | 2
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card 21:

Image:

Purpose:

Format:

' Card 22:

Image:

Purpose:

Format:

Card 23:

Image:

Purpose:

Format:

E . PERRSEE
B AR el

ADD SB.MAP/MTV
ADD SB.MAP/MTVD
ADD SB.MAP/MECD
ADD SB. MAP/MEC2
ADD SB.MAP/SSO

To add to the existing set of collector directives in element MAPIN

an additional set of directives corresponding to the vehicle(s)

participating in the simulation.

ADD - Edit command that adds all 1ines of the element
specified to the element being updated.

SB. - Internal file name containing the map element.

MAP/VEHICLE - Element name and version of lines to'be added to

the updated element.
MTV
MTVD
MECD substitute for vehicle, no parentheses
MEC2

850

@PREP SW.
To create an entry point table for file SW.
@PREP - Required mnemonics to call FURPUR processor.

SW. - Internal file name.

@MAP,S SW.MAPINN,TPF$.SCAP

To use the set of collector directives in element MAPINN and create
an absolute executable element, SOAP, and put it in file TPF$.

@MAP - Required mnemonics to call the MAP processor.

S - MAP processor option quuesting a short listing of storage

allocation and octal}addresses of the relocatables included.

2-15
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Card 24:

Image:
Purpose:

Format:

Card 25:

SW. - Internal file containing MAPINN.

MAPINN - Set of collector directive instructions.

TPF$ - Temporary file to contain the abso]Jte element SOAP.

SOAP - The absolute element to be exécuted.

@XQT SOAP

To execute the SOAP,

eXxqQT - Required mnemonics for the execute control statement.
SOAP - Name of the absolute element to be executed.

This card represents the input data set for the SOAP. The composition

of this data set is discussed in section 2.4.3.

Card 26:
Image:

Purpose!

Format:

@JSC*CALLUP.TAPELABEL

To automatically generate gummed labels and the corresponding tape
library transaction for new save tapes. This card must immediately
precede the tape assign card.

@JSC*CALLUP. -~ Complete file name of the CALLUP processor file.
TAPELABEL - Processor for tape labeling and saving.

@ASG,T $P-P$TAPE, ,U,,21 . FRMO2/31PLT Tabel.

: To create a CalComp plot label and to create a save plot tape.

@ASG - Required mnemonics for the assign card.

T - Assign card option denoting a temporary file assign-
ment. '

$P- = The fequired first three characters of ‘the filename

portion of the file specified if the tape is to be
saved is an "X" bin tape requiring peripheral processing.

PSTAPE, . Tape file name. If D option ié used, this file name
must be used.
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Card 28+
Image:

Purpose:

Format:

Card 29:

Image:
Purpose:

Format:

Card 30:

Image:
Purpose:

Format:

: E RS
TR A A D NI

U - Code specifying that this assign statement is for a
magnetic tape device and idenf/ifying the specific
type of unit required.

21 - Retention period in days.

FRM02/31PLT - Description field, which mwét limit entire field to
24 characters and contain ‘type of form to be used
for the plot (02), number of plots, label for tape.

QUSE 14., $P-P$TAPE.

To link the internal file name (14.) to the external file name
($P-PSTAPE) so that FORTRAN references to logical unit 14 are
equivalent to system references to PLOT.

@QUSE = Required mnemonics for the use contrel statement.
14, - Internal or FORTRAN file name.
$P-P$TAPE. - External or system file name.

@REWIND 14.
To rewind the tape file PLOT. to the load point.
@REWIND - Required mnemonics for the rewind control statement.

14. - Interpal file name of the tape file to be rewound.

@XQT S5.PLOTER
To execute the SSFS plotter program.

@xqT - Required mnemonics for the execute control statement.
S5. - Name of the file that contains the absolute element
PLOTER.
PLOTER - Name of the absolute element to be‘executed§
2-17
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Card 31: This card represents the data set for the SSFS plotter program.
composition of this data set is discussed in section 2.5,

Card 32:
Image: QFIN

Purpose: To indicate the end of the runstream.

Format: @FIN - Required mnemonics for the finish control statement.

2-18
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2.3 PREPROCESSOR DATA

Input to the Preprocessor consists of six data sets: a SELECT/MAP
specification card, Environment configuration specification cards, flight
software configuration specification cards, subroutine scheduling cards,
print/plot output definition cards, and subroutine MAXMIN output definition
cards.

On all Preprocessor data cards the capability exists to add a comment to each
card if the comment is preceded by the $ character. For this reason, care
should be taken not to use TPF$ as a file name to load from. A $ character
placed in card column 1 designates the whole card as a comment.

The Preprocessor uses three mass storage work files: 3, 4, and 29. Logical
unit 29 is the scratch file used to decode and build card images. Logical
units 3 and 4 contain output pertinent to the main simulation. On logical
unit 3, the Preprocessor writes the fol)owihg card images:

@ED, IN CALMOD
(Subroutine CALMOD code)
@ED,IN DUMMYS
(Subroutine DUMMYS code)
@FOR,N CALMGO
@FOR,N DUMMYS
- @ED, IN SELECT
- (Subroutine SELECT code)
- @FOR,N SELECT

2.3.1 SELECT/MAP

This data card must be inserted only as the first card of the preprocessor data

deck to affect the printing of the subroutines SELECT CALMOD, and DUMMYS, and
the MAP of the SOAP. The format of this card begins in column 1 and is
SELECT(N) ,MAP(N)

2-19
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The control characters "N, S, L, X" are placed in parentheses as user specifi-
cations. An "N" specification will cause the most abbreviated 1isting to be

generated. The "N" specification is the default for SELECT. An "S" specifi-
cation will cause a moderately comprehensive 1isting. An "L" specification will
cause the most comprehehsive listing to be generated, The "X" specification
applies only to the MAP, and must be specified so that no MAP will be generated.
Following this card, the Environment configuration specification data set must
be included to ensure the proper generation of routines CALMOD and DUMMY. This
data is stored in their respective MAP/VEHICLE elements in the SR. file,

s k.ot b
2.
P
s
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2.3.2 ENVIRONMENT CONFIGURATION

The Environment configuration specification data set (see table 2-111) is used
* to define the Environment model(s) and the file(s) where the model(s) reside.

- - WETEEeR TR TWERRERL T e -FTERe

L If no models are specified, the Preprocessor will generate the CALMOD subroutine 4
; which contains a call to the active vehicle (ACTVEH) driver, and the DUMMYS %
: subroutine which contains entry points for all other models. In all cases where |
| a dummy ACTVEH is requested, a dummy version of subroutine ACTVEH will be loaded S N

from the SOAP System library. g
s

In the case where an Environment model is to be included in an overlay segment

other than the "ROOT" segment, an Enviromment specification card must be included ‘
for that model and the version of the model requested must be specified as X 2
' "OVRLAY." In the particular segment where the model is to be loaded, the :
model will be specified with the model's real version name. Also, an additional i
specification can be made to request DCOML, the routine used to define the |
lenqth of all the COMMON blocks to be loaded from a file other than "M."

Each image is free-field and only one specification should be rade per card.

A comment can be added to a card if the comment is preceded by a $ character.
A $ character in column 1 designates the whole card as a comment.

A1l models desired must be specified for a simulatior’ configuration. A dummy
entry point will be generated for all models not specifically requested.
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A1l names are limited to six characters each.
The minimum input for this data set is an *EOF card.

The general form of the mode) selection equation i5 as follows:
Image: madeil=filel.version1

Purpose: To define the Environment configuration specification for a
particular mission phase.

Format:  Any number of free-field images consisting of a model selection
equation. The order of the equations is irrelevant.

model -~ Field used to identify the type of model that is being
specified by this equation. (This mnemonic is defined
in table 2-1V.)

filgi. - Optional field which, if used, allows the user to
specify the file where this model resides. "file,"
is limited to six characters. If the field is omitted,
file W is assumed. If only the period (.) is used, the
default file is W.
CAUTION: do not use the name TPF$.

version;, - Version name of the model to be used in this simulation.
Dummy models may be selected by specifying the version
to be DUMMY or version number 00. For a dummy specifica-~
tion, an entry point is generated in subroutine DUMMYS.
Available models are described in this document.

The format of the *EOF card is:
Image:  *EOF

Purpose: To denote the end of a data set within a data stream,

Format:  *EOF - Required mnemonic for the end of a data set.
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TABLE 2-IV,- ENVIRONMENT MODEL MNEMONICS AND DEFINITIONS

moper ¥ VERSION
(model, ) (version;) - MODEL DEFINITION
ACTVEH AVEH Active Vehicle
f IMU MU Inertial Measurement Unit
RCS RCS Rejction Control System
TVC ' TvC Thrust Vector Control
THRUST THR Engine Thrust
ACS ACS Aerodynamic Control System
ACCEL | ACC Accelerometer
. SNSCTL SNSC Sensor Control
MASPRO MASS Mass Properties
AERO AERO Aerodynamic Forces
GRAV GRAV Gravity
ATMOS ATM Atmosphere
} SLOSH SLSH Fuel Slosh
) BEND BEND Vehicle Bending
: GYRO GYRO Gyroscopic Sensors
f‘ PASVEH PVEH Passive Vehicle
' GUST GUST Wind Turbulance
i HORIZS HORS Horizon Sensor
STARTR STAR Star Tracker
f RENDES RSEN Rendezvous Sensor
ORBALT OALT Orbital Altimeter
; NAVAID NAVA Navigation Aids
r GRADAR GRAD Ground Radar
RADALT RALT Radar Altimeter
GGTORK GGT Gravity Gradient Torque
ORBPAR ORBP Orbital Parameters
N AIRDAT ‘ AIRD Air Data Sensor
: WIND WIND wind Effects
. RNGNAV RNGN : Rnnge,Navigation
: LNDAID LNDA | Landing Aids
i BARALT BALT . Barometric Altimeter
' LNDGR LNDG Landing Gear

*Not all models available exéept as dummfes.

2-23

st

o :

T T EE
: v



TR e g p——

o R AR

2,3,3 SCHEDULING

This Preprocessor data subset specifies the time-&ependent flight control sub-
routines and print/plot routines to be executed and defines their execution
characteristics, such as frequency, priority, and start and stop times.

As in the previous data sets, a comment can be added to a card if the comment
is preceded by a $ character. A § character in column 1 designates the whole
card as a comment. Unlike the other data sets, all the conments associated
with this data set are printed before the scheduling information table is
printed.

Each image is free-field and unique in that each image is processed during
execution as a single request. Therefore, multiple scheduling intervals for
one routine can overlap.

A1l names are limited to six characters each.

The data image is defined as follows:
Image: NAME,PRIOR,DELTAT,STARTT,STOPT ,NAMEB ,NAMEA, TIME1, TIME2

Purpose: To define the execution characteristics of the time-dependent flight
software and print/plot routines,

Format: Free-field images with comments.

NAME - Name of the f1%ght coﬂ€f01 SUbroutine. entry point,
print/plot routine, or other schedulable routine.

PRIOR - Relative priprity for the execution of subroutine NAME.
| A value of 0.0 represents the highest priority. If two
or more routines are scheduled for execution at the same
time, the one having the highest priority will be executed
first.

DELTAT =~ Time interval, in seconds, between executidns of routine
NAME. If the field is left blank or input as zero, the
value of DELTAT will be set to 99999,999,
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STARTT - Simulation time, in seconds relative to simulator
initialization, at which the flight software routine
.. (NAME) is to start execution. A value of -1.0 in this

* field indicates that the routine will be scheduled by
another routine during the simulation.

STOPT Time, in seconds, at which NAME is tu cease executing.

If the field is blank or zero, STOPT wil) be set to 1x1010,

NAMEB - Name of the subroutine that is to be executed just prior to
the execution of NAME. This field is optional.

NAMEA - Name of the subroutine that is to be executed immediately
after the execution of NAME. The field is optional,

TIMEl - Start time for NAMEA and/or NAMEB., If omitted, the start
time will be STARTT. If TIMEl is specified, TIME2 must
also be specified.

TIME2 - Stop time for NAMEA and/or NAMEB, If TIMEl and TIMEZ2 are
omitted, the stop time will be STOPT,

Like the other data sets, it must be terminated by an end-of-file card.
Image: *EOF
Purpose: To denote the end of a data set within a data stream.

Format: *EOF - Required mnemonics for the end-of-data set statement.

To ensure that the calling linkage to a routine or entry point is generated,

a schedule data card must be present for each routine or entry point that has
been scheduled gr is to be scheduled for execution on the SOAP. A start time
of -1.0 indicates that the routine will be scheduled by some flight control
algorithm durihg the simulation. More than one schedule data card may be
furnished for the same routine as long as each has a start time greater than
or equal to 0.0. Minimum input for this subset is a schedule data card for
subroutine TERMIN (the termination routine for SOAP) and the end-of-file card.
The TERMIN card is required to prevent a "run-away" simulation. The Preprocessor
checks for the presence of the TERMIN card and inhibits the simulation if it is
not found. '
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¥ When an initial simulation time bias is given on the simulagion input card INIT,
' all scheduled start and stop times will be altered by the initial time value.

A restricticn which must be observed is that schedule data cards for Preprocessor-
written routines cannot specify whether other routires are to be run as "before"

or "after" routines. Preprocessor-written routines include print, plot,and MAXMIN
requests which are entry points in SELECT, However, the user can inciude these
routines as "before" or "after" routines on schedule data cards of non-Preproces-
sor written routines. Routines scheduled as "before" or "after" routines should
not exit by calling FREQEJ. If they do, each time one of these routines is called,
the primary routines will be rescheduled. Samples of routine scheduling cards

are shown in table 2-V.

A A

Default values are assigned for the varijous times and priority if they are not

R, L i

specified. The defaults are:

) PRIORITY default is 0.0 .
DELTA TIME default is 99999.999 /
START TIME default is 0.0
STOP TIME default is 1.0E+10

A

b ; an exception is made for routine SIDUMP (state‘image dump). Whatever the
o scheduled or defaulf prioity associated with scheduling SIDUMP, it is changed
SR to 1.0E+38 when SIDUMP is actually scheduled on the waitlist.

Another SOAP system routine that needs special attention is SIPRIN (state image
o print). Like SIDUMP, SIPRIN can be scheduled or called. SIPRIN when executed )
? : will print all the SOAP standard COMMON blocks listed in table 2-VI. Entry

| points that can be scheduled or called are also listed in table 2-VI. A1l of
these entry points are in SIPRIN.

~Note that one subroutihe is scheduléd automatically for each simulation. Sub-
routine KALNOW sets the immediate Environment update flag, LECCOM(740), to force
a call to the Environment. '
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COMMON
block

LECCOM
FSCOM
ENVCOM
ACTVEC
IMUC
RCSC
TVCC
THRUSC
ACSC
ACCELC
SNSCTC
MASPRC
AEROC
GRAVC
ATMOSC
SLOSHC
BENDC
GYROC
PASVEC
GUSTC
HORIZC
STARTC
RENDEC
ORBALC
NAVAIC
GRADAC
RADALC
GGTORC
ORBPAC
ATRDAC

TABLE 2-YI.- SOAP COMMON BLOCKS

Definition

D it W ————

Executive COMMON

Flight Control (FC) COMMON

Environment Executive COMMON

_ACTVEH COMMON
IMU COMMON
RCS COMMON
TVC COMMON
THRUST COMMON
ACS COMMON
ACCEL COMMON
SCSCTL COMMMON
MASPRO COMMON
AERO COMMON

+ GRAV COMMON

ATMOS COMMON
SLOSH COMMON
BEND COMMON
GYRO COMMON
PASVEH COMMON
GUST COMMON
HORIZS COMMON
STARTR COMMON
RENDES COMMON
ORBALT COMMON
NAVAID COMMON
GRADAR COMMON
RADALT COMMON
GGTORK COMMON
ORBPAR COMMON
AIRDAT COMMON

S = Single precision
D = Double precision
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Entry points

in SIPRIN

LECCOP
FSCOMP
ENVCOP
ACTVEP
IMUP
RCSP
TVCP
THRUSP
ACSP
ACCELP
SNSCTP
MASPRP
AEROP
GRAVP
ATMOSP
SLOSHP
BENDP
GYROP
PASVEP
GUSTP
HORIZP
STARTP
RENDEP
ORBALP
NAVAIP
GRADAP
RADALP
GGTORP
ORBPAP
AIRDAP
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COMMON
block

WINDC
RNGNAC
LNDAIC
BARALC
FSCl
FSC2
FSC3
FSC4
FSC5
LNDGRC

" DATBUS
, DPDBC

| DPFSC !

DPFSCT,

. DAVEHC:

DIMUC
DMASSC

DGRAVC,
FS1C

FS2C
RCS1C
RCS2C
ACTVIC

~ACTV2C

MASP1C
MASP2C
HORZ1C
HORZ2C
AERIC
AER2C

- Environment=to=flight

FC COMMON

TABLE 2-VI.-CONCLUDED
Definition

WIND COMMON
RNGNAV COMMON
LNDAID COMMON
BARALT COMMON |
Additional FC COMMON ;
Additional FC COMMON
Additional FC COMMON
Additional FC COMMON '
Additional FC COMMON -
Landing Gear COMMON

Environment-to-flight
control Bus COMMON

-

control Bus COMMON

e Y b e

Additional FC COMMON

- ACTVEH COMMON

IMU COMMON

MASPRO COMMON

GRAV COMMON

VEH#1 FC COMMON
VEH#2 FC COMMON
VEH#1 RCS COMMON
VEH#2 RCS COMMON
VEH#1 ACTVEH COMMON
VEH#2 ACTVEH COMMON
VEH#1 MASPRO COMMON
VEH#2 MASPRO COMMON
VEH#1 HORIZ COMMON
VEH#2 HORIZ COMMON
VEH#1 AERO COMMON
VEH#2 AERO COMMON

S/D

$,D
S,D
S,D
$,D

O oo oo

Entry points

in SIPRIN

WINDP
RNGNAP
LNDAIP
BARALP
FCSIP
FSC2P
FSC3P
FSC4P
FSCSP
DATBUP

DPDBCP

!DPFSCP
|DFSCIP
» DAVEHP
DIMUP
| DMASSP
| DGRAVP
FS1CP
Fs2cp
RCS1CP
RCS2CP
ACTV1IP
ACTVZP
MASP1P
 MASP2P
HORZ1P
HORZ2P
AER1CP
AER2CP
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If there are no print/plot routine requests, the *EOF terminating the scheduling
data set should be followed immediately by a card image with "QUIT" beginning

in column 1.

2.3.4 PRINT/PLOT

This data subset allows the user to build print and/or plot dump subprograms
which may either be scheduled or called. The user may specify up to 90 print
routines and up to 10 plot dump routines. Any unique name (up to six charac-
ters) may be used for the name of the print routine. Plot dump routine names
are restricted to one of the following: PLOTR, PLOTR1, ..., PLOTR9. Variables
to be printed and/or plottzd must be selected from any location of any labeled
COMMON block. The user specifies mnemonics (up to six characters) for each
parameter to be printed or plotted. Note that no plotting actually takes

place during the simulation, but that variables to be plotted are written on an
output device (tape or drum) to be used by one of the SOAP postprocessors.
Print or plot dump routine data consists of two parts: a card defining the
name of the routine and a card or cards indicating the variables to be printed
or plotted. Each print or plot dump routine set must be terminated with an
end of file (*EOF). The format of the card images follows.

Image: NAME

Purpose: To define the name of the print or plot dump routine which will be
built by the Preprocessor. The routine may be scheduled and/or

called.
Fixed-field (A6) format. NAME must be Teft-justified in the field;
j.e., it must start in column 1.

Format:

NAME - Name of the routine. A print routine may be named with
any unique mnemonics (up to six characters). Plot routine
names must be one of the following: PLOTR, PLOTRI, ...,
PLOTR9. If NAME is the word QUIT, it denotes the end of the
Preprocessor output routine requests and the end of the
Preprocessor input data set.
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Image:
Purpose

Format:

VARNAM = COMMON(I) OP % SF,FMT $ COMMENT
To define the parameters to be printed or plotted.

Free-field

VARNAM

COMMON

oP

SF

oFMT

~ LECCOM, IMUC, MASPRC, NAVAIC, LNDAIC, and LNDGRC as a scale

format.

Mnemonics (up to six characters) used to identify the
parameter in the printed output or used as plotter input.

Name of the labeled COMMON block in which the parameter
is located. : '

Location in the COMMON block where the output parameter
is stored. This code is limited to the range from 1 to i
9999, §é
Optional operation code used to scale the value in COMMAM(I), B
OP {s one of the four arithmetic operators: +,-,*, or /,
Optional sign + or - can be assigned to the scale factor.

ST TR

Optional field that allows the user to input a scale factor
which will be applied to the data before it is output. Only ;
the first 18 characters of SF are used. SF must be the

same type as the data. In addition, 19 mnemonics are avail-
able for SF, providing primarily English-metric conversion
factors. The mnemonics and corresponding conversion factors
are given in table 2-VII, Also, the scale factor can be i
another COMMON name and iocation. In this case, no effort !
is made to decode the name and location. Therefore, the
name must appear at least once in the "COMMON(I)" position
in the image above. This appearance can be in any of the
print/plot images specified. When using the COMMON blocks

P I U S ST 1o I

2 U e s bk b o2

factor, the first letter must be replaced with a Q. This
is true only when used as a scale factor.

i
1
3
i
i
i
3
i

Optional field that defines the format of the output param-
eter. If FMT is specified, the comma (,) is required. FMT
may be E or F for floating point, I for integer, or B for

octal. If FMT is omitted, the standard FORTRAN convention
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is used; that is, floating-point data is assumed for all
variables unless they begin with I, J, K, L, M, or N, in
which case the integer format is assumed.

$ - Optional fileld that terminates the data scan on the card.
The remainder of the card may be used for comments. The
$ can be incorporated into card column 1 designating the
whole card as a corment. The $ in column 1 must not be
used before the NAME card.

COMMENT - Optional comments field, The $ must appear prior to the

o

conment.
Image: *EOF
Purpose: To denote the end of file or the end of this print or plot routine
definition. |
Format:  *EOF - Required mnemonics for the end-of-fiie statement.

[ | The print/plot routine definition subset is terminated by the name QUIT
’ starting in column 1 and following the last *EOF. The QUIT card also repre-
sents the minimum data requirements for the subset.

Examples of output routine definition cards are shown in table 2-VIII,

When a Preprocessor-generated print routine is executed, the output will be
printed with a title 1ine consisting of the routine name and the current simula-
tion time. The variables requested will he printed in a NAME-VALUE sequence,
five to a 1ine, in the order and type specified during input.

_ 2.3.5 MAXMIN

4 ‘ This data subset allows the user to build a routine called MAXMIN through input
data cards using the same card format used to define the print/plot routines.
MAXMIN is a schedulable and/or callable routine designed to determine the
maximum and minimum values for the variables specified. Upon completing

the run and entering subroutine TERMIN, entry point MMPRNT in SELECT
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§ TABLE 2-VIII.- SAMPLE PRINT/PLOT ROUTINE DEFINITION CARDS -
ﬁ ! Card column 1
gl PLOTR
"y TIME = LECCOM(1
}f’ ERRORX = FSCOM(30)*RTD,E
ERRORY = FSCOM(31)*RTD,E
ERRORZ = FSCOM(32)*RTD,E
i *EOF
' ACCPRT ,
| AVCAX = ACTVEC(85) $AV CONT ACC X
AVCAY = ACTVEC(86) $AV CONT ACC Y
f AVCAZ = ACTVEC(87) $AV CONT ACC Z
| *EOF
| PRTACC
| AVCAX = ACTVEC(85),E ‘
L AVCAY = ACTVEC(86),E i
| AVCAZ = ACTVEC(87),E |
. *EOF ;
| MISC - |
, $ SHOW MISCELLANEOUS CAPABILITY ;
TIME == LECCOM(1) |
D = = ENVCOM( 324) ,I
, 123456 = FSCOM& 8; ,B
JOB = FSCOM: 2 ,B
CTABLE = LECCOM( 4)*2.0,E
I = LECCOM( 631;*10 1
. J = LECCOM( 632)*10 ,B
: A = ACTVEC(5)
B = RCSC(5)
L = MASPRC(5),E ;
M = GRAVC(5),E |
Y = GGTORC(5) :
c BIG = FSC1(297)*.23456789 :
r $ SHOW OPERATOR CAPABILITY |
sl = IMUCél /-RTD '
S2 = RCSC(1)*-PTK |
‘ $3 = ACSC(1)/-16.13
; S4 = ACCC(1)*-14.23763
o S5 = SLOSHC(20)+26.7
1 S6 = BENDC(20)-0.0043
| S7 = FSCOM(2n)*FSCOM(18) ;
; S8 = ACTVEC(20)/-ACSC(10) é
j *EOF x s i ’
o QUIT }
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MMPRNT can

e run. The generation of this
This data set is also terminated by

try point MMPRNT is called, a summary print
e names

is called to print the summary of the maximum and minimum values.
also be called or scheduled to print during th
routine is initiated when NAME is MAXMIN.
a *EOF.
when the Preprocessor-generated en
is made stating first the time of the print and then listing the variabl
and the maximum and minimum values and the times they occurred.
2-35
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2.4 SIMULATION DATA SET

This saction defines the SOAP simulation data card sets.

2.4.1

SIMULATION TYPE

Tables 2-IX and 2-X j)lustrate the two types of SOAP simulaticns, initial and

restart.

Card 1:

Image:

Purpose:

Format:

The initial simulation is from cards only.

TYPE S.F

To define the SOAP simulation type. Do not add any type of comment
to this card.

Free-field format.

TYPE - Word INIT for an initial simulation and the word RESTAR
for a restart simulation.

S.F - When TYPE = INIT, S.F is the initial simulation time
in seconds. When this time is nonzero, the scheduling
of all SOAP routines is shifted by this value.

When TYPE = RESTAR, S.F defines the particular state image
to be used for restart. S is the state image number and F

is the particular file on the state image file in which it
is located.

2.4.2 RESTART SIMULATION

The restart simulation initialization consists of reading a state image
(1abeled COMMON images) stored on magnetic tape or mass storage from a previous
simulation and modifying it by additional card jnput. No routines are read.

The state image input tape or file must be assigned to logical unit 7 for
restart runs. Any new state images are output to logical unit 8.
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TABLE 2-IX. - SAMPLE SOAP INITIAL INPUT DECK

Card Column 1
1 zNIT 40.0
2 LECCOM(956) = 3000 $ FSCOM INPUT AND ...
3 LECCOM(957) = 1000 $ ENVCOM INPUT AND ...
4 ACTVEH(163) = 1 $ ATTFLG FOR IC PASS
(Additional input data cards)
5 *EOF
6 SI 1 § SECOND TRAJECTORY (This is a new simulation)
7 FSCOM(384) = 1
8 FSCOM(1485) = 0.0
9 *EOF
10 NORMAL
11 *EOF
TABLE 2-X. =~ SAMPLE SOAP RESTART DECK
Card Column 1
1 RESTAR 7.1
2 LECCOM(621) = 19 $ PLOTRl LU=19
3 FSCOM(105) = PLOTRL $ PLOTTER NAME
(Additional input data cards)
4 FSCOM(115) = 0.5 $ DELTA T FOR PLOTR1
5 *EOF

2-37

BRI L TRt 17 TT T VO I | o

remapedaagaes L




TR T e T
L4

When setting up a restart simulation, the user must ensure that the COMMON
assignments and lengths in all the routines to.be used in the restart are the
same as those defined in the initial simulation. If they are, the same routines,
new routines, or edited routines can be used.

Example: A sign error was found to exist in an atmospheric model equation for
altitudes greater than h. If this model could be corrected without a COMMON
block location change, a restart simulation could be made beginning at some
altitude below h using the edited model,

Therefore, the preprocessor configuration specifications may be changed for a
restarted run,

A complete set of preprocessor schedule cards must be defined for the restart
simulation. This includes all hefare and after routines. The preprocessor

uses these cards to generate the calling 1inkage in subroutine SELECT to all
scheduled routines. In the typical case, the same set of schedule cards defined
in the initial simulation is used. However, start times, stop times, delta
times, and priorities may be changed. A new print routine can be defined by

the preprocessor and used as a "before" and/or "after" scheduled routine for
debug purposes.

If a simulation start time was specified on the initial simulation, then the
user on the restart simulation must account for this time in the start and
stop times of his restart schedule cards.

The input data cards for the initial simulation are not used. Only the data
needed to change the run is required. If the reason for this restart run
is a program change, data input is not required.

2.4.3 DATA INPUT
The data input cards for an initial or a restart simulation have the same

format (see tables 2-1X and 2-X).
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Cards 2, 0oy 4

Image:

Purpose:

Format:

COMMON (INDEX) = DATA OP; SF, OP, SF, 0Py SF OP, SF, OPy SFg

$ COMMENT

To scale and input data into SSFS single and double precision COMMON

blocks.

Free-field format,
COMMON - Any one of the COMMON blocks defined in table 2-IV.

INDEX
DATA

op

ol il ot y

When defining COMMON block lengths in input cards, the
specification should appear before any input reference
is made to the particular COMMON block., The COMMON
block must be dimensioned in a routine equal to or
greater than the specification being made.

Lacation of the COMMON block to be initialized. -

Integer or an octal, floating-point, or Hollerith number
to be stored in the COMMON block. An integer is signified
by the absence of a decimal point; it may not exceed
34,359,638,367., An octal number is signified by a B at
the end of the number; it must be 12 digits or fewer.

A floating-point number is signified by a decimal poirt;
it is restricted to a card field of 24 coluims or fewer
and may be of normal or exponent form (e.g., 100.0,
1.0E+2, or 2.0D+3). A Hollerith number is signified by
an initial alphabetic character; it must be six characters
or fewer and is stored left-justified with blank fil1,

Optiondl operation code used to scale DATA prior to loading.

For each OP, used (a maximum of five is allowed), an SF,
must be supplied. OP, is one of the four arithmetic
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operators: +, -, *, or /. The evaluation of the input
expression is in a strict left-to-right order, with all
operators having the same weight.

SF. - Input following an OP, which is used to scale DATA prior
to loading. SF must be of the same type as DATA. For
numeric data, SFi has the same restrictions imposed upcn

it that DATA does. SF; may also be one of the 19 mnemonic
conversion factors defined in table 2-VII. The same

SFi mnemonics are used for double precision. In this case,
the system keys off of the COMMON block type.

$ - Optional code used to terminate an input card, leaving
the rest of the card available for comments. If § is
placed in column 1, the entire card is considered to be
a comment card and is centered on the page.

Card 5: The input data set must be terminated by an *EOF card.

Examples of data input cards are shown in table 2-XI.  The number of inputs
or input phrases per card is not restricted, but a data field may not be
split between cards. Several data fields may be contained on one card (i.e.,
for loading into consecutive COMMON block locations) with the data fields
separated by commas. Data input may be continued from one card to the next
with the comma at the end of the statement. For loading into several con-
secutive locations, a particular location may be left unchanged by leaving a
blank field on the card (i.e., two consecutive commas in adjacent columns or
separated by blanks). The data set is terminated with an *EOF card. When
specifying the length of a COMMON block, the input value must be an integer.

2.4.4 RECYCLE

A recycle is initiated during a simulation run by scheduling subroutine RECYCL
or by a call to RECYCL by the flight software. Initiation of RECYCL results
in a pause in the simulation run to (1) read input cards and continue the
simulation from that point or (2) "roll back” to a previous point in the sim-
ulation run, read input cards, and continue the simulation from that point.
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The SSFS has three types of recycle capabilities (see card 6, table 2-1x):
NORMAL, 5I, and SISAVE.

a. The NORMAL recycle instructs the SOAP to read input cards and resume the
simulation run from that point.

b. The SI recycle instructs the SOAP to read the state image specified on
the SI input card. Input cards following the SI card are read, and the
simulation run is continued from that point of the state image just read
in. State image dumps that occur after the recycle are written over the
old state images that follow the one used to reinitialize the simulation.

c. The SISAVE recycle instructs the SOAP to dump a final (for this trajectory)
state image on the tape, write an end-of-file code, and "roll back" to
the state image specified on the SISAVE card. The state image is read
into core; the tape is repositioned past the end-of-file; and the simulation
reads additional input cards, dumps another state image, and resumes the
simulation from the point of reinitialization. State image tapes produced
by the SISAVE capability contain one file for the original trajectory,
plus additional files for each SISAVE recycle.

The SISAVE recycle capability was designed primarily to maintain a permanent
record of a mu]tip1e trajectory run, so that any trajectory could be rerun to
diagnose problems without having to repeat the complete run. The SI recycle
is used more frequently for multipTe trajectory runs, since most users are

‘not concerned with saving a permanent record of the trajectories, and SI is

more economical. The state image output file must be assigned to logical
unit 8. ‘

For multiple trajectory runs, a NORMAL recycle deck (NORMAL, *EOF) must

follow the last SI or SISAVE recycle deck to terminate the run normally. This
is required because an SI or SISAVE recycle causes a backup in time and causes:
RECYCL to be rescheduled when that time is reached again.

The optional recycle decks follow the simulation input deck shown in table 2-IX.
A1l three types of recycles have the same input card structure or format.
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Card 6:
Image:
Purpose:

Format:

TYPE §

To define the type of recycle.
Free-field format. |
TYPE - One of three words: NORMAL, SI, or SISAVE.

§ - Code used only when TYPE is SI or SISAVE. S is an integer
corresponding to the state image at which reipitialization is
to occur.

Cards 7 and 8: Cards 7 and 8 have the same format and purpose as input data

cards 2,

.«vy 4 in section 2.4.3.

Card 9: Each recycle data set is terminated with an *EOF card.
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2.5 POSTPROCESSING

Postprocessing of the SOAP consists of plotting, using one of the two SSFS
plotter packages: the preduction plotter or the high-speed plotter, The

two plotters are denoted by their absolute element names, PLOTER and SPDPLT,
respectively. With PLOTER, the user has the option of selecting CalComp,
printer, and/or SD-4060 plots. With SPDPLT, the user can select CalComp and/or
printer plots.

PLOTER or SPDPLT may be run after a simulation, in an in-line mode, or in a
subsequent run to produce plots of data dumped onto a tape or mass storage
file during the simulation.

2.5.1 PRODUCTION PLOTTER

With the production plotter (PLOTER), the user has the option of specifying
the following:

a. One, twd, or three variables on the same graph with a single abscissa
parameter

b. Logical unit and file from which the data is to be plotted
c. Any combination of CalComp, SD-4060, or line-printer plots
d. Frequency of the data to be plotted

e. Number of points between symbols for CalComp plots for the set and/or
for individual plots

f. Graph and axis titles

g. Tabular listings of the parameters to be plotted

h. Solid line or point plots |

i. Nuhber of frames (Iimitéd to four) in which the data.is to be pletted
and also whether multiple frames are to have the same scale

j. Standard CalComp scaling or an alternate SCALIE scaling routine, which
may produce larger plots for the plot set :

k. Axis scaling for an individual plot, which overrides the selection in
the previous option listed .
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Plots from a portion of the input data file related to a specified time
interval

Multiple plot sets with minimum input requirements

Choice of symbol representation for each variable
Symbols may be rotated to display an additional variable ‘

limitations in PLOTER include:

Maximum of 2000 points per plot for CalComp p1qts, Additional points are
processed as sepsrate plots.

Maximum of 200 points per frame for SD-4060 or printer plots. This is
Timited internally by recomputing the frequency of the points.

Maximum of four frames per plot.

2.5.2 HIGH-SPEED PLOTTER

The

high-speed plotter (SPDPLT) has the same capabilities and limitations as

PLOTER with the following exceptions:

a.
b.

C.

T R s

T eI T, R

No SD-4060 film plots
No optional graph and axis titles
One frame per plot request

No more than the first 1350 points from the input file plotted for
CalComp plots

Limit of 100 prints internally for line printer plots
Maximum of 30 plot variables ' | |

No user-defined input scaling, although selection ¢f SCALE or SCALIE
for the plot set is permitted '

No capability to plot a time inlerval portioh of the data file

2-46

g A ST ¢ EE L e N .

({ iy (

N

N Q
W



3
;

ittt . S . RS T e et e

2.5.3 PLOTTER INPUT

Despite all the options available in the plotters, the programs are designed

to require a minimum of input. In the simple plotter input deck shown in
table 2-XII, the plot request set control card contains only the plot identifi-
cation field, while the individual plot request cards list only the variable

names. This type of deck is most often submitted and results in valid sets

of printer and CalComp plots using standard options and nominal data values.
For example, the blank plot request set control card implies that the data

to be plotted is to be obtained from a mass storage file on file 1 of assigned
logical unit 20. Every point is to be plotted to produce CalComp and line
printer plots, using the SCALE routine for axis scaling. Using this infor-
mation, plots are then to be processed for variables defined on the individual
plot requests.

TABLE 2-XII. - SAMPLE PLOTTER INPUT DECK 1

Col. Col. Col. Col. Col.

= Card| l- 10-15 20~-25 30-35 40-45

1 PLTO1l

2 TIME AIRSPD

3 TIME AVACX AVACY AVACZ

4 LAT LONG

|(additional input cards)
5 *EOF

Additional input is required when nonstandard‘options are desired, as shown
in the sample input deck in table 2-XIII.

The input sets for the two plotters are compatible, with the high-speed plotter

(SPDPLT) ignoring some of the options. The following sections describe the
input cards for the production plotter (PLOTER); SPDPLT limitations are noted.
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TABLE 2-XIII.~ SAMPLE PLOTTER INPUT DECK 2

Col. col. || col. | col, |- Col.
Card { 1-6 7-15 1| 17=25 29-35 40~-60
1 PLTO2 2 19 A
2 10.0 80.0
3 *TIME *ATAK *ATAKC
4 S 10.0 | 80.0 4.0 14.0]
5 TIME ,
6 TIME /AIRSPQ
7 * TIME POS
8 1 ANG |
(Additional lnput cirds)
LONG LAT
IG LONGITUDE VS.| LATITUDE
A Léj;ITUDE (DﬁdJiEES ) ‘ LATITUDE (DEGREES)
*EOF
) 3 *]
TIME AVACX AVACY AVACZ
*EOF
*EOF

2.5.3.1 Plot Request Set Control Card
Card 1 (table 2-XI1I):

Image: IDPLT fFILE NPTS IFREQ NSET LU ISTORE IPART NOCAL NOPRT SD4060 ISCALE

Purpose: To define the general input/output requirements for the following
plot request set.
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] ol
j ( Format: Fixed-field.
i Card_column Name *  Format
3 1-5 IDPLT AS
i 6-10 IFILE 15
: 11-15 NPTS I5
t; 16-20 IFREQ 15
| | 25 NSET Al
29-30 LU 12
3] ISTORE Al
35 ~ IPART Al
40-45 NOCAL A6
50-55 NOPRT A6 é
; 60-65 SD4060 A6
80 ISCALE Al
.
| IDPLT - Plot identification. If blank, no plot ID will appear
on plots or printed output.
IFILE - Defines the file from which the data is to be plotted for
the following plot request set. If blank or 0, file 1 is |
' assumed.
‘ NPTS - Is applicable only to CalComp plots, It specifies the
f number of data points between symbols for the set. If
‘ blank, it is assumed to be 50. This option may be over-
ridden on individual plot requests.
IFREQ - Defines the frequency at which the data for the following

} plot request set is to be plotted. If IFREQ is blank,

0, or 1, all data is plotted; if 2, every other data point
is plotted; if 3, every third data point is plotted; and
so on. SPOPLT ignores this field. :
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NSET

NU

ISTORE

IPART

NOCAL

NOPRT

SD4060

If blank, individual plot request cards are required for
all plots in the set, and this set of plot requect cards
becomes a standard set. If nonblank, the last standard set
of plot variables is plotted as specified on this plot
request card, Additional plot request cards may be
supplied to supplement the standard set of plot reguests
for this set of plots only.

Specifies the unit that contains the data to be plotted
for the following request set. If blank or 0, logical unit
20 is assumed.

If nonblank, the data to be plotted is obtained from tape.
If blank, the data is obtained from the mass storage file.

If nonblank, only the time interval portion of the plot
data file {s plotted, and a second set control card is

required to specify the minimum and maximum plot times.
This option is not valid in SPDPLT.

If blank, a CalComp plot is produced for each plot in

the succeeding plot request set. If nonblank, no CalComp
plots are produced unless one of the plot requests in the
succeeding set indicates otherwise.

If blank, a 1ine printer plot is produced for each piot
in the succeeding plot request set. If nonblank, no line

printer plots are produced unless one of the plot requests

in the succeeding set jndicates otherwise.

If nonblank, an SD-4060 microfilm plot is produced for each
plot in the following plot request set. If blank, no
microfilm plots are produced unless one of the plot requests
in the following set indicates otherwise. This field is
ignored by SPDPLT.
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ISCALE - If blank, the standard CalComp SCALE routine is used for
the plots. If nonblank, the SCALIE routine is used for
axis scaling, SCALIE produces"1arger curves than SCALE,
but the graph scale may not be as easy to interpolate.
This option may be overriden in PLOTER (but not in SPOPLT)
by user-defined scaling for individual plots.

2,5.3.2 Optional Plot Set Control Card

Card 2 (table 2-XIII): This card is supplied only when column 35 of card 1

is nonblank.

Image:
Purpose:

Format:

TMIN TMAX
To define a 1imited time interval for the plot request set.
Fixed-field.

Card column Name Format
1=10 TMIN F10.1
11-20 TMAX F10.1

TMIN =~ Minimum plot time; may be greater than or equal to the
initial simulation time.

TMAX - Maximum plot time; may be less than or equal to the
simulation termination time. '

SPDPLT reads but ignores this card when column 35 on card 1 is nonblank.

When this option is‘used in PLOTER, the following conditions must be met:

a. TIME must be the first variable in the plot dump file.

b. Logical unit 29 must be assigned as shown in table 2-1T (card 15)
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2,6,3.3 Individual Plot Request Cards

Card 3 (table 2-XIII):

Image: A1 X1 VYAT YBIYC XAXS YAXS NSYM NF FSC P S

Purpose:

Format:

To define a plot to be produced.

Fixed-field.
Card column Name Format
2 A Al
9 I Al
10-15 X A6
19 I Al
20-25 YA A6
29 I Al
30-35 YB A6
39 I Al
40-45 YC A6
57-60 XAXS F4.1
62-65 YAXS Ll
67-70 NSYM 14
72-73 NF I2
75-76 FS A2
78 C Al
79 P Al
80 S Al
A - For PLOTER, if A is an asterisk (*), then there is another

card immediately following with format as specified in the
description of card 7 following, which gives data determi-
ning what symbol is to represent a certain varijable and

at what angle the symbol is to be printed.
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" I - For PLOTER, if I is an asterisk (*), a tabular
1isting of the data plotted is produced for the
variable which follows the asterisk. For SPOPLT, if
any I is an asterisk, a 1isting is produced for all
variables specified on the plot request card, For both P
i plotters, if the I preceding YA, YB, or YC is a slash §
;; (/), the corresponding plot (curve) consists of an X ]
[ : at each point instead of the normal )ine connecting
the points.

s fT O ol RSN T

X - Name of the X-axis variable.

YA - Name of the Y-axis variable.

YB - Optional name of the second Y-axis variable.
YC - Optional name of the third Y-axis variable.

XAXS - Applicable only to CalComp plots. It defines the
, X-axis piot frame length in inches. If blank, 7 inches %
l Z are assumed, 4

YAXS - Applicable only to CalComp plots. It defines the
Y-axis plot frame length in inches. If blank, 5 inches , i
are assumed. YAXS is limited to 9 inches.

NSYM - Applicable only to CalComp plots. This code specifies
the number of data points between symbols. If blank,
it is assumed to be NPTS, as specified in columns 11
| | through 15 of card 1 of the data set.

(NOTE: The remaining inputs are igngred by SPDPLT.)

NF - Specifies the number of frames in which the data is
to be plotted. If blank, it is assumed to be 1. NF
is limited to 4.

FS - Used only if NF is greater than 1. If nonblank, it
specified that all frames have the same maximum and
; minimum Y-axis values. If blank, the scales for each
frame are independent of the other frames.
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If nonblank, a CalComp plot is produced for this plot
in addition to the types requested on the plotter

control card (card 1). If blank, the plotter control
card specifies the types of plots to be produced for
this request.

IT nonblank, a printer plot is produced for this plot
in addition to the types requested on the plotter
control card (card 1). If blank, the plotter control
card specifies the types of plots to be produced for
this request. ‘

If nonblank, an $D-£060 plot is produced for this plot
in addition to the types requested on the plotter control

card (card 1). If blank, the plotter control card

specifies the types of plots to be produced for this request.

~Card 7 (table 2-XI11):

Image: ISYAANG I

SYBANG  ISYCANG

Purpose: To allow user specification of symbol to represent any of three

Y variables

Format: Fixed-field

(see below for choice of symbols)

Card column Name Format
9 s | 1l
10-15 YAANG A6

19 IS I1
20-25 YBANG | A6

29 IS I1
30-35 "YCANG A6

IS - Integer defining choice of symbol

YAANG - Name‘of variable angle at which the first Y-axis variable symbdl

is drawn.
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3; (. YBANG - Same as YAANG for second Y-axis symbol.
YCANG - Same as YAANG for third Y-axis symbol.

2.5.3.4 Optional Plot Request Cardg

... v

\
'Y ;
Any combination of the optional cards defined in this section may be inserted
immediately following an individual plot request in the PLOTER input deck.
Axis scaling card:
Image: S XMIN XMAX YMIN YMAX
or
S XMIN DELX YMIN DELY
Purpose: To permit user input of axis scaling parameters. This card is ignored
by 5PDPLT,
3
; Format: Fixed-field.
f i Card column Name Format
‘ ] s Al
2-12 XMIN E11.1
‘ 13-24 ~ XMAX E12.1
' or
| 25-36 'DELX E12.1
)
;
b
2~ 55
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Card column Name Format
37-48 YMIN T B2
49-60 YMAX E12.1
, or -
61-72 DELY E12.1
S - Character S, which must appear in column 1 of the

axis scaling card

XMIN - X-axis minimum value

AMAX - X-axis maximum value

or

DELX - X-axis units per inch of plot length
YMIN - Y-axis minimum value

YMAX - Y-axis maximum value

or

DELY - Y-axis units per inch of plot height

When an S appears in column 1, minimum values of X and Y must be specified.
Either maximum values of X and Y or unit increments per inch on the X and Y
axes must be specified consistent with the dimensions specified in XAXS and
YAXS of the plot request card. ‘ ' '

Plot title card:
Image: G LONGITUDE VS. LATITUDE

Purpose: To permit the specification of a title for a plot. This title
card is applicable to the plot request card immediately preceding
this card (i.e., card 4 in table 2-XII. This card is optional for
PLOTER and is ignored by SPDPLT.
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Format:

Fixed-field,

Card column Name ) Format

1 G Al

2-80 TITLE 13A6,A1

G - Character G, which must appear in column 1 of the plot

title card.
TITLE - Title of the plot.

Axis title cards:

Image:

Purpose:

Format:

A LONGITUDE(DEGREES) LATITUDE(DEGREES)

To permit the specification of a title for the X and Y axes of the
plot. Two axis title cards may be used to define an X-axis and up

to three Y-axes. The axis title card is applicable to the plot request
card immediately preceding it. The X-axis title is defined on the
first half of the axis title card. The first Y-axis title is defined
on the last half of the card. If two or three Y-axis variables are
defined, a second axis title card is permitted, with the first half

of the card defining the second Y-axis parametér and the second half
defining the third Y-axis parameter. This card is optional for

PLOTER and is ignored by SPDPLT.

Fixed-field.

Card column Name Format

1T A - Al

2-37 AXIS1 6A6

41-76 - AXIS2 6A6

A = Character A, which must appear in column 1 of the axis
title card. ‘

AXIS1 - Title for the X-axis or the second Y-axis.

AXISZ - Title for the first or third Y-axis.
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End-of-file card: . A
Image: *EOF

Purpose: To denote the end of file or the end of a data set within a data
stream.

Format: *EOF - Required mnemonics for the end-of-file card.

Any number of plot request sets may be inserted in the input deck, with an 4
end-of-file card between each set. Two end-of-file cards should follow the
last data set.

2.5.3.5 Logical Unit Assignments é

For most plotter runs, logical units 3, 14, 20, and 29 must be assigned by
inserting corresponding @ASG and QUSE statements in the input deck. Table 2-1
describes the input/output logical unit requirements for the plotters.

2.5.3.6 Diagnostics

If one or more of the dependent variables requested as YA, YB, and YC are not
defined in the plot dump routine (section 2.5), the undefined variables
cannot be plotted, but a message is printed at the bottom of the plot frame.
For example, ‘

PP IS NOT DEFINED PLOT IGNORED

Hanwnrt

If the independent variable is undefined in the plot dump routine, then a
blank frame is printed with the following message at the bottom:

INDEPENDENT VARIABLE IS NOT DEFINED PLOT SKIPPED

g

2.5.3.7 Plot Output Data Format

There is a requirement for the SOAP to generate a data file or tape to be ;
used as input to the SOAP plot processors and/or other programs. Through o “ !
the SOAP Preprdcessor scheduling and plot routine generation capability, it

is possible to output any information stored in labeled COMMON blocks at the e
scheduled plot delta time. | : o
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The SOAP plot output data is written using thé standard computer system
format onto a file or tape in the following manner:

a. Symbol record
b. Data records

c. EOF records

The symbol record consists of the variable names as assigned in the SOAP
Preprocessor plot routine data set and the number of plot variables (N).
The symbol record is 256 words long and is arranged in the following manner:

a. Locations 1 through N (where N < 254) - variable names assigned to plot
data values.

b. Location N + 1 - number of variables (N) in the plot data set.

¢. Location 256 - Number of variables (N) in the plot data set.

The data records consist of the values for the plot data set. These records
are N words long and are written out each time the plot routine is executed.

The EOF record is 256 words long and is used as a file mark. It consists of
a coded end-of-file (left~justified Hollerith data - EOFPPP) in the first
word. The values in the other 255 words are not important. The SSFS has
multifile capability, and each file is terminated by an EOF record. Two EOF
records are written at the end of the last file. It is necessary that this
last record be a maximum of 256 words long because of the variable lengths
possible for the Data records.

Table 2-XIV is a sample format of the plot output data and table 2-XV is
the coding necessary to read the plot output data if used as input to another
program. ‘

It should be noted that if an SSFS simulation is made with the plot output
data going to a file and later copied to tape, the tape cannot be read
directly. It would be necessary to copy the tape back to a file, which can
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s TABLE 2-XIV, - PLOT FILE FORMAT

¢ : 1 RD .

:,“1 + . *

Fg' f RECORD 1 D2 3 § s 256
1 TIMERY | RXEEBE | RYWBYB | RZBPpY 4| 4

. 2 0.0 | 6.5E+6 0.0 0.0 :

[ L .

! : 4=2 . | 490.0 |-4.1E+5 | 3.1E+6 |-3.1E+6

s ¢ leorips | ‘

TABLE 2-XV. - CODE TO READ PLOT FILE

, : . DIMENSION BUFF(256), IBUFF (256)
_ : EQUIVALENCE (BUSF(l), IBUFF(1l))
: DATA IEOF/3HEOF,'LU/20/

c READ SYMBOL RECORD

READ (LU) IBUFF
NDP = IBUFF (256)
: READ DATA RECORD
100 READ (U) (BUFF(I), I=l, NDP)
- IS THIS EOF RECORD
IF (IBUFF(l).EQ.IEOF) GO TO 200

*%% USE DATA *o#
GO TO 100

00 00 0 0

; L ]
*+3 ALL DATA READ *¢¢
200 CONTINUE ~
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then be read. If the data goes directly to tape during a simulation, the
data can be read directly from tape. .

i nt. S

-

Also, any tape or file generated by other programs in the above format could
use the SOAP plot capabilities.

L T(MWW‘
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3. UTILITY ROUTINES

These routines comprise SOAP preprocessor, executive, and postprocessor rou-
ines, and generai purpose routines which the user may include in a flight
control model. Typically the user need not be at all concerned with the
systems fertures and need only select those items from sections 4 and 5
which are desired. The only caution which must be included in this recommen-
dation is that some mathematical functions have both single precision and
double-precision versions. The double-precisjon versions support double-
precisicn environment routines, while the single-precision versions may be
used in the same simulation by flight control routines. The user need only
be aware of the distinction and should not attempt to substitute,

3.1 PREPROCESSOR ROUTINES :

The preprocessor writes the routines SELECT, CALMOD, and DUMMYS based on the
environment input cards. It creates the appropriate wait 1list based on
schedule cards and on print/plot requests. Typically, the user will neither
call nor modify these routines directly, but will simply use the Preprocessor
in accord with the runstream instructions in section 2.

Preprocessor routines are:
ENVRD
KARDKR
PREENV
PRMAIN
PROUT

A functional diagram is given in figure 3-1 and a discussion of each routine
follows. '

ENVRD

Subroutine ENVRD first checks to see if the optional input card for controlling

the listings of the FORTRAN subroutines (CALMOD, DUMMYS,‘SELECT).generated
during preprocessor execution. If it is, the appropriate flags are set te
obtain the desired listings. By default the most abbreviated listing of the

~ preprocessor-generated FORTRAN subroutines are given. Subroutine ENVRD then

reads and decodes a set of free-field input cards specifying the Environment

3-1
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ENVRD

———“L_PREENV
LU3 > LU4
CALMOD ADD 3

DUMMYS PREP
SELECT

T R N e e o —
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PRMAIN - Preprocessor MAIN program.

ENVRD

Reads and decodes the Environment configuration
selection cards.

Matches Environment model selection with desired
configuration. The FORTRAN subroutines CALMOD and
DUMMYS are generated on logical unit 3 (LU3).
PREENV writes compilation and editing instruc-
tions for CALMOD, etc., on LU4.

PREENV

PROUT - Builds FORTRAN subroutine SELECT from the schedule and
print/plot data sets, and writes SELECT on LU3.

_KARDKR - Decodes print/plot data cards for subroutine PROUT.

Figure 3-1.- Preprocessor functional diagram.
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models to be used. The cards consist of phrases of the form:
MODEL = FILE,VERSION

where

MODEL  is the name of an Environment function (e.g., ACTVEH). The element
specified is typically the location of relocatable code for a driver
program. X

FILE is the name of the program file

VERSION is the version of the particular Environment model to be used to
'perform that function (e.g., AVEH1)

One input phrase to ENVRD is unique. This phrase selects the COMMON block
definition routine (DCOM = ). In processing the input, ENVRD stores the
desired Environment configuration specified into two arrays with the object
code names and versions (the object code name is of the form "NAME/VERSION")
of the particular Environment model subroutines specified. After processing
the input cards, ENVRD returns control to PRMAIN.

KARDKR

Subroutine KARDKR is called by PROUT to process each output routine variable
definition card. The free-field cards (one per variable) specify a COMMON
block name, a location within the COMMON block, a Holleriti name for the
variable and an optional format and scale factor. KARDKR dizcodes the Hollerith
card image and returns the information to PROUT. This includes identifying
mnemonic scale factors, if specified. Whenever a bad card is detected, KARDKR
sets a flag for PROUT.

PREENV

PREENV prccesses the input configuration cards decoded by ENVRD specifying

the particular Environment model subroutines which are to be used during the
simulation. During a simulation job, a secured file containing Environment
model subroutines is assigned to the run. This file (designated by the single
letter W) may contain several different subroutines performing the same
Environment function and therefore being referenced by the same name. PREENV
makes it possible for the computer systen allocator to choose the correct
Environment model subroutine to load into core. The environment model specified

|
33 | | g




calls any number of differently named subroutines, one for each vehicle,
PREENV begins writing FORTRAN editing and compilation directives on LU4,

These directives will compile the FORTRAN routines (CALMOD, DUMMYS, and
SELECT) generated on LU3., The routines are first loaded using the ED proces-
sor and then compiled. This sequence allows the SOAP to be executed inter-
active from the terminal or in a batch mode. PREENV then uses the information
supplied by ENVRD to begin writing an allocation element onto LU4. This
portion of the element will supply the allocator with the necessary instructions
to call the desired Environment model subroutines and their associated Block
Data subprograms into core for the simulation. PREENV then writes the FORTRAN
code onto LU3 for subroutines CALMOD and DUMMYS. PREENV then returns control
to PRMAIN.

PRMAIN

PRMAIN is the main program which controls the flow of Preprocessor execution.
Initially, it calls subroutine ENVRD for the selection of the particular
Environment model subroutines which are to be used during the simulation,

It then calls PREENV to define the Environment load directives from the input
decoded by ENVRD and to build two routines for Environment interface. After
returning, PRMAIN calls PROUT, which calls KARDKR, to build a routine for
flight control routine scheduling und printing and/or plotting of requested
simulation parameters. After calling PROUT, PRMAIN prints the duration

(in seconds) of preprocessor execution and terminates.

PROUT

PROUT processes three sets of Preprocessor input cards.

a. Schedule data cards specify the names of the flight software routines
and output routines to be executed during the simulation. Accompanying
each routine name is a priority, delta time, start time, and stop time.
There may also be specified the name of a routine to be executed before
or after the scheduled routines call, with start and stop times. Using

3-4
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c,

the schedule data cards, PROUT builds,a table of data to be used later
as input (via data statements) to the SOAP Executive,

The print and plot output routine data cards provide the names of output
routines which the Preprocessor is to build and define the variables to
be output during the execution of each routine.

The max}mum/minimum routine data cards provide the name of the output
routine (MAXMIN) which the Preprocessor is to build and define the vair{-
ables to be used during the execution of the routine. An entry point is
generated when using this routine which is called at the end of the
simulation to print a summary of maximum/minimum values of the variables
specified.

As output, PROUT writes the FORTRAN subroutine SELECT onto LU3. PROUT begins
by reading the schedule data cards and storing the information. In the pro-

cess, PROUT repluces all stop times and delta times which are less than or
equal to zero with values of 1010 znd 1037, respectively, to prevent looping
during the simulation.

; After finishing (reading an end-of-file (EOF) card) the schedule cards, PROUT
.

processes the output routine data cards. These cards occur in groups, each
of which contains an output routine name card, followed by one or more

variable definition cards, and ending with the EOF card. PROUT uses the
input cards to generate several arrays which later will be used in writing

' portions of SELECT. The processing of each variable definition card is
accomplished by a call to KARDKR. The end of the output routine data cards
is signified by the word "QUIT" in columns one through four of an input card.

After this card has been read, PROUT begins the writing of subroutine SELECT

onto LU3. SELECT contains branching logic used to transfer control to the
first routine on the wait 1ist during simulator execution and all output
routines specified by the Preprocessor input, each routine having its own

b entry point within SELECT. If one of the words PLOTR, PLOTR1, PLOTRZ, ...,
PLOTR8, or PLOTRY appear as an output routine name (signifying a plot dump
routine), a call to PLTOUT is inserted in the SELECT logic for plot dumps.
If the output routine name specified is MAXMIN, the maximum/minimum logic

t is inserted in the SELECT logic. For all print routine names, a call to a

DATOUT is included in the output routine logic for the actual printing.
After writing SELECT, PROUT returns control to PRMAIN.
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3.2 SOAP_EXECUTIVE SYSTEM

Figures 3-2, 3-3, and 3-4 depict SOAP operation, Commands are carried out,
flight control routines are executed, and environmental inforiration is up-
dated when the time designated for such an operation and the simulation time
coincide. The wait list and command file hold 1ist: of operations to be
performed and commands to be executed, respectively. As each event takes
place, it 15 removed from the appropriate 1ist. In order to cause an entry
to be made in the command file, CMDFIL is called by the user. To cause a
routine to be scheduled or rescheduled, calls to FREQEJ (or FREQUP), CHGBLD,
REWTLT, or SCHED are used.

The user will not have a need to call mest of these routines directly. The
exceptions include those routines mentioned above, ENDJOB (to remove a routine
from the wait 1ist), and routines such as TERMIN, SIPRINT, and SIDUMP.

TERMIN ends simulation execution and outputs 1ists of all COMMON block locations.
SIPRINT causes a state image, i.e., COMMON block location printout. SIDUMP

is similar to SIPRINT hut a variety of output devices are available.

When constructing f1ight control routines, the user must remember that any
routine which is to be scheduled for execution at regular intervals must be
identified to the system by a schedule card (see section 2). After execution
of such a routine, it must be rescheduled by a call to FREQEJ or FREQUP
within the subroutine. Routines which are only called by other routines have
no special requirements.

The input/output routines INPUT and PINOUT have versions designed to deal
with dolble-precision blocks. The names are the same, the difference is

g'specif1ed in the mapping stage of execution. Listed below are the names of

subrout1nes involved in the SOAP executive; descriptions follow.

- BLKPLT DUMMYS FREQEJ ISPPRT PLTOUT RESTRT | SORT3V

CALENV ENVC FREQUP JSPPRT PNNOUT REWTLT ~ SREAD

CALMOD ENVCAL  HDLNS KALNOW PRTSDT SANDF SUPTIM

CHGBLD ENDJOB 'HEDLNP MAIN PRWAIT SCHED SWRITE

CMDEXE ~  ENVSKL INOUT NEXTIM QZKILL SELECT SYSPRT

CMDFIL  EXECT  INPUT NINOUT RECOV SIDUMP TERMIN

DPOUT EXECTR  INPUT2 PINOUT RECYCL SIPRIN  TIMER
3-6
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IS

YES THIS

lINITIALIZE

A MODEL

DOES
THIS MODEL
RECOGNIZE
COMMANDS?

STORE COMMAND
SET PARAMETERS

ARE

ALL MODELS
NITIALIZED?

- SECOND PASS .
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Figure 3-4.- ENVSKL functional diagram.
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BLKPLT
Subroutine BLKPLT (NPOINT, NDATA, IBCD, ARRAY)

BLKPLT may be called by the flight software to dump one file of data for
subsequent plotting. The data to be plotted must be stored in ARRAY,
dimensioned ARRAY (NPOINT, NDATA). ARRAY thus contains NPOINT data points

for NDATA variables. IBCD is an array of length NDATA containing BCD

(e.g., TIME) names corresponding to the variables to be plotted. These

names will be used by the plot processor to identify requested plots. After
dumping the requested data, BLKPLT writes an EOF. BLKPLT uses LU20 for output.

CALENV

CALENV is used by all areas of the simulator for updating the Environment.
Scheduling or calling CALENV ‘is the only way in which the Environment can
properly be updated. If an update is needed but not immediately necessary,
LECCOM(704) may be set to a 1 (integer). 'The Executive will then update the
Environment (via CALENV) before the next flight control routine is executed. f

If an immediate update is required, the flight control should call CALENV
directly. In either case, LECCOM(869) should be set to a 1 (floating-point)
if a full Environment update is desired. Normally, the Environment update
consists of only the active vehicle dynamics and the dynamics sensors. With
LECCOM(869) set to a 1, all of the Environment is updated, including the non-
dynamic sensors. o

If CALENV is entered and the Environment has previously been updated to the
current time and there are no commands to be incorporated, control is returned
to the calling program.

CALMOD

CALMOD makes direct calls to the Environment model routines.
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CHGBLD

Subroutine CHGBLD (JOBNAM, PRIOR, DELTAT, TSTOP)

CHGBLD may be called by the flight software to alter the Preprocessor data
sets for scheduled routines. In this manner, the flight control can define
its own future scheduling so that subsequent calls to FREQUP, FREQEJ, SANDF,
or WLINFO will use the new data. JOBNAM (six-character or less binary code
decimal (BCD) name) identifies the routine whose data set is to be altered.

CMDEXE

Subroutine CHOEXE handles the command execution function. Its operation is
shown functionally in figure 3-5. Actually, there is logic in both ENVSKL

and CMDEXE (not shown in functional flowcharts) for separate calls to CMDEXE

for Dynamics commands and for Sensor commands.

CMDFIL
Subroutine CMDFIL (CODE, DATA)

PR

CMDFIL is called by therfijgnpwgpqyrol_ta file away commands for later execu- '’

tion by the Environment. The commands repreééﬁtlthe flight domputer output

interface with the flight hardware. For the SOAP,' the commands may range from

a simulation of output channel bit setting (the most detailed simulation) up
to the most function level (e.g., a thrust pointing vector).

CMDFIL is called with two arguments, CODE and DATA. CODE is the actual command
code recognized by the Environment. DATA is a one-, two-, three- piece set of

data representing the information associated with CODE. DATA might be a 1 or

a 0 for a bit on or off, or it might represent a pointing vector. Both CODE and

DATA are defined for zach Environment model.

¥

When called, CMDFIL first checks to ensure that it has room to file the cdmmand.
At the present time, a maximum of 49 commands méy be accumulated. If the table
is full, CALENV is called to update the Environment and to incorporate any com-

mands on the 1ist scheduled to be executed before the current flight software
time. This will make room on the push 1ist for the new cormand. Before the
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f-‘igure 3-5 .- Command execution functional diagram.
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comnand is filed on the push 1ist, any time delays associated with the command
are added to determine the command execution time. The time delay is defined
by the Environment, along with a flagword. The flagword specifies whather the
comnand invalidates further Environment sensor extrapolation and whefher an im-
mediate Environment update’ is required by the issuance of the command.

If an immediate update is flagged, it is to be forced at the command execution
time. The routine KALNOW, which sets the update flag, LECCOM(704), to'1 is

scheduled at the highest priority at the command execution time. The
correspondence of command codes with models used in the SOAP can be found in
table 1-I.

DPOUT
Subroutine DPOUT (DPA, NF, NL, NDPCB)

DPOUT is a double-precision print output routine used to print the double-
precision named NDPCB array DPA from location NF to NL in the double preci-
sion common block named NDPCB.

DUMMYS
DUMMYS supplies entry points with names corresponding to all Environment models
which are not specifically required for the simulation at hand.

ENVC
iSubroutlne ENVC is an entry point in ENVCAL and performs 1dent1ca11y to ENVCAL.

ENVCAL

Subroutine ENVCAL is a schedulable routine which when called performs an im=- ~,

mediate environment update by calling subroutine CALENV.

ENDJOB

Subrout1ne ENDJOB is an entry point in SELECT and is used to terminate the
execut1on of flight software and to return simulation control to CONTRL.
This special termination routine is used to ensure that CONTRL regains control

~after the flight software execution, since the normal FORTRAN subroutine
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linkages (using the RETURN statemént) are sometimes destroyed during a simula-
tion. A1l flight contro) routines which are scheduled or which complete the
execution of a scheduled routine should call ENDJOB or FREQEJ, which calls ENDJOB.

ENVSKL

Subroutine ENVSKL is the Environment Executive routine and is the central

control routine. Figure 3-4 represents a functional flow of ENVSKL. At

the start of a simulation run {initialization pass), ENVSKL calls each of

the functions which may be modeled. If a particular functiun is not modeled

in a run, its call will be answered by a dummy routine supplied by the Environment

system.

On subsequent calls, ENVSKL updates the Dynamic models, and if the full update
flag, REASON, is set to 1, it also updates the Sensor models. The update con-
tinues, stopping to incorporate scheduled commands, until Environment time is
equal to the flight control time.

EXECT.

EXECT is called by the MAIN program of the SOAP and accomplishes the simulator
initialization. Initialization may involve a complate simulator initialization
or a restart run (i.e., a resumption of an earlier run). EXECT calls INPUT '
to read the SOAP input cards, CALENV to initialize the Environment, SIDUMP

for the optional initial State Image dumps, and SIPRIN for an initial State
Image print for diagnostic purposes. After initialization, EXECT returns
control to MAIN, which calls CONTRL for the actual simulation. EXECT should
never be called by the flight control routines.

EXECTR

EXECTR is an entry point in CONTRL and is called first by MAIN to start the
simulation. EXECTR defines the first job and the time of the first job, and
calls SELECT to execute the job.
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FREQEJ o . ,

Subroutine FREQEJ is an entry point in FREQUP and is used by flight contro]
routines for termination and rescheduling. FREQEJ should be called to complete
the execution of any scheduled flight control routine or any nonscheduled
routine which completes the execution of a scheduled one. FREQEJ reschedules
the currently scheduled (and executing) waitlist routine using information

from the appropriate Pkeprocessor data set. After the routine has been
rescheduled, FREQEJ calls ENDJOB to return control to the simulator control

Toop.

FREQUP

Subroutine FREQUP performs the same function as FREQEJ, except that control
is returned to the calling routine. For both FREQEJ and FREQUP, the
rescheduling of a routine is skipped if the simulation time has reached the
Preprocessor data set stoptime.

HDLNS
Subroutine HDLNS (HDLTIM, NDATA, MESAGE)

HOLNS may be called during a simulation to print messages and data and to
store the messages and the data for a summary reprint at the end of the
simulation. HOLTIM is a time to be printed with MESAGE. MESAGE is assumed

to be a 8(6H) print Tine. NDATA specifies the number of COMMON block SCRTCH
locations (0 to 10) to be printed on the line following the message. HDLNS
also writes the message and the data onto unit 11. However, if NDATA'is nega-
tive, no data is expected, znd MESAGE is written onto unit 11 without being
printed.

HEDLNP

HEDLNP is an entry point in subroutine HDLNS. HEDLNP is called by TERMIN
for the reprint of all data and messages at the end of a simulation.
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INOUT
Subroutine INOUT (ARRAY, ISTART, ISTOP)

INOUT s an entry point in subroutine INOUT and prints-the variables ARRAY
(ISTART) through ARRAY (ISTOP). These variables are printed using a floating-
point format, five words to a line, omitting lines where all variables are
zero.

INPUT .

INPUT is a subroutine called by EXECT and RECYCL to read free-field simulator
input cards. INPUT loads any of the COMMON blocks whose names are recognized
by SOAP. INPUT may be called by the f1ight ‘control, but all possib]e simulator

e
o e RV A N ¢ B ki SV S K ik b AR

initialization should be accomp]ished with the EXECT or RECYCL calls.

INPUT2

INPUT2 is an entry point in subroutine INPUT and is called by EXECT and RECYCL
to read free-field simulator input cards for restart and recycle simulations,
respectively.

ISPPRT
Subroutine ISPPRT is called by several Executive routines for diagnostic
prints, It prints the current top wait 1ist entry, the current flight time,

and the elapsed computer time since the simulation started. This routine
is primarily used for checkout runs to verify proper flight control sequencing.

JSPPRT

JSPPRT is an entry point in subroutine ISPPRT. JSPPRT is similar to ISPPRT
except that the Executive routines call it prior to an.Environment update.
Instead of the wait 1ist entry being printed, the mnemonic CALENV is printed
to identify the Environment update.

KALNOW

KALNOW is a scheduled subroutine which sets the immediate update flag, LECCOM(704),

to 1, forcing a call to the Environment, It is scheduled by CMDFIL.
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MAIN

MAIN is the main program of the SOAP simulation. The simulation is initialized
by MAIN calling EXECT. The simulation is started by calling EXECTR. Once
EXECTR is called, control never returns to MAIN.

NEXTIM
Subroutine NEXTIM (T, DT, PDT, PC, TREF, TNEXT)

NEXTIM is used by the system scheduling logic to calculate the next time (TNEXT) t
a task is to be executed. The technique used is to multiply the delta time step

(DT) by a pass counter (PC). The pass counter for a task is incremented by 1.0

each time NEXTIM is called. If the time step has changed then fhe previous time ,
step (PDT) and the time of that change (TREF) are saved. A% the time of the

change, the pass counter (PC) is reset to 0.0. TNEXT is then computed as above

and the TREF is included. 3

NINOUT | ' i
Subroutine NINOUT (ARRAY, ISTART, ISTOP) | 1

NINOUT prints the variables ARRAY (ISTART) through ARRAY (ISTOP) much 1ike | i
INOUT. However, NINOUT uses a variable format for the print instead of the ~g
standard floating point of INOUT. For each variable, NINOUT determines the ;
type of format to use. A floating-point format is used if the data is s
floating point, and integer if it is integer. Otherwise, a variahle octal :
format 13 used with the Hollerith representation printed with the octal
number. The octal format is the minimum format required to print the, number.
As in INOUT, the variables are printed five to a 1ine with lines consisting

PINOUT g
Subroutine PINOUT (ARRAY, ISTART, ISTOP, IBLOCK)

PINOUT is another print output routine, PINOUT first prints the array
identifier IBLOCK, a'six-character or less BCD name. INOUT is then called
to print ARRAY (ISTART) through ARRAY (ISTOP). - ‘ ;é
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PLTOUT o
Subroutine PLYOUT (N, IBCD, VAL, IFOR, LU, IPASS)

PLTOUT is used by the preprocessor-generated plot routines to dump data for
subsequent plotting and may also be called by the flight software for the

% same purpose. N is the number of variables to be dumped and LU is the logical
'y unit onto which the data is to be dumped (default is 20). IBCD, VAL, and IFOR
are three arrays of length N, VAL contains the data to be plotted; IBCD the
BCD (six charactérs or less) identifiers for the data; and IFOR the codes for the
, : format of the data which will be dumped. The IFOR codes are one for floating

; : point, two for integer, and three for octal. Prior to dumping the data,
PLTOUT converts integer and octal data to floating point. If a flight soft-
ware routine uses PLTOUT, it should set IPASS to a one for the first pass.
PLTOUT will their dump the IBCD array onto LU for later use by the Plot
Processor and reset IPASS to a zero. An additional feature for PLOTR is

that an Environment update will be made prior to the plot dump if a simulator
switch is set (LECCOM (579)=1). For the PLOTR1 through PLOTR9 routines, LECCOM
(621) through LECCOM (629) contain the output logical units (default is 20)
and LECCOM (611) through LECCOM (619) contain the Environment update switches.

PNNOUT
Subroutine PNNOUT (ARRAY, ISTART, ISTGP, IBLOCK)

PNNOUT is an entry point in subroutine PINOUT and performs the same function
as PINOUT, except subroutine NINOUT is used to print the variables.

PRTSDT:

PRTSDT is an entry point in subroutine SYSPRT and is called to print the
schedule data tables, which consist of routine name, start time, stop time,
delta time, priority, time of last delta time change, and schedule pass
counter. PRTSDT can be scheduled. |
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PRWAIT

PRWAIT 1% an entry point in subroutine SYSPRT and s called to print the
waitlist, which consists of scheduled routine's position on 1ist (ELEMENT),
time of next scheduled execution (CTABLE), name of routine scheduled (JOBTAB),
priority (PRIOR), and location of job in scheduled data table. PRWALT can

be scheduled,

QZKILL

QZKILL is an entry point in subroutine RECOV. QZKILL is called by the UNIVAC
1110 system routine NERR$ whenever a fatal system error occurs (except for
print 1imit or time limit). QZKILL calls RESTRT for either run termination
or a RECYCL for another trajectory.

RECOV

Subroutine RECOV is written in assembly language and is called by EXECT at the
start of a simulation. RECOV calls UNIVAC 1110 systems routines to set up

the call to QZKILL in case a fatal system error occurs. RECOV is also called
by RESTRT if the user has specified another trajectory to be run,

RECYCL

Subroutine RECYCL may be scheduled or called by the flight control routines to read
additional simulator inputs at some time during a simulation and/or to

recycle the simulation back to a preyious State Image., Initially, RECYCL

reads a data card which defines the type of action it is to perform. In one
case, RECYCL calls INPUT to read additional data cards and then resumes the
simulation. The other two cases involve a simulator restart at some previously
dumped State Image. The difference between the latter two cases is that in
one, new State Images are written over the old ones after the restart, while

in the second case, a new simulator State Image file is begun. The former

case would be used for recycling to an earlier State Image to correct an

error, while the latter case represents a series of test cases run from one
nominal starting point. In either case, RECYCL calls INPUT fur additionpl

simulator input after the desired State Image is obtained. For all three
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types of RECYCLE action; optional State Image dumps ave made prior to reading
the first input card and after INPUT has been executed. Also, RECYCL calls
FREQEJ to be rescheduled if appropriate. :

RESTRT

Subroutine RESTRT is called by QZKILL whenever a fatal UNIVAC 1110 EXEC 8

error occurs, Normally RESTRT calls TERMIN to terminate the simulation properly.
However, if LECCOM (580) is set to a 1, RESTRT calls RECOV to reestablish the
termination 1inkages and then calls RECYCL for another trajectory.

REWTLT
Subroutine REWTLT (JOB, T, ISWITC, NENTRY)

REWTLT provides the flight control with the capability of altering and/or
obtaining information from the waitlist, depending upon the setting of ISWITC.
JOB is a sir~character or less BCD name of the flight contro] routine to be
considered. 1f ISWITC = 1, the presently scheduled waitlist time for JOB is
replaced with T. If JOB does not appear on the waitlist, it is scheduled to
occur at T. If ISWITC = 2, JOB is removed from the waitlist, If ISWITC = 3,
the presently scheduled time of JOB is returned to T, and the waitlist is

not altered. If JOB does not appear on the waitlist, T is set to -1,0. On
every call to REWTLT, NENTRY is returned to the caller as the present
position of JOB on the waitlist or set to a -1 if JOB does not appear on

the waitlist. A1l three options are applied to the first occurrence of JOB
in the waitlist. '

SANDF
Subroutine SANDF (IFLAG, PRIGR, UPDT, TSTOP)

SANDF provides the Executive and flight control with a means of obtaining
scheduling information about the flight control routine currently being
executed. PRIOR is the routine's priority, UPDT the update frequency, and
TSTOP the routine's stoptime. If IFLAG equais 0, it is set toc a 1 by SANDF
to indicate completion of the call and thus may be used as a first pass flag
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by the caller. If IFLAG is not equal to O, the location of the current job's °
buildit data in the buildit data table is returned.’

SCHED
Subroutine SCHED (TSCHED, JOB, PRIOR, ISWITC)

SCHED is called by several Executiveé routines and may be calied by flight
contro] routines to perform one of three functions on the waitlist. The
function to be performed is defined by ISWITC. If ISWITC = 0, the top flight
control routine on the waitlist is removed. The preceding SCHED call is

made by CONTRL during the simulation control loop if the current JOB does not
reschedule itself. If ISWITC = 1, JOB (six-character BCD routine name) is
scheduled (included on the waitlist) with priority PRIOR to be executed TSCHED
seconds (flight time) in the future, If ISWITC = 2, JOB is scheduled with
priority PRIOR to be executed at TSCHED. The last two SCHED functions are
intended for use by the flight control ’

SELECT

SELECT is a FORTRAN subroutine written by the Preprocessor for use in the
subsequent simulation. SELECT is called by CONTRL for the scheduled flight
software execution in the simulator control loop. Entry points in SELECT
represent the print routines and/or one of the plot routines PLOTR, PLOTI, ...,
PLOTR8; PLOTR9 requested by Preprocessor input. These entry points may be

~ called by the flight control although the entry point SELECT must never

be called except by CONTRL. Also, Entry point MAXMIN may be represented in
SELECT. The entry point MMPRNT for printing the maximum/minimum values is an

‘entry point in select.

SIDUMP

Subroutine SIDUMP may be called by the flight contre] or scheduled to dump
Statg Images onto tape or mass storage for later editing or restarts. SIDUMP
is called by EXECT, RECYCL, and TERMIN. If scheduled, SIDUMP calls FREQEJ to

be rescheduled and for termination.
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Subroutine SIPRIN may be called by the flight'qontrol or scheduled to print
State Images for diagnostics. SIPRIN is called by EXECT, RECYCL, and TERMIN
and uses PNNOUT to accomplisﬁ the print, If schaduled, SIPRIN calls FREQEJ
to be rescheduled and for tersiination. SIPRIN contains 48 entry points which
may be scheduled or called for individual COMMON block prints,

SORT3V
Subroutine SORT3V (ARRAY1, ARRAY2, ARRAY3, NVALUS)

SORT3V is used by SCHED to order the waitlist but may be called by a flight
control routine. SORT3V sequences the first NVALUS locations of the three
arrays ARRAY1, ARRAY2, and ARRAY3 in ascending order of the values in ARRAY1,

SREAD
Subroutine SREAD (LU)

SREAD is used by the Executive tz read in the State Image dumps from a logical
unit (LU), which is normally a 7 for restart runs and an 8 for recycle runs.

SUPTIM
Subroutine SUPTIM (ICAU, ICCER, I0)

SUPTIME computes the CAU, CC/ER, and I/0 standard units of processing (SUP)
charges accrued for the total runstream time to the time of the call. The
routine is UNIVAC-dependant and is the basic SOAP timing algorithm. The basic
time increment is 200 microseconds.

SWRITE
Subroutine SWRITE (LU)

SWRITE is used by the executive to write out the State Image dumps to a an LU,

‘normally logical unit 8.
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SYSPRT ~ ‘ : .

SYSPRT 1is a SOAP. executive system print routine, which can be scheduled or
called. SYSPRT will print the schedule data tables and the current waitlist.
These two prints are also accessible via entry points PRTSDT and PRWAIT,
respectively. See these entry points for description of contents of the
schedule data table and the waitlist prints. )

TERMIN

TERMIN is the simulator termination subroutine and may be scheduled or cailed
for termination of the simulation. TERMIN should be called for all abnormal
simulator terminations as it terminates plot and State Image tapes which may
then be used for diagnostic purposes. TERMIN first calls MMPRNT to print the
maximum/minimum summary if MAXMIN was scheduled. TERMIN calls HEDLNP, an

entry point in HDLNS, for a reprint of any "headlines" printed during the simu-
lation. TERMIN calls SIDUMP for a final optional State Image dump, SYSPRT for
a final scheduling summary and SIPRIN for a final diagnostic State Image print.
TERMIN then puts end-of-files on the plot and State Image units and terminates
the simulation.

TIMER
Subroutine TIMER (CALLER, ISWTCH, IEND)

TIMER is called to obtain a measure of the real time consumed by a particular
routine during a simulation run. As many as 30 routines may‘be timed on the
same run. The calling routine must supply the three calling arguments. CALLER
is the name of the calling routine (Hollerith). ISWTCH is set to integer 1 to
turn TIMER on, and then back to 0 to turn TIMER off. |

In the most simple case, the calling routine would call TIMER at the beginning
of its execution with ISWTCH = 1, and then at the end of its execution with
ISWTCH = 0. However, if during its execution the routine to be timed passes
control to some other routine, it may be desirable to turn TIMER off during
this time and then back on when the routine being timed resumes execution.
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3.3 SOAP SYSTEM COMMON BLOCKS

The SOAP executive recognizes the following COMMON block names :

I o

ACCELC BENDC DPFSC1 GRADC LNDGRC - RCS2C
: ACSC CONST ENVCOM GRAVC MASPRC RENDEC
i ACTVEC DATBUS  FSCOM GUSTC MASP1C RMC
ACTV1C DAVEHC  FSC1 GYRG1C MASP2C RNGNAC
ACTY2C DAVE1C FSC2 GYRO2C NAVAIC SCRTCH
AEROC DCONST FSC3 HORIZC ORBALC SLOSHC
AER1C DGRAVC FSC4 HORZ1C ORBPAC SNSCTS
AER2C DIMUC FSC5 HORZ2C PASVEC STARTC
AIRDAC DMASSC FSic . IMUC RADALC THRUSC
ATMOSC DPDBC FsacC LECCOM RCSC TVvCC
BARALC DPFSC GGTORC LNDAIC RCS1C WINDC

Most of these blocks are associated with Environment models and the definitions
of the variables stored therein are to be found in the documentation for the
Environment models. These definitions can change from one version of the model
to another. The COMMON blocks whose names start with the letters FS are
associated with flight control; the definitions of the Tocations in these

blocks are documented in section 5.
The SOAP system maintains the blocks CONST, DCONST, ENVCOM, LECCOM, and

SCRTCH. The block SCRTCH is used for temporary storage during execution. No
fixed locations are defined. Maps of the contents of the other four COMMON

system blocks follow.
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3.4 MATH, FLIGHT CONTROL, AND ENVIRONMENT UTILITY ROUTINES

These routines supplement the FORTRAN mathematical 1ibrary and serve to support

© Environment and/or Flight Control routines. Typically, the user will call these

routines rather than schedule them, In places where both single- and double-

precision versions of the routines are available, one of the writeups is consid-

erably more extensive, None of these routines has a dedicated COMMON block,
although some use information stored in specified locations of other COMMON

blocks. \
Routines described in this section include:

~ ~  ABVAL Dot MATYPR
ACCOSH DOTDP MSU
ARTAN DPDF(Q MSUS
ATOQX DPDFQS MTQ
CROSS DPDTRM MXM
CROSSDP DPEVAL MXV
DABVAL DPOLY ORTHOG
DCROSS DP0OSSO PEVAL
DDOT DPRK2 POLY
DETRM DPRK2S POSSUM
DEULER DUNIT QCONJG
DEULRD DVXM QNORM
DEULRE DXPOSE QM
DIFEQ DXTRCT QTOAX
DIFEQP DXYZMT QUTMLT
DIFEQS DYZXMT . QXFORM
DIFQPS : EULER RAP
DMXM EULERD SGN
DMXV EULERE SIG
DNVRSE : EXTRCT SIGNM
DORTHO INVERSE
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ABVAL
Function ABYAL (VECTOR)

ABVAL takes the absolute value of a single-precision three-element vector and
returns a single-precision scalar,

ACCOSH (X)
Function ACCOSH (X)

Function ACCOSH (X) returns the single-precision hyperbolic arc cosine of x
in radians.

ARSINN
Function ARSINN (THETA)

Single-precision real function ARZINN computes the angle whose sine is equal

to THETA. ARSINN calls the system ARCSIN (ASIN) function but does some testing
to ensure that ASIN will not abort the run. Angle output is in radians in the
interval from -3 to +.

ARTAN
Function ARTAN (TOP, BOTTOM)

Single-precision real function ARTAN computes the ang]e whose sine and cosine
are equal to TOP and BOTTOM, respectively. The system routine ATAN2 is called

if the testing of the input arguments are such that they will not abort the run.

Angle output is in radians on the interval from -m to +m.

ATOQX
Subroutine ATOQX (A, Q)

ATOQX extracts a quaternion Q from an Euler sequence of rotations A2, A3, Al
about the Y, Z, X axes, respectively.

3-40

L e TS T Y e : - ST g 5 : R T e

e e S e s 3

et S L= B o S SRy

ST Soe S

P



:
3
i‘ CROSS
é' Subroutine CROSS (VECTR1, VECTR2, VECTR3)

Single-precision subroutine CROSS computes the vector cross product of vector
 VECTR1 with vector VECTR2, returning the resultant vector in VECTR3.

;
i
4

CROSSOP
Subroutine CROSSDP (VECTR1, VECTR2, VECTR3)

l
)
; CROSSDP computes VECTR3, the cross product of VECTR1 times VECTR2 (in that
| order) where all vectors are double precision.

i

DABVAL
Function DABVAL (DVECT)
Double-precision function DABVAL returns the magnitude of the vector DVECT.

DCROSS |

Subroutine DCROSS (DVECT1, DVECT2, DVECT3)

| Double-precision subroutine DCROSS computes the vector cross product of the
’ ; vectors DVECT1 with DVECT2, returning the resultant vector in DVECT3. ANl
quantities are double precision.

DDOT
Function DDOT (X, Y)

Double-precision function DDOT returns the vector dot product of the double .
precision vectors X and Y.

DETRM
Subroutine DETRM (DETRMT, VALUE)

DETRM evaluates the determinant DETRMT, returning the result in VALUE. DETRMT
is a 3x3 matrix stored sequentially by columns.
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DEULER
Subroutine DEULER (RPYH, RPYMAT)

Double-precision version of EULER (see EULER). Computes a transformation matrix
] - when given roll, pitch, yaw in that order.

} DEULRD
Subroutine DEULRD (EULER, W, DW, DEUL, DDEUL)

Double-precision version of EULERD. Calculates Euler rates and accelerations.

x
)

| DEULRE
' Subroutine EULRE (DT, DEUL, DDEUL, DE)
i

]

t

Double-precision version of EULERE. Calculates double precision estimated delta
Euler angle set from Euler rates and accelerations.

DIFEQ
Subroutine DIFEQ (NEQNS, X, DX, Y, IPHASE)

DIFEQ solves a set of first-order differential equations using a four-pass,
Runge=Kutta numerical integration technique. NEQNS specifies the number of
first-order equations to be integrated. X is the independent variable, and

| DX is the integration step size. Y is an array, dimensioned 4NEQNS + 1, which
contains the dependent variables in the first NEQNSwibcations, the corresponding
‘derivatiyeg in the second NEQNS locations, and a working area for DIFEQ in the
remaining locations. IPHASE is a flag indicéting which of the four passes has
been executed and is set by DIFEQ. IPHASE is reset to 0 after the pass which
completes the integration step. Before the first pass of an integration,

the independent variable, dependent variables, derivatives, and the flag must
be set. After each space, the derivatives must be reevaluated for the next

step.

e e e L NERE LD ey
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DIFEQP
Subroutine DIFEQP (NEQNS, X, DX, Y, IPHASE)

DIFEQP is the same as DIFEQ in that it solves a set of first-order differential
equations using a four-pass, Runge-Kutta numerjcal integration technique. Al
calling arguments have the same definition except for Y, which is an array
dimensjoned SNEQNS + 1. DIFEQP differs in technique from DIFEQ in that

during the last (fourth) pass of an update, DIFEQP calculates the roundoff due
to computer word ngth and saves this value, whick is added back in during the
next update. Use and implementation of DIFEQP is the same as DIFEQ, but a

more accurate result s obtained.,

DIFEQS
Subroutine DIFEQS (NEQNS, X, DX, Y, IPHASE)

DIFEQS is an entry point in DIFEQ and is like DIFEQ, except it is used for
second-order éqUations NEQNS is equal to twice the number of second-order
equations for DIFEQS. VY is an array, dimensioned 4NEQNS + 1, containing the
dependent variables in the first NEQNS/2 Tocations, the first-order
derivatives in the second NEQNS/2 locations and in the third NEQNS/2
locations, the second-order derivatives in the fourth NEQNS/2 locations,

and a DIFEQS working area in the remainder of the ar}ay. The integration
process for DIFEQS is the same as for DIFEQ, where the first NEQNS locations
for DIFEQS are considered to be dependent variables and tlie ‘second NEQNS
locations are the derivatives. ’

DIFQPS
Subroutine DIFQPS (NEQNS, X, DX, Y, IPHASE)

DIFQPS is an entry point in DIFEQP and is like DIFEQP, except it is used for
integrating second-order equations. Definition of the calling arguments is
the same as DIFEQP except for NEQNS, which is equal to twice the number of
second-order equations. The Y array assignments are the same as outlined in
DIFEQS.

3-43

e ], et e R




DMXM
Subroutine DMXM (DMAT1, DMAT2, DMAT3)

Double-precision subroutine DMXM computes the product of the matrices DMAT)
with DMAT2 returning the resultant matrix in DMAT3,.

DMXV
Subroutine OWXV (DMAT1, DVECT], DVECT2)

Double-precision subroutine OMXV computes the product of the matrix DMATI
with the vector DVECT1, returning the resultant vector in DVECT2.

DNVRSE
Subroutine DNVRSE (DMAT1, DMAT2)

Double-precision subroutine DNVRSE computes the inverse of the matrix DMATI,
returning the resultant matrix in DMAT2.

DORTHO

Subroutine DORTHO (AM)

Double-precision version of ORTHOG. Orthogonalizes a matrix, 1.e., creates a
set of three orthogonal unit vectors from it.

oot

Function DOT (VECTR1, VECTR2)

DOT returns the vector dot product of VECTR1 and VECTR2.

DOTDP
Furiction DOTDP (VECTR1, VECTR2)

DOTDP returns the double-precision dot product of two double-precision vectors.
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DPDFQ :
Subroutine DPOFQ (NEQNS, X, DX, Y, IPHASE)

DPDFQ is the double-precision version of DIFEQ. A1l calling arguments are
single precision except Y, which is a 4NEQNS + 1 dimensioned double-precision
array. Use and implementation of DPDFQ 1s the same as DIFEQ.

DPDFQS
Subroutine DPDFQS (NEQNS, X, DX, Y, IPHASE)

DPDFQS is an entry point in DPDFQ and is 1ike DPDFQ, except it is used for
second-order equations. Definition of the calling arguments is the same as
DPDFQ except for NEQNS, which is equal to twice the number of second-order
equations. The double-precision Y array assignments are the same as outlined
in DIFEQS. o

OPDTRM
Subroutine DPDTRM (DETRMT, VALUE)

Double-precision subroutine DPDTRM evaluates the double-precision determinant
DETRMT, returning the result in double-precision VALUE. DETRMT is a three by
three determinant stored sequentially by columns.

DPEVAL
Subroutine DPEVAL (A, N, X, PY)

Double-precision version of PEVAL. DPEVAL evaluates a polynomial of N terms
with coefficients A at X and stores the value in PX.

DPOLY
Subroutine DPOLY (X, FX, N, C)

Double-precision version of POLY. DPOLY finds a polynomial of order N-1

to relate N values of independent variable X to N values of dependent variable
FX. The coefficients are stored in array C. The number of points, N, must

be 25 or smaller.
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DPOSSU
Subroutine DPOSSU (TI:i¢, RSMKS, RMMKS)

Double-precision version of POSSUM, Computes position and apparent diameter
of sun and moon using data from reference 5.

DPRK2
Subroutine DPRK2 (NEQNS, X, DX, Y, IPHASE)

DPRK2 solves a set of first-order differential equations in double precision,
using the second-order, two-pass Runge-Kutta numerical integration technique.
NEQNS and IPHASE are integer variables. X, DX, and Y are double-precision
variables.

DPRK2 differs from DIFEQ in that it is a second-order solution instead of fourth-
order, and the computations are in double precision instead of single precision.
The definition of the calling arguments is the same as for DIFEQ, except for pre-
cision. DPRK2 specifically uses the "Heun form" second-order Runge-Kutta solution.
During the first pass through DPRK2, time is advanced to X + %DX, and IPHASE is

set to 1. During the second pass, time is advanced over thé final one-third

of the integration step, and IPHASE is set to 0. Prior to each pass, the calling
routine is responsible for reevaluating the derivatives.

DPRK2S
Subroutine DPRK2S (NEQNS, ‘X, DX, Y, IPHASE)

DPRK2S is 1ike DPRK2, except it is used for second-order equations. NEQNS and
IPHASE are integer variables. X, DX, and Y are double-precision variables.
Except for precision, the definition of the calling arguments is the same as
for DIFEQS. DPRK2 and DPRK2S have the same relationship as DIFEQ and DIFEQS.

DUNIT

Subroutine DUNIT (DVECT1, DVECT2) ‘ '

Double-precision subroutine DUNIT unitizes DVECT1, returning the resultant
vector in DVECT2. :
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DVXM |
Subroutine DVXM (DVECTI, DMATi, DVECT2)

Double-precision subroutine DVXM computes the product of DVECTY with matrix
DMAT1, returning the resultant vector in DVECT2,

DXPOSE
Subroutine DXPOSE (DMAT1, DMAT2)

Double-precision subroutine DXPOSE transposes matrix DMAT1, returning ihe
resultant matrix in DMAT2.

DXTRCT

Double-precision version of EXTRCT. Extracts an RPY Euler sequence from an
attitude transformation matrix.

DXYZMT
Subroutine DXYZMT (EULERS, XMATRX)

Given the three double-precision Edler angles EULERS (in radians), double-
precision subroutine DXYZMT defines the double-precision transformation matrix
XMATRX, assuming an X (roll), Y (pitch), Z (yaw) order of rotation. EULERS is
an array of roll, pitch, yaw angle sequence.

DYZXMT
Subroutine DYZXMT (EULERS, XMATRX)

Given the three double-precision Euler angles EULERS (in radians), double-
precision subroutine DYZXMT defines the double-precision transformation matrix
XMATRX, assuming a Y (pitch), Z (yaw), X (rol1) order of rotation. EULERS is
an array of pitch, yaw, and roll angle sequence.
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EULER

,

ROUTIMNE DESCRIP”ION
The EULER routine calculates a roll, p;tch, yaw :otatzonal
sequence transformation matrix.

' .
.

MATH MODEL
The transformation matrix erected by EULER assumes a roll, ,
pitch, yvaw rotation seguence. . The three angles .are received
via calling arguments and then substituteq into the following
equation. "

RPYMAT (1) = COS(P) COS(Y)

RPYMAT (2) = =COS(P) SIN(Y) .

RPYMAT (3) = SIN(P)

RPYMAT(4) = SIN(R) SIN(P) COS(Y) + COS(R) SIN(Y)

RPYMAT(5) = =SIN(R) SIN(P) SIN(Y) + COS(R) COS(Y¥)

m::x.n.'r(s) = =SIN(R) COS(P)

RPYMAT(7) = =COS(R) SIN(I) COS(Y) + SIN(R) SIN(YV)

RPYMAT(8) = COS(R) SIN(P) SIMN(Y) + SIN(R) COS(Y)

RPYMAT(9) = COS(R) COS(P)

.t

where R, P, Y are the roll, gitch, yaw angles.,

."."

INPUT/QUTPUT
All input/output of EULEPR is done via calling arguments.

The call to EULER IS

CALL EULER (RPYA, RPYMAT)

where

RPYA is the input array consisting of the roll, pltch, and
yaw angles in that order

RPYMAT is the output array consisting of the nine elements of
the transformatzon matrix,
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A ROUTINE VERIFICATION

This routine was verified by logic review and by comparing routine
output to hand calculated values.

EULERD
ROUTINE DESCRIPTION ' B :
i The EULERD routine calculates the Euler angle rates and
) accelerations.
»
5 :
) . MATH MODEL .
} Given the vehicle body rates and accelerations and the attitude, n
, the Euler angle rates and acceleraticns can be calculated. , % ;
? ¢ _ p.cost = g sind ' : =
L ¢ cose L]
{ 6 = P siny + g cosy , fé
‘ .+ % = r-¢ sine
where L o ]
- $, A a L s :
4 w = pi+gj+rk = §+0+7Y ;
‘ « ‘and ' , }
" jl

e
Ds
{a
§2-
e}
(a2

. . L [ ] . 2
| = (p - ab) costt = (o 4 i) sindy +
‘ : cost

0 = (pb + é) cesy + (§|- qﬁi’sinw
v = % = 8 coss - & sing ‘ |

The above equaticns become indeterminate when the piich angle,
8, is + 90°. To obtain the Euler rates and accelerations at
this point, a diffcrent set of equations is used.
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¢ = ;% (-p cosy + q minw) %
6 = p siny + q cosy
. 1 . A
. Y = == (p cosy - q siny >
3 ) +3

:g[V(qv - 2p) s:""’ - $(pd + 2q) ":S” + 3:—] + 3

(pV' + q) cosy + (p - qi) siny
- ¢

- : )
€3 ot 13
‘ o
[ |

Actually, the switch to the above3equ3tions for detgrmining
the Euler rates and accelerakion is made as 6 »+90°, Even
in the latter set of equations § can become zero in which
case the equations kelow are used.

1)

6 = + (p2 + gt
$ - %-[r- (pq - cp)/(p"-*qz)]
| b o= R+ e - e+ q?)
and 4 |
o = (o} + g) cosy + (5 - o) siny
¢ = l{r - [v(qv - 2pjp - w(pv + Zc)q]/(p + g% - L“’;
) 3 é
pe= E g

‘The rotational segquence.assumed in deriving these ecuaticns

is roll, pitch, yaw.
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: (N The definitions of the terms in the above equaéions are:

P,g,£ - vehicle body anqular rates

L

; A\

?».

%

- L . . , .

§ P/g,r =~ vehicle body angular accelerations
" .

;f&

k-2
-
. -]
-
<
(]

Euler angles roll,' pitch, yaw

&,5,@ - Euler angle rates

e R T e S A e

Euler angle accelerations

©3
-

@3
-

<1
]

INPUT/OUTPUT
All input and output of EULERD is via calling arguments.

’

The input arguments are:
$,9,9 - - Euler angles roll, pitch, yaw [PS: EULER]
»,9,r =. Vehicle bo&y angular rates [PS: W]
§,é7£ -‘ ﬁéhicle body angular accelerations [PS: LW]
© The output arguments are:

6,8,0 = Euler angle rates [PS: DEUL]

T ——

$,3,$ - Euler éngle acCglerations [PS:  DCEUL]
where [PS: ] indicates the program symbol.

ROUTINE VERIFICATION

i o This routine was verified by logic review and by comparing
S routine output to hand calculated values. |
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EULERE ‘

ROUTINE DESCRIPTION \
The EULERE routine calculates an estimated delta Euler
angle set from Euler rates and accelerations.

»

MATH MODEL
The prev;ouﬁly calculated Euler angle rates and accelerat;ows
are used to estimate the Euler angles change over some delta

time.
. 1 2
Aci = ciAT + fciAT )
, where
de, = is the Euler angle c¢hange over the 2T, [PS: DE] |

¢, = is the Euler angle rates ([PS: DEUL]

(O
sosst

€, = 1is the Euler angle accelerations (PS: DDEUL]

AT = is the delta time pericd ([PS: OT]

. INPUT/OQUTPUT : . .
All input/output of EULERE is done via calling arguments.

The call to EULERE is

¥

CALL EULER& (DT ,DEUL ,DDEUL ,DE)
where the argquments are defined above in [PS: Y.

ROUTINE VERIFICATION

‘Thxs :ou.mne was verified by logic review and by comparing
routine output to hand calculated values.
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( EXTRCT

ROUTINE VERIFICATION

The EXTRCT routine extracts from an attitude matr%%’a set
of three Euler angles assuming a roll, pitch, yaw/rotational

sequence.

. MATH MODEL

The EXTRCY routine assumes the attitude matrix was formed
using a roll, pitch, yaw rotation sequence and to have the

following form:

peen

COS (?) COS (¥)

-COS (P) SIN(Y)

SIN(R)SIN(P)COS(Y)
+COS (R) SIN (Y)

=SIN(R)SIN(P)SIN(Y)

+COS (R) COs (¥)

L s R R,

£

-éQS(R)SIN(P)COS(Y)
+SIN(R) SIN(Y)

COS (R) SIN(P)SIN(Y)

+SIN(R) COS (¥)

SIN(P) -SIN(R) COS (P) COS(R)COS(P)

d

. where R,P,Y are the roll, pitch, yaw Euler angles.

To £ind the pitch angle, the arcsine is taken of matrix
element 3,1. The yaw angle can ba found by dividiag the
matrix elements 1,1 or 2,1 by the cosine of the pitch angle
and then taking the arccosine or arcsine respectively. The
roll angle is found by the same procedure using matrix
elements 3,2 and 3,3. e '

As the pitch angle approaches =90°, the matrix approaches
‘a singularity. When this situation arises, the delta Euler

angles calculated by EULERE are added to the old values to
obtain an estimated value.
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INPUT/OUTPUT

All input/output of EXTRCT is done via calling arguments,
The call to EXTRCT is

. CALL EXTRCT (AM,DE,A)
where inputs are:

AM =~ is the attitude matrix
DE =~ i3 the delta Euler angles

output is:

A = is the attitucde array qflroll(R). pitch(P),
and yaw(Y) angles. '

ROUTINE VERIFICATION

This routine was verified by logic review and by comparing
routine output to hand calculated values,

INVRSE
Subroutine INVRSE (XMATRX, YMATRX)

INVRSE computes the inverse of matrix XMATRX, returning the result in matrix
YMATRX.
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MATYPR

ROUTINE DESCRIPTION

The MATYPR routine extracts from an attitude matrix a set of three Euler
angles‘assuming a yaw, pitch, roll rotational sequence.

MATH MODEL

The MATYPR routine assumes the attitude matrix was formed using a yaw, pitch,
roll rotation sequence and having the following form:

[ cos 6 cos ¥ cos 8 sin -sin 8

-cos ¢ sin ¥ cos ¢ cos Y
+sindsin@cosy +sindsindsiny sin ¢ cos @

sin ¢ sin ¢ -sin ¢ cos ¢
[+ cos ¢ sin 8 cos ¢y +cos ¢ sin @ siny cos ¢ cos &

where ¥, 8, ¢ are the yaw, pitch, roll Euler angles.

The pitch angle is calculated as follows:
P = ASIN (-sin 8)

The yaw angle is calculated as

cos § cos
L e

- Y. = €05 8 siny
or Y2 cos P
and finally Y = ACOS Y]

or Y = ASIN ¥2

Likewise, the roll angle is ca]culated as
cos 8 sin ¢
Ry * = cos P

o COS 8 cos

or Ry T es
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DE is the delta Euler angles.

where’ R = ASIN Rl I § ;

i

R = ACOS Ry
where Y, P, R are the yaw, pitch, roll Euler angles.
As the pitch angle approaches.:.90°. the matrix approaches a singularity.

When this situation arises, the quta Euler angles calculated by EULERE are
added to the old values to obtain an estimated value (ref. 4).

« INPUT/QUTPUT

A1l input/output of MATYPR is done via calling arguments.
The call to MATYPR is -
CALL MATYPR (AM, D%, A)

-where inputs are:

AM is the attitude matrix.

s

putput is:
A is the attitude array of yaw (Y). pitch (P), and roll (R) angies.

ROUTINE VERIFICATION

This routine was verified by logic review and by comparing routine output to
previously computed values,

LA
. .

SOURCE .

MATYPR was derived primarily from reference 4.
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MSU
Subroutine MSU (ANGLS1, ANGLS2, ANGLS3)

MSU performs the angular modular subtraction of the angle sets ANGLS1, ANGLS2,
returning the results in ANGLS3. ANGLS1, ANGLS2, and ANGLS3 are dimensicned
three and are in radians. ANGLS3 are angles in the range +m with a counter-
clockwise rotation positive.

MSUS
Subroutine MSUS (ANGLS1, ANGLS2, ANGLS3)

MSUS performs the angular modular subtraction of the single angles ANGLS] and
ANGLS2. The resulting angle is returned in ANGLS3. ANGLS1, ANGLS2, and ANGLS3
are single angles and are in radians. AN§L§3 is an angle in the range #r with
a counterclockwise rotation positive.

MTQ

Subroutine MTQ (M, Q)

MTQ extracts a quaternion from a direction cosine matrix. The extraction process
avoids singularities. A positive scalar part is arbitrarily chosen for the re-
sulting quaternion. It is assumed that the input matrix is unitary.

MXM

Subroutine MXM (XMATRX, YMATRX, ZMATRX)
MXM computes the proddct of matrix XMATRX with YMATRX, returning the resulta;t
matrix in ZMATRX.

MXV

A

Subroutine MXV (XMATRIX, VECTRI, VECTR2)

MXV computes the product of matrix XMATRX with vector VECTR1, returning the
resultant vector in VECTR2. ‘
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ORTHOG

ROUTINE DESCRIPTION

The ORTHOG routine orthogonal zes an attitude matrix.

MATH MODEL

The attitucde matrix [AM] is assumed to be defined by

- | .
Ay
[AM]) = . §E4

=N

To orthogonalize [AM] it is first transposed.

(e = (o) = (A, AN, &)
Then, .
EHT

'y = x"ﬂ‘l x AM'I"

The vector components AMT7 and ﬁxT are unitized, and
AMT, = ANMT, x ANT,

The matrix [AMT) is uow transposed back to [AM]
INPUT/OUTRUT
The matrix [AM] is

input, orthogonalized and then output
through one calling argument to ORTHOG.

ROUTINE VERIFrcATION

This routine was verified by comparzng routlne output to
hand calculated values.
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f PEVAL
ROUTINE DESCRIPTION

PEVAL evaluates a given polynomial 'at a given point, Used
in conjunction with the curve-fitting utility routine POLY,
» PEVAL provides a means of extracting current values from

4 tabulated input.

MATH MODEL

The polynomial

¥

2 n=-1

n=1l X

is evaluated by Horner's method, defined recursively as:

Pg (x) = an_‘l_!_
Pi(x) = Pi-l(x) Cxta gy

with P(x) = Pn_l(x)

INPUT/OUTPUT

_Subroutine PEVAL is referenced by
CALL PEVAL (A,N,X,PX)

with arguments defined as:

A -‘array of polynomial coefficients: A(I) = ar.y

N = dimension of A (N = degree (P) + 1)

X - independent variable for which polynomial is to
be evaluated |

PX - resultant value of dependent variable

PEVAL uses no COMMON input, contains'no internal data, and
makes no external references.
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-
. ; ROUTINE VERIFICATION

% ! Output from PEVAL was compared with hand-calculated values.
o8 POLY

'y

}&‘ ROUTINE DESCRIPTION

POLY fits a polynominal curve to a set of tabulated data
points. Used in conjunction with the polynominal-evaluation
utility routine PEVAL, POLY provides a means of extracting
current values from tabulated input.

MATH MODEL
Given n data points (xi,ttxi)), POLY approximates the function
f £ with the unique polyncmial of degree n-1 or less defined by

‘n
P(x) = £ L, (x) ’ (1)
x El (%) L, (x

T . T

where Li is the ith Lagrangian polynomial
(x-xl)'- o (x-xi_l) (x-xi+1) e e (x"‘xn) \

Ly (x) = —— _ —
. %xi-xl)...(xi-xi_l) (xi-xi+l)...(xi-xn)

This polynomial will duplicate ihe function £ at the specified
data points (except for round-off error), but may vary from £
between input points (as does linear interpolation). Since
intermediate values in the computation of the Lagrangian
polynomials may become many orders of magnitude larger than
the input values, double precision variables are used interrally
to aveid floating point overflow and underflow. However,
double precision overflow is still a consideration. If POLY
is called with too many data points, overflow and/or underflow
may cause divergence from the input function £, in which case
POLY should be called with fewer points specified.
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POLY returns the polynomial P(x) as defined by equationvl i
the form |

P(x) - ao + llx P osee * a’}_lxn-l (2)

[

INPUT/OUTPUT

Subroutine POLY is referenced by
CALL POLY (X,FX,¥,C)
with arguments defined as:

X = an array of N distinct values of the independent
variable; their order is irrelevant, but no two
may be equal. . '

FX = an array of the N values of the dependent variable,

corresponding by index to X -~ i.e.,FX(I) = £(X(I))

the number of data points specified.

C = the output array of coefficients of the returned
polynomial: C(I) = 27.1 in equation 2.

2z
!

,POLY uses no COMMON input and makes no external references.

Internal arrays are dimensioned 25; this value must be changed
if POLY is to be called with more than 25 data points. (This
practice is not recommended due to the overflow considerations
mentioned above).

¥

ROUTINE VERIFICATION

LI

POLY was checked out both independently and in conjuncticn
with utility routine PEVAL, with output coefficients and
values compared with hand-calculated results.
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POSSUM/80 y W

B

Versions: /80SP single precision
/80DP  double precision

o

e T

POSSUM 1is a routine which computes the earth-centered-ipertial (ECI) Cartesjan
positions of the sun and moon. It is meant to be called either from the gravity
force model GRAV2 (with Junar and solar perturbation flags on) or from the Rela-
tive Attitude Processor (RAP), a flight software routine. POSSUM is designed

to use orbital data for the sun and moon as published in the American Ephemeris
and Nautical Almanac (ref. §) in years up to and including 1980. This data is
in the form of orbital elements; semimajor 2xis,a, eccentricity, e, inclination,

i, mean motion, M, longitude of ascending mode, 2, longitude of perigee, w, and
Tongitude of sun or mocn at epoch, £ .

Sample orbital element data is displayed in figure 3-6. The POSSUM requires that

the epoch for the elements be input in the form of year since 1900, month (two

digits), day (two digits). The date for the start of the simulation is needed N
in the same form. This routine converts these dates into day counts since 1900 " }
for both the epoch and the date of simulation. The difference between the epoch

and the date of simulation is computed and a warnfng issued if it is inconsistent

with the availability of new orbital data (elements are updated roughly monthly).

The fraction of a day at the start of the simulation is then added to the number

of days elapsed since epoch. Integer numbers of lunar and/or solar periods are
removed from this elapsed time.

On the first pass through POSSUM, the epoch is used as a reference time; on
successive passes, the time at the last call is used for a reference. In either
case, the true anomaly at epoch is computed using Yo =L =~ w. The eccentric
anomaly at the corresponding time is computed via (ref. 6)

+ cos
_ e+ cos v

e S T AR T R R SN S R ke Sl sl

ff cos E0 ‘ (1)

- , , ' 1+ e ¢os Vo

Lg Kepler's equation is iterated using

3 ;

ﬁ% AE = AtM - (Et + e sin Et) + (Eo + e sin Eo)~ , (2) -

LR
;
L
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( MOON, 1980
MEAN ELEMENTS OF MOON'S EQUATOR AND CRUIT
Meun Equator of Moon ‘ Mean Orhital Elements
referred 10 referred to eciiptic of date ;
Date truc cynator nf Earth . Menn Lungitinde Elongntion
. i 4 o Periuce vole Moo from Sun
Toawa) b 2 PO P T L .

[ ]
Jan. =8 24800 333020 ~pOy7 Ne01g 1523741 3198044 - 486100
2 . 24803 B3419 727 349060 1seSigs grgaby  170.5238

12 2470 332917 1757 35007700 1513150 223:0023 - 202:4310 P
23 24790 332415 1787 3stByo 1E07Ss4 3548503 54°3395 »
Feb, 1 24783 331:912 1317 3520481 150+2559 120:6202 17612400

I 2477% 330410 =L847 3540021 149:7204 2583842 2081833
2 24770 330908 1870 3351701 149168 30-1452 600010
Mar, 2 24783 3304403 1:goh  356.2902 148:6673 649121 1819685
12 24756 320.902 1635 357042 148378 2056761 3¢3.8750
22 24749 329:399 1:96s  358:5183 14746052 654401 657834

Apr. T 24742 323806 ~1.094 3596323  147.0787 1972040  187:6009
L1500 25734 328393 2:023 07463 140-5491 . 3Rl 30y-5084
24727 327890 2.061 1-8604 146.0190  100+7320 715059

May 1 24719 327:386 2.080 2:9744 14544901 232:4959 193:4134
1w 24711 320:883 2100 40884 144:9003 42599  315:3209

24703 326379 =2137 §:2025 1444310 136-0239 77-2284
3t © 24:0y5 - 325875 2:165 53165 1439014 2677878 199:1359
June 10 24.687 . 325.372 2193 7°4308 143-3710 395518 32140434 ‘
0 24679 324+868 21221 83446 - 1428424  171.3157 82.9509 y
30 24671 324:304 2:249 90586 1423128 3c3-0797  204-8584
July 10 24003 323859  —~2.27% 107727 1417833 748437  326.7658
20 24055 323353 . 20504 11-8867 141:2538  200:0076 886733 !
30 24046 322.850 2:331 130007 1407242 3383716 210:5%08 :
Aug. 9 24638 322:345 2358 14:31148 140:1947  110:1356 3324883
19 24629 . 321840 2385 15-2288 1396051 2418995 943958

29 24620 321:335  =2+411 163428 139-1350 13:6635 216:3033

3ept. 8  24.611 320:830 2:438 74569  138:6061 34544275 338:2108 ‘ 3
18 24:602 320324 2:404 185709 138:0765 2771014 100:1183 , ,s
28 24593  319-818 2-490 19:6849  137:5470 489554  222.0258 .~ 9
Oct. 8 24584 319313 2516 207990 1370174  180:7194  343-9333 ~ . |

18 44575 318807  =2.642 210130 1364879  312:4833 1058408 .

a8 24.505 318:300 2508 23.0271 135:0584 S¢:2477 - 2277482

Nov. 7 24556 317794 2503 240430 1354288 216.0113  349:6557

17 - 24:546 37288 2618 252551 1348093 77752 111.5632

27 24530 36781 2.643 3692 134-3008  119-5392 2334707

| Dee. 7 24527 316.274  ~2.608 274852 133-8402  251:3031 353:3782
| 17 24517 315767 2693 285972 dyjp3icy 230671 117.2857
27 . 24507 3152060 29717 207113 1327811 154-8311 239:1932

37 24497 314753 =274l 30-8253 1322516 2K6-5050 11007

T T T AT ST L S

Daily motion +0'111404 =—o0%052054 33°176390 127160749’
Epoch 1900 January o-5 E.T.
Eccentricity = 0:05490 0489 Inclination = 52145 3064
= &ccta) : TmiNCC2)

Figure 3-6.-‘Corre‘spondence of tabular data and orbital elements.
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INNER PLANETS, 1950
MEAN ELEMENTS FOR MEAN EQUINON AND BCLIPTIC OF DATE

Epock 1659 June mo LD, ‘é! 4 4 v.arn.umn:'for mo duys
N oMy oM .
""c‘u Fameide n? l)fuu-amdc ?:",{," Mean Mc.u?m CCCCi)

L TEN

o T RS T T

Planet Inclinatien Ascenting Node Peribiehion " Disinee Muotion  keeentricity
: i wuf, It} vir, w viir, ] n e
'] © Ls N
Mereury 700437 +1 4.\ G H3RE TSR Hgah 0037 o o002 | 130 0208 041
Veaus P4 0 050375 w247 13129382 + 385 27 A2 00 130 0eeh 7Ny
* Futh " 10305402 +471 100 020 oq%-. bo«) 0010 717
\ Mars poxT o S heroy e JIT0GNON 304 1ig2d 091 ©53{ 035 oMy B .
)“" ' Meun - Mean Aionislies
i Dute Julian Dae Luongitude
: . SUN .\lF.RCU,RY VENUS EAR'I H MARS
. Xiawnaoid) . .
: Jun. -8 244 4230:5 270.0484 a1 4144 211:6209 ,ub ,3:2.3 146+ 381
[ 2 $240'5 2Ho-Boql 162:3379 227:0482 3582083 1314744 )
| 12 4250'5 200:0613 203-2011 243-6003 8 06.;4, 156:G186 ‘
, 22 42005 30178 241845 250690l 10204 102158 ;
\ Feb. 1 4270:5 1, 310:3743 2835.1078 275:7121 277764 167-3990 ’
i 1 244 42805 32012307 326.0312 291:7334 37-6324 172:6392
, a1 42905 330-0872 6:9345 3077547 474884 1778704 3
\ Mar. 2 43005 339:9437 47:8779 3237760 §7- 3444 183-1199 ;
| 12 43105 349-Nooz 888012 3397973 67-2004 1883598 i
22 4320°5 3596566  129-7245 355+8180 77-0564 193-62c0 |
| Apr, 1 244 43595 95131 170:647¢9 11:8399 86-9124 1988402 -
I 4340-5 193696 211:5712 27-8612 95:7634 204:0804 i
] 21 , 43505 2002200 252:4046 43-8825 106624 20013200 : g
| May x . 43605 | 39.0825 203-4179 599038 116-4504 214-5008 e
. 1 43705 - 489390  334:3413 759251 126:3364 2198011
" Py 244 4380:5 587055 + 152040 910464 136-1924 2250413 . A T
| 3% 43905 68.6519 56-18580 167:9677 146-0484 250.2815 o 3
June x0 4400:5 785084 97:1113 123-9890 1550044 2355217 : :
20 44105+ 88.3649 138:0346 140-0103 1635+7004 2407619 i
30 4420:5 682214 178:9580 1500310 175-6104 246-co21 :
July 10 244 4430°5 108.0778 210.8813 172:0329 185-4724 251-2423 *
20 44405 17:9343  260.8047 188-0742 195-3284 2564825 ,
' 30 4450:§ 127:7008 3017280 204-0936 2051844 261.7227
, Aug. ¢ 4460-5 137:6473 342:0514 220:1169 215-0404 260.9629 . |
19 14705 147+5037 235747 2361382 224-8064 2722031 :
, 29 244 4480:5 157-3602 64-4980 2521505 234-7524 277°4433
\ Sept. 8 4490+ 1672169 105:4214 268 18c8 244-6084 2820835 ;,
. 18 4500-5 177.0731 140-3447 284.2c21 254-4044 287:9238
| 28 4510:§ 186:9296 - 147.2081 300-2234 264:3204 293:1640 :
Oct. 8 45205 190+7801 2251914 3102447 274-1704 208. 4042 :
18 244 45305 - . -200-6426 2641148 332-2000 "8;-0;24 303:0.444
28 4540-5 216-4990 100381 1452873 293-8884 3088840
~ Nov. 7 45505 22003555 35090153 42308 3037444 . Frya248
ri 17 4500:3 230-2120 LSS 20:3200 313-6004 31003050 v -
| ‘ 27 4570%5 246-60%5 728681 30-3512 334504 3246052 1
: Dec. 7 244 45803 25549249 1137313 52:3725 333-3124 329-8454
) 17 $3y0-5 203 T84 154:0548 0N- 3038 M3-1684 3350830
- 27 4600-5 275:0379 195:5782 844151 3530244 340:3258
o : k7] 244 6105 2854044 230-5018 1004304 2-R804 345:5600
: Daily maotion 0%y85 047 $Pon2 334 1%Goz 130 o%g¥s 600 of524 021 . ' 1
STD = SEC TO DAYS = 86400 ’ é
. . : . g w'- N B ‘,‘!
Figure 3-6.- Concluded. .
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~ the obliguity of the ecliptic. The rotation matrix is

NI U T T Lo SRR I

where Et is a trial value of the eccentric anomaly.

When AE falls below some tolerance, Et is adopted and & true anomaly is computed
via
cos v = e~ cos E (3)
e cos - 1
At this point the distance to the sun or moon is computed assuming an elliptical

orbit. The Cartesian geocentric equatorial position components are obtained by
first finding ecliptic Cartesian coordinates (ECC)

n

Xce (cos.l:e cos Ae) R

14

Veeo = (sin & cos Ae) R (4)

Zeco = (sin Ae) R
where

Ae is the ecliptic latitude

L, is the ecliptic longitude

R is the distance from the origin

Figure 3-7 displays the geometry. From the law of sines

sin A, = sin i sin (v +w) (5)
while from the law of cosines
£.e = cos'] .[COS (v + w)/cos A] + Q \6)

(see fig. 3-7) and

R _a(l-ef) (7)
1 +ecosV

The ECC coordinates are converted to ECI by rotating about the x-axis by e,

1 0 0
B=] 0 cos e =sincg " (8)
0 sine cose
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Figure 3-7.- Geometry of ecliptic Cartesian coordinates at the
Tunar or solar location.
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‘|
% and
? Xeer]  [*ecc]
R ‘
i Yeer| =8 | Yecc (9)
;  Zgcyl L ZEce
TH; solar coordinates obtained from equation (9) are relative to the barycenter

of the earth-moon system. They are corrected back to the center of the earth

yis the earth-to-moon mass ratio
s denotes solar
M denotes lunar

by

; xS - XS B XH/p é
| Vg = Vg = Yy /u (10) §
» |
i ZS = ZS - ZM/U E
; where é
N ,
i

Unit vectors from the center of the earth to the sun and moon are then construc-
ted. The apparent diameters of the sun and moon are also computed.

L PP

This routine has been checked by comparing the resultant values with tabulated
apparent semidiameters and directions (right ascension and declination).

k. S
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INPUT
Common  Cormon
Program block block
symbol name’ location Dimen.
TIME (Calling argument)
TLAST GRAVC 11
IDATE GRAVC 55 2
56
FDATE GRAVC 57
A GRAVC 58 2
59
c GRAVC 60 2
ECC 61
GRAVC 62 2
XINC g2 .
) GRAVC 64 2
XMMOT P
‘ GRAVC 66 2
DIAM s
XOMEG GRAVC 68 2
XOMEG 4
WOMEG GRAVC 70 2
~ 71
GO GRAVC 72 2
XLON I

A e o A T

3-68
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Description (uriits)

Time start of simulation (sec)

Time at which POSSUM was last
called starting from the beginning
of the simulation, computed
internally after first pass (sec)

Epoch for which the orbital elements
of sun and moon are defined, then
date of simulation. Both dates ;
are in the format: year (two ﬂ
digits), month §two digits), dey ;
(two digits). YYMMDD?

Fraction of a day at start of
simulation days{

Semimajor axes of sun and then .
moon geocentric orbits (m) S

Eccentricity of solar then lunar,
geocentric orbit

Inclination of solar then lunar,
orbit relative to the ecliptic (deg)

Mean motion of sun, then moon, in
orbit (deg/sec)

Apparent diameter of sun, then moon,
at a distance equal to orbital semi-
major axis (deg)

Longitude of the ascending mode of
orbit of sun, then moon, measured
in the plane of the ecliptic (deg)

Longitudes of perigee for sun, then .
moon, measured from vernal equinox

to node in the ec11pt1c plane, from
node to perigee in orbital plarnz (deg)

Longitude at epoch of sun; then moon
{Tengitude of the sun differs by 180° S
from longitude of the earth){(deg) -k ), !

et et 535 ot bt




( i Cmmugn g?nngn
Program bloc ock
SMn891 name location Dimen. " Descrintion (units)
c 4 2 Lower Timit of eccentric anomaly for
EL GRAV ;5 sun, then moon (rad)
EU GRAVC 76 2 Upper 1imit of eccentric anomaly for .
77 ‘ sun, then moon (rad) ;
GRAV 8-86 3,3 Unit vectors from center of earth to
W RA 7 ’ sun (UV(1,1) - UV(3,1)) and to moon
- (uv(1,2) - UV(3,2))
IFIRST ~ GRAVC g7 First pass flag | -
L , ’ i
IMNTH GRAVC 88-99 12 Number of the day of the year on |
which each month starts |
0BLQ - GRAVC 100 Obliquity of the ecliptic (deg) q
EMMR GRAVC 101 Earth-to-moon mass ratio |
oUTPUT
) Common gsmmzn !
rogram block oc . .
§ymgol nane location Dimen. Description (units)
s (Calling argument) 3 ?oiition of sun in ECI coordinates |
m i
i
RMMKS (Calling argument) 3 f?oiition of moon in ECI coordinates ;
m {
A i
PO> BRA 1 GPOS(4) = RMMKS(1 ]
These locations are used to store @
positions previously computed (m) ;
v 78 — 3,3 Unit vectors describing the position i
u GRAVC 86 of the sun, then the moon
APDIAM GRAVC 102 - 3 Apparent diameter of sun then moon,
' 104 then earth (deg) . o
R GRAVC 105 2 Distance of sun, then moon fium
earth (m) .
3-69
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POSSUM/81

Version: /81SP single precision
/810P double precision

\fhmaﬁﬁyenmhﬁgyﬁxa
-

7, | POSSUM is a routine which computes the ECI Cartesian coordinates of the sun
and the moon. It also computes unit vectors to the sun and moon and apparent
diameters for each in degrees. This information is meant for use by the
gravity force model GRAV2 and by the flight control utility routine RAP.

The POSSUM routines use locations in the common block GRAV to store wutput.

>,
o

W

T P R TR D A

POSSUM stores an epoch for solar positioning (year, month, day) and a
starting time for the simulation (year, month, day and fraction of a day
in Universal time). On the first pass it computes the number of days elapsed g
between the epoch for solar constants and the time of the start of the

: simulation. At times subsequent to the start of the simulation, the time

between the epoch and the Universal time at that point in the simulation

is computed (in days). The low precision formulae for solar coordinates |
given in section D of The Astronomical Almanac (ref. 7) are used. These formu- A
lae are expected to be accurate to 0.01% in right ascension and declination. |

BT P owr ST (T o

Defining 5

G = mean anomaly of sun :
r d = time elapsed since epoch ‘
‘ sc(i) = constant from Astronomical Almanac (ref. 7)

€ = obliquity of the ecliptic ;

A = ecliptic longitude of the sun :

The computation proceeds as §

L= SC(‘) + SC(Z)d ‘ é
G = 50(3) + SC(4)d

3-70

i A =L +5C(g) sin (6) +SCqg sin (26)

R=1-5C cos (6)

'; X =R «Acos (x)

{ y =R+ A-cos () sina f”“a ;
z=R«+A rin () sina +‘




where A is the semimajor axis of the earth's orbit in meters,

The apparent diameter, AD, is found from the diameter at distance A and

AD = (A/R) * DIAM(1)
where DIAM is the diameter of the sun when A = R,

[t shouid be noted that this formulation does npt include any variation of
the angular velocity of the sun in its computation.

The position and diameter of the moon are computed using the daily polynominal
coefficients for the moon. These coefficients form fifth-degree expressions
for the right ascension, RA, declination, &, and horizontal parallax, v, of
the moon in terms of the difference in ephemeris time (ET) between the epoch
(O hr ET of the date in question) and the simulation time. This time
difference is found by adding the fraction of a day at which the simulation
starts to the time since the start of the simulation and aiso summing UTET,
the correction from Universal time to Ephemeris time.

Once values of RA, &, and r are found, they are converted to ECI Cartesian
coordinates relative to the true equinox of date by

R = Re/m

X =R cos § cos (RA)
y =R cos & sin (RA)
z =R sin ()

AD =

(A(2)/R) DIAM(2)
where ~
A(2) is the semimajor axis of the moon's orbit, in meters
DIAM(2) is the apparent diameter of the moon when A = R.
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INPUT
COMMON  COMMON

Prog. block  block

symbo]l name location Dimen.

TIME (calling argument)

SL GRAVC 55 6,3
A GRAVC 76 2
IDATE GRAVC 87 2
FDATE GRAVC 89
DIAM GRAVC 90 2
SC GRAVC 93 , 7

0BLQ GRAVC 100

UTET GRAVC 101

Description (unit)

Time since start of simulation
(sec)

Constants for computing Tunar position

and horizontal parallax. The constants
for right ascension are in positions

SL(J, 1), for declination in SL(J, 2),
and for horizontal parallax in SL(J, 3).
The position SL(1, 1) holds the ag
coefficient for right ascension. ©

SL(1, 3) = 0, always ( = ag for horizontal
parallax) :

Semimajor axis of solar then lunar orbjt

(m)

Epoch of solar constants then date of
simulation in form of year, month, day
for a total of six digits

Fraction of a day elapsed from 0 hr UT
at the start of the simulation.

Apparent diameter of sun then moon
when seen from distance A (deg)

Solar constants available from the
Astronomical Almanac. See equations
(2 through 8) for use.

,’f’.;;v;w ‘

L

Obliquity of the ecliptic (deg)

Correction to add to UT to obtain ET
(sec)
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Description (unit)

OUTPUT
COMMON  COMMON
Prog. block block
symbol name location Dimen.
RSMKS (calling argument)
RMMKS (calling argument)
GPOS GRAVC 12 6
R GRAVC 74 2
uv GRAVC 78 3,3
APDIAM GRAVC 102 3

Solar position, ECI (m)
Lunar position, ECI (m)
RSMKS then RMMKS

Distance of sun then moon from center of

earth in meters,

Unit vectors from center of earth sun
(UV(1,1) to UV(3,1) and to moon (UV(1,2)

to UV(3,2))

Apparent diameter of sun then moon
as seen from the center of
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COMMON
Program block
Symbol Location
TLAST N
GPOS 12-18
SL 55
IFIRST 73
R 74
A 76
uv 78
IDATE 87
FDATE 89
DIAM(2) 90
SC 93
0BLQ 100
UTET 101
APDIAM 102
CoBL 105
SOBL. 106
Note:

GRAVC COMMON BLOCK LOCATIONS USED

Dimen.

6,3

3,3

Description (units)

Store simulation time of last call to
POSSUM (sec)

Stores ECI position of sun then moon (m)
Constants for computing right ascension,
declination, and horizontal parallax

of moon

First pass flag

Distance of sun then moon from center
of earth (m)

Semimajor axes of arbits of sun then
moon (m)

Unit vectors from center of earth to
sun then to moon

Epoch of solar constants then date of
simulation. Each is in six-digit year,
month, day form.

Fraction of a day elapsed since 0 hr
UT at the start of the simulator

Apparent diameter of sun then moon
as seen from distance A (see loc. 76)

(deg)

Constants for computing positioh of sun
(see eqs. (2-8))

Obliquity of the ecliptic (deg)
Correction to add to UT to obtain ET (sec)

Apparent diameter of sun then moon as
seen from the center of the earth (deg)

C0S (0BLQ)
SIN (0BLQ)

This routine is designed to be used with the Relative Attitude Pro-
For this reason some of the COMMON block locations are
~ left blank. They will be used by RAP and should not be eliminated.

cessor (RAP).

o i R e
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QCONJG i *
Subroutine QCONJG (Q, QCONJ) :

QCONJG takes the conjugate QCONJ of the quaternion Q.

QNORM
Subroutine QNORM (Q)

QNORM yields a properly normalized quaternion with a positive scalar part. If
the incoming scalar is negative, QNORM complements the vector part. QNORM com-
putes the scalar part based on the vector part. Numerical problems in the
vicinity of 180° are avoided, and the resulting algorithm corresponds to an
exact 180° rotation.

qQTM
Subroutine QTM (Q, AMAT) .

QTM generates a direction cosine matrix AMAT from its associated quaternion Q.

QTOAX ’ . ‘ .
Subroutine QTOAX (Q, PSI, THETA, PHI, SINTH, COSTH, COSPHI, SINPHI)

QTOAX extracts yaw, pitch, roll sequence Euler angles (PSI, THETA, PHI) from
quaternion Q. For THETA = +90°, PHI is arbitrarily chosen to be 0°. PSI is
then extracted so that (PSI, THETA, O) represents the same attitude as the
quaternion Q. The sine and cosine of THETA and PHI are also returned. The
angles are returned in radians.

QUTMLT
Subroutine QUTMLT (PP, NP, QQ, NQ, R)

QUTMLT generates the product R of two quaternions, PP and QQ. The order of the
input quaternions is important, since in general ‘quaternion multiplication is
not commutative. If NP is negative, then the conjugate of PP is used in the

| product. If NQ is negaiive, the conjugate of QQ is used in the product.
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QXFORM . N }

Subroutine QXFORM (U, QQ, N, V) : |

QXFORM transforms the vector U into the vector V via the transformation quater-
nion QQ, thus V=QQ*U*QiONJ. If N is negative, the conjugate of QQ is used.
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RELATIVE ATTITUDE PROCESSOR (RAP)

PROGRAM DESCRIPTION

The RAP models a designated optical system and associated field of view (FOV)
and determines whether a specified object is within the optical FOV. The
routine operates on a pair of systems (vehicles) as defined by the user with
each system having one or more subsystems (subvehicles). Each primary vehicle
may also have any number of defined optical systems with each optical system
having its own coordinate system and two-dimensional FOV. Each subvehicle
also has a defined coordinate system and a three-dimensional shape.

Within the optical FOV, the object is Tocated by an angular position with
projected dimensiaons. The position of the observed vehicle or subvehicle is
also computed in the Local Vertical-Local Horizgntal (LVLH) system.

MATH_MODEL

The RAP is a flight software utility routine whitth can be either calied or
scheduled in the Space Shuttle Functional Simulator (SSFS) program. The
routine uses data which are generated by the active vehicle models GRAV2 and
POSSUM. Currently, RAP is configured for three vehicles although it could
be extended for N vehicles and M subvehicles. RAP requires the following
user input:

NPV Designated primary vehicle with values of 1 for the Space Shuttle

Orbiter (SSO), 2 for the MTV, and 3 for another designated vehicle.
NSV - Designated secondary vehicle with the same description as NPV.
NSUBP The designated primary optical system located on the primary

vehicle. For the SSO, the values are 2 for the rear window, 3
for the overhead window, and 4 for the Flight Support Station
(FSS). For the MTV, the values are 2 for the front camera and 3
for the rear camera. '

NSUBS The designated viewed system on the secondary vehicle. For the
SSO, the values are 1 for the SSO vehicle, 2 for the rear window,
3 for the overhead window, and 4 for the FSS. For the MTV, the

values are 1 for the MTV body, 2 for the front camera, 3 for the
rear camera. :
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For example, if NPV = 1, NSV = 2, NSUBP = 2, and NSUBS = 1, then the Shuttle
rear window is the designated optical system and the MTV body is the viewed
object. The block data associated with the designatad input parameters is
presented in Appendix A.

After the systems have been defined, the position vei;tor from the primary
to secondary system in Earth-Centered Inertial (ECI) coordinates is computed.

RVIVI = RTV - RV (1)

where
RTV is the ECI position vector of primary vehicle
RV 1is the ECI position vector for the secondary vehicle

The resultant vector, RVTVI, is transformed from ECI to the primary vehicle
system. This transformation and other transformations can be easily under-
stood by referring to figure 3-8, which relates primary and secondary coordinate
transformations. The vector RVTV, which is the primary~-to-secondary system
vector expressed in the primary system, is computed by

m
R

RVTV = (TIP) (RVFVI)
where T?P is the inertial-to-primary transformation matrix.

This relative position vector is adjusted for the optical offset and trans-
formed to the optical system by

* —
RVTVP = (TPO)(RVTV - RVOFF) (2)
where
RVOFF is the offset vector of the optical system as defined in the primary
system

, TEO is the primary to optical system transformation

Any offsets from the secondary to viewed Sysfém are computed with the final
relative position vector in the optical system given by

RVTVP = RVTVP + (130) (RTVOFF) (3)
3-78
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Coordinate system mnemonics:
I - Earth-Centered Inertial
P - Primary system
Secondary system

Optical system

Viewer system

S
0
v

Figure 3-8.- RAP coordinate systems and transformations.
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where ﬁi:j}
RTVOFF is the viewed system offset defining the location of the designated
subsystem (referred to the secondary coordinate system)

PRI gt e - T

*
TSO is the secondary to optical system transformation matrix |

3
PR L

The vector RVTVP defines the Line-of-Sight (LOS) vector from the optical to
viewed systems (see figs. 3-9 and 3-10). The magnitude of the LOS vector is

¥

TR

VMAG = V(RVTVP(1)2 + RVTVP(2)? + RVTVP(3) (4) ;
| The dimensions of the viewed object are transformed to the optical system with
i the apparent dimensions in the optical FOV Y and Z axes computed as
s -
i Vext = | R/ 2V (TOV(2, 1)) + (Y5, /20 (TOV(2,2)) | + [(Z45,/2)(TOV(2,3))| (5) %
» . §
» where
3 .
3 TvO is the viewed-to-optical transformation matrix 34
; Xdim, Ydim, and Zdim are the viewed vehicle dimensions in the viewed system
| The viewed vehicle apparent angular size as observed in the optical FOV is ‘
: ]
i
S | s = [ Seim ) [Xg * RVEC |
' |RVEC| |
L | ‘ |
o Yaim_ ) (Vg » RVEC 5
Ays = | —dim_ Jf¥g > . 7) |
|RVEC| |
« Zdim i X RQEC ?
AzS =|———]| “B ;
RVEC %
? : where | : |
; : AXS, AYS, and AZS are the apparent angular dimensions of the viewed vehicle
| RVEC is the vector from the viewed to optical system
XB’ YB’ ZB are defined viewed system unit axes ' ; *3?
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The position of the center of the viewed vehicle in the optical system defined
as the horizontal (Y-axis) and vertical (Z-axis)-angles is

HANG = tan™> (RVTVP(2)/RVTVP(1)) (8)

VANG = tan™ (RVTVP(3)/RVTVP(1))
where RVIVP is the LOS vector in the optical system.

To determine whether the viewed object is within the FOV, the following compu-
tation is made:

HANGZ
VANG2

"

|HANG| - Yext/IRVTVP|
|VANG| - Z_ ./ |RVTVP|

il

Computed angles HANG2 and VANG2 define the apparent angular distance from
the viewed subvehicle to the closest point on the Y and Z optical axes. If
both of these angles are less than the optical FOV dimensions, the viewed
vehicle is within the FOV.

The routine RAP also determines whether the sun, moon, or earth is within the
optical FOV by receiving ECI unit vectors describing the position of each
object from the routinre POSSUM which computes the current lunar and solar
positions relative to ECI coordinates. POSSUM is called by the gravity
environment model and updated a« required by the integrator. These unit
vectors are transformed to the optical system with the horizontal and vertical
angles determined as previously discussed, except that the LOS vectors are
replaced by the earth, sun, and moon unit vectors.

The Yext and Zext for the earth, sun, and moon are simply the apparent angular
sizes of these objects. With this information, the FOV check is made and the
occulation of the sun or moon by the earth is considered:

The po:ition of the viewed object in the LVLH system (fig. 3-11) is computed
using the vector RLVLH, the vector from the Shuttle to the viewed object in |
the LVLH coordinate frame. The LVLH angles as defined are
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o = cos™t (RIVLH - ZLV)
o = tan"h (Ryy /R yLt)
where ZLV is the LVLH unit Z-axis defined by
ZLV = 'RSSO
where RSSO is the unit ECI position vector of the Shuttle,

The relative position and velocity of the Shyttle and the viewed secondary
object are given by

RELP = ﬁgso - ﬁbbj
o N (10)
where
ﬁgbj is the viewed object ECI position vector
Véso is the ECI velocity of the Shuttle
Vbbj is the ECI velocity of the viewed object, respectively.
RAP_QUTPUT
The following variables output from RAP are defined as follows:
HANG2 Leading edge of object if within FOV; horizontal angle in degrees
HANG ~ Center or object in FOV; horizontdl angle in degrees
VANG2 Leading edge of object if within FOV; vertical angle in degrees
VANG Center of object in FOVj vertical angle in degrees
HANGSM(1) Leading edge of sunj horizontal angle in degrees
VANGSM(1) Leading edge of sun; vertical angle in deyrees
HANGSM(2) Leading edge of moon; horizontal angle in degrees
VANGSM(2)  Leading cdge of moon; vertical angle in degrees
HANGSM(3) Leading edge of earth; horizontal angle in degrees
(3)

VANGSM(3
PHILV
THETLV

Leading edge of earth; vertical angle in degrees

Local vertical position angles of viewed vehicle in degrees
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AXS " }

AYS Apparent angular size of viewed objc:ct in degrees .
, AZS :
5 RELP ECI relative position vector between viewed and primary vehicles 1
{ VREL ECI relative velocity vector between viewed and primary vehicles |
d RVTVP Primary system relative position vector between viewed and 3
K primary vehicle %
‘ 4
)
:
i
|
y
)
I
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CICICI  CIICY

LICILY €ICIEY  £ICICY

£I03T) €I0IET EIOICY

[l ]

a2 taw B

BLOZK DATA

COMMON/FSIC/FSIN)

G T T
EQUIVALENZE «rs«iggiZnsuééfiifgtxox:.nsuush
EQUIVALENCE (FSO126),N2V),(FS(127 ),NSV)
DATA NOV /./

DATE NSV /17

DATA NSUEP 72/

DATS NSDRS 71/

LOCATION OF OPISIN OF S50 IN $SQ FRAME

DATA {DATLU{T,1,1),120,3) /0esBes3e/
MATIIX S50 BOMY T SS1{SSN)

DATE DATI(441s1) /1s7/

DATE DATI(n,i41) 71,01/

paTé BatiCib b1 /1y

DIMINSIONS OF S50 IV 5S1(sSsP)

DATE (JATICI1)1)3I212,15) /34447 ,497e06425452/ '

LOCATION DF ORIGIN OF S5SO SUBSYSTEM 2 REL TO SSO. £
DATA CAT1(1,42,1) /860, /

DATA DATI(Zs241) 72=485/

DATE DATI(3,2,1) /=1174/

TRANE 350 BODY TC $50 SUBSYSTEM 2 (REAR WINDOW)

DATA DATL(4,2,1) /=1,.07

DATA DJaT1{(8,42,1) /107

DATA DATL(12,2,1) /=142/

DIMTNSIONS OF SUBSYSTEM 2 IN THAT FRAME

DATA DATI(1T92y1) OATI016y291)yDATINL5,291)/ 80y 910/
FOY OF SU3SYSTEM » SYSTEMIREAR WINDOW)

DATA BATI(16,2,1),0AT1017,2,10/20 4933,/

LOCATION OF GPIGIM

DATA DATI(14241) /57842 /

DATA DAT1(egy3,1) /=aR5/

DATE DATIC3,3,L) /=122.4/

TRANS S50 EOCY TO S¢0 SUBSYSTEM 2 (OVEPHEAD WINDOW)

A-1
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OF SSO(OVERHEAD WINDOW) SU3SYSTEM 3 REL 70 SSO
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Th L

.

TICICR LRI

(GLRID]$ 1

(S leia]

CICICICY £3CEY 2 3ICI0T

CAIICY eI €ICI0DY

($X9]

, =143/

NS OF SUB?Y»TE! 3 IN THAT FRAME

DATA DA” 1(1?,3,1).DAT1(l“p3g1).DAT1(15’3¢l)llo.".pl./
FOV OF GU3SYSTEM 3 SYSTEMIOVERHEAL WINDOW)

T4 DAY
TA DAY
TA DAY
MINSIO

134 ]
=

DATA DATI(L1A 3y 1),0ATI1T,3,21)/74206,400e/ .

LS

b O b & B TP TR 2 P
VO

GOt B P O

F 0°I I% OF SSO SUPSYSTEM 4 REL TH §5n
ATION

QUO - OO ™M
L I T BT Y o |
L e L P LY
L&) =
QOO —re
~ =D I> Y Py
pogare L) sdpsps T
BT X

1) 1 3/

DIMENSINNS CF SUE’YS’E! 4 IN THAT FRAME

DATA DAT1013 1) DATII LU ML)y DATIILS U410/ Fep15ay40/
LOCATIDY OF OQRIGIN OF 4TV SURSYSTEM 1 REL TO MTV

DATA SATIU14192)0ATL(24192)y0ATL(39142)/009U0yDe/

v YOO

SUBSYSTEM 1

DATA DﬁTlllﬂ,l.?),DATlttH'loZ),DATl(lS,I;Z)/S-S.Z.53.2.58/
LOCATION OF ORIGIN OF MTV SS2 IN SS1 FRAMFIFORWRID TAMERA)

DATA (JATINI292)4I5143) 726900900/
MATRIX G581 TO SS2 FRAMT

DATA J‘\Tl‘“’ay») 1.7/ '
DATE BATIIBZ,2) 71,0/

BATA DaT1(12y5y2) /1,07 .
oIMENEIONS nF "80BSYSTEY 2 IN 2 FIAMF
DATA (DATYI(TIy?y2)p1I= l?ylS’ /7.,0.,0./

A2 :
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"FOV OF MTV FORWARD CAMIRA

DATA DAT1(16,2,2)3DAT1017,242)/434,404/

LOCATION OF ORISIN OF 4TV SS3 IN SS1 FRAME(REAR CAMIRA)
DATA (JATI(I1,7,2),151,3) /=24,0090s/

i ok

MATPIX 581 TO SS3 FRAMS

DATA DATL(443,2) /=107

DATA DATI(6,332) 71,01/

pATA Jatli1d,3v2) /2103y

OIMENSINHS OF SUBSYSTFY 3 IN 3 FRAME

DATA (JATI(I¢3,2),1217,15) /0ey0s 406/

FOV OF MTV REAR CAMERA

PATA DATI(16,392)sDATI(17,3,20/154,164/

LOCATION OF ORISIN aF 4TvA SURSYSTEM 1 REL TO MTV2
DATA DAll‘lyIQS,QDA 1 2 1,3),FAT1(3.1,3)/0..0..0./
TRANS MTV2 R0DY TO YTV2 SUBSYSTEM 1

ATA DATI(4,1,3) 1.0/

Bate patlieritd) 1R/

nata datie13,1,2) /1.0

DIMENSIONS OF MTVZ IN 4TV2 SYSTEM

DATE DATI(1T)193)yDATLII14,1y3)yDATI(L5,)193)/3e5y2658,92458/
LOCATION JF ORIGIN OF 4TV2 SS2 IN SS1 FRAME(FORWARD CA MERA)
DATA (DATLIAT, 24309121 93) /2e9Nerd e/

MATRIX %81 70 SS2 FRAMEZ

DATA DATI(4,2,3) 7140/
DATA DATI(E,2,3) 71,0/
DATE DATY(12,2,3) /1e0/
DIMINSIONS OF "EUBSYSTEM 2 IN 2 FIAME
DATA ‘DATI(I’:,3) I213,15) /0e906 306/

FOV OF MTVZ FORWARD CAMERA
DATA DATICL6,2, 7)), 0ATI0174243)/4049404/
LOCATION OF ORIGIN OF ¥TV2 §S3 IN SS1 FRAME (REAR CAMERA)

DATA (DATI(Iy39%)9I2143) /=2490090e/
!

3-90

Ve T B B TR T I SRR gNC TR, o g 0! 3

e




i
Kl
. 4
~ 0 E
us [ ] -_ 2 .
xr 6 - i
< - L)
" (e 4 b 3 } w
w w O - B
u - - %
m "M e -— E
i - = "~ .
5 Z 0~ - —
ww o m nﬂv
1 - -
"m e B 3 r~ «
1 i - -
1 R < T
- F OGN ool M) o e
1 o« eCTeap- ed L3
i r eteolyt I F
7 L letN> »— «a O
,. S N ¥4 ] L -
~” _— -~ -
2 emep.3 M2 P
V3 MM ey - g -
- oy L 22 T 77 B ]
QO MM ey - -
~ eeliC O
=gt ] - 0] -
- R e 72 B ] P2 —
U2 et b= b o4
: VI 0O O X
} AdSI4 N 4
H X OOOVI - L O
¥ s 2 o
! r g < ez Ci
i = bbb = > 2= c
H - GCCLrs q O il 7] 5
M r oo O uw o W W
v m
w
©
1§ 8 [PIS IR SIE1S Y
L ]

& .
3 ;
: ™ : ;
i .
[ . [P U
o . s . - . . . . o oo
@ . e it e s T,
o i
PHALYY & N o N N 3 5 B P . o - . - N




RAP
APPENDIX B ¢

PROGRAM LISTING AND COMMON BLOCK LOCATIONS

E e e e P




e

=3

M e
’

A

Bt A e ———

——— it s -

et iy o o sépwr ok W0

b i i s ¥

. __EJ3d msvag,suus_c 1)

et & L
» . i
: '
) I : 4
b
-l ' i
Ry ; : : !
- ' ;
T -
Y] ! g
- H !w
t x
-J i <
o [
LIS (]
el d Q.
) boet ) . ~ o on &t
W N . Mot
x C0X i - Wem
« td { k= I
™ :", i » . - -
W - uju-n:rq
H L (=] i o remn hnd
vi I > : -0 22
3 [ N ] w CHO v e bt d )
o fhud 3oz DA -
o Qi T b= LM 2 v
= -:» v oV wle QM
by ™o I T I |-
tw n (R D b= o=y
- PV, ] (447, B S| wl XD M)~
ot et hite A 4 Ow o s wd(n
(V,38) il tn 0O bdon o M (N ..
O rd X (20 STy 1Y} 2 = NMIM O L.
Y- Q= JJd < e e cd =Y,
(ol ) €y Ul ol D M NV
> IX [ .5 [ | hemid 4320 o )
[= 4 - o310 -0 X D wem -
< B  LOrY =2 L e a0y (X (Y on
T (RIS S | rdrdon o o) witn)
HEW 2 D00 b 0. Mim A -
T . s Had o s L L IR
a. rdtd 0 M.J D Ziud L il I g
x-d $ oy LIS TLis Crem o 2o S300) Do 52
nin, L M e -Jr.t Lt ] W - 17, )
I 1Yl e L - - AT %]
[ 2 - -u.'/mu. ; L e e nY 2
=L —>>uuu¢1l... ) Pl » e
v) 4> bl 3 8 ) R S o Rt bt P2
TN SZILT L e ARILY ' i e wwl() ) -
W e AL 471 — T - - b S -~
bt d X0 Q22 N0 | o~ d -t . = QA D MM
a0 ET 6y ¢ s L MO ¢ -
sl fdia 2 R ~ Al i L et ] @ e
Wl U '-..—lu" DI o M) @ e MY
i PN D000 S el UL T L B
M ubd e AN XEL - LT AL | Vi)Y T
B0 Wi -2 . NNNONY M= 00
& ey e 'Ju..)lulnllllu : QU OSSN =G dui Il
b Waa Vv ; WrirdbeNU L 0NZO<
g X L'?L)LL.""\""‘*-K N I ALaNISE LLTEP=De B4
Lt 4 @ PRI I 7 (SN LR P 4 . :
SR AW Vs B S5 S -n o= GO QOWVE 2 AP
b4 ] e QO—«MNMMII b SefxtQui O SO CO
re AR Alaligh ) o e Ny e Y N B R
PR Gon [ 8 ) ] o:‘::‘:z:a.s T 22222 0V IV
© Wl e YWYV QOO0 = Z2Z2Z
(ST NP~ I 1Y PO NS T IS 5 RS R 3 34 V55 S0 s | il wdod
1Y e YLD ‘B NIRZP g FTITERTI T p o S
W TE L AT I W OIO0OIDT e Py e bt
m recalid  DZTTII> AL QVVLIOY a* 5 *Oaat.ﬁ
(SISYSISISTCINISIFES S NS TSN LE RS |
| ; ,
lw ' ‘
i ] . : : } !
3 B i i l
~Nm:mo~ oma@m:mghmounwmﬂmahdoandm:mo~@m
: Pt ot o] el ¢ e v e =4 oed (4 DN N
i | : i
L ] |
» : * l l . ¥
X l R . i t X
i ! ! i ; ;
< : + . i
| : J i ! !
B-1
3-93

o - W o ot} 2

it i st b it e i

o — i

!
- I
o, :
- H - {
L) : 4" "
o ! >
- 1 (.3 !
~ >
- - H
4] ' \- !
-4 ) n .
v - - !
L) om ad - ‘o
- i bo of N7, ) —J-s
T S VA ol ]
o e X7 s N w N(D~
Wl =emdd (o O _.52
el f L X RNV T ST h-ld
D41 L o

(%] o"r'.t‘l-o..l—ﬂ-_x—>r<m

P L 1 W VoY o [V N VW
~em o & 2N JNIN NN - v
Y mmegomimly, oo -zma
oo rdpd S Jow ot mmm BN L en
WHE L) s et alNY) =iopom vt =4y
--ﬂmumanmwwh—no

T e TR P R RV g VRV, RV, |
N e N U e —r-du.-dh_u_‘
Pyl el U e st Jeeae,
D e ,-.Qu.-n(nlu.m - 1-—
\_)d "~ - --»—m..-u.- -
CHIompd o omood  oves ) e I C Ao
OOV 7 B LR Yo W - -vjﬁ—-
LYY e e EO T a-l‘—-. w
e Ut Zp ) >z
[VORUE 10 TorRwpibas 45 402 PUtIVO R IS 3V v*‘
IR O T e D D e
-t N | -a-u.---gu..p

98 sy s, L ten ke - Lok ] -
"‘ﬂ(",mf"lu]l ,ﬂ’f*vﬂmﬂ O -
I L TR T R T | I S e
rf\ P TR L= T Pe VI PRI
vwv_&uvy-‘u - P~
\JJ'J"WWWV‘) AV &’).ﬂb‘)a
O e b Wl u.u.u..'u.u.u.u.iu

ot ft P P S, st Pt art| iy St e

W IRININ] Al ug

&
222222 2.-.222
muuththJuJLuu.lquhJ
e SN I I B A Y
-z¢x<¢<z<‘<-x<<x'<<< e
S>> I 3 D
TR Y T R R L LR el PR L L)
“1‘1‘1:')7%“):‘3‘3'5‘3'1373
NI I LTI IT LI T
Ll b ) il L) Wb L Ly

¥

lJ h.I.J Ld
)
pad
%8}

-

L
(B3
o
w
- |
'

i bt

—a——

.

1
A 3
: t
t i
T Ty,

CRIGINAL PAGE IS
OF POOR QUALITY

e —t———

“1 o” )
Lo/
Uesls |L|_/....

wed

salaalad. . et e et
Gey

-'l:lol
fuades

/GO|00|'..I
Z
/
A

/‘
i
M

L.)LJQ
[N W eldle ]
Voedvd 0 S

4 2m N N

B T L
[
g T,
noacco

S 2 ma—————t—

nmm:mahmw_nwm:mc
NNNNNmmwmmmwmmmrsgwﬂr:::¢mmmmmmm

m:...d T

T T

o

R Y




— . v : # o ue » t'; mlnvlm “ 1 ey “. -
£, i . : N x * H
Lo . T B
_. ! S I U B
: ! , A A T
3 1 H 4 i H £ { : 1
: . * Y ' 3 i . 1
3 : , , A ,, | , :
?7 I ! ; > % * i M ! i :
% . . N H {
] i ! : : i : .
4 R ' ‘ } ?
b - ! ‘ . ' . * i
BN & . .. ‘ B H N . !
. 1 W ' . P :
3 : i . ; i ! i
Lo, . o P
B . (U .
- ' > ) : ! { .
P | : ¢ !
\ N ad , ' . ’
: W ; i i
: N {re ' : : :
i . (S I . | ‘
‘ [ + - H : 1 1
: x ! : 5 |
: VY] (o] 4 H H
> Y] | f i
, - = i ! E
| a [N . ‘ '
= 4 ' p
: i "‘W > v i
1 >0 {
‘ | o ) . Lo
y N ] '
Noea .
[ 1% - v l
Z0 i ) :
<. 4 i Al Lall) - : i %
. ! S RRVERY 1§ ] (R N3 N . *
\ o | [} P b et ' ! i s
} Cden | ZOICICY ; O b 2 ) ! | | ! i !
wo ! T e b [x-z ! ’
] 2.4 | ; B ' : | p ol i
X > I3=I(ICTOY O e i ! } i
‘ . e HEL D WMD) . Lt e eld - a | i
| N TR N Sodhiedes 1 - o i IV | ; q b -
‘ 8 Ol o - aEcieam 1 -~ # | O ' e | -
i - ER N ° \ 1y -~ IO T LI ¥ ,.3 oy £y
g o L i» l RV AN BN N | ! - »$ e D ' 4 -~ Ca
. Dpe BRI SETTERAED [TV | ~t s el b x -
e T ¢ S S ¢ o0 H - = Y > -} -
ld Deit (LY m e e i - 3] af «f Dvup) D 22 PP
3. IR TV ) i’ GG 1./3 b dr~ L) 4Ll 4 . r [ I i o) ™
2 SRR T LN P i i ; e o T e U el =g W) T ~f mo~
r C - o . QO e e s [*9 Mz-oc-é 1moxm‘ e waia LI ON o qu—_o-qn.o L4 2&—0\—- [VOR o 3w
I~ B - A (D ke b e 3 witd -y O Mo Lmg A H# (MO ON It E Lo
T e HAZ T A2 Bty ZTuix® Ml 3 bt 6 oo Q e+M+ N 32 et ot o
. 4 e | SRl b ) 90T W G b e 05 D e e e
O 2O iy ® @ 8 6 smsiod = Iw ol » i " HH - bt refeedpd ey @ I-H-'H, NI L
» - 2 | HETR RN PR IS LR TS (S TR PP [ R TR R TE | 44 L T e R T T e b L LR 1S 1P 1V I
| “ Sy .--»-uuau«qqn-:ga:; oo O A IR MWV ewlala )
\ N - RYRERAW AW EL NP I - & TN ey YO ] lq-:«xq; >>>> ot (30 L S femiaf, €K w1t >:;->> () e L b o
. =0 4.!L.JLJ!;JL\J“§HH<HJ5.M“ Rl g -sxull:-lln“tH):.MIl <qul|.)|ll|~n—«.>
] M b A vets B I e e A e S R I R AT R AR I e T TP e o] tg N (R NI
T I - I - L e D0 : -~ o om| o 1] v—*—dﬂnq\r o~ -~ 11 bt peq o 23 o)
- - V| xan Qe D TN ettt Ot om S bt ] IO O T e et
- (WIS} ¥ Y PR T F T2 SR SRS A P Dt LT LRI 3 LR IS S TR L ----n— TR RS |
| : Ta , I R PO - W T E Y T TRV S Iy e I AN T I ol s e N L T ¢
! < (- 7% [ VIR T PO LA TR T S | F WS B, ¥ 'S Hnmwocamub-azlltkr:)a.wHHQ:),-ulub-q.z
‘ (o z;; ; O OV PO T E O KA Y b b h-u-u-lt-wmmc::-mu,n:xcmv-'-o-o-}mommﬁmum
. ] Pl |
« l , M . il * 4
i €y W\ k WO .} ~N N
H 4 4 ~4 4 0y L I 4 ™ 2z
: : 3 B N : j N N +
K . ¥
. o deo o LBOLOLW ; i | . :
» \ ] k)
‘ v ; ! ' ! : i : P i
r 3w ! : I | : i o ' |
- = l | : | : l ! R
) , ; , g : ‘
i NthJdNM:UVQ O 0 QVES = M2 U0 O P OO D ety ) :m\ahmodl:) AOIMEIPUND Pl OV <IN M SO D D i (N MY
) . VWA WO -0 O VD 1\ 00 thhﬁhhor-r-{hhmmmmmmmmwwm (NMM:N» P ONR O N OO ORI b ot =t
. l _ : ' . f R I 2 P for P iy B v NP RO D RO
: ) f” T ]~ ) ; : I ‘ | N ! '
. ! - ! % ‘ | i
s | fdoida L.., B t e e o ] ~ !
; P , i
! 8-2
i
e 3- 94
R '

S

B A T

o

i




e S

|

T e W

s memmaany

o

o v

e e

EEw peret

k3
TR S * T S— !‘r ““_w'\: TR amEs pe e we LR XY - oy
] SRR ; : T : ‘ ] | i .,.‘....T_
. ! i | : . ! i R
. : ' : : : i i
] P 1 ' 1 ! ‘ L '
! i ' ' ) :
. % s } }. N .
v . H ' i [
' l : ' ! i ) ' i
1 N 3 *
| [ ' H . g
! " Bl l : . ]
| R ¥ i i
B | L Lo
! . ¢ [ ! 2N
: H i ' ‘ ! ! ; {
' i : : * P
! . s ! ‘ ! i D
| | I
. ; . : : :
! ! P : :
R 1 b ¥ i . ¢ H
i ; bee ' ! ' *
| : " i ; .
! . 5 . :
N ] Xl \ W. ' " ! { % . |
. 1 H . 3 1 !
i ; - \ ! w 3 i
: ) il : : A ' :
i j (ST i : Q >
! tanl"2] ¥ 12 '
1 b= e ! > 1 B
i an ; -
) Q “ {Ty
P i i . -] et
>4 , d »
N mwn 4 a 7] ‘
. =f L o S 'S ‘
! il W » tad
. O : . - v
) o ; o o, e p
; 4.9 ! : - L ' ‘,
H . e [ ! N - ! i | €3
AL €y : ; e n ! :
; . ~ Nt =E . o ! : e i :
. : -~ w [ - | > faaes :
o ; : N~ e ‘ : i i | 3
- . ! - [ -~ 5 Lily e - ol L . :
r ; ;- ~t 1) O | "o N (=] 4 5
3 : M o oz {7 Y, | «< al. = A > . 1
- . : - w. - - > g e X o> Q S i 1
» 4 -~ L 1% LID- - e e m -3 - ;
- L . -~ > aim I A= Qi X -~ *[ > | - 2> - |
& > s QD e MDD ZE O o> o VIV ‘& ~
] 1 RO ﬁ SL) MG DNV ee | = m & ! am= ™
R) . e~ ¥ R Y 1Y e R O W B R T I O =T U SR
L4 P~ T e il B el eiaia P = 3 . aald O ] e < > "1 ) L <3
—~em@ON i N Fee G OO o4 4O NN = L b Ll 8 o>
¥ 0 dMe T~ B OO ol il NWONY) U ] e 2 D XM A e o'
R, el C) ¢+ 44 -1 e Q. SDIDTZ L) | oA @ A =W =
(SR IR W1 pmseey 4Ly O Ak 4 i V) &= O ) - . e -~
I i ird™ [ @ e [ TR 2T . d a H Ve Q 4
umv-«N"J Preidsdcdulme CIOVCA"D 42) Mdum VLY ‘J w»oearded LY 1M b ed R 4 1) -y
Qi e0 JUO0  ecdain b JAl «O0OIQ LI e 82 M) LY L) K b i) & e
q—-—a>>>> floaL si L e t—\ﬂ>>>> -tll e Lol ettt L = e Q) =) D e
=mi -£<<O||>||u«H:;.:mudququn—-Hn QI OO~ o b N @ > TS W
q« 1un'non'u APV Z T ey Fers U ey ey T R L ™ B R LT
NE - e D, NTL e gf o~ o ey e e (3 U) - b X EX e 1k
BN A O m o e (10 XDttt Lty 11T g g (1) D i A o Y, T P ]
BCIEN Ll d  a T I L 2R R I IS MES R TIFE R LTS FIR T e NI e T2 D e wded D)
ulr\ Q. t=dii N . A L) b I D OO0 Ot F ' e & A X ™ -
HE OMLVMHMOOUDIWUFRQLNHLQAIH400 2=C LD AMD>>00 O O3 & « Q a4 O oOu
MO OO S FOEX QO OO E MO ke X RN O O = O O VY « S
, 0 o r~ 1 -~ o 0 a
i SN 1 W £IM ) m rey ! ! >
H i . S ) s §
{ ' ; ’ QUL S35 VLo VUL LU ;
! ; : : { i - . ]
i . : I . '
; ) * ; [ i : *
; ; ' : ! ! ! ’ !
'4MON&OQﬂchWQFWOQﬁNMaﬂQNQOOﬁNM:mahmwuﬁNMJmaﬁﬂOOnNM3MONQQQ
ot ettt ot CYOE L NS IO MY P MY ) P Msv;:a:::::nmmmtﬂmmm [T RV-TV. BV, N BV RE- TV, Q¥ IV TN
edr trededs fedededed s qemd gy drdicdedrd vl rmdie d-«-«-o HPQ;«‘PCN—QﬂﬁﬂvaOv-clr-dv-‘rwjﬂdv-drh Mrdﬁv-{wv-uc,u-dpgro- 104
‘ : ; ! ‘ : : o
. * i i K
! v . ¥ : ¥ k
! l Y i i f ‘ . 1
| : P ' i i H i 3
-‘-.-_j L pimen i 1 bk & ' l .
-




i

.ﬁﬂﬂﬂ.f
I i
W N - TT e e e CTITHTIS S UTY IS TYTA6IAYSSOY I YWY T T TTIEEY T
: (L) 3%~ A AX=SXY 523
[+ SEEArY . . Coo o EUREDS)IVARI S(L1DS 522
e e e e o e e e et L EE)ISSEITISSINA0IX TS0 3 1) | — o mmu o
: I7IS HYININY INZIYAIY " 19dh03 3 222
: (£1135°(0T125ILIvA 1) 12
i . _ e o LACTISS LT IAALANNCOZ) I5IACH DY e LSS
i : o YT TR
: | WI1SAS C3INIIA D1 ¥IYD dALAY W4 4SHWAL w m«m
b e o e e e e GC2IIS*LIIOAL LTI MWW ¥ T SIS
¢ (I35 r13c09 X 1D T m“w
: O3INITA 0L 13541 AUYWIND ~ INAWO3 w £12
e —m . — e e et e e S S ) e
. . E (Z7X2%(6TITISg7 + J 112
. . _ (Z/Aks19)4 $)S3IY+(2/AX*12) 3505 ¥=1%x32 i) o
: : (2/12%18)231537 » I 602
N e (2724208 )3S)STY+ITZ7AXATITIISIST Y=L XA S -1 ¢
, (TSI (ET IS Ne W 1393 Lce
X T(0T13S*0AL) IS0 X 17v2 5 mmm
e W31SAS YD 114G OINI 133CEN C3IMITA 10 SNOTSNIHTQ Wy 4STIWHL wi, o3
) ’ (Zo4(E)AALAE + Z3U2IALAY + 2e2(T) IALAYI LY STTVHA ) | mmw !
o e o LUZ)dALAE () d ALA¥IZN? L¥=IHd . gez
({I7S01X)5027 =VI3HL , ‘MMM
. tC123A SO IVYNI2Y CNVY  STXY 1vIT1d4C A¥VHING N3=I133 379HY ° IN4R2D 3 %MM
TSI T ST s s s A0 KEYAIHETNY STTHIASTYITA I N HE3130 ,i.w;, s61
LETISTILS(TIIZILIN A 12V) £6T
CCTII5°0T150IX4€1)S002)5505 3 w2 26
((Sysz ™l asyiTan 173 M 15 Sl
(01258 6944501X)1550% 3 1w 2 Jel
(S2IXSIALAAILIINA T1IVD ; wmw
T TS Tt T NTSTEC I3STYT KHYRTEL Ly NIOTED HITN ZHVEY 5D 107 HITADI w - wmm
. , 3 ¢71
T)1D5¢ (1) dALAY= (T DAY IAY  5h het
- . - o - h il Sl - B T St + 73 arni
.N.gq).uu ALHSLTILNAC 37D 5 282
((1)1°dS1 241N W 32 > 083
U ] L. BT L0dS1t0d1x 3. A1 -
e g S zomqumnumzth huwumo AYYWIY¥S 0L A¥VONO IS = 1 w m»m i
- ) e - nnupcz I¥ITLd0 ABYHIXd 0L $35440 QINIIA 2 INJKGI w » msm ;
A ST . 3. D AtYHI¥d 01 235440 QINIIA = oo Lo 3
(L3)dALAYITIIS ' OdIINAXH 1°WD 3 NMM
193I1dC NI JALAT *w315A% 1VIT1d0 31 Ha 35%1%dl wt 2Ls
- - ~ 4 P SOy TG S NOp s - 68 N S s o $, ‘|'.'c|. !'IC.\T St g L “h” “
; ‘ !
i , S “ ;
| . _ R . B
i T T N A
i

mwmw
~E
T}
=3
o
2
O
<t
L []
oqm ™M

R S Dttt onisre

P ik

i

o e S

T Fui

e




" N il ————y - o
+ ¥
*
¥ ¥ ™ . ARSI 1 L o ”
‘ ‘ . i g ey " e ey m
e T } [ s " i i . I
z i H ! ¥ H ] ooy
! 1 ¢ H i { 1 l
] i } ] : ; !
<. } 1 . \ ; : : 1 . i
R . ' ¥
! ¢ ! : 5 ' * : y § " ! : :
( o x lﬁ : 5 i « % ’
E ! I ! i |

§ ¢ 1 | x i

{ i ' b { ¥ :

b 1 . 1 : - H
i 3 % ® ' b H k ;;‘ H
i i : ] : HE i

! 1 - : S T
) v P ! i i

| : o i ' . i l 1
H ! - t . ; | 1
1 - | . ! ] N H

w . { i : i

j‘ 3 - i s . E t i '

: ; -~ H i H ' !

I ! N I .

l “» ' i H v—d R ¥

; : a. i ! . H>o>> ¢ d

: ; - : i - o : s

H i (=] ) Hzzz | , ‘ ,
H ! l i . : ! N oo oo : ‘ g
i s N N . . : > ON® ' . :
5 ’ ! \ >, . ! U e : '
N i y b o : t NN + i ‘
I ] ¢ (T , * H o a» ! ‘
| : . - : QWD i ‘
! ; i [ ] [aY] . 3 * 7_)~ovu H 3
| b o b " s : W W e
Pe + . - e O b o ! H
! HETY - X ~— O o
i 14 N . N DI 1~ ~
(8 W ) ; o TP TR~ ! i
! v P e - . i IR ik Mot dhad L, . J
! -3 | LA X . N ' Ua DNMNMXn-I - 1
- 1 R OO - #0 e 00N 8%
- P e - e oy o <3 - lalndt Ly Jo BLY Fel E
3 - T ¥ 5 L] - (o - oldulue N » i -
- ; &% ey CLIIVILLD it d -~ W Q3% s 0 ela, we : ! )
O P ow e »rHou R YL I U0 e oy !
v ™ TR ) ~ : W) (8] ~~ wu s 0 o n Q 1 '
= | a alnon stden's 2 L o T R IV | .-omnn.-q ' i ;
-~ g A L DL F4 ) | e~ ee Wy LY ] — Z2z0 > ‘ -~ .
) o P Vot s flae - reenes . ~l X1y - o‘..'qq.....ﬁ.) i - =
- & e TN Coad M o U @ A e g e 0 Ol e 4
U | M mMESS =OdZO W R . L T A -~ WL T AT - i
. I o o b D mthd X £ O | wwrdrdom .ot 3F el 2 X g
R | - Yulile o i) e W L5 TORSTH BN [N Prr 4 L = AURCE S T RN
o e~ L)L) L e | D, )8 B di resdft A e ) Qb g B wd b T *
Q"""‘ - .8 et ] S IR TS Pt SRR S RS RS I LUTO o FUIEVIVILY =G, ® 0 e M W e a
(M X N G QNN W L (VIS Yo 2 o o o3 g e 2 2O ipm em E
T e B > - ~ O A gy em gy =) IV DO D N e
ULOULY > =k=WWw NN T D b= P30 mem) MU e = ool AE -
A, Selalt e ys i Hb i S A A Y e atetas il et =0
P e X T N R D Qe we it Z g M‘)ov“)UﬁT‘)z L. aqQ - ._ LIS B i L
L) 4 - . oI AR £ ud WA w g o o0 L)) el B2 ) "t L -
r& LY« Sl 1 em YL g e s Y U VD s v-wu—n‘..v..- PR AN e o s [ 8 ) ~
LB L ZEAVA T NS MM O Mes e 'tlv-n-xr-a.n.o.mg VUMMM (1 e =1l
200> Z agamy] | LOURN T L LSO NS IS IZE Oe J D BN IO
R B L T ST R o] o [N e ¥y s L I W, LW [y ) (S "““"u‘.u.u-u.-' bl Lol IV B4
Sfmons X oagil N g & D m::n: :a-cz...‘mux::o.:zzwnxmz.:m-o—to-z,.lz.m .20
> o & PN OTlhltad 2 N Q<K+ 00~ P mut..l::umww<<<~ LT o
Fln.;m; w WD L~ ddilis . 2 ')J..JJH'.)L.JHMH..J.JHJJJu.—JJJJ Fo P TR YO AT, BN | )
am,.l-.q e PP el P Ow '@ MNPo P =) IO AP AT wd P X EE T Z2 ) *
P AN W T el OO Uil waddAd i€ OOV €A C LN e DD QOO LD <O
i ViaUa O TEST >  Jieidsfil AT Huuucwmqamuu<u::>s.JH;HH-ou.Luu.umuu e
s ) t 3
: ? ‘e o - 0 ' A
! -9 w3 DD s a0
: ’ -t poo v . NN N )
i I . WL J : oW,
A ' o * |
: : i . g
; ; ¥ 1 H 1 o i
] £ h y -

i | " i » ! ' P i
mo.mug;«z:yzghmmdn:ﬂm:u’:cr~m¢~u~~mamm~wo«o~mmsm~m~ o‘u—-cmm:rmar-a:c»w—ommﬁ k
NCIMM I INMMM MM TP T P T 2T 22 IO U VIO U OO O \0 0 0D O DD PP i P e P P e e ]
Cdrdvdedi NNN J 003 auu»umuw mum-u‘quumu ICP SCRCICITICICITIC Iy NnmuumnﬂumuJNM I ;

‘ : | . } 4 : .
| ‘ : i g | * ; j %
[ » i 1 i ' v 4 L
3 3 : ; HI : i ' i E
: b l ; | | | ! ! 1~ : : S ti
LS IR ISP SERS S b e e d
— (‘——"

- e .
B-5 SRE
3-97 B




R ST L ORI

vy *
4 “ R Ferm: ERwa 7 *t s i S 4 A o e grew PR,
5 gt 60 e . i i e e
S & & N ; x ¥ i ! .
i ) : H ; N :
- s s ' % ? g - } &
P, 1 H . 3 : . ¥
: ! ' . ; : |
L’ i ! i : : ! : ' -
: P, : : ‘ .
. ! i N % 5 I 5
y i B M
¢ H . g : s l i
4 " : ! I : H
} :x i . s ) i ' 1
5 | X i i ’ 1
1 . * d
‘ i ' i b ; ! ' ;
i + ' I : M 1 ¢
ol ‘ " > v s +
" N - : H ¥
i.,:— ! : ! : , i !
' ) ' x . H ~{ : H
l' i * ot o ¥ " '
! W - X . . i
' o n i i .
F %) > - i
[ L > v P . i . :
! v | : |
l : > b 4 :
, { , = o P | s
§ - [« ] (L) .
| ' P (LT x H ¥
' ! < ! - ' :
i ; 1 - - I ‘
, H ; t . bt
: ! | E W ; o H .
) i H X ' e lad ., = Pt . ;
| 1 ‘ Q - T < i i |
] 1 . > > < [ i . i ‘
i i } -l - z Ly . o E : t |
, o | ~ il x v i 1
i (= . 9 > W - NV i ‘
y P (5 - > 1 -~ ] : [ ¥ ]
| let - %= o) i T w 1
| P, - - . =] wl Q@1 - - Q= :
’ ! O - 0 2 -~ 2 W) ~l wy |
- (P2 un > - ] ‘s o ) - WY - v y
, f - ) a T ld © Woe s X L e ol
\ -~ - n - » ) L R T T BT L e ’
| i HETI - o () -~ 2 mmrdengd (L b 1o g :
| -y~ - o F3 Lo BV -~ ro s, qlu s A [l d
; N T ] U LI NG B T B VR 10 v W R & i !
: ' S edse ey b= -t -~ e Q. el T o ™ | !
L _jo & x et N ) QL0 sy k-] . |
| sLapdlE X 2 ST Y V) BV, | BN e~ d Wl Lved T8 f
Vv e W P e D2 IR R T WS Y S TR P ikd | Vo i §
fimdeemaid € S WAL O 4 o~ | ~E - ) (G2 o ! j
(v et w (V] D> ee 2 NN O | A e W [l ' g
/ HE P N Y > L g mbme 2 peilemedbe O D - + :
. ,-4:--0,>-4’ d [ Rl - Ll ad nd U & [l . j
I R I G Lk e e e TR s | e ) v () T TR 1 Yo T30 RE -t t :
' et ® EoL T I SRR Lo BRTRICTE D The BERC I AR | 1O O uda i SN I TS T8 [P St S Y T3 T) |
| ; . S Y I I O e S | aw YUY g WY O TN 1% P05 LN TSe B azs e ’,
L)sey) e la.iiale elels L Ll N R N L B TS T T I R T S S | 3 |
b i dwn—un—-, o ddd ddddded X O NW=E ) U D w20 & | ;j i i )
x i HOMO P (W MMM NXI Iy @ e ! S o fom L LIl haton L] (X1 X1 ‘ i
) ; L DErERvAT- e R e R R AT 3 g . RS ¢ RSN W | i L R IV ¥ i
i mMUODLD K memmmmmmmmn L, WHEZD k= Ol = Q4 EDOX 1100 = ¢ D u.}z : 1
T 4 ¢t AMNMIUHONO N M-~ D Qu> O e QUx 0 D Wwe :
: o)A W) e erenstrsesie . O LA g G fiFed te VG dudibee St A S leed oded X : %
‘ : w iddd T O EEIuII»m o« - gl eelded ¥ ok sod wdbmes Uuf bt A b b ‘
i wd L L O deded Jdud dedd X 0O D =T QO DWIL=T TGO O D <t . { ;
INCICICILT € b bmbebmpakepe = OINQOW O Q=6 O OVLAMRAL> U Q> WXL M ' :
i : : : ! i 3 i
4 Wy s ‘ o ~ ;
r i 3 . 14 & : Iy a :
| : " ; 5 b ES < i
| L : L STSTE} ST3TS] LOO LVOUL v o ) :
' k : i : ., ' V.,
', § i 1 : : > .
, S : . : R
‘, i ¢ 4 i i ‘ [+ 4 i
: WO QNI WD a) i O OMD = NM F IO = DN N M 3 UVO P00 LI (M O © N EAHNMFS 0
“?m.ximenm'ommo«mofn MV I I I CITILICI D oot vt 1t 6ot g et d it NN (NN D0 O CIMY Y P R P Y - :
IR I T L T I T IO o X o O IO L A U ¥ e B IO L T F e EOS YRR T o L R F O Y T E o T TR SR IR YR L B R IO T I R TR T S T L TR Y TR Ira |
t ) ; x ;
. i : Ey . 1
QR ; a
ST " ! POOR gy B I§ | :
s FTe : Y : AIJ?‘” ’
B-6
3-98 :
N e TR TR e —— e ——— S




( SGN
Function SGN (WORD)

SGN returns a 1 if WORD is positive, a 0 if WORD is 0, and a -1 if WORD is
negative.

SIG
Function SIG (WORD1, WORD2, NSDIG)

SIG returns a 0 if WORD1 is equal to WORD2 to NSDIG significant digits, a 1 if
WORD1 is greater than WORD2 in NSDIG significant digits, and a -1 otherwise.

SIGNM %
Function SIGNM (WORD) | /
SIGNM returns a 1 if WORD is positive or 0, and a -1 if WORD is negative.
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3.5 PLOTTER ROUTINES

These routines process data from a SOAP simulation and cause plots to be
generated. In general, they read and rearrange the data stored on logical
unit 20 (and possibly 29) and create the calls to plotting utility routines
which will do the actual point-by-point plotting. The plots which can be
generated from a given simulation ¢an include only that data specified upon
preprocessing, Other information will not be saved in the appropriate form.
Typically, the user will neither modify nor directly call these routines. It
is only necessary to supply the proper plotting instruction cards (see section

2) and to execute the available code.

Routines described in this section are:

AXIS FSPLOT NULINE PLMAIN ~ PRPLOT  SCALIE SYMBOL
ENDFLE  LINCNT NUMBER  PLOT QUIKML  SKPFLE TREAD
FACTOR  MINMAX PACK PLOTS SCALE SPMAIN WHERE
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AXIS
Subroutine AXIS (XP, YP, IBCD, +NCHAR, AXLEN, ANG, FIRSTV, DELTAV)

AXIS is a CalComp subroutine which draws the graph axes, draws tic marks each
inch, writes the value at each tic mark, and then labels the axes. AXIS calls
NUMBER, PLOT, and SYMBOL.

XP, YP are the coordinates, in inches, of the axis starting point.
IBCD is the Titeral title.

NCHAR defines number of characters and position of 1BCD.

AXLEN is axis length in inches.
ANG is number of degrees from X axis.

FIRSTV is the starting value of first tic mark.

DELTAV is number of data units/inch of axis. )
ENDFLE , | o

Subroutine ENDFLE (NLU)
ENDFLE writes a coded end-of-file on a specified logical unit, NLU.

FACTOR
Subroutine FACTOR (FACT)

FACTOR is an entry point in the CalComp plot package which allows the user to
scale up or down the entire plot. FACT is the scale factor applied to the
plot. A value of 2.0 doubles the plot size. A value of 1.0 is the default
value. :
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?

i FSPLOT

},

13 Subroutine FSPLOT (NLU, NPLOTS, NWOR)

¥ ,

% FSPLOT contains most of the logic of the production plotter, FSPLOT is called
;; by PLMAIN where NLU is the input logical unit and NWOR is the number of plot

variables. NPLOTS is a dummy argument, required in the argument 1ist but
currently not used, FSPLOT first skips to the correct data file. FSPLOT

! then reads in plot request cards until either 10 cards or 10 different

[ parameters are obtained. These variables to be plotted are then read into

: core. A large loop is then started to produce the requested plots. PRPLOT

: is used for printer plots while QUIKML is used for SD-4060 plots. For CalComp

Y

plots, PLOTS, PLOT, SCALE (or SCALIE), AXIS, SYMBOL, and LINE are used. After
all plot requests are processed, control is returned to PLMAIN,

LINCNT

p Subroutine LINCNT sets the top and bottom page margins to nonstandard UNIVAC
values for accommodating SOAP page plots.

MRS

MINMAX
Subroutine MINMAX (A1, K, AMIN, AMAX)

MINMAX defines the minimum, AMIN, and maximum, AMAX, of an array of K numbers
beginning with Al.

T NN

NULINE

Subroutine NULINE (XA, YA, NPTS, INC, LN, 1Q,T)

NULINE, a CalComp routine, is called to plot the actual data, one line or plot
at a time, using subroutines WHERE, SYMBOL, and PLOT.

XA and YA are data arrays.

NPTS is number of points.
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INC 1s frequency of plotted data.
LN describes type of line.
1Q.1s the CalComp integer equivaient of the desired symboi.

T 1s the array of angles by which symbols IQ are to be rotated,

NUMBER
Subroutine NUMBER (XP, YP, HT, FPN, ANG, NDEC)

NUMBER is a CalComp routine which translates numbers to BCD and writes them
on a graph (using SYMBOL).

XP and YP are coordinates in inches from lower left corner.
HT is height in inches of the plotted number.
FPN is‘the floating point number

ANG is the angle from the X axis.

NDEC is number of decimal digits for output.

PACK

Subroutine PACK (WORD, CHAR, IPOS)

Pack is called by PRPLOT to pack the BCD word WORD, where CHAR indicates the
direction of shift of IPOS characters. |
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PLMAIN

PLMAIN is the main program of the absolute element PLOTER used in execution
of the production plotter. PLMAIN is a small driver program which uses

i PLMAIN first reads a plotter control

If it is on tape, the data is trans-
ferred to a high speed drum unit to speed up the data reading. FSPLOT is

then called for the actual plots. When control returns to PLMAIN, another
control card is read if specified and the process described above is repeated.
After all control cards are read, PLOT is called to terminate the CalComp

FSPLOT to produce the desired plots.
card to determine where the data is.

plot tape.

PLOT
Subroutine PLOT (XP, YP, +IP)

PLOT is a CalComp routine which generates and writes instructions on tape to

the CalComp hardware to produce the plots.

Instructions to PLOT include (1)

move the pen (with it down if IP = 2 or up if IP = 3) from the current
position to the position specified by XP and YP; (2) end the plot if
IP = -2 or -3 and move the pen to a new origin specified by XP and YP;

(3) end the plot tape if IP = 999,

PLOTS
Subroutine PLOTS (WORK, NLOC, LU)

PLOTS is an entry point in the PLOT subroutine called for initialization of
PLOT. WORK is the storage array name, NLOC is the size of the WORK array and
LU is the Togical unit on which the plot tape is to be mounted.
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PRPLOT

Subroutine PRPLOT (AX, AY, K, IH, IC, ITITLE, IOM)
PRPLOT is called by SPMAIN and FSPLOT to produce printer plots.

AX is the array of X values.
AY is a two-dimensional array containing Y values for all.curves in the frame.
K is the number of points in each curve.

IH is an array of characters for each curve.

.IC is the number of curves in the plot.

ITITLE is a title array.
IDM is the number of points in AX.

QUIKML
Subroutine QUIKML (+L, XMIN, XMAX, YMIN, YMAX, ISYM, BCDX, BCODY, NP, X, Y).
QUIKML is a UNIVAC 1110 routine used to produce SD-4060 microfilm plots.

L is the nunber of grids to be drawn on one frame. If L is negative, the
frame will be advanced,

XMIN, XMAX are minimum and maximum values of X array.
YMIN, YMAX are minimum and maximum values of Y array.
ISYM is the symbol to be used in plotting.

BCDX, BCDY are alphanumeric titles for the X and Y axes, respectively.,
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NP is the number of plot points.

X, Y are initial locations of X and' Y arrays.

SCALE :

Subroutine SCALE (X, S, N, K)

SCALE is a CalComp routine which defines a scale for a CalComp plot. SCALE -

defines the scale based on the desired plot size and the range of data such
that is easy to interpolate between divisions on the resultant scale.

X ie the data array to be scanned. An adjusted minimum value will be stored
in X (N*K + 1). An adjusted DX (maximum - minimum) will be stored in X

(N« K + K +1) '

S is the length over which data is to be plotted.

N is the number of data points in the X array.

K is the repeat cycle of a mixed array.

SCALIE
Subroutine SCALIE (X, S, N, K)

SCALIE is an alternate scale routine used with CalComp plofs which produces
larger plots than SCALE but less easy interpolation hetween divisions.

(1) is minimum value to be plotted.
X(2) is maximum value to be plotted.
X(3) is the output adjusted minimum value.
X(4) is the adjusted delta value per inch.

S is the maximum length of plot in inches.

N and K are dummy arguments.
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SKPFLE

Subroutine SKPFLE (NLU)
SKPFLE is used to skip a data file on a specified logical unit, NLU.

SPMAIN

SPMAIN is the main program of the absolute element SPDPLT used in execution

of the high speed plotter. To reduce execution time, SPMAIN plots data from
core instead of continually reading a data tape. To enable this, SPMAIN
restricts data tapes to 30 variables with 1350 points per variable per file.-
SPMAIN ignores additional data or parameters if either limitation is exceeded.
SPMAIN first reads a control card to find out where the data is and then brings
the data into core. If CalComp plots have been spucified, the maximum and
minimum for each varigble is determined, assuming that all will be plotted. A
large loop is then entered to produce the requested plots. For CalComp plots, ;
PLOTS, PLOT, SCALE (or SCALIE), AXIS, SYMBOL, and LINE are used. For printer
plots, the data to be plotted is reduced to 100 points or less corresponding
to the available page field width. PRPLOT is used for printer plots, if |
requested.

SYMBOL &
Subroutine SYMBOL (X, Y, HT, IBCD, ANG, N)

SYMBOL is a CalComp routine which will plot N alphanumeric characters, IBCD,
at a height of HV inches and angle of ANG degrees beginning at coordinates
specified by X and Y.
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TREAD , | e
Subroutine TREAD (NLU NW, MW, IP, IK, BUFF)
TREAD is used to read a data record, BUFF, from the input 4og1ca1 upit, NLU,
NW and MW are the first and last indices of the BUFF array.
IP is a parity indicator, '
IK is a read operation indicator. »
WHERE
Subroutine WHERE (X, Y, F)
WHERE is an entry point in the CalComp routine PLOT, WHERE is called by LINE
to define the current Ca]Comp pen position wheye x and Y are plot coordipates
and F is a scale factor. }
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{ 4. ENVIRONMENT MODELS

The Environment models serve to calculate the state vector (position,
attitude, and rate of change of each) of each vehicle. They support the
computation of forces and torques, the updating of mass properties, and

| the integration of the equation of motion. Environment models have a

| special position within the SOAP system since they allow input and ocutput

! through individual COMMON blocks with names which are known to the SOAP

‘ system, since they perform their computations in a monolithic block so

' that a1l parameters are updated at once, and since model specifications

(typically what number of vehicles) are made at the time of preprocessing

and at the time of mapping. Typically, Envirorment models are not scheduled.

it should be noted that default values, which occur in lieu of specification
of the Environment model at the preprocessing and mapping stages, will

result in the use of a dummy model and the function of that model will be
omitted. '
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4.1 ACTIVE VEHICLE

PROGRAM NAME

Single precision ACTVEH
Double precision AVEH/AVEHS50

PROGRAM DESCRIPTION

ACTVEH is a driver which calls active vehicle models for each free flier.
These models update the positicn and attitude of each vehicle. ACTYEH resets
the flag IPDYN in ENVCOM prior to calling each active vehicle. This flag
informs the vehicle models whether to update the dynamics derivatives (1inear
and angular accelerations), whether to update the active vehicle state, and in
which order to perform these actions. ACTVEH updates the active vehicle
internal times (AYTIM) to the update time required.

ACTVEH has no calling arguments and accepts no commands.

PROGRAM NAME

Single precision AVES24
AVES19

Double precision AVED19
AVED24
AVED242

The single- and double-precision versions of this model differ in the names of
some of the subroutines called but are otherwise the same in operation and
formulation. ’

PROGRAM DESCRIPTION

The active vehicle programs provide six-degree-of freedom simulations of a
rigid body vehicle in three-dimensional inertial space. The vehicle dynamics
use the forces aﬂd torques caused by firing jets of an Attitude Control

.." ™
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. Propulsion System (ACPS), which is modeled by the Reaction Control System
(RCS5). The gravitational acceleration of earth (GRAV model), the torque due
‘ to the gravity gradient (GGT model) and the aerodynamic forces and torques

| \‘ ( (AERO model) are used in the vehicle dynamics. Computation of the vehicle's
, - state vectors-is performed relative to a nonrotating orthogonal coordinate

f‘ {, system with the origin at the center of the earth (earth-centered inertial ?
; (ECI)). The rotational sequence used is roll, pitch, yaw. Each model is

| supported by a COMMON block (e.g., ACTVEC, ACTV1C, ACTV2C) and a hlock data
; routine which initializes the COMMON block.

MATH MODEL

The AVES24 program maintains the vehicle state vectors in ECI coordinates.
The contact forces and torques are in the vehicle body frame. By summing
these forces and torques, the contact acceleration of the vehicle is
calculated,

iR

v© Zfacs * Faero (1)
Tav = 2_ Tres * Taego | (2) é

; Ac = Eav/Mav (3)

ﬁ'ﬂ

- A

where
' F
T
M
AV
C
X A

i

Forces

1

Torque | |

Mass

Active vehicle

Contact

Acceleration
The torque due to the rotational rate of the vehicle, T,y » 1s calculated and ;
is combined with the torques due to the contact forces and with the torgues e i

produced by the gravity gradient, IGG’ calculate the vehicle angular
acceleration.
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where
wy is the vehicle angular velocity

f is the active I vehicle inertia tensor

The total acceleration (AJ) of the vehicle due to the contact forces and
torques and the vehicle inertia is calculated.

Br= B ¥ By x by tuyx By x o)

w, t o, (6)
The total acceleration of the body is transformed from the vehicle body frame to
the inertial frame and then sumned with the gravitatjonal accelerations, AG'

M -_.I
Ry = My Ap + A
where lv denotes inertial vehicle. The matrix IMV transforms from vehicle to
inertial reference.

A fourth-order Runge Kutta integrator (DIFEQS for single precision or DPDFQS
for double precision) is used to integrate E_to obtain R and R in ECI
coordinates. The time step used is either the active vehicle time step AVSTEP
(from ENVCOM), the difference in time required to bring the active vehicle
state up to the time required by the rest of the s1mulat1on, or TSTEP (passed
in ENVCOM), whichever is smaller.

The updated vehicle body rates, w,, are computed by integrating év using a
fourth-order Runge-Kutta integrator (DIFEQ for single precision or DPDFQ for
double precision). These updated body rates are than used to find the
derivative (DAMVI) of the vehicle-to-inertial attitude matrix (AMVI) via

0 -wy3 w2
DAWI = | wy 3 0 -wyq|AWI (7)
“Uv,2 o Wyl 0
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The updated vehicle-to-inertial-attitude matrix 1s computed by again
integrating, using DIFEQ or DPDFQ.

Once the updated attitude matrix has been computed, the Euler angles are found
using the Euler angle derivatives (obtained by a call to EULERD or DEULRD) to
compute a change in Euler angles (by a call to EULERE or DEULRE). The values
of the Euler angles are then updated by adding the changes computed. This
procedure requires a call to EXTRCT or DXTRCT.

The integration is repeated until the time assocjated with the vehicle state
equals the time requested.

The active vehicle models have two initialization passes during which the
inertial-to-vehicle attitude is initialized, its transpose is computed, and

initial values of the environmental forces and torques are computed.

The active vehicle models have no calling arguments and accept no commands.
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4.2 AERQ
AERO/AERO50

AERO is the driver routine which calls models of the aerodynamic force and
torque for each vehicle in the simulation sequentially. It has no calling
arguments and no COMMON block requirements. It is specified on the environ-

ment input cards (see section 2).

AERO/AER037

PRCGRAM DESCRIPTION

AERO37 models the aerodynamic forces and torques on an on-orbit vehicle., The
vehicle is approximated by three flat plates. In the case of the Space Shuttle
Orbiter (SS0), the aerodynamic characteristics modeled are for the 147/1408
approximation to the 140 A/B Space Shuttle Vehicle Crbiter (ref. 8). This
model includes a calculation to approximate the atmospheric density for the

1962 U.S. Standard Atmosphere (ref. 9).

MATH MODEL

AERO37 approximates an on-orbit aero model for the orbiter using the Newtonian
Impact Theory for a flat plate. For the orbit altitude range being considered,
the drag coefficient, Cp» 1s assumed constant. Further, at this altitude, the
1ift coefficient, C,, is zero, Therefore, torque on a vehicle can be approxi-
mated by modeling the vehicle as a combination of three flat plates and de-
termined from the drag forces acting on each plate (ref.10).

Calculation of the relative atmospheric density is dependent upon the geometric
altitude above mean sea level. For geometric altitudes greater than 500,000

feet, the equation is
. ; !
o = 0o * exp | - [24.2 + 00028897 - 2605./2] |

or for geometric altitudes from 280,000 to 500,000 feet,
Ps ='p° * exp % - [39.57 - 0.01044Z - 6955./2]1
e i .
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where

pg s the relative atmospheric density in polnds per cubic foot

Po is the afmgsphgr1c density at the earth's surTace in pounds per cubic
foot

Z is the geometric altitude in kilofeet

Then to convert the density to metric units, p = 16.01843 p, kilograms per
cubic meter.

The dynamic pressure, q, is defined by q = 0.5 pvﬁ newtons per square meter
where V_ is the magnitude of the inertial velocity in meters per second.

The aerodynamic forces, 5}, are calculated by
5} = g A1|k . TOITO newtons
Bé =Cp 9 Aglj . _;|E; newtons

55 = Cp q Alli Y;IT; newtons

where

R} is a vector nurmal to the true planform area having a magnitude (A1>
equal to the true planform area

Co is. the drag coefficient

T; is the unit vector of the inertial velocity vector

The vehicle axes with the origin at the vehicle center of mass are defined

Xv - Qut the nose
Yy - Out the right wing
Zv - Dowﬁ

-8
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The vector Ay is normal to an X-Y plane plate and in the direction of Z. The
R, is normal to the X-Z plane plate and in the direction of Y. The A, is
normal to a Y- plane plate and in the direction of X.

The origins are the cenfers of pressure of A‘. Az. and A3. respectively.
The torques, M, are calculated

My = F} X 5} newtons-meters
ﬁé = Fé X 5} newtons~meters
ﬁs = Fs X 55 newtons-meters

Where ;} is a position vector from the center of mass to the center of
pressure of A, in meters.

The total aero forces, 5}, and torques.~ﬁ}. (ignoring shading of one part of

_the vehicle by another) 1is

5} =3 5} = LGy ql(R} . i;)lf; newtons

ﬁ} =IF, X 5} newton-meters

INPUT/QUTPUT

This model has no calling arguments.

The fo]1ow1ngwgata input is required:

Locations of the centzr of pressure in the Fabrication frame. (Ekcpi)

Drag coefficient (CD)

Magnitudes of the true planform areas (A1, As»s A3)

A1l the above data can be changed using the SOAP data input scheme.

S
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Input from the active vehicle and mass properties common blocks is required,
AERO37 requires on each update from the active vehicle the following:

Inertial position vector (Rlv)
Inertial velocity vector (ﬁ}v)

Vehicle to inertial attitude transformation matrix (IMV)

Only on initialization of AER037 is information required from the mass prop-
erties common block. That is

Fabrication to vehicle pdsition vector (ﬁ%v)‘~

Fabrication to vehicle attitude transformation matrix (VMF)

The following 1ist gives the program mnemonic, location, and stored value of
these variables. | : |

Variable Symbol Location Description Value Units
Repc,  AERSTA(1) 7 Station locations of the 1111.6 iriches
1 AERSTA?Z% 8 center of pressure of Al 0.0
AERSTA(3 9 36350
Repe AERSTA(4) 10 Station locations of the 1064.4  inches
2 AERSTA§5; N center of pressure of A2 0.0
AERSTA(6 12 , : 414.4
R AERSTA(7) 13 Station locations of the 1300.0  inches
FPC3  AERSTA(8) 14 ‘center of pressure of "3 0.0
AERSTA(9) 15 . 406.3
~ ' . t
cD cD 16 . Coefficient of drag 2.0
Al Al ‘ 17 Magnitudes of the true 397.76 meter52
A2 A2 19 Planform areas 280.95

A3 A3 19 99,81

| f<:j -* E%) .




" R A e <

This information is used to compute F}. Ty and ¥y positions of the center of

b, pressure.

é e R - Rey) meters |
:/ | S ] F FCP] FV ~

a

i = .V —~ =

Jutput from AERO037 is

. Sum of the aero forces (5}) in newtons

-

Sum of the aero torques (M;) in' newtons-meters

Output of these forces and torques is optional and is controlled by an aero
prini control switch, AEROPC. When AEROPC is 0.0, AERO37 will not print.
Whein AEROPC is 1.0, the output parameters are printed at the specified delta
time contained in AERPDT. When AEROPC is 5.0, the output parameters are out-
/ put every time AER037 is updated. Starting the print at some time later in
the run can be accomplished by setting the desired start time in AEROPT. A1l
print is nominally turned off.

e

STORED VALUES

AER037 defines initial values for several parameters located in AEROC common,
which may be altered via input cards.

SOURCE

SR AER037 was developed from AERO18. .Improvements in AERO37 include calculations
; for three plates instead of two as described in reference 9, and calculation;
of the atmospheric density as defined in reference 8. ' g
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S VERSION AVAILABILITY : ' A

E Both single and double-precision versions of AER037 are available. Block Data

| routines (BDAERO) are also available to support them.

p

! |

7, PROGRAM VERIFICATION

e :

. The AERO37 model subroutine was verified in closed-loop SSFS simulation runs, a\g

i

’ é

| |

)

. }

l’ i

b

}

;

; E
()
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AER1

PROGRAM DESCRIPTION

& v 4 h,v',. «
‘m@gfa,w ke F-'g!::ovy 1,5%
"’-"‘\“‘,

AER1 computes forces and torques on a vehicle on orbit, using the same math
model employed by AER037; the only differences are in the 1n1t1a11iationlpass
and the input data. AER1 bypasses use of a fabrication frame, therefore plate
positions, normal vectors, and areas are input directly in vehicle body coordi-
nates. A1) input and output'is identical with that for AERO37 with the excep-
tion that ﬁ%v and VhF are not used.

[

VERSIONS
Both single and double-precision versions are available,
|

3
i
.
t

T T
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4.3 GRAVITY
GRAV2

PROGRAM DESCRIPTION

GRAV2 provides a gravity model for e¢arth orbital operations.,
Various degrees of fidelity in gravity calcujation can be
selected. For the lowest degree of fidelity, GRAVZ returns
the spherizzl earth gravity; whereas for the highest, GRAVZ
adds perturbations caused by the sun, the moon, and the
nonspherical nature of the earth., The user can select any
combination of the perturbations caused by the sun, the moon,
and the nonspherical nature of the earth to be added to the
spherical earth gravity (for example: nonspherical only).

MATH MODEL

Spherical gravity is calculated using

-u R
sp |§|3
where
C;p is the spherical earth gravitational acceleration.
Mg is the gravitational cons:tant of the earth.

is the position vector of the point at which
the gravitational acceleration is desived, in
earth-centered-inertiai (EC!) coordinates.
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The nonspherical earth perturbation includes up to the
fourth harmonic of the earth. 'The equation used is:

"

2
e f[FJ(Sx D1y 4 HS o 25(7x - 3) . gk(ﬁx - a - 9x?)
I%I° | £k

~q

FK « 28(dx - b)]
Lk

|
)

. [-ZFJ ¢ 25 ¢ HS(0.,6 = 3x) +

is the nonspherical gravity perturbation
is the gravitational constant of the earth

~

is the vehicle position vector in earth-centered
inertial (ECI) coordinates

is a constant relating to the nonsphericity of
the earth

3

is a constant relating to the nonsphericity of
the earth

is a constant relating to the nonsphericity of
the earth

is the z-component of the position vector R
is’ a constant equal to 0.4285714286

is a constant equal to 1.714285714

is 25%/|K|*

is a uniz vector in the I (R(3)) direction
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The sun perturbation acceleration is calculated using

-

W - - .
ES - T;rLTT (qr.‘ " Toy)

vs'
where
G, is the sun's gravitational perturbation

acceleration :

My is the gravitational constant of the sun
?;' is the vector from the vehicle to the sun
?;’ is the vector from the earth to the sun
T,, 1is the vector from the earth to the vehicle,

and q is defined:

[3 + X(3 + X)]

q..
‘ [1+X][(1 + X)% + /TFX]
where
= - = |2
¢ . T Ty T
o ENE
vs

The moon perturbation is the same as above with s sub-

s s g v

scripts changed to m and the position vectors reflecting

the moon's position instead of the sun's,

The units of the symbols in the preceding equaticns are
shown below.
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by i LG . S, PO T

Kk s




A complete discussion of the mathematical model appears in

R m a .
C;p m/sec? b’ -
Cy-g m/sec? x -
Ts | m/sec? z -
T, m/sec? T, M
Mq m?/sec? ?;' m
Mg m?/sec? T, m
Wy m3/sec? T,n m
FJ m? ?;m m
HS o3 q -
FX m4 X -
zS m

reference 11,

All measurements are made in the earth~centered-inertial

(ECI)

coordinate system,

INPUT/OUTPUT

GRAV2

whete
GTIME
Pos

GRVTY

is called with three calling arguments:

GTIME, TFos, GRVTY

is the current tine,

is the position at which the gravitational
acceleration is to be calculated,

is the gravitationsl accelsration vecter.
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GTIME and POS are input variables and GRVTY. is output,

JPERT, a flag located in cell number one of GRAVC COMMON,
is used to determine which perturbations (if any) are to be
added to the spherical earth gravity,

integer and can take on any value from 0 to 7,

JPERT is an octal

Each of the

three least significant bits of JPERT is a flag indicating
whether a particular perturbation is to be included in the
gravity computations as follows:

1st (least significant) bit

2nd bit
3rd bit

Nonspherical perturbation flag
Sun perturbaticn flag
Moon pertirbation flag

The quantities reflected in the calculation of GRVTY,
depending upon the value of JPERT, are shown below:

3rd 2nd lst
JPERT  (NOON)  (SUN)  (NONSPH)

0 0 0 0
1 0 0 ‘1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 ]
7 1 1 1

GRVTY Reflects

SPHER
SPHER
SPHER
SPHER
SPHER

SPHER

SPHER
SPHER

only

+

+

+

NONSPH
SUN
NONSPH + SUN

MOON

NONSPH + MOOM

SUN + MOON

NONSPH + SUN + MCON

where SPHER stands for "spherical" and NONSPH stands for

"nonspherical.”
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> Ty

¢
g‘ GRAV2 initially defines the value of JPERT equal to zero,
% This value may be changed by input if desired, On the
§ initialization pass GRAV2 extracts the perturbation flags
f from JPERT and stores them in GRAVC COMMON as follows:

GRAVC(2) Nonspherical perturbation flag
’& GRAVC(3)  Sun perturbation flag ‘
| GRAVC(4) - Moon perturbation flag

Mi)

GRAV2 does not alter the contents of cells GRAVC(2)-(4) after
initialization. Thus, if for any reason, the user desires to
alter JPERT after initialization, he must also alter locations
two through four of GRAVC to reflect the new value of JPERT,

— L p—

GRAV2 defines initial values (via DATA statements) for the
following common block variables:

h

; JPERT  FJ

V

| He HS
My FK
um

The initial values will appear in the COMMON Block Map
'section of the SSFS User's Guide. They may be changed by
input if desired,

.

GRAVZ calls one add;txonal subroutineg, POSSUM, to calculate

the position of the sun and moon when perturbations due to

those bodies are requested. Several versions of POSSUM exist. A1l of them
use tabulated data. Typically, they use positions 55 and following in GRAV
COMMON. )
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STORED VALUES

GRAV2 defines initial values for two local variables, a
and b , wused in the calculation of the gravity perturba-
tion dus to the nonspherical nature of the earth,

a = 0,4285714286
b = 1.714285714

COORDINATE SYSTEMS
GRAV2 uses the earth-centered-inertial (ECI) coordinate
system,

VERSIONS AVAILABLE

Single and double-precision versions of GRAV2 are available,

PROGRA!l VERIFICATION

Open-loop checkout of GRAVZ consisted of comparison runs
between GRAV2 and the gravity portion of the UNIVRS sub-
routine used on the AGC bit-by-bit simulator. Test cases
were run using the following inputs:

Test (for (for Time :
Case UNIVRS) GRAVZ) (Sec) Position Vector (meters)

1 o, 0 50.  6.4E+06, 7.5E+06, -7.0E+06

2 1. 7 50.  6.4E+06, 7.5E+06, -7,0E+06

3 0. 0 150. . -7.0E+06, 5.0E+07, 6.0E+06

s L 7 150.  -7.0E406, S.0E+07, §.0E+06

s o. 0 1000,  8.0E+06, 0.0, 0.0

6 1. 7 1000.  8.0E+06, 0.0, 0.0
4-21
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The results of the comparison are listed below,

k]

Test

Case Subroutine
1 GRAV2
UNIVRS
' 2 GRAV2
UNIVRS
3 GRAV2
UNIVRS
4 GRAVZ .
UNIVRS
5 GRAVZ
UNIVRS
6 GRAV2
UNIVRS

The avcve comparison verifies the correctness of the GRAV2

gravity model,

SOURCE

5

*

Gravitational Acceleration (maters/sec?)

«]1,4429556E+00,

-1,4425145E+00,

»1,4425145E+00,
3'12297975'02%
2.1229796E-02,
2.1231229E-02,
2.1231228£-02,

-6.2281439E+00,

«6,2281438E+00,

«6,2345735E00,

~6,2358783E+00,

+

-1,6909636E+90,
-1,59096368+00,
=1,6904477E+00,
=1.6963477E-00,
«1,5164141E-01,
~1,5164140E-01,
-1,35164534E-01,
-1.5164833E-01,
0.0,
0.9,
1.29225398-07,
V2922641E-07,

1.5782327E+00

1.6782326E+00

1,57917912+00

1.5791791E+C0
~1,81908969E-02
-1,319€968E-02
-1.8196672E-02
-1.3196671E-02

0.0

0.0
+1.0695097E-05
-1,0595097E-05

The GRAV2 math model has been extracted from the UNIVRS
subroutine of the AGC bit-by-bit simulator,
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4.4 GRAVITY GRADIENT
6aTI

PROGRAM DESCRIPTION

»

GGT1 models the generalized gravity gradient torque, which

is produced about the vchicle's center of mass by the earth's
gravitational acceleration acting on heterogeneous and
asymmetrical vehicles. A spherical ‘earth is used since the
torque produced due to the eath's oblateness is negligible, .

MATH MODEL

The gravity gradient torque components fT » T ,T ) about the
vehxcle reference axes are '

2 2
3 DD I, * DD I, = (D) - DL + DD (I, = 1,,)
---—-—‘-‘—- 2-2 B - :
|§|: Dybzlxy Dxnyly: (Dz 'Dz)lxz * DxD’(I:‘ Ix:)
: 2 _'n2 .
DD, *+ DD I = (D =D)L +DD (I, I.)
where u = earth's gravitaticnal constant [PS:EGC)
R = vehicle inertial position vector expressed
in the vehicle body frame [PS:R]
Iqq = elements of vehicle inertia tensor in the
vehicle center of gravity originated system.
[PS:VI]
fDq = direction cosines between the radius vector

R and the. vechicle body axes. ([PS:D]

The equations above use the negatisc pfoducfs of inéftia.
All calculatxons are made in the vehicle body frame. In:
the above [PS: ] 1nd1cates program symbol.

.
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INPUT/QUTPUT

GGT1 has two calling arguments.

R = inertial state vector expressed in vehicle body
coprdinates. (meters)

Ioq ™ vehicle inertia tensor (kg'ﬂz)

One additional parameter is required for input and is loca-
ted in locations 7 through 12 of the GGT1.

AM = gravity gradient torque axial multiplies {one
for each axis), which are used to scale or "
turn off the torque about a particular axis.
(nominally set to 1) ’

Output from GGT1 is
* T = gravity gradient torque [PS:GGT] (M-NT) about

’ the vehicle center of gravity (M-Nt). [PS:GGT]

VERSIONS AVAILARLE

Both single and double-precision versions are available.

PROGRAM VERIFICATION

The verification of GGT1 consisted of running several test
cases and making hand calculations. One test case was run
for a complete circular orbit to illustrate the values

obtained from GGT1. In all cases, the same inertia tensor !

was used.

4-26
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Lex  “Tay  “Tae 2725000.0 . -20000.0  -333000.0|
- - - - 0 Se 2
) ?vn ey L 20000.0  19883000.0 $000,0| slugs-ft
Tex  “Tay ~333000.0 5000.0 21495000,0
A spherical gravity was used and the initial inertial state

was defined using ?i
: . Ei‘v = 6600000.0, 0.0, 0.0 meters ‘
E V., = 0.0, 7770.0, 0.0 meters/second '
! In tﬂis’case, the GGT1 routine cdlculated the values in ' - é
F table 4-1 for the circular orbit of 5400 seconds, The GG |

| § Torque plot samples the Torque vector every 20 seconds.
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Run
Time (Sec)

0

600
1200
1800

" 2400
3000
3600
4200
4800
5400

GGT,
(NT-M)
- .06998861
3.11959702
-1.31008284
.17021475
-1,40059164
1,96025780

.05934277
- 84780970

-3.68393409
+43922012

oeT, -
(NT=M)

44,89743710

29,31005049
<45,24714470
-22,90914392

5.56837219
-27.64657974
- 3?77952236

49,77582121

22.61737800
-29,66196251
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TABLE 4-1.- GRAVITY GRADIENT TORQUE VECTOR

ccﬁiz
(NT-M)

-39.59090662
-24,70406365
25.18761992
47.49012947
39.47186518

- 3.82524449

5.13785291

© '35.36430979

27.02822924
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4,6 HORIZON SENSOR
HORIZ

Subroutine name: HORIZ1, HORIZ2
- PROGRAM DESCRIPTION

oA TRt e

b
y These routines model the performance of a Barnes Model 13-166-9, This apparatus
is pictured in the figure below. It senses pitch and roll at a frequency of

[ 12.5 Hz. If the vehicle is either pitched or rolled more than 5° from local
l vertical, the sensor output is 5°. No other inaccuracies are modeled. Yaw
i ‘ is not sensed.
|
&

K
}
% i
| N
Loy
|
|
|
' |
L
i %
| |
Figure 4-2.- Horizon scan configuration.
i ; MATH MODEL ' g

The horizon sensor model obtains a unit vector antiparallel to the local ~ i
vertical, ZLVM, by transforming RIV, the position vector of the vehicle in
inertial coordinates, to body coordinates via the transformation AMIV

ZLVM = AMIV - Unit (RIV) (1)

R
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The dot product of the body X vector with the local vertical vector gives
the cosine of the angle between the two, If pitch equals zero, this angle
should be 90°, For negative pitch, the angle is greater than zero, so the
pitch in degrees (PHS) is found to be

PHS = 90°- 185 + cos™h (zLum(1)) (2)

Similarly, for roll (RHS)

RHs = 90°- oz + cos™h (zLM(2)) (3)

If either pitch or roll exceeds 5° in magnitude, it is Timited to 5° and the
sign is retained.

This model has no calling arguments.

INPUT/OUTPUT
The symbol # denotes a vehicle number,

. COMMON COMMON
Prog. block block Description
symbol  1/0 name Jocation D’men. (units)
RIV I ACTV#C 1 Inertial to vehicle
position vector (m)
AMIV I ACTV#C 100 Inertial to vehicle
attitude transformation
matrix ;
LCBHS# I* LECCOM o 1 Horizon sensor COMMON
#=1 1348 block length
#=2 1406
IFGHS# I* ESHC 70 1 Horizon sensor on flag
1=o0n
2 = off

*Input required to use this model.
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.

| Prog.
RHS
“ PHS
. ZLVM
]

r

:

4

.

|

COMMCN COMMON
block block _
1/0 name location Dimen.
0 HS#C 1 1
0 HS#C 2 1
0 HS#C 3 3
4-34

Description
units

Ro11 angle (deg)

Pitch angle (deg)

Unit vector from origin
of ECI coordinates to

vehicle in the vehicle
body coordinate system.
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MASPRO

MASPRO s the mass properties driver, It calls mass properties routines MASPRP,
MASPR1- ... , etc. It maintains no clock and has no COMMON block, There are
no calling arguments.

MASPRP

PROGRAM DESCRIPTION

MASPR@ defines the mass properties of the Orbiter with an aft payload for
Operation Mission 2 (sortie). Values are chosen at pre-OMS deorbit burn as
in reference 1., The center of mass and vehicle inertia are held constant
while the mass can be decremented to model fuel consumption by the RCS

jets and main propulsion engines. The nominal mass properties represent the
Orbiter with a 32,000 pound payload. An optional mass properties data set
may be selected to represent the Orbiter with no payload.

MATH MODEL

Except for the change in mass, MASPRP performs all its calculations during
the initialization pass only.

The structural characteristicé of the Orbiter vehicle are defined in the
fabrication (F) coordinate frame. The location of the vehicle's center of
mass (X) frame and the body (V) frame are expressed in the fabrication frame.

This mass properties model calculates the position of the vehicle's center
of mass in the‘body frame.

Initial parameters are input to MASPRP via data statements in English units
and converted internally to th& MKS system.

The attitude of the vehicle (V) body frame in the fabrication (F) frame,

Rey ® (0.0, 180.0, 0.0) degrees ‘ (1)

is converted to radians tg define the fabrication to vehicle body frame
transformation matrix, V“_.
°F

4-35
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Vehicle's Center.of Mass (X) ) | ' ;J//'

A ‘r‘
\-Fabrication (F) Frame

The vectorf‘ﬁv is the position vector, expressed in the vehicle system,
from the origin of the vehicle coordinate system to the actual center of
gravity. The equation used to define ﬁ&x is

4

Rux '[V;F](Irx - R-FV) (@)

where

'§%x is the position * the vehicle's center of mass (X) in the fabrication

(F) coordinates.

and

i}v is the position of the vehicle's (V) body frame in the fabrication (F)

coordinates.

The inertia input is in fabrication coordinates and the product elements are
defined by pasitive integrals, However, the imertia tensor as used by the
vehicle routine is referenced to vehicle coordinates and the product ele-
ments are defined as negatjve integrals, Therefore, MASPRP performs the
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following two operations on the input inertia elements to get the output
inertia tensor:

1. Negates the product of 1nértia elements

2. Transforms from fabrication to vehicle coordinates,

:; . [v;F] Ir [v;E]T (3)

The inverse of the inertia tensor is calculated, completing the initial call.

On subsequent calls to MASPRP, the current Orbiter mass is computed as
follows: '

- - A 4
m ¥ My = Mpcs " S™MHRUST (4)
where

m is the current vehicle mass (kg)

M is the initial vehicle mass (kg)

Mocs is the total mass of RCS fuel consumed (kg)

AMrHRUST is the total mass of main propulsion engine fuel consumed (kg)
INPUT/QUTPUT | ' T

This mass properties model requires the following input parameters:
AVMASS - Active vehicle mass; input units are pohnds. which are converted to
kilograms for simulator calculations and output

RFX - Position of the center of mass (X) in the fabrication frame; input
~ units are inches, which are converted to meters for simulator calcu-
lations and output : ‘
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| RFV - Position of the vehicle (V) body frame in the fabrication (F) frame; -
| input units are inches, which are converted to meters for simuiator
‘ calculations and output

AFV - Attitude of the vehicle (V) bhody frame in the fabrication (F) frame;
input units are degrees which ars converted to radians for simulator i
calculations and output

AVINRT - Active vehicle inertia tensor, input as positive jntegrals in slugs- .
£t in the fabrication system. Converted to negative integrals in
kg-m2 in vehicle system for SOAP calculation and output

MPMAS - Mass properties model activity switch (nominally set to -1 for a
constant mass model)
NOLOAD - PAYLOAD selection switch, nominally set to O for 32,000 pound payload,

or input as nonzero for no payload
The above input parameters are initially input in English units and have been
defined using data statements. However, the internal system of units for
MASPR¢ is MKS. Payload independant values are as follows:

AFV = 0.0 rad (0,09
3.1415927 rad  (180.0°) (5)
0.0 rad  (0.0°)

MPMASS =1

Values for both nominal (with payload) and off-nominal (no payload) configu-
rations are given in the attached tables. - o

If a decremented vehicle mass is desired, i.e., to account for fuel burned by
the RCS and main propulsion systems, the model activity switch (ENVCOM loca-
tion 389) must be changed from -1 to +1. This is done by resetting MPMAS via
data input. ‘

The above data values were taken from reference-12. These values can be
changed by input %{f desired. Common block locations may be obtained from the ,
attached 1isting of the MASPRP common block. T
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The output from MASPR@ is:

Parameter Description

AVMASS Active vehicle mass

RVX CM Yocation in vehicle body frame
AVINRT - Active vehicle inertia tensor

AVINV Inverse of active vehicle inertia tensor
RFV Position of V in F

AMFV F to V attitude matrix

AFYV F to V attitude

RFX Position of CM in F

AVMAST Initial active vehicle mass

MASPR@ accepts no commands and has no calling arguments.

PROGRAM VERIFICATION
MASPRY has been verified by open laop checkout runs.
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MASPRS
PROGRAM DESCRIPTON

MATH MODEL

MASPRS defines tﬁe mass properties of the maneuverable television (MTV) or any
gas-fueled vehicle. The center of mass (CM), the vehicle inertia matrix, and
the mass are updated to model fuel consumption by the RCS jets.

MASPRS calculates a center of gravity (CG), an active vehicle inertia tensor,
and an active vehicle mass each time it is called. These calculations are
performed after setting their initial values to zero each time. This mass
properties model calculates the vehicle's CG position in the body frame.

Initial parameters are input to MASPRS via data statements in MKS units.
VEHICLE BODY

FRAME (MTV)
o e MAIN CAMERA RN
¢ Y | : |
‘ 1
Z

RVX is the positicn”vector of the CG expressed in the vehicle body coordinate
system, from the origin of the vehicle coordinate system to the actual CG.

The inertia input is in body frame coordinates and the off-diagonal (product)
elements are defined by negative integrals. The vehicle is broken into-
several subvehicles or pods, each with.its own inertia tensor, The mass of
each pod may change, but the relative magnitudes of the elements of the
inertia tensor of each pod remain the same. The initial inertia tensor
associated with each pod is also input and defined by the same integrals as in
the active vehicle inertia tensor. As the mass of each pod changes so daes -
its inertia tensor, thereby changing the entire active vehicle inertia '
tensor. Therefore MASPRS' performs two ¢oerations to obtain the output inertia
tensor: (1) Calculates current mass of each pod, and (2) Calculates current S
inertia tensor of each pod. | ?ﬂw§§ |
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A total vehicle inertia tensor is then found and the inverse of the inertia
tensor is calculated by a call to INVRSE.

Therefore, on each call to MASPRS the current inertia tensor and its inverse
are calculated.

The current vehicle mass is also computed as follows:

Mo=zM (1)

where Mp is the mass associated with each pod and

where Mpo is the initial mass associated with each pod and aMp g is the

mass of RCS fuel consumed by each pod.

The position of the vehicle CM is recomputed at every pass using

RVK = ¢ Mpéﬁﬁﬁb | (3)

where the vectors RVPQD are positiohs_of the pod CM in the vehicle body
frame. These positions are assumed to be unchanging although the mass
associated with each pod can change.

By convention, the pod with index 1 corresponds to those parts of the vehicle
which do not move, while pods 2 through 5 represent RCS fuel tanks.
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INPUT /OUTPUT
COMMON  COMMON

Prog. block block

Symbol  name location Dimen. Description (unit)

AVMASS  MASP#C ] Active vehicle mass (kg)

RVX MASP#C 2 3 Position of CM in vehicle system coor-
dinates (m)

AVINRT ~ MASP#C 5 9 Active vehicle inertial tensor, input
as negative integral in vehicle system
coordinates (kg-mz)

XMASO  MASP#C 23 5 Initial mass of each pod (kg)

RvPOD  MASP¥C 3,5 CM of each pod, in vehicle body frame
coordinates *

FUELUS  RCS#C 8 50 Total fuel used by each jet (kg) °

JETPOD  RCS#C 1133 50 - An array which identifies pod membership
of each RCS jet

INPUT

: COMMON  COMMON

Prog block block

Symbol  name location Dimen. Description (unit)

AINRT  MASP#C 43 9,5  Inertia tensor associated with each
pod (kg-mz)

QUTPUT

COMMON  COMMON

Prog block block ‘

Symbol  name location Dimen. Description (unit)

AVINV MASPIC 14 Inverse of active vehicle inertia

tensor (1/kg-m2)

MASPRS accepts no commands and has wo calling arguments.

R S AR ST
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The input/output for MASPRS/MEC is identical to that for MASPRS with the

following exceptions:

Description (units)

INPUT :

COMMON  COMMON
Prog. block block ,
symbol name location Dimen.
*RADGYR MASP#C 43 9,5
OBJVOL  MASP#C 95 1
SPHVOL  MASP#C 96 1

*RADGYR is defined as follows:

*

Radius of gyration squared associated
with each pod (m?) |

Volume of object (MEC without antenna)
(m®)

Volume of ( herical gas bottles (m3)

I
r%, - ——1-‘1
oML

where I is the moment of inertia and m is the mass of each pod

MASPRS/MEC

MASPRS/MEC is a mass property version similar in description to MASPRS except
for the following changes and assumptions:

a. Two spherical gas bottles, volumes stored in SPNVOL, and treated as POD #2

and POD #3

b. One antenna whose radius of gyration and mass is treated as POD #4,

(RADGYR(J,4), XMASS(4))

c. Rest of MEC is an object of volume 0BJVOL, which includes the gas bottle
veiume but not the antenna.
XMASS(1)), with the calculation for its radius of gyration using a

homogeneous body formula.

VERSIONS AVAILABLE

It is treated as POD #1, (RADGYR(J,1),

Both single- and double-precisioh versions of MASPRS are available. The
supporting routine BOMSP#C has both single- and double-precision versions, as
well as versions for several vehicles.
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4,8 REACTION CONTROL SYSTEM
RCS

This routine calls subroutines which model the forces and torques due to each
vehicle in the simulation, i.e., RCSO, RCS}, RSC2, ... It has no calling argu-
ments, input or output variables, or COMMON blocks.

RCSO

PROGRAM DESCRIPTION

The RCSO subroutine provides a dynamic model of 38 Attitude Control Propul-
sion System (ACPS) bipropellant primary thrusters (870-1b nominal vacuum
thrust) and six vernier thrusters (25-1b nominal vacuum thrust). These
thrusters are arranged as specified in references 13 and 14 for the Rockwell
International orbiter vehicle. Each of the 44 thrusters is individually con-
trolled and commanded. Each type of thruster, either primary or vernier, has
the same on-delays, off-delays, minimum impulse, specific impulse, total
impulse and fuel-losg-per-firing. The forces, torques, and fuel are calcu-
lated for each engine. The resultant forces and torques, including vacuum
impingement increments,- are calculated and filed for incorporation in the
vehicle's dynamics. The total fuel consumed is calculated and filed for
updating the vehicle's mass properties.

MATH MODEL

RSCO madels 38 ACPS engines of 870-1b thrust each and six vernier engines
of 25-1b thrust each, according to the June 1976 data given in referente‘15.
With appropriate input, RSCO can model up to 50 ACPS engines which have
constant thrust magnitude. Also, up to three different-size engines can be
modeled.

The force (Qi) direction (see fig. and table 4-I1) depends on the Jocation of

the engine on the vehicle. A1l engine locations are initially defined in the
fabrication (F) frame, from which the locations of the ACPS engines in the
vehicle's (V) body frame are calculated during initialization. Knowing the
vehicle's initial center of mass (X), the torques (54) of the engines can be
calculated,
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ﬁ Vehicle's Center
1 of Mass (X)

. i ACPS Engine

: (Ji) — . ‘ ' /1}

If the mass properties of the vehicle are constant, then the position (gyx) 1
of the vehicle's center of mass will be constant, and the torque(‘ﬁi)

calculated during initialization will be constant. If the mass properties
are not constant, then the ACPS engine torques and torque impingement incre-
ments are recalculated each update.

By, ~ V"F(ﬂm1 )
y; - (ﬂwi - Byx x Q)

The symbols in the above equations are defined below. The program symbol is
given in the brackets [ J. f

Rey - Position of the V body frame in the F frame [RFU

Ryy - Position of X in the V body frame [RVA]
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TABLE 4-11,- RCSO INTERNAL VALUES FOR JET SIZES, STATIONS, AND FORCES
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Fa‘) are given in the fabrication (F) frame,

R

2. RCS Jet Forces (gd),are given in the vehicle (V) frame. The forces

RCS Jet Stations

in inches.

1.

Note:

URIGINAL PAGE IS
OF POOR QUALITY

om the thruster attach point to the point of
4-49
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!
effective thrust due to nozzle scarfing effects.

RCS Jet Stations for all forward jets (JETPOD = 7) include the

shown do not include impingement increments.

distance 1

3.




[ e

VMF Transformation matrix from F frame to V frame
Rzy - Position (station) of the ith ACPS engine (9) in the F
frame refiled from RCSSTI [RCSSTA)]

'_R_\,J1 - Position of J in the V body frame [RcsPog

Q; - Force vector of the ith ACPS engine refiled in newtons from RCSFI
[RCSFOR]

N, - Torque'vector of the ith ACPS engine [RCSTOR]

i

Note: For the 14 main and two vernier jets in the forward jetpod, a distance
% [DISTL(I)] (see table 4-IIT) is added to R Rey.+ This is the distance

from the jet attach point to the effective thru‘st point as a result
of nozzle scarfing effects,

ki

TABLE 4-IIT.= DISTL

DISTL contains the distance (in inches) from the thruster attach point (RCSSTI)
to the effective thrust point for all forward RCS engines, the last six loca-
tions are for the verriiers, Jets 509, 510, 513, 514, 541, 542 include cant
angles (379),

JET

ID X Y Z

501 -22.88 , 0.0 , 0.0
502 '22088 y 0 0 ’ 0.0

503 '22.88 () 0 0 y 0;0

504 0.0 ,-15.28 , 0.0
505 0.0 ,-15.28, 0.0
506 0.0 , 0.0 , 16.22
507 0.0 , 0.0 , 15.80
508 0.0 , 0.0 , 16.22
509 0.0 ,-12.385,-16.436
510 6.0 ,-12.385,-16.436
511 0.0 ,15.28 , 0.0
512 .0 , 15.28 , 0.0
513 0.0 , 12.385,-16.436
514 0.0 , 12.385,-16.436
541 0.0 ,-11.976,-15,893
542 0.0 . 11.976,-15.893 R

e e N iall. .
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The fuel mass consumed by the firing of an engine is computed using a
variable specific impulse. This variable specific,impulse is a function of
the electrical pulse width (EPW), EPW is defined as

where

COMMANDON - Time at which the engine is commanded on (does not include an
om-delay)

(:OMMJXNDQFF - Time at which the engine is commanded off (does not include an
off-delay) : .

Since all commands received by RCSO include on and off delays, EPW is cal-
culated by RSO as '

EPW = TIMEgep - TIME, + DONOFF

where

TIMEy, = COMMAND,, + DELAY gy

TIMEger * COMMANDGC + DELAYqep

DONOFF = DELAYq, - PEEAYOFF

The symbols in the above equations are defined below with program symbd]s in
brackets. )

EPW - Electrical pulse width [EPW] |
TIMEg, - Time at which RCS engine actually fires [ONTIME(D)]

TIMEyer - Time at which RCS engine actually ceases firing [OFFTIME(I)]
DELAYy, - On-delay for type of engine {main or vernier)[RCSOND(J)]
DELAY,. - Off-delay for type of engine [ResoFD(d)]

DONOFF - Difference between on and off delays [0ONOFD(d)]
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If an upd
the mass

f’ﬁt AN
e

ate is requested at some point before an engine is turned off, then
consumed up to that point is calculated with EPW defined as

EPW = TIMEUP - TIMEON + DELAYON

where TIMEp = Time at which update is requested [AVTIME].

The fuel

where
IMPT
IMPS = f(

mass consumed by an engine firing is calculated as

IMP,.

AWWL’WQ*"mw

- (epu - DgLAY;N)tﬂa

EPW)

P—

The symbols in the above equations are defined below with program symbols in

brackets.

EMeueL

IMPT -
Moss -
TR -

Delta fuel mass consumed by an engine, this firing as of this
update [AFUEL] ' ’

Total impulse as a function of EPW [TIMP]

Variable specific impulse [SPI] as a function of EPW found by
evaluating a curve-fitted polynomial f(EPW)[SPITBL(K,J)](see

table 4-1V). For steady state firings, i.e., EPW > 1.0 second, the
variable specific impulse is set to its steady state value taken from
the input table SIMP. IMP¢ = SSIMPg [SsMsPI(K)]

Fuel loss per firing (dribble penalty, etc.) for each type of engine
(main or vernier) refiled in kg from FUELI [FUELOS(J)]

Total centerline vacuum thrust for each‘type of engine (main or
vernier), in kilograms [THRK(J)]
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TABLE 4-1V,- SPIMP

Variable specific impuise as a function of electrical pulse width for main and
vernier engines.

EPW (seconds) - 0.,04 0.6 0.32 0.52 0.64 0.80 0.88 1.00
Variable) Main 185.0 266.0 1279.0 285.0 286,5 288,0 288.5 289.0
specific

impulse ) Verniers 240.0 256.0 262.0 266.7 268.7 271.0 271.8 272.0

— —

The total fuel mass consumed by all engines is calculated as
MrueL " Mruer = MeLast, * Mo

where

MFUEL - Total fueJ mass consumed by all firings of all engines as of this
‘ update [SFUEL] '

MFLAST - Mass of fuel consumad by Jet i during this fwrwng prior to this
"7 update [FUELST(1)]

My, - Mass of fuel consumed by jet i for this firing as of this update
' [orueL]

The: total fuel mass consumed by each engine over all its firings is matn-
tained [FUEL(I)]. Total on-times for all engines [SONT] and for each engine
[RCSONT 1)] are also maintained.

In computing forces and moments for the aft main RCS engines, vacuum impinge-
ment effects are included (ref. 15). The aft RCS vacuum impingement force
increments (AN, aY, aA) (see table 4-V) are compbtbd using coefficients

(Np» Nyo N y) (see table 4- VI)initially defined in the F frame.

Ouring 1nitia11zat10n, these coefficients are convertes to the V framﬂ

and the force increments are calculated as

AN = N. « THR
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TABLE 4-V.- RCS FORCE IMPINGEMENT INCREMENT

g INewtons)
{.} JETPOD X-axis y-axis Z-axis
- 1 131.57839  321.20608 .00000
2 131.57839 -321.20608 .00000
3 638.54221 247.67698  1180.33559
4 638.54221 -247.67698  1180.33559
5 7.7399] ,00000 61.91924
6 7.7399 .00000 61.91924
7 .00000 - .00000 .00000
h

}
TABLE 4-VI.~ RCS FORCE PLUME IMPINGEMENT EFFECT COEFFIGIENTS
| |
i JETPOD X Y z (Fabrication frama)
- 1 -0.024  0.083 0.0
: 2 -0.034 -0.083 0.0
3 -0.165  0.064 -0.305

4 -0.165 -0.064  -0.305
% | s -0.002 0.0  -0.016
| 6 -0.002 0.0  -0.016
: 7 0.0 0.0 0.0
]
;
} th 3 5
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dA = NA « THR

The symbols used in the above equations are defined below with program symbols
in brackets.

AN - Normal component (along z-axis) of force increment [RCSFIl(J.B)]

oY - Side component (along y-axis) of force increment [RCSFII(J,2)]

8A - Axial component (along x-axis) of force increment [RCSFII(J,1)]

Ny - Norma? component of impingement force coefficient [RCSFII(J.B)] ]

-
1)

Y Side component of impingement force coefficient [RCSFII(J.Z)] ?!

Axial component of impingement force coefficient [RCSFII(J.])]

THR

Centerline vacuum thrust of aft RCS engine in newtons [THRN(1)] 4

Data for the aft RCS vacuum impingement moment coefficients (Nz’ Noe Nn)

(see table 4-VII) were derived separately and were initially defined in the
V frame, thus no conversion is necessary. During initialization, the
moment increments (ANl » AN aNn) (see table 4-VII!) are ca]culated’as

+ THR

AN 'N e A\
L ¢

2 AY

D

My * Ny * Ay THR
Ny = Ny e AAVGn - THR

where .

ANz - Roll component of_impingement moment increment»[RCSTII(I,])]

o N

aNm - Pitch component of impingement moment increment [RCSTII(I,Z)]
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TABLE 4-VII.- RCS TORQUE IMPINGEMENT INCREMENT

[Newton-meters]

-

JETPQD X-axis Y-axis Z-axis
1 . 2393.58603 -271.24019 -3308.55228
2 -2393.58603 -271.24019 3308.55228
3 -3447.64221 12399.55164 -1654.27614
4 3447.64221 12399.55164 1654.27614
5 614.86613 503.73178 -157.55011
6 -614.86613 503.73178 157.5501
7 .00000 ,00000 . 00000
E— i

Note: These forces and torques due to plume impingement effects a
directly to the forces and torques of each individual jet in the
appropriate jet pod.

re added .

TABLE 4-VIII.- RCS TORQUE PLUME IMPINGEMENT EFFECT COEFFICIENTS

JETPQD X Y z (Vehicle frame)

1 0.218 -0.007 -0.084

2 -0.218  -0.007  0.084

3 -0.314 0.320 -0.042

4 0.314  0.320  0.042

5 0.056  0.013  -0.004

6 -0.056  0.013  0.004

7 0.0 0.0 0.0
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ANn - Yaw component of impingement moment increment [BCSTII(I.B)]
N2 - Roll component of impingement moment coefficient [FCSIIT(X.])]
Nop  ° Pitch component of impingement moment coefficient [WSIIT(1,2)]
Nn - Yaw component of impingement moment coefficient [RCSIIT (1,3)]
Agg - Roll component of average moment arm for aft RCS engines (ARM(1)]
2
Aavg. - Pitch component of average moment arm for aft RCS engines [ARM(Z}]
VG,
Aave - Yaw component of average moment arm for aft RCS engines [ARM(3)]
" | ;’ |

Individual RCS nominal forces [RCSFI(J)] (without impingement effects) are
input via DATA cards and converted to newtons. Individual RCS nominal

torques [RCSTOR(J)] are calculated at initialization. Total forces [RRCSFI(J)]
and torques [RRCSTU(J)] for each jet are then computed as the sum of the jet's
nominal force or torque and the impingement force or torque increment. [t
should be noted that the values for the impingement-increments apply to one
jet, i.e., the increments are those created by the firing of one RCS aft main
engine, but they will always be equal for all the engines in a particular
group. Thus, these increments are calculated for groups but added to the
forces and moments of individual jets.

Total forces [SRCSF(I)] and total torques [SRCST(I)] generated by firing RCS
engines are the sums of individual forces and torques over all engines which
are on. If, during a simulation run, the mass properties of the vehicle
change, the moment arms, impingement moment increments, nominal moments and
the individual total moments are recalculated. '

-
*

It is possible to exclude the impingement effects from all force and moment
calculations by changing the input value of a flag called IMPFLG (Location
1225 in the RCS COMMON block). Normally, IMPFLG is defined as one and
impingement effects are included. By changing its value to zero, no impinge-
ment effects will be incorpcrated.
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INPUT/OUTPUT .

This model has no calling arguments. However, values for three parameters
are obtained from the mass properties routine for its initialization. They
are: .

i ' Ryx = Position vector of the vehicie's center of mass (X) in the vehicle (V)
;o body frame (meters). [RVX]

»fii Rey - Position vector of the vehicle (V) body frame in the fabrication (F)
' frame (meters). [RFV]

VMF - Fabrication (F) to vehicle (V) body frame attitude matrix. [AMFV]

A1l other data values necessary for this model's computations are contained
in internal data statements (see ref. 13) which can be changed using the SOAP
data input scheme. The input parameters to this model are: |

- Positions (stations) of the ACPS engines (J) in the fabrication (F)
frame; input units are inches, which are converted to metars for E

. R
= —FJi
; simulator calculations. [RCSSTI] (See table 4-1I.)

9; - Force vectors of the ACPS engines in the vehicle body frame; input
units are pounds, which are converted to newtons for simulator
‘calculations. [RCSF1] (See table 4-1II.)

AXIS - Hollerith array (used for output print only), which contains the
force direction for each engine, e.g., 4H - X for enging 1, 4H + Y 4
for engine S, etc. :

’ PCSOND - jth size ACPS engine on-delay (0.016,0.010,0.0 sec) .

RCSOFD - jth size ACPS engine off-delay (0.0,0.0,0.0 sec) | 5

TMINPL - jth size ACPS engine minimum'impulse time (0.04,0.04,0.0 sec)

\ FUELI - Mass loss per jth ;ize ACPS engine firing; input units are pounds, é;
K, which are converted to kilograms for simulator caiculations and B
output. (0.0,0.0,0.0 1b) :
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JSCFLG - ACPS engine size change f1ag. This array identifies all ACPS eng}nes
with a particular size engine group (see table 4-II),

NJ - Number of ACPS engines that are to be used; no units. (NJ = 46)
A1l of the above parameters may be changed by input.

During initialization, six parameters are calculated:
Ry 5y Positions of J in the V body frame. [RCSPOY (m)

N - Torque vectors of the ACPS engines [RCSTOR]. This will remain
constant if the center of mass of the vehicle is not changing, (N'm)

RCSFII - Force impingement increment for each Jet group T !

RCSTII - Torque impingement increment for each jet group

RRCSFJ - Resultant or total force for each jet (sum of RCSFOR for jet j and
RCSFII for the jet group of jet j)

RRCSTJ - Resultant or total torque for each jet (sum of RCSTOR for jet j and

RCSTII for the jet group of jet j)

The values input and calculated above are printed out during initialization.’
Table 4-(I shows the values of JSCFLG, JETPOD, B$J , and 94‘ 'A15° printed at

initialization are the steady state and minimum impulse values for the
varijable specific impulse.

When an ACPS engine(s) is turned on (1) or off (0), optional print is
available. This print is controlled by a print flag (RCSPC). When RCSPC
is 0.0, no print is received when commands are issued. When RCSPC is
1.0, the following information is printed:

1. Time of this ACPS action

2. The number of ACPS engines on and which ones they are
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3. The command being issued (5Q1 through 540)

.4, The axis along which the force is directed

5. The state (on or off) of the command

6. The number of times this ACPS engine has been fired

7. The total on-time for this ACPS engine

8. The fuel used by this ACPS engine

9. The total fuel used by all ACPS engines

10. The force vector for this ACPS engine

11. The torque vector for this ACPS engine

12. The resultant or total force vector for all ACPS engines which are on

13. The resultant or total torque vector for all ACPS engines which are on

When a jet command is incorporated, the vehicle program updates its dynamics.
A vehicle dynamics print flag, PAVRDC, can be set to force the vehicle to
print its response to the jet command(s), PAVRDC is defined initially by the
vehicle model to be -1.0 via a data statement and is in the vehicle COMMON
block (location 131). PAVRDC has three settings: =1.0,0.0, and 1.0 If
equal to -1.0, no print will be obtained and the RCS model cannot reset it.
The value'of PAVRDC can only be changed from -1.0 by data input. When PAVRDC
is equal to 0.0, this RCS model will set it to 1.0 indicating to the vehicle
model to print its dynamics response to a command. The vehicle model resets
PAVRDC to 0.0 for future commands. '

RSCO uses two external subroutines, POLY and PEVAL. At initialization, POLY
is called to construct a polynomial curve to a set of data points for variable
specific impulse. PEVAL is an associated routine which evaluates the poly-
nomial for a given electrical pulse width.

' 4-60




)

S

TR ¥ e T
- i LT e AR

SOURCE

The RCSO subroutine is essentially identical to RCS13 with the following
exceptions.

1. The incorporation of RCS vacuum impingement force and torque increments
2. The incorporation of a variable specific impulse for fuel calculations

3. New data on jet positions, forces, on and off delays, minimum impulse
times, and mass loss per firing

Data for ACPS engine locations and thrust direction were taken from table
2.4.1.3 of reference 15, This data is for the RI Orbiter Vehicle 5 as shown
in Rockwell drawing number VC 70-000002A in reference 13. The jet fiumbering
system is from reference 14. The specific impulse data is from reference 15,
The impingement effect data is from reference 16. The subroutines POLY and
PEVAL are described in references 17 and 18, respectively.

PROGRAM VERIFICATION

The RCSO subroutine has been verified with closed-loop SOAP runs and the
printed output agreas with hand calculations.
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RCS
Subroutine names RCS1, RCS2.
PROGRAM DESCRIPTION

These RCS models compute the force, torque, and fuel use which result from
commands issued to the Reaction Control System by the flight control routines.
The RCS routines call the appropriate mass properties model to initiate

update of the inertia matrix. The various Subroutine names supplied allow

the SOAP to distinguish among the models which correspond to various vehicles,
but denote no change in algorithm.

The RCS models maintain a COMMON block with location, thrust level, thrust
direction, fuel container, etc., for each of up to 50 jets. Commands to
individual jets are issued by the flight control system along with time tags
for the commands. Each RCS model responds only to those commands designated
for it and {ignores commands for other vehicles.

Upon receipt of a command to either turn a jet on or off, the RCS model

a. Delays the action by an on or off-delay if desired.

b. Delays off-commands until a jet has been on for some minimum time.

c. Computes the thrust due to each jet. If desired, the jet response can
be modeled as having a specific impulse which is a function of time. The
routine POLY (or DPOLY) is used to generate the polynomial describing the
variation of specfficiimpu1se and PEVAL (or DPEVAL) evaluates the impulse.
d. Computes the fuel use associated with this jet firing. This computation
may include the effects of the varying specific impulse noted above (so

fuel use is not simply proportional to time on) and may include a loss of
fuel by the jet. This loss is modeled as a fixed amount per firing.

e. Causes the mass properties of the vehicle to be updated.

f. Computes the torque due to each jet and the total torque about the
current center of mass of the vehicle. “

g. Axiliary, nondynamic quantities such as which jets are on, how long each
is on, how many times each has been used, etc.,are computed.

As currently configured, RCS1 accepts commands numbered 551 » 551 + n and RCS2
accepts commands 601 - 651 + m where n and m are the number of jets specified
to be in use. |
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INPUT /OUTPUT

RCS has no calling arguments,

COMMON  COMMON
Prog. block  block
Symbol 1/0 name location Dimen. Description (unit)
PAVRDC 0 ACTV#C 131 1 Print flag
AVTIME I  ACTV#C 138 1 Active vehicle time (sec) |
INIT I ENVCOM 322 1 Initialization flag !
NCCMDS 1 ENVCOM 323 ] Number of commands on push list '
TPUSH 1 ENVCOM 43 50  Time associated with command in |
CMMD (sec) 3
CMMD I ENVCOM 481 50 Command {dentifier é
DATI I ENVCOM 531 50 Command, 3
. 1 = turn jet on, |
0 = turn jet off
LCBRCS I* LECCOM 1713 ] Length of RCS COMMON biock
RVX I MASP#C 2 3 Center of mass location in body

fixed coordinates (m)

SRCSF 0 RCS#C 1 3 Sum of RCS jet forces (N)
SRCST 0 RCS#C 4 * 3 Sum of RCS jet torques about 5
vehicle center of mass (N-m) |
j
*SFUEL 0 RCS#C 7 1 Sum of RCS jet fuel used (kg)
FUEL 0 RCS#C 8 50 Fuel used by each jet (kg) }
NJ I*  RCS#C 58 1 Number of jets present
RCSDT 0 RCS#C 59 1 Time to which RCS is updated
RCSSTA I*  RCS#C 61 3xNJ RCS jet locations in body coordinates.
(But The order is x, y, z for jet 1, x,
<150) y, z for jet 2, etc., (in)
RCSPOS 0 RCS#C 21 150 RCS jet locations (m)
RRCSFJ 0 RCS#C 361 150 Eg;ces due to RCS jets individually

*Values which require initialization, either by the user or by default
#A symbol which depends on the vehicle involved
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COMMON  COMMON
Prog block  block _ .
Symbol  1/0  name location Dimen. Description (unit)
RRCSTY 0  RCS#C 51 150 Torques due to RCS jets individually
v (Nem)
) CRCSS 0  RCSHC 661 50  Commanded RCS jet states,
0= Offp
1 = on
l PRCSS 0  RCSHC m 50  Present RCS jet states,
b + Q= Offg
; 1=o0n
? RCSPF 0 RCS#C 761 50 RCS print flag
} ONTIME 0  RCS#C 81 50 Time RCS jet is commanded on (sec) ‘
f RCSONT 0  RCS#C 861 50 Time for which RCS has been on
: FIREN 0  RCS#C M 50 Number of times a jet has been fired
! TMINPL 1% RCSHC 961 3 Minimum time for jet to be on,
by categories (sec) bl
RCSFMG  I*  RCS#C 964 1 RCS jet force magnitude i
SONT 0  RCS#C 965 1 Sum of the RCS jet firing times (sec)
RCSFLG O  RCS#C 966 1 RCS jet state change flag |
RCSPC 0  RCS#C 967 1 RCS print control il
IRCSS 0  RCS#C 968 1 Number of jets on |
IRCS 0  RCS#C 969 ] Jet on indicator
AX1S I* RCS#C 1019 50 Direction of RCS jet force, literals
~used for prints only
FUELI I*  RCS#C 1071 3 Fuel lost per jet firing, three
categories (kg) |
RCSOND  I*  RCS#C 1074 3 Delay between jet-on command and
: jet firing, three categories (sec)
RCSOFD I* RCS#C 1077 3 Delay between jet-off command and
actual jet turn off, three cate-
gories (sec) R
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COMMON  COMMON

Prog ' block block ; .

Symbol I/0  name location Dimen. Description (unit)

DONDFD I*  RCS#C 1080 3 Difference between on and off
delays (sec)

JSCFLG I* RCS#C 1083 50 Jet size change flag

JETPOD i*  RCS#C 1133 50 Jet pod membership numbers,
identify fuel source for each
jet

RCSFI I*/0 RCS#C 1226 150 RCS jet force vectors in the
order x, y, z force due to
jet 1; x, y, z force due to j-t
2, etc. (Input in 1b, changed
to N internally)

RCSTOR 0 RCS#C 1376 150 RCS jet torques (Nem)

' SPIMP I*  RCS#C 1526 16 Table of variable specific

impulses (sec)

CFFTIME O RCS#C 1542 50 Time at which jets are commanded
off (sec)

SPI 0 RCS#C 1592 1 Specific impulse (sec)

EPWTBL I* RCS#C 1593 8 Electrical pulse width table (sec)

DFUEL 0 RCS#C 1601 1 Change in fuel used by a jet
this‘firing

EPW 0 RCS#C 1602 1 ‘Electrical pulse width

TIMP 0 RCS#C 1603 1 Total impuise (kQ/s)

THRNI I* RCS#C 1604 2 Centerline vacuum thrust of jets,
two types (1b) o

 FUELST © RCS#C 1606 50 Fuel used by each jet in this

firing prior to this update

THRK 0 RCS#C 1659 2 Centerline vacuum thrust (N)

SSMSPI 0 RCS#C 4 Steady state and minimum impulse

1661
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* model to be called, i.e.,

4.9 SENSOR CONTROL ¥ j |
)
SNSC3

PROGRAM_DESCRIPTION

SNSC3 determines the timeS‘at‘which the sensor models are called and calls
each active model at the appropriate time. Optional printout of these times
may be selected if desired.

MATH MODEL

At initialization, all sensor model update times are set equal to the time to
which the active vehicle is to update. The update times for those models
which are not active are set to a very large number on the second pass initi-
alization. During a normal update, the value stored as the current sensor
control time, t,, is the next most current update time of either the vehicle
or a sensor model. t_ is then compared with the update times for each of the

s
active sensor models to see if the time has been reached for that particular

S

t. ~ tn

s " m
where tn, is the sensor model update time. The comparisons are repeated every

update until the time which has been set for a model to be called or started
is reached. When this time has been reached, the model is called ang ‘the time
for the next call is decermined as follows:

tm = tnm

L ‘
tnm tnm + Atm

where
t is the current time at which the model is being called
tn, is the model update time
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f tnm is the next time at which the model is to be called, or the next
update time ' :
At is the model's maximum update interval

The two times calculated above may be printed after each update,

INPUT/QUTPUT

SNSC3 uses three print control flags. If SNSPC is 1.0, a test is made to see
if it is time to print and if the print time, SNSPT, should be updated. If
it is time to print and the print update interval, SNSPDT, is greater than
0.0, SNSPT is updated before the next print.

SNSC3 requires as input from CONST
ROCDEL  Small number used to check for roundoff

FINITY  Large number used if sensor model activity switch is off

{ .
The model activity switches and model update intervals for all of the sensor
models called come from ENVCOM. These models are RADALT, BARALT, LNDAID,
RNGNAY, and AIRDAT. '
PROGRAM VERIFICATION
SNSC3 was checked out in open-loop simulations,

é
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5. FLIGHT CONTROL SYSTEMS

The flight control system (also termed flighf software) models the activities
of each vehicle and pilot in response to both the environmeptal conditions
and to some overall mission plan. Functions which are elsewhere termed
guidance, navigation, and control are all included in this category.

The flight control routines are arranged into blocks which model a specific
vehicle. Typically, these blocks interact mainly within themselves. Infor-
mation about the outside world can be obtained from the environment models,
the pilot model, or from sensor models. Communication within a flight
control system is typically handled by a COMMON block whose name hegins with
the letters FS. The structure of these blocks iy determined by the vehicle
involved.

Flight control routines are either called (by other flight control routines
within the same vehicle) or are scheduled. In the latter case, the SOAP
executive calls each routine at the times specified. Scheduling can be
performed at the outset of the simulation by input or can be performed by
other routines during the course of the simulation.

The flight control routine documentation is arranged by vehicle. It includes
a general description of the operation of the routines which are specific
to a vehicle. Pilot models and utility routines are excluded.

The flight control system models available include the Maneuverable
Television (MTV), the Detached Equipment Carrier {DEC), and the Space
Shuttle Orbiter (SSO).

5.1 MTV_AND DEC (MMU TYPE)

These vehicles are based on the control system of the Manned Maneuvering
Unit described in reference 19. A block diagram of the operation of this
control system is shown in figure 5-1.

The pilot (a user-supplied routire) issues commands to the hand controllers
and/or the attitude hold button. These commands are carried in COMMON
block Tocations to MTVFSW, the main control system routine. MTVFSW in
turn calls the phase plane routine PPMTV, which may issue rotational
commands to either halt the vehicle or to move it back to zero attitude.
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3 i The rotational and translational commands are then combined by MTVFSW and sent 1
t to the routine JETSL where the appropriate choice of jets to fire is made.

These commands are ghen filed by MTVFSH with the SOAP command executive.

g The operation of the jet selection logic is simply an implementation of the
2 sejections shown in table §-1. The jet locations and numbers are shown in
&

"y figure 5-2, The properties of the jets, their locations, thrust levels, etc,,
are not known to the flight control system. They are specified as desired

by the user. The jet numbers and locations are indicative of the situation
for which the control system was designed. Table 5-1 displays the jets

which are chosen in response to commands or combinations of commands. The
switch between prime mode and backup modes is initiated by setting jet é

string failure flags.

e T TR T e ST T

Figure 5-3 displays the phase plane logic. In the region indicated by

| "Thrusters pu]sing“ the flight control commands a 0.008-second rotational
| command and then waits 0.32 second before performing any fuither action. “
There is a separate phase plane for each axis. | |

I e

The rates and attitudes which are used by the phase plane are body rates
and attitudes. The attitudes are obtained by integrating the body fixed ‘ g*
rates (from environment) and then filtering these rates. Two filters are

; applied. The 1imb motion filter (modeled in LIMBF) was designed to prevent

, the vehicle from responding to bodily contortions of the astronaut using the
manned maneuvering unit. This is a first-order attitude filter with a time
constant of 1 second. There is also a second-order filter with w = 13.Hz
and ¢ = 0.707 applied to the sensed rates. This is termed the ripple filter
and is modeled in FILT2. The attitude associated with any body axis is
initialized after attitude hold is initiated when the attitude rate drops
below 0.2 deg/sec. The attitude hold on an axis is released either when

; ~a rotation about that axis is commanded or when attitude hold is turned off.

I R

;
T
!
i

‘The Detached Equipment Carrier control system differs in that the pitch
and roll attitudes received'by the phase plane are generated by a horizon
sensor. The pitch rate which the phase plane receives is biased by a
constant equal to the negative value of the orbital angular rate (i.e., 27
radians per period). Yaw is controlled by a rate gyro. The deadband limits
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TABLE 5-1.- JET SELECTIONS
(a) X, theta (pitch), psi (yaw) logic, prime

No.|Command Prime mode

X6y | 12 10 19 16 13
1|+ 1 1 1
2 |- 1 1
3|+ 1
il - 1 1
5 7‘:\; e
6 - 11
7|+ + 1 1
8|+ ~ 1 |
9 -+ 1
0f- - 1
11|+ + 1
12|+ -| 1 1
13| - 1
%|- - 1 ’
15] ++ 1
16| + - 1 1
17| -+ 1
18 - - 1
19+ ++ | 1 SRR
20{+ + - 1
21} + -+
2|+--| 1
23| - + +
24| - + - 1
25| - -+ X
26| - = -
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TABLE 5-1.- CONTINUED

(b) Y, phi (ro11), psi (yaw) logic, prime

No.[ Command

Prime mode

YoV | g

N

14

All Zero

1w
w
4+

w‘
U“
'

MR N AR

L
N
t

E-N
o
[ ]
|

+ = &
48 + « = 1
491 « + 4
50 + - 1
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(c) Z, phi (rol1), theta (pitch) logic, prime

TABLE 5-I.- CONTINUED

T—-" # i i sut wow L
No. Command Prime mode
Z¢ Gx 24 9 ; 18 12 15 6 21
53 |+ 1 1 1 '
5 | = 1 1 1 1
55 + All Zero
56 -
57 C* All Zero
58 -
59 |+ + 1
60 |+ = 1 1
61 + 1 1
62 - 1 1
63 |+ + 1 1
64 |+ = 1
65 + 1 1
66 |- = 1 . 1
67 + + All Zero
68 4+ =
69 |. + _ All Zero
70 -
T+ 4+ 1
72 |+ + -
3|+ -+ 1
7% |+ = = 1
195+ + 1
76 | =+ = 1
77 | = = + 1
78 - - 1
5-6
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TABLE 5-1.- CONTINUED

(d) X, theta (pitch), psi (yaw) logic, backup
No.{ Command Backup mode A ‘ . Backup mode B
xey |7 10 1 4 22 19 16 13
1{000 -' v
2{+00 | 1 1 1 1
3l-00 1 1 | 1 1
410+0 1 1 1 1 |
slo-01] 1 1 1 1
6loo+ | 1 1 1 1
7100 - 1 1 1 1 {
8|+ +0 1 1 1 1 .
9l+-0] 1 1 1 1
10]-4+0 1 1 1 1 |
1nles0/] 1 1 1 1 -
2i{+o+ | U 1 | 1 1 |
13 |+ 0 - 1 1 1 1 |
ul-04] 1 1 1 1 #
| 15[=0- 1 1 1 1 ;
: 150+ + 1 1 !
1710 + - 1 1 i
1elo-+1{ 1 1 1
{
1910 - - 1 1
20({+++ | 1 1 1 1 ;’
Al++-| 1 1 1 1
2|+-+] 1 | 1 1 1 !
Al+--f 1 1 . 1 | 1 J
2 | -+ + | 1 o 1 1 1 |
25| = + - 1 1 1 | 1 fj
26 |- -+] 1 1 1 1 §§
- 27 |- = - | 1 1 1 1 |
5-7
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TABLE 5-1.- CONCLUDED
(e) Y, Z, phi (ro11) logic, backup

No| Cmd Backup mode A Backup mode B

Y;_'Z‘P 8 5 2 11 3 9 12 6 17 20 23 14 24 18 15 21
28l0 0 0 .
29400 1 1 1 1
30|~ 00 1 1 1 1
31l0+ 0 1 1 1 1
3z2[0- 0 ‘ 1 1 1
3lo0+ | 1 1 1 1
“wloo-| + 1 1 1 1
350+ + 0 1 1 1 1
6+ -0 1 1 1 1
37(-+ 0 1 1 1 1
gl--0] ° 1 1 1
39+ 0+ | 1 1 1 1
40l+ 0 = 1 1 1 1
s1l-04+] 1 1 1 1
42|-0 - 11, | 1 1
4alo++| 1 "1 1 1
44]0 + = 1 1 11
4500 -+ 1 1 1 1
46}0 - - 11 | 1 1
a7+ ++ ] 1 1 ! 1
48[+ + - T 1 R
‘49+ -4 T . 1 1 1
500+ - - i 1 E 1 1
Sye++] 1 1 1 1
s3|e -4 1 1 1 | 1
% 1 1 ' 1 1

5-8
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: Note: A1l jets parallel to body coordinates shown.
Jets 1-12 form string A, jets 13-19 form string B.

? ~ Figure 5-2.- Jet configuration subsumed by JETSL.
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are changed to 1° and 5°. Pilot commands can initiate or terminate the use
of the horizon sensor, inertial attitude hold, 2id free attitude mode.

A diagram of the control system implementation is shown in figure 5-1.
Subroutine names are in parentheses. The routines MTVFSW and RCALSW are
transparent to the user but also exist as part of the flight control system.
The map instructions and control statements required to obtain a simulation
using these flight control systems are available in system files as outlined
in section 2,

JINPUT/QUTPUT

A1l input/output is via the COMMON blocks FS1C and FS2C. Interfaces with
the pilot are defined as follows:

COMMON  COMMON

Prog. block block
Symbol  1/0  name location Dimen. Description (units)
WV I ACTV#C 26 3 Body attitude rates in rad/sec
HDCTRL I FS#C 5 6 Hand controller commands for roll,
pitch, yaw, X, y, ¢ where
+1 = positive
-1 = negative
0 = no command
ISFL I FS#C 23 1 Jet string fail flag
0 = no failures
1 = string A failed
2 = string B failed
ISWON I FS#C 12 1 ?ttitude hold on flag,
= on
ISWOF I FS#C 13 1 Attitude hold off flag -
1 = off
TH 1/0 - FS#C 14 3 Array of body angles used by
; ' phase plane, deg
THD 1/0 FS#C 17 3 Array of body rates used by:

. phase plane, deg/s
# Denotes 1 or 2

5-11
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Prog.
Symbo1l

IATHDL

IFGHSI

NPPCMD

COMMON  COMMON
‘ block block
I1/0 name _  location Dimen, Description (units)
0  FS#C 20 1 Last pass attitude hold flag,
= 1 for first pass through phase
plane after initiating attitude
hold
I FS#C 70 1 Horizon sensor input flag. If
1 use horizon sensor, otherwise
use gyro
0  FS#C 90 3

Routines in MTV flight control systems:

Routine

MTVFSW
FILT2
L IMBF
PPMTV
JETSL1
RCAL SW

T g e L 5
. N

Scheduled Interval

0.165, ;ypi;a]
0.01s
0.01s

" Called by MTVFSW
Called by MTVFSW
Scheduled by MTVFSW

5-12

Number of phase plane commands
issued

Purpose
Control system main driver

Ripple filter

Limb motion‘filter
Phase plane logic
Jet selection logic

Produces a minimum
duration jet firing
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5.2 SSO

The onorbit flight software is' configured to the Space Transportation System-1
(STS-1) Level C as described in reference 20. The overview of the onorbit
Digital Autopilot (DAP) is presented in figure 5-4. Also included in the
software package are the Attitude processor which receives Inertial
Measurement Unit (IMU) attitude information for further processing and the
Universal Pointing processor which generates guidance command information to
be used by the autopilot. For detailed information concerning these
processors and the onorbit DAP, consult reference 20. Table 5-II is a 1ist of
the major flight software routines that can be correlated to figure 5-4.

Diagrams of the operation of the DAP are given in figure 5-4 and the routines
which model each block are named. Detailed descriptions of the algorithms
used are available in reference 20.

In addition to the DAP functions, the Shuttle flight control system accepts
input and output via the routines which model the Universal Pointing Processor
(UNPTPR) and the DAP Load Select (DAPSLT).

The inputs to these routines correspond to inputs via the CRT display 2011
(figures 5-5 and 5-6) and via a control panel (C3, fig. 5-7). Reference 21
contains detailed descriptions of the switch and display settings required to
cause the Shuttle to perform the desired maneuvers. On figures 5-5 and 5-6,
the COMMON block locations (and in the case of fig. 5-6, the required values)
which correspond to pilot inputs are noted. On figure 5-5, the functions
"Land Site Update" and Vent Door Control" are displayed. These functions are
not modeled by the SOAP.

In addition to the switch panel and the two CRT disp]ays the Shuttle flight
control also accepts input from rotational and translational hand controllers.

Setting these inputs is discussed 1n the section on user input requirements.

Communication within the Shuttle flight control system is through the COMMON
block FSCOM. Definitions of the variables within this block correspond

5-13
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TABLE 5-II.- FLIGHT SOFTWARE FUNCTIONS

oy

SRR IR R T e T
—

¥ Routine Associated with Function

i RECON DAP DAP main driver

{é AMTRAK DAP Auto maneuver track

r‘«f TPULSE DAP Translation pulse

. TRAACC DAP Translation acceleration

: RODISC DAP Rotation discrete

i RPULSE DAP Rotation pulse

: | ROTACC DAP Rotational acceleration
RCSERR DAP RCS errors |

| PPLANE DAP Phase plane

i P1FLTR DAP State estimator

Y P2FLTR DAP State estimator

| PVJSL DAP Jet select

‘ DAPSLT 1/0 DAP load select

y : ATTPRC 1/0 Attitude processor

: UNPTPR I/0 Universal pointing processor

F UNPTSP 1/0 Universal pointing specialist
OFC Scheduled FSW driver

- 5-1%

Called by
oFC

RECON (as required)
RECON (as required)
RECON (as required)
RECON (as required)
RECON (as required)
RECON (as required)
RECON (as required)
RECON (as required)
RECON (as required)
RECON (as required)
RECON (as required)
RECON (as required)

Scheduled at 0.16
sec intervals

Schedu1ed at 1,92
sec intervals

Scheduled at 1.92
sec intervals

Scheduled at 0.08
sec intervals
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closely to the definitions in reference 20.
definitions is given in the appendix.

USER _INPUT REQUIREMENTS

An extensive list of these

The mission-dependent data associated with various flight control modules

(I1oad data) is consistent with STS-1. If the user requires changes to any of

this data, the following FSCOM locations will need to be modified:

Item FSCOM location

Translation pulse, DAP A
Translation pulse, DAP B

Rotation discrete rate, DAP A
Rotation discrete rate, DAP A.
Rotatjon discrete rate, DAP B
Rotation discrete rate, DAP B

Pulse size, DAP A
Pulse size, DAP A
Pulse size, DAP B
Pulse size, DAP B

Attitude deadband roll, DAP A
Attitude deadband roll, DAP B
Attitude deadband pitch, DAP A
Attitude deadband pitch, DAP B
Attitude deadband yaw, DAP A
Attitude deadband yaw, DAP B

Deadband rate limit, DAP A
Deadband rate 1imit, DAP B
Deadband rate limit, DAP A
Deadband rate limit, DAP B

Jet options for pitch, DAP A
Jet options for pitch, DAP B
Jet options for yaw, DAP A
Jet options for yaw, DAP B

This information corresponds to the DAP configuration Specification display as

139
140

112
111
113
114

136
135
137
138

101
104
102
105
103
106

119
122
128
125

115
116
117
118

5-19

Jet group

Primary
Primary

Primary
Vernier
Vernier
Primary

Primary
Vernier
Vernier
Primary

Primary, Vernier
Primary, Vernier
Primery, Vernier
Primary, Vernier
Primary, Vernier
Primary, Vernier

Primary
Primary
Vernier
Vernier

Primary
Primary
"Primary
Primary

shown in figure 5-6 and further explained in table 5-II1. When changing the

P RS TP
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ILOAD data, the user must also set the following discretes if the data changes
are made during (rather than at the start of) the simulation,

FSCOM(773) = 1 ;

4 , This is the DAP load change discrete flag which will cause the new ILOAD data
. to be ‘incorporated into the appropriate flight control modules.

The following data are initialization default values for the flight control

: software:

J

: Item FSCOM location Default value ,

| DAP 1oad A 775 1 {

| Rol1 discrete submode 905 3

| Pitch discrete submode 906 3

f Yaw discrete submode 907 3

8 Primary RCS 890 1

| X-pulse submode 917 2 |
Y-pulse submode 918 2 |
Z-pulse submode 919 1
Manual mode 757 0

This data corresponse to the panel "switches" shown in figure 5-7. To change
any of these "switches" the following locations must be set:

PRI e o e

Item FSCOM location Value
Translation high Z 856 1 |
X normal submode 917 1 :
Y normal submode 918 1
Z normal submode 919 1
Rol11 acceleration submode 905 1
Pitch acceleratioi submode = 906 1 :
Yaw acceleration submode 907 1
{. Rol1 pulse submode | 905 2
5-21
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é Item FSCOM location Value
% : Pitch pulse submode 906 2
. Yaw pulse submode 907 2
4 Auto mode 757 1
X Vernier RCS 890 0
o DAP load B 775 2

When switching from either primary to vernier or vernier to primary, the
following discrete must also be set:

FSCOM(774) = 1

This will cause the ILOAD data associated with that jet group to be used in
the software.

Figure 5-8 depicts the OPS-2 orbit display associated with the Universal
Pointing Processor. Referring to figure 5-8, the following user inputs are
required in order to execute guidance maneuvers:

i

BRT 1~ o A iy o e . L

I'tem FSCOM location Value
Required inertial roll attitude 1891 deg
, Required inertial pitch attitude 1861 deg
Required inertial yaw attitude 1900 deg
Desired pitch body vector 1847 deg
Desired yaw body vector 1849 deg
Omicron 1859 deg
Maneuver task (MNVR) 1857 1
Maneuver task 1858 1
' LVLH task (LVLH) 1857 2
LVLH task 1853 1
LVLH task 1855 1
Rotation task (ROT) } 1857 3
Rotation task 1853 1
Stop/attitude hold task 1857 3
5-22
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| Item FSCOM_location Value 'gi ;E é
i -,
. Tota) attitude error 1854 1
‘ Total DAP error 1854 0
Current roll attitude 1892 deg
Current pitch attitude 1862 deg
Current yaw attitude 1901 deg
Required roll attitude 1890 deg
Required pitch attitude 1860 deg
f Required yaw attitude 1899 deg
i Total error roll 1850 deg
é Total error pitch 1851 deg
! Total error yaw 1852 deg
Roll rate 390 deg | f
Pitch rate 391 deg H
Yaw rate 392 deg H
The rotational hand controller (RHC) and translational hand controller (THC) #
inputs are required as follows: | Cod |
|
Item FSCOM location Value |
Roll RHC 394 ] for on, 0 for off
Pitch RHC 395 ¥ for on, 0 for off
Yaw RHC 396 £l for on, 0 for off
X THC 413 #] for on, 0 for off
Y THC 414 %1 for on, 0 for off
Z THC 415 %] for on, 0 for off

The RHC defaults to the discrete rate mode and the translational THC default
to the pulse mode in all areas. The area must select the primary or vernier
jets (default is primary); however, the verniers are incompatable with the
v translation manual modes. RCS rotational mode is selected on an axis-by-axis
! -~ . basis (see fig. 5-7) with mixing of modes allowed. If the RHC exceeds

AT
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"soft stop" and the acceleration mode was not selected, the mode selected
becomes active (on axis involved) when RHC returned to detent. To exceed the
soft stop, the following location must be set:

Item Location Value
Rol1 RHC soft stop 406 1 to exceed, 0 not
Pitch RHC soft stop 407 1 to exceed, 0 not
Yaw RHC soft stop 408 1 to exceed, 0 not

Free drift is in effect after the "soft stop" when returning to detent with
attitude hold in detent. If the acceleration mode was selected, acceleration
command s effected when the RHC is out of detent with free drift when in
detent. If in the automatic mode and a RHC command is effected, then the
manual mode will be automatically selected.
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APPENDIX
FSCOM LOCATIONS

‘Program

Location Type Dimen. Definition

s - g

P oy e
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st ittty
[renctR MM

symbol
AUTO 1 L Auto manual switch, true = auto
AXIS 2 I Counter, set internally onl, 2, 3
DEGTOR 3 R Degrees to radians
DYINIT 4 I
FTOM 5 R Feet to meters
GTMPSS 6 R Gravity, meters per sec?
HOLD 7 I Attitudz hold flag
IDMAT 8 R 9 Identity matrix
INTOM 17 R Inches to meters
LBFTON 18 R Foot pounds to newtons
LBTOKG 19 R Pounds to kilograms
MANUAL 20 L
MVRTRK 21 [
NMTOFP 22 R Newton meters to ft 1b
NUL 23 I
OFF 24 L = FALSE, a mnemonic
ON 25 L = TRUE, a mnemonic
PI 27 R 3.1415
PRIMRY 30 L
RTODEG 34 R Radians to degrees
SLTOLB . 35 R ~ STugs to pounds
TDAP 36 R Period of flight control minor cycle
TVC 38 I Thrust vector control '
TWOPI 39 R 6.28...
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z;;gg?m Location Type Dimen. Definition

ARCOMP 89 R 12 Array‘compensation thresholds

ARDB 101 R 6 Attitude deadband limits RPY for

| dapload A then B
ARDISR 107 R 4 Attitude discrete mode rates,
: nominal then vernier, A then B

ARMVR 111 R 4 Maneuver rate

ARNPL 115 I 2 Nominal nose/tail jets, pitch A
then B (

ARNYWL 117 I 2 Nominal nose/tail jets, yaw A then B

ARRLIM 119 R 12 Rotational rate limits, RPY, nominal
then vernier, A then B .

ARROHL 131 R 4 Rotational rate 1imits, RPY, nominal
then vernier, A then B

ARROPL 135 R - 4 Rotational pulse level, nominal then
vernier, A then B

ARTPLS 139 R 2 Translational pulse level x, y, 2
for dapload A then B

ATERPL 141 R

ATI6HZ 144 R 3 Qttitude increment, low roll rate,
eg

ATTER 147 R 3 Attitude error PYR

DVBSEC 150 R 3 ,

ETSEP 153 L External tank separation, not used

HFAIL 154 L 44 JET FAILURE, TRUE = failed

HFLCHG 198 L Change in jet failure status has
occurred this pass if true

IMUFLG 199 IMU ATT GOOD FLAG 1 = FALSE

INERTR 200 R 3 Diagonal components of vehicle
inertial ratio xx, yy, zz

MCACC 243 R 3 Magnitude of control accelerations
along %, y, 2 '

MTRKOP 246 L Maneuver track option enable,

o 1 = enabled

NEWJON - 247 L Turn-on jet command present for ith

jet
A-2
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Program

symbol Location Type Dimen. Definition

PLEXT 371 I Payload extended flag

PPACEL 372 R 3 Phase plane accelerator levels,
depends on primary vernier, or the
P/L extended flag :

QBM50 375 R 4 M50 to body quaternion measured

QBM50C 379 R 4 M50 to body quaternion required

QBMSOP 383 R 4 M50 to body quaternion display

RCMDPL 387 R 3

REST 390 R 3 IMU derived body rate estimates about
Xy ¥y 2

RESTRT 393 L |

RHC 394 R 3 Rotational hand controller state
-1, +1, roll, pitch, yaw

RHCST 397 I 3 Rotational hand controller state

ROTJC 400 R 3 RCS rotation command '

SFTSTP 406 L 3 Soft stop, status of RHS, each axis

TCMD 412 R GMT of required hody quaternion

THC 413 I 3 Translational hand controller
commands x, Yy, z, =1, +1

TRCMD 418 R 3 X, ¥, z components of required body

: attitude rate

VMASS 422 R Vehicle mass

AGPRI 425 R Acceleration gain, primary

AGVER 427 R Acceleration gain, vernier

AG1PRI 428 R Attitude gain 1, primary

AG1VER 430 R Attitude gain 1, vernier

AG2PRI 431 p Attitude gain 2, primary

AG2VER 433 R Attitude gain 2, vernier

AMM 434 R Approximate/exact algorithm threshold

RG1PRI 468 R Rate gain 1 primary

RG1VER 470 R Rate gain 1 vernier

RG2PRI 471 R Rate gain 2 primary

473 R Rate gain 2 vernier

RG2VER

e e

B :
ineptetorsr e 1 e

)I'
g id



Program

Definition !

symbo] Location Type Dimen.

RLIM 475 R Phase phase rate limit

TRNINC 480 R 42 Trapslatjonal increments 14 jets,
x y z for each

Tl 522 R ghgeshold for use of second vernier
e

T2 523 R Threshold for use of third vernier
Jet

WFRATE 524 R Scale factor for off-axis vernier
preference

ANGINC 530 R 150 Angle increments 26 jets, x, y, z
for each 0.08 sec firing

JETMAP 680 R 38 Jet numbers

MCAALT 718 R 15 Magnitude of control acceleration
vernier alternate

PRIMMI 733 R Rotational rate change due to
minimum impluse burn with primary
jet

PTRMLE 734 R

TNBBOD 735 R 9 Transformation to body coordinates

TRANMI 744 R .

VERNMI 746 R rargest rotatijonal rate change due
to minimum impulse burn with vernier
jet ,

AEST1 748 R Attitude estimate 1

AEST2 751 R - Attitude estimate 2

AGAIN 754 R Acceleration gain chosen

AGAIN1 755 R Attitude gain 1 chosen

AGAIN2 756 R Attitude gain 2 chosen

ATOMAN 757 L Automatic or manual, AUTO = TRUE

ATT 758 R 3 Attitude degrees

ATTHLD 761 L Att hold flag

BYPASS 766 L 13 Bypass this axis

~ CLCNTR 769 I Counter in RECON

< g e R S 2 R

hrbeibpertate s At e -

P AT



Program

symbol Location Type Dimen, Definition

DAPCHG 773 L 2 Change in dapload present, first
element true for change, second
element true for primary/vernier

DAPLD 775 I Dapload index - 1 = dapload A,
2 = dapload B

DATINC 776 R 3 Desired attitude increment

DATT 779 R 3 Desired attitude

DB 782 R 3 Deadband to phase plane

DBREN 785 R 3 Deadband requested

DBRT 788 R 3 Desired body rate

DISRT 791 R

DVMIMP 795 R 3 Change in body angle rate due to
minimum impulse

DWRCS 798 R 3 Rate change due to jet firing

FLG6HZ 849 L .

FORFIR 850 L 3 Rate damping flags

HILOZ 856 L Manual mode translation, z high
regardiess of T or F

IAMTRK 857 I Initiate auto maneuver track

INITJS 860 L Initiate jet select flag

IP1FTR 861 L Initiate part 1 filter flag

IRCSER 862 L 3 Initiate RCS errors flag

IRDISC 865 L Initiate rotation discrete flag

IRPLSE 866 L Initiate rotation pulse

ITPLSE 867 L Initiate translation pulse

LOPTN 871 L Tail of nose jet selection for low
pitch rotation level, 1 = tail
0 = nose

LOYWTN 872 L Tail or nose jet selection for low
yaw rotation

LROTOP 873 I 3 Last rotation option )

MAGMVR 876 R 'Magnitude of auto maneuver rate

A-5
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L PVINDX 889 I Primary or vernier jet index,
- 1=P, 2=V, depends on PVSW
Lo PYSW 890 L Primary or vernier jet switch,

true = normal

REST2 895 R 3 Rate estimate 2
i RGAINL 898 R Rate gain 1
b RGAIN2 899 R Rate gain 2
if E RLAMP 900 I Rotation underway lamp
P ROHILO 903 L Pitch then yaw acceleration level :
{ selection 1 = nominal 6
, ROTOPT 905 I 3 Manual mode rotatjon, R, P, Y ; f
i 1 = accel, 2 = pulse, 3 = discrete
. RPLSES 908 R | ;
.‘ RTER 909 R Attitude rate error
\ RTLIM 912 R Attitude rate limit |
. TOPT 917 1 Manual translation mode for x, y, z oy
; 1 = normal, 2 = pulsed
| TPLSES 920 R Translational pulse size, depends on
deadband |
TRANJC 921 I 3 Translational jet command i
UNDSAC 930 R 3 Undesired acceleration, each axis |
AAOPT- 933 I Auto maneuver option, 1 = hold,
2 = maneuver
FCONTR 940 1 Counter in RECON ]
OLAAOP 946 1 Last pass auto maneuver option
OLBYPS 947 L 3 Last pass bypass phase plane flag
OLDAM 950 L Last pass auto maneuver change flag
OLDTOP - 955 L 3 Last pass translation HC option
OLMODE 958 I Last pass auto or manual mode
OLROPT 960 1 3 Last pass rotation HC option
OLSSTP 963 L Last pass soft stop flag
AM 976 R Auto maneuver eigen angle
{ BIAS 977 R Auto maneuver bias in phase plane
f ; ,),
: A-6
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% BIASV 978 R 3 Auto maneuver bias vector
A DELTA 981 R 3 Not used
o MTRACK 986 L Auto maneuver flag, T = auto,
Fﬁ F = hold
OLDOMT 987 L Last pass auto maneuver flag
OMGCMD 988 R 3 Commanded auto maneuver rate
] GCB 991 R 4  Commanded quaternion
i QGMD 995 R 4 Commanded quaternion
VR 999 R 3 Auto maneuver rotation vector
' WEST 1002 R Auto maneuver parameter
F AZANG 1006 R Compensated azimuth gimbal angle
» cop 1007 R Cosine 1/2 DP
L cosp 1008 R Cosine of pitch ﬁ
; COSR 1009 R Cosine of roll ' f
S cosy 1010 R Cosine of yaw ’
| cp 1011 R Cosine of gimbal angle 3 |
CRMN 1012 R Cosine of gimbal angle 2
CRPL 1013 R Cosine of gimbal angle 1
r CTR 1014 R Inner loop, outer loop flag
CY 1015 R Cosine of gimbal angle 4
| , DELGA 1016 R 4 Change in gimba! angles |
; DP 1020 R IMU rol11/pitch nonaorthogonality |
T GA 1021 R 4  Gimbal angles
GAPREV 1025 R 4 Previous gimbal angles : j
GAREAD 1029 R 4  Gimbal angles relative to ADI |
- GATOBD 1033 R 4 Gimbal angles to body |
; IATPRC 1045 L Initiate attitude processor flag %
E ~ IRANG 1047 R Compensated inner roll gimbal angle i
o MROLLB 1061 R 9 IMU rol1 to body system transformation
. OLDSIN 1070 R Holder for old gimbal angle sines
é A-7 3
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ORANG 1071 R Compensated outer roll gimbal angle
PANG 1072 R Compensated pitch gimbal angle
QBPREV 1073 R 4 Previous quaternion body to M50
QBROLL 1077 R 4 Body roll wrt gimbal angle quaternion
QROLSM 1081 R 4 Roll wrt stable member quaternion
QSMM50 1085 R 4 Stable member to M50 quaternion
QuPD 1089 R 4 Update quaternion

SDP 1093 R Sine 1/2 DP

SINP 1094 R Sine of pitch

SINR 1095 R Sine of roll

SINY 1096 R Sine of yaw

SP 1097 R Sine of gimbal angle 3

SRMN 1098 R Sine of gimbal angle 2

SRPL 1099 R Sine of gimbal angle 1

SY 1100 R Sine of gimbal angle 4

TCLM50 1101 R 9 Transform cluster to M50

TNBROL 1110 R 9 Transformation, roll to body

TNOW 1116 R Time now, sec

ARES1 1119 R 3 Rate estimate 1

ARES2 1122 R 3 Rate estimate 2

ATTINC 1125 R 3 Attitude increment

DTOMGA 1128 R 3 Rate estimate variable (local)
MSDATT 1131 R 3 Rate estimate variable (local)
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z;;gg?m Location Type Dimen. Definition
TMEAS 1134 R Time
TMSSQ 1135 R DAP time squared
o 1136 R
DELTHA 1137 R 3
DRSTRT 1138 L
JETCMD 1141 R
OLDDR 1142 L 3 & Local varjables in phase plane
OLDFF 1145 L
SuD 1148 R
S11 1149 R
TEMP 1150 R
XXIS 1161 I
X1 1152 R
X2 1153 R -/
CHECK1 1174 L
CHECK2 1175 L Two jet failures in nose group
if true
CHECK3 1176 L
CHECK4 1177 L
CHECKS5 1178 L 4
CHECK6 1182 L 4
CHECK? 1186 L
CHECKS8 1187 L
coMcMD 1188 R 3
A-9
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symbol
DVRCS 1191 R 3
DYFAIL 1194 L 2 Denotes failure of both y jets
for a forward cluster if true
DZFAIL 1196 L
DZFL2 1197 L Denotes two failed -z jets on a
side if true
HFLJSL 1204 L 38
HIPIT 1242 L High pitch, true = high rate
HIROLL 1243 L High roll, true = high rate
HIX 1244 L High x rate, true = high rate
HIYAW 1245 L High yaw, true = high rate
HIZ 1246 L ‘High z translation command present
I 1247 R
J 1248 R
JETTAB 1249 I 38 Divides jets into 14 bunches
JONJSL 1287 L 38
§ K 1325 I
; L 1326 I L3§E1 variables jet select logic
NODUMP 1327 L (ost)
NOM 1328 L Nominal
NOSECK 1329 L 6 Nose check z, true = Tow nose
rotatjon, false see TAILCK
OLDJON 1330 L 6
OLDRJC 1336 I 3
RACCUM - 1358 R 3
RCSDMP 1361 L
ROTMI 1362 R 3
ROTVAL 1363 R Local varfiables in JSL
SUMDV 1366 R 3
SZFAIL 1369 L 3
SZFL 1372 L

A-10
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TACCUM 1373 R 6

TAILCK 1379 L Tail check z, true = Jow rotation
tail, else, see FSSR

THRENZ 1380 L

TWOZFL 1381 L

VFAIL 1382 L Denotes failure(s) exist(s) in
vernier jets

VRNCMD 1383 R 3

XFEED 1386 L Crossfeed interconnect flag,
true = crossfeed open

XFMINV 1387 R 3

ZFAIL 1390 L 5

OLDTHC 1398 I 3 01d translation HC command

ORHCST 1404 I 3 . 01d rotational HC command

FL 1603 L 46

JETFLG 1649 I 2 Variables that interface FSW
with RCS model

JPFLG 1651 I

P5501] 1652 R 46

RFLG 1698 I 3 Region flag in phase plane

SSFSNO 1701 I 44 RCS jet numbers for RCS model

ANG 1836 R 3 Current inertial angles

ARBBCS 1839 R

ATTERR 1840 R 3 Attitude error

ATTRAT 1843 R 3 Rate error

BODVP 1846 R .

BODVPD 1847 R Pitch component of body, desired

BODVY 1848 R

BODVYD 1849 R an component. of body, desired,
eg '

ERR 1850 R 3 Total error in degrees, R, P, Y

1BDVD 1853 R Total attitude error

1854 R Error select flag

A-11




Program/

é symbo’ Location Type Dimen. Definition
10MID 1855 R Task flag 1 = LVLH
IOPACT 1856 R 1 roll or yaw, auto maneuver,
2 = WLH alignment
I0PSEL 1857 R Task flag, 1 = MNVR, 2 = LVLH, 3 = RPT
MNVD 1858 R Maneuver option discrete
OMICRN 1859 R Omicron
PITCHC 1860 R Required pitch inertial
PITCHI 1861 R Initial input for pitch (ADI)
PITCHN 1862 R Current pitch
PLOS 1863 R 3 Desired rotation vector
| QADIM 1866 R 4  Quaternion ADI to inertial
f QBADI 1870 R 4  Quaternion body to ADI
| QBADIC 1874 R 4  Quaternion body to ADT commanded
QBB 1878 R 4 Quaternion body to body commanded
QMADI 1882 R 4 Inertial to ADI quaternion
(MNVR 1386 R 4 Commanded quaternion
ROLLC 1890 R Required (roll, inertial)
ROLLI 1891 R Initial input for roll (ADI)
ROLLN 1892 R Current rol}
RVMAG 1893 R 3 Attitude error magnitude
TOTERR 1894 R 3 Total error
YAWC 1899 R Required yaw, inertial, deg
YAWI 1900 R Yaw required, inertial, deg
(ADI)
YAWN 1901 R Current yaw
FULER 2055 R 3 Euler angle array
CNTACA 2073 [ Control acceleration index
CNTACB 2074 I Control acceleration index

L | | A-12




S

"1"; 3 “ N
Cl « Y;

} A

L

S

w £

& L

£

i

3

3 |

¥, :

E |

¥ Q

z !

Ej B

: !

P

D e e

Program

symbo Location Type Dimen. Definition
MCACCP 2075 R 3 Mean acceleration level, primany:
MCACCV 2078 R 3 Mean acceleration levels, vernier
MCACPL 2081 R Mean acceleration levels with
payload extended '
CNTLACC 2096 I Control. acceleration index
= CNTACA for dapload A |
= CNTACB for dapload B
DLIM 2172 R 1° tolerance factor
DOTT 2173 R Local variable (dot prodict)
EA 2174 R Angle of rotation
INIOPT 2176 I Task flag 1 = LVLH, 2 = rotation
INPASS 2177 I Initial pass flag -
I0PPRC 2178 I Task flag 1 = LVLH, 2 = rotation
MTP 2179 R 9 Transformation matrix M50 to
‘ . required body
MTT 2188 R 9 Local variable matrix
DNINTY 2197 R 90° |
PLOSA 2198 R 3 Desired pointing vector
PTM 2201 R 9 Required body to MS0
transformation
QATMS0 2210 R 4 Commanded quaternion
QBAMS0 2214 R 4 Commanded quaternion
QMNVRA 2218 R 4 Commanded quaternion
QRBB 2222 R 4 Local variable
RAVGAB 2226 R Magnitude of position vector
ROLL 2227 R 90° ‘
RRABOD 2228 R 3 Unit vector on y-axis
RRATA - 2231 R Desired maneuver rate
RRBOD 2232 R 3 Local variable
RRM50 2235 R 3 Local varijable
RXVAVG 2238 R 3 Local variable
SEA 2241 R Local variable
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symbol Location Type Dimen. Definition

TLOS £142 R 3 Unit position vector

TLXVAV 2245 R 3 Local variable

UVMXRM 2248 R "3 Locj) variable

VBXRRB 2251 R 3 Lecal variable

VBXYN 2254 R 3  Local variable

VECBOD 2257 R 3 Desired pointing vector

VECMS0 2260 R 3 Unit position vector

VMXRRM 2263 R 3 Local variable

VMXYT 2266 R 3 Local variable

VVMXRM 2269 R 3 Local variable

WBI 2272 R 3 Inertial rotation rate

YN 2275 R 3 Local variable

YT 2278 R 3 Local variable

YVEC 2281 R 3 Unit vector along Y(= 0, 1, 0)

ZVEC 2284 R 3 Unit vector along Z(= 0, 0, 1)

SRAVGG 2287 R 3 Shuttle position M50, inertial
single precision

SVAVGG 2290 R 3 Shuttle velocity, M50, inertial
single precision

UVVXRM 2293 R 3 Local variable

CROLL 2296 R Cosine of roll

SROLL 2297 R Sine of roll

SVAVGN 2298 R Unit vector of velocity
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