General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



CE -//5T -

D2-118387-2A

“ USERS GUIDE FOR GUIDANCE AND CONTROL LAUNCH
AND ABORT SIMULATION FOR SPACECRAFT (LASS)

VOLUME 11

unclas

-hiL-an“M_ T™HE 'n’l”” COMPANY

HOUSTON, TEXASS
JUNE 30, 1972




D2-118387-2A

USERS GUIDE FOR GUIDANCE AND CONTROL
LAUNCH AND ABORT SIMULATION FOR SPACECRAFT (LASS)
VOLUME II

NAS9-12183

June 30, 1972

Prepared /bz” , %a:m‘{ Q ,J/)/(ulma‘_/

- T. F. Havig

Prepared' by_M Q &AM

H. D. Backmgn

Approved by

Program Manager



D2-118387-2A

USERS GUIDE FOR GUIDANCE AND CONTROL
LAUNCH AND ABORT SIMULATION FOR SPACECRAFT (LASS)

VOLUME II

June 30, 1972



L 0 D NN W - O O OMN - OO

(S IS s IS TS 2 S T4 . B S RS L RS L RS, S S, B — S JX BN (S B G I LS ]
- O

PARAGRAPH

D2-118387-2A

TABLE OF CONTENTS
VOLUME I

REVISIONS

ABSTRACT AND LIST OF KEY WORDS
TABLE OF CONTENTS

LIST OF FIGURES

LIST GF TABLES

REFERENCES

INTRODUCTION

OBJECTIVES

OBJECTIVE OF THE SIMULATION
STUDY OBJECTIVES

SCOPE

SUMMARY

SIMULATION DESCRIPTION
MASTER SIMULATION CONTROL
INITIALIZATION MATH MODEL

LAUNCH GUIDANCE MATH MODEL (GUIDAN)

EQUATIONS OF MOTION
AERODYNAMICS SUBROUTINE (AERO)

MASS CHARACTERISTICS MATH MODEL
IDEAL AUTOPILOT MATH MODEL (AUTOPI)
CONVENTIONAL AUTOPILOT MATH MODEL (AUTOP2)

ABORT GUIDANCE
LASS OUTPUT SUBROUTINE (READO)
UTILITY MATH MODELS

FEE]

Page
if
iii

vii
ix
xi

N N P PP A —

H
13
27
44
59
89

129
138
166
178



D2-118387-2A

TABLE OF CONTENTS
VOLUME II

TABLE OF CONTENTS
LIST OF FIGURES
LIST OF TABLES
INTRODUCTION
LASS Program Input
LASS Program Output

APPENDIX A - FLOW CHARTS, SYMBOL DEFINITIONS
AND INITIALIZATION DATA

MASTER SIMULATION CONTROL
INITIALIZATION

LAUNCH GUIDANC

EQUATIONS OF ., .JTION
AERODYNAMICS MATH MODEL
COEFFICIENT MODEL (BOOSTER)
COEFFICIENT MODEL (ORBITER)
ATMOSPHERE MODEL

MASS CHARACTERISTICS MATH MODEL
AUTOPILOT MODEL (IDEAL)
ANGULAR ACCELERATION MODEL
AUTOPILOT MODEL (CONVENTIONAL)
ABORT GUIDANCE MODEL

ABORT TARGET MODEL

POST BURNOUT CONTROL MODEL
QUTPUT COMPUTATION (READO)

A-1

A-6
A-13
A-26
A-36
A-48
A-55
A-58
A-62
A-67
A-71
A-81
A-95
A-110
A-124
A-131
A-138



D2-11838-2A

TABLE OF CONTENTS
VOLUME II (Continued)

APPENDIX B - PROGRAM LISTINGS

MASTER CONTROL (FUN)

RECOVERY CONTROL (RECOV AND QZKILL)
INITIALIZATION AND DATA BLOCK (INITIA)
LAUNCH GUIDANCE (GUIDAN)

EQUATIONS OF MOTION (EOM)
AERODYNAMICS (AERO)

COEFFICIENT MODEL - BOOSTER (COEF)
COEEFICIENT MODEL - ORBITER (COEFO)
ATMOSPHERE MODEL (ATMOS3)

MASS CHARACTERISTICS MATH MODELS
IDEAL AUTOPILOT MODEL (AUTOPI)
ANGULAR ACCELERATION (ACC)
CONVENTIONAL AUTOPILOT MODEL (AUTOP2)
AUTOPILOT GAIN TABLE (Z2)

ABORT GUIDANCE MODEL (ABGUID)

ABORT TARGET MODEL (TARGET)

POST BURNOUT CONTROL MODEL (PBC)
OUTPUT COMPUTATION (READO)

UTILITY SUBROUTINES

B-14
B-18
B-23
B-26
B-28
B-34
B-37
B-45
B-50
B-54
B-58
B-59
B-65
B-68
B-72
B-85



FIGURE
1
2

(S22 -

O 0 N O

n
.l{_
13
14
15
16
17
l1e
19
20
21

22

23
24

D2-118387-2A

LIST OF FIGURES
VOLUME I

Basic Fonnat of LASS

Functional Description of the INITIA
Subroutine :

Development of Unit Vector Normal to Orbit
Plane '

Coordinate Systems Used in INITIA Subroutine

Rotations Involved in the TIP Coordinate
Transformation

Functional Flow Chart of GUIDAN Subroutine
Launch Guidance Plumbline Coordirate System
Sense of Desired Inertial Attitude Angles

Desired Acceleration Components in Plumbline
Launch Coordinates

Function Flow Chart of EOM Subroutine

Relation Between Body and Platferm Coordinates

Trapdacottal 1ntegration

Functional Description of AERO Subroutine
Functional Description of ATMOS3 Subroutine
Functional Flow Chart for AUTOPI Subroutine
Functional Flow Chart for ACC Subroutine
Functional Flow Chart for AUTOP2 Subroutine
Functional Flow Chart for ABGUID Subroutine

VC Rotation Algorithm for Abort Guidance
Functional Flow Chart of TARGET Subroutine

Unit Vectors Desciribing Abort Guidance
Coardinate System

Relation Between Coast Angle and Burnout
Velocity

Functionai Flow Chart of PBC Subroutine
Functional Flow Chart of READO Subroutine

Page
10

14
20

24
25

29
31
K}

45
50
56
60
86
94
96
130
143

152
154

154
157

161
167



FIGURE
A-1
A-2
A-3
A-4
A-5
A-6
A-7
A-8
A-9
A-10
A-N

A-12
A-13

A-14
A-15

A-16
A-17

D2-118387-2A

LIST OF FIGURES (Continued)

Flow Chart
Flow Chart
Flow Chart
Flow Chart
Flow Chart
Flow Chart
Flow Chart
Flow Chart
Flow Chart
Flow Chart

Flow Chart
Subroutine

Flow Chart

Flow Chart
Autopilot)

Flow Chart

Flow Chart
Subroutine

Flow Chart

Flow Chart
Subroutine

Flow Chart

VOLUME II

of Main Subroutine

of INITIA Subroutine

of GUIDAN Subroutine

of EOM Subroutine

of AERO Subroutine

of COEF Subroutine

of COEF0 Subroutine

of Z1 FUNCTION Subroutine
of ATMOS3 Subrcutine

of Mass Properties Math Model
AUTOPI (Ideal Autopilot)

of ACC Subroutine

of AUTOP2 (Conventional
Subroutine

of Z2 FUNCTION Subroutine
of ABGUID (Abort Guidance)

of TARGET Subroutine
of PBC (Post Burnout Control)

of READO (Output) Subroutine

Page
A-6
A-13
A-26
A-36
A-48
A-55
A-58
A-59
A-62
A-67
A-71

A-86
A-95

A-101
A-110

A-124
A-131

A-138



TABLE

II
Il

IV

VI

VII
VIII
IX

XI
X11
X111
AIV
XV
XVI
XVII
XVIII
XIX
XX
XX1I

XXII
XXITII

D2-118387-2A

LIST OF TABLES
VOLUME I

Sumbol Code Assigrment Philosophy

Inputs Required to Initialize INITIA
Subroutine

Cross Reference of Data Tables in the
Data Block

Input Data Required by GUIDAN Subroutine
Inertial Pitch Profile Table

Input Information Required by the EOM
Subroutine

Output of tOM Subroutine

Inputs to AERO Subroutine

AERO Subroutine Outputs

ARerodynamics for Booster/Orbiter Vehicle
161-C Orbiter AERO Coefficients
ATMOS3 Subroutine Outputs

Mass Characteristic Data Used in LASS
Inputs to AUTOPI Subroutine

AUTOPI Subroutine Outputs

Inputs to ACC Subroutine

ACC Subroutine Qutputs

AUTOP2 Subroutine Inputs

AUTOP2 Subroutine OQutputs

Conventional Autopilot Gains (w = 1.5])

Input to Abort Guidance ABGUID or TARGET
Subroutine

Input Information Reguired by the PBC Subroutine
Input Informatinn Required by READO Subroutine

Page

15

16

28
33
46

48
61
62
72
76
87
90
99
101
104
109
134
135
137
139

140
168



TABLE
I

Il
A-1

A-11
A-111
A-1V
A-V
A-VI
A-VII
A-VIII
A-IX
A-X
A-XI

A-XII

A-XI1I
A-XIV

A-XV

A-XVI
A-XVII
A-XVIII

D2-118387-2A

LISV OF TABLES (Continued)
VOLUME 11

Data Run Title Block
Format for Tabular Data Output

Matrix Correlating Subroutines and Common
Statements

Symbol Definitions for FUN Subroutine
Data Block Used in LASS

Symbol Definitions for INITIA Subroutine
Symbol Definitions for GUIDAN Subroutine
Symbol Definitions for EOM Subroutine
Symbol Definitions for AERO Subroutine
Symbol Definitions for COEF Subroutine
Symbol Definitions for COEFO Subroutine
Symbo?! Definitions for ATMOS3 Subroutine

Symbol Definitions for Mass Properties Math
Model

Symbol Definitions for AUTOPI (IDEAL Autopilot)
Subroutine

Symbol Definitions for ACC Subroutine

Symbol Definitions for AUTOP2 (Conventional
Autopilot) Subroutine

Symbol Definitions for ABGUID (Abort Guidance)
Subroutine

Symbol Definitions for TARGET Subroutine
Symbol Definitions for PBC Subroutire
Symbol Definitions for READO Subroutine

<
S Wi
(4]

A-60
A-65
A-69

A-77

A-91
A-102

A-116

A-126
A-134
A-151



D2-118387-2A

INTRODUCTION

This document constitutes Volume 2 to D2-118387-1A, "Users Guide for
5uidance and Control Launch and Abort Simulation for Spacecraft (LASS)
Volume I." Volume I, D2-118387-1A, provides descriptions of engineer-
ing math models used in the development of LASS. Volume II contains
flow charts, symbol dictionaries, and computer program listings that
supplement the discussions contained in Volume I. The supplement
information is divided into Appendix A, which contains fiow charts

and symbol dictionaries, and Appendix B, which contains computer
program listings currently used in LASS.

LASS PROGRAM INPUT

Data is input to LASS by two means. The first is by four input data
cards that are read by the FUN master program. The second is by
changes in data arrays housed in INITIA subroutine and additional
data array located in some of the other subroutines. However, those
parameters tha: control an abort are input via the data cards. The
first dzta card contains a field of 50 columns in width. These
first 5C columns are used to input titles that are put at the top

of each of the output plots. The title is common to all output
plots in any particular run. The second card contains five F

format fields each are 14 columns wide. The variabies contained

on this card are in order:

ABTT Time of abort in GET

TTD1 Time delay desired between abort initiation and start of
closed loop abort guidance

TLATI Latitude of launch PAD in degrees
TLONG1  Longitude of Taunch PAD in degrees
AALIM Thrust 1imit of orbiter in gees

The third card contains four integer format fields each three columns
wide and four F format fields each 14 columns wide. The variables
contained on this card are in order:

KAUT If KAUT = 1 the Ideal autopilot is used during powered
fiight. If KAUT = O the corventional autopilot is used
during powered flight.

KLPDR If KLPDR = 1 the orbiter returns to the launch site after
abort. If KLPDR = 0 the orbiter continues downrange for
landing after abort.



1.1

1.2

1.2.1

1.2.2
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LASS PROGRAM INPUT (Continued)

KACATC  Not presently used

IRERUN  Not presently used

SINCI Orbit plane inclination angle in degrees
SLAZ] Lanuch azimuth in degrees

THBP Abort target altitude in feet

TPPCP Time in seconds that the orbiter pitch profile is
used. This variable is used for PAD aborts.

The fourth card contains two F format fields each 10 columns
wide. The variables contained on this card are in order:

GTDM Limiting rate at which the orbiter is allowed to retate
when using conventional autopilot

THELIM  Limiting rate at which the desired inertial pitch angle
is allowed to change when the orbiter is maneuvering
during an abort.

LASS PROGRAM OUTPUT

A17 output from LASS is provided by the INITIA and READO subroutines.
T'i= INITIA subroutine outputs constant data that is used to identify
the run and provide some of the more pertinent constants that are
used in LASS. The READO subroutine loads data into either or both
output data arrays or output plct arrays every other second of
ground elapsed time from launch to LASS program termination.

Data Run Title Block

The data run title block is shown in Table I - VOL. 2. This data

provides the identification of the abort run and is written by the
INITIA subroutine. Specific data format is shown in the listings

of Appendix B. Symbols are defined in the symbol definitions for

INITIA subroutine.provided in Appendix A.

Tabular Data OQutput

An example of the tabular data output array is shown in Table II -
VOL. 2. This represents 16 seconds of data taken every other
second. Data from each variable is put in the array hy the

READO subroutine and held in the array until it is full. When
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1.2.2

1.2.3
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Tabular Data Output (Continued)

the array is full all data contained is written out. If the
run terminates prior to completion of a full data array, the
remaining part of the unfilled array is filled with zeros

and written out. Lists of data variables that are output are
shown in the description of READO subroutine provided in
Appendix A.

Plotted Data Output

An example of LASS output plots are shown in reference 18.

Values of selected variables to be plotted are loaded in data
arrays every other second. These plot arrays are being filled
and held in memory until the run reaches terminal end conditions.
At this terminal peoint, the plots are made with ground elapsed
time being the independent variable. A list of variables to be
plotted, as time histories, are shown in the description of
READO subroutine provided in Appendix A.

If LASS should terminate its run prior to attainment of simu-
lation terminal conditions, provisions are made to plot that
data which is contained in the plot data arrays. Two machine
language subroucines are provided for this purpose. The RECOV
subroutine is called up by the master FUN subroutine. It in
turn uses the QZKILL subroutine to cause a program restart to
be entered in the READO subroutine. Consequently, when a LASS
run terminates before normal terminal conditions are reached,
all data left in the plot arrays are plcotted. The recovery
subroutines are shown in Appendix B.

The plotting provisions use the standard MSC plot routines.
The specific call statements and arguments are shown in the
program listings for READO provided in Appendix B.
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APPENDIX A
Appendix A contains flow charts of the more complicated subroutines used
in LASS. The charts are detailed uvsing coded symbol notation. Along
with each flow chart is a symbol definition table. The symbol definitions
are provided showing engineering symbols as defined in the respective
discussions located in section 5 of Vol. I. The symbol dictionary is detailed from
the coded 1istings in alphabetical order. The symbols that are provided
in the common blocks of each subroutine are also included. This provides
a focal point which defines input and output from the subroutine and
provides a correspondence for use of the listing provided in Appendix B.
The fiag codes, used in the symbol dictionary, are:

Internally used parameter

Input parameter from another subroutine

Output parameter or available for output

Output print parameter

Contained in common block but not used ¥n subroutine
Parameter not presently in use

Parameter initialized to zero

Parameter initialized to a value other than zero
Card input parameters

AN

An attempt was made to code symbols such that they have identity to major

subroutines. As noted in section 5.0 of Vol. I, the prefix letters are in generals

Subroutine Symbol Prefix Letter

INITIA

GUIDAN

EOM & FUNCTIONS

AERO, ATMOS3, COEF
TARGET & ABGUID

AUTOPI & ACC, & AUTOP2
PBC

READO

wm v P eqO Mmoo
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Table A-I contains a matrix of the common blocks used in LASS correlated
with the respective subroutines. This will provide visiability of

communication between subroutines.
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TABLE A-I MATRIX CORRELATING SUBROUTINES AND COMMON STATEMENTS

ZTg 9 ‘&!Z{NN - er‘,‘_’f
s 8I51 el BTSN ol ol Bl al Rz
MR EINNRENEENE MR
U1 Rt P Y I RS A - A it i e P I

X X X| X

| X

X iX X
X |
XX X XIX] XX XX
X X X 1 XX X1 XX
Pl X
X XXX

! P 1X XXX
X X X|X XIxix| |
XX IXXW XXX X
XX L *

X XX ! i

X : X
X u |
X X K 1X XAX X X X

X X {X X

X! X

XXX X
1

#* FUNCT@ - REPRESENTS SEVERAL FUNCTION ROVTINES
¥% MATH — REPRESENTS SEYERAL MATH SUBROVTTNES
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TABLE A-I MATRIX CORRELATING SUBROUTINES AND COM'ON STATEMENTS - (Continued)

S z8) |8l slalyl [ a3
NN HEERE RN HRERE
RN EEREEEERERENE
IAS | » XXX X
 TAGb X X X
TA? XXX X
TAS X X X
IAQ A X 1X X
ID! XL | X
ID2 X X
ID3 X
LE| | X X1 XX Xix! |
rex | ixIxl 1 oIx[ X IXxixIx!
Ies | X X| |
Il X I X1 Xl |
| TE2 Xl | lxv | ' . XX
T 64 X X X | | X IX XXX
I64 ar XX XXX XX
by X 1] x|
T X | | XX XX
ITTa X XXX
MAN L XX XX
MmAl XIX KIX R IX XX XXX
1

* FUNCT@ - REPRESENTS SEVERAL FUNCTION ROVTINES
%k MATH — REPRESENTS SEVERAL MATH SUBROVTINES

AL
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TABLE A-I MATRIX CORRELATING SUBROUTINES AND COMMU STATEMENTS - (Continued)

\% . z|a o Ql** Ni Rl 9]l
N NG E RN N R FIE NS
O NI b I B R R B
.4‘.7’ 6 w'\D o <l ¥ QE( < ;: <| X[ H
MALZ X1 1x1X
MA3 XX
MT I XX
MNPl i X XX
me2 XX
MR I X
PAR | | X
SR X | ! X X1X
TAI XX
TA? XL ] I oxdx] T
THIRD | X 1 l
TP I [ W
TR X XXXt
TR X X
|

% FUNCTG - REPRESENTS SEVERAL FUNCTFOM ROUTENGS
%% MATH — REPRESENTS SEVERAL MATH SUSROVTINES
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/CNTLK
FUN

\

\.

-1

e e - i-. C - o e ey

SETC6P =O
Ken =}
¥ ¢t =1
IoTr =0
164 =0
LNT = O
LuaT 20
TALT o
K&UIDRO
L.CANST T O
KGLlbn s
DTV = |
DT =}
DTy =}

L

READS 1rTITLE, ABTT,1TDI,
TLATI, TLowve!, AALIM, FAVT,
KLPDRK,Xnc@7C,8T~cl, sea)

THRS,TPP LS, 6 TDM, THE LT M,
T2ERVN,

CALL REC@VY
CALL TNITTA

Joy =i

CALL-

GyTUAY

rES

KCPASY =)

7%

CRALL

‘ @ . \( neevron

FIGURE A-| FLOW
CHART OF MAIN
SUBROVYTINE

T6aT < DT

- . .
L_“"‘_,_.—‘/,\u 1T AR _r,.“,_._\._!:._’

AG N

KCPAST
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YES

ChLY

fBc

¥

KkeUIDN
= KeUTD

Jum?
=\

S

TES
=0

IStEr =1

NO
KownT =
KO T #) KNT =
KMT‘H -
NO !
: S
YES YSeP=\ | &
Les = po
T8R =y -1

Yes

A-7
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FIGURE A-Il
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P

ICALL AEto

CcALL €0M4

cALL CALL
AUTEP2L Aute fY
T=T+t.2
e = o

s ISEC =}
Tal |yt £es
=1 Tes =t

FIGURE A-1 COnT'D
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VA= 1HDID I~ AA

TRIM

(3 XA

AWTOT = 26708.9
AMASED T 275000 /AU AV

22,2

0

SETCO T jA“CT”‘{(ITQ—-’?’_?>
cBP = 4RcrAN('~'L1-—' 4 )

v =0

33.75

EL= 14790

KE LIeY »r00

s7Tof

ENVN D

FIGURE A-l @oNT'D
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TABLE A-IT SYMBOL DEFINITIGIS icoR
MAIN PLOGRAM
- —

CoRED i g:‘(ﬁR} SYMBOL DEFINITION OR USE -

AALIM Orbiter Maximum Linear Acceleration during abort [B=> [3F

ABTT Tine selected for abort [EI=>[F>

ADMASS | =

(12) :

ADMTT =

AMASC@ Payload mass of orbiter = [I>

AMD@TV 5

AMT@T Mass of orbiter plus fuel [F=> [>

APDET 5

ARCSPM Pitch Moment calculated by RCS model  [E=>

ARCSRM Roll moment calculated by RCS model E>

?\RR%?T“ Yaw moment calculated by RES moael =

AUGRAV B>

AYDET B>

AZCF Reference distance along body Z-axis used in orbiter Ft
moment calculations é%:=> '

DT1 Minimum Time to go which causes switching from Abort Sec
guidance to coast guidance

012 Minimum time to go which causes orbiter engine shutdown [I>4 sec

0T3 Minimum time to go which causes switching from booster {sec
flight to orbiter flight

EAVP Vehicle acceleration in platform coordinates =

EBP(1.2) =

ERY(12 )‘ >

LG Acceleration Due to Gravity B>

EGEFF B>

EL(12,3 o

ELATC *ieocentric Latitude of vehicle P

ELP B~

‘(2, 3) : .

ELONGD Geodetic longitude of vehicle =

éEPE =

(12)

EPT B>

ERP (4) Present vehicle inertial position _Z>E

A-10
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TABLE A-11 {Continued)

*y

CODED

ﬁ

!

- _m-—-—ft'mv‘]
ENGR.

SM. ] S, SYMBOL DEFINITION OR USE ‘ UNITS
EVP(4) § Present vehicle inertial velocity = Ft/sec
GDTV ~ =
GEGVEL Exhaust Gas velocity of orbiter = B> Ft/sec
GMT(]Z). = |
CTA(12) F =
GTDid Abort pitchover pitch rate limit B> > deg/sec
GTPPCP ‘ 5= | '
1ABT IABT = 1 After abort is begun [ discrete
189 =

IBR = 1 when orbiter engines are bhrning ﬂ:=>

One indicates engine start = discrete
=
Latching flae discrete

D ]
s = .
One indicates vehicles have separated

Run graph title [I=> B>

Counter variable to determine the number of times LASS
is executed '

Inner loop control for LASS execution (five passes for
one of JOY)

M . ’
KAUT = 1 when Ideal Autopilot is used [T ==
KCOAST = 1 when PBC subroutine is used [

Time delay after booster engine cutoff prior to vehicle
separation

Time delay after vehicle separation prior to engine
start B> .

Run termination flag = [
Past value of KGUID =

discrete

Alpha-
numeric

=

& discrete
§ discrete
1 sec

sec

discrete
discrete

If KLPDR = 1, Abort Back to pad [T=> [T> discrete
Counter associated with KC11 =

[
Counter associated with KC12 = -

'

Angle between body X and thrust vector at launch pad E§>EI>

Orbit inclination angle [F> [I>

degrees

A-11
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TABLE A-lI Continued

geaeo A , SYMBOL DEFINITION OR USE - § UNITS |

SLAT1 Latitude of launch site == degr:es_l

SLAZ1 | aunch azimuth == > degrees

SLONG1 Launch long'I tude B> degrees

SRD@TD | ‘

SYD@TD

SZDPTD Desired veh1c1e Z at orbit insertion [I=> Ft/sec
Ground elapsed time [I> [T> sec
Earth Flattening constant B> unitless

TGOT Time to go during abort [T> sec

THBO Abort burnout altitude [T [I>

THELIM Abort pitch rate limit [> [I> deg/sec

LAT HTarget latitude B> radians

LAT Target longitude [E=> [I> degrees

LONG Target longitude = , | radians

LONG? Target longitude [I=> [I>> degrees

PPCO Time for flight on pitch profile during abort [T [T— seconds

RIM Engine turn for autopilot = &=

1(6) Conversion matrix relating coast angle, reentry argle of unitless
attack, and burnout velocity ! ,

™ Time for open loop guidance during abort [T kg & seconds

gpl3) Angular rotation rate of earth [ { rad/sec
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¥

INITIALTRING
DATA 8Lk

T

TLAT = TLAT| wKAOT

TwVe = TLowve I RRADT

STaezs STad iy RADD

SLHZ = SLARIAENDT
SLAT = SLAYTI® RN Y
SLONG = SLove I v RADL
STHETA =20

SRP T SEMERNV +SPERM
TSRA w SAMEAN +SAPOH
€A = . (SRA+SAP)

- N 2 AN

SVP= N omv (2 - 2a)
SH = sRPnsyP

2 Sver _ EmMQ
Se€= - 0

- S
SEccen SRh 3 SRF

sA (1- stcetu®)
I+ Stcetw » COS(STHETA)

Sz20010 = 2.

SRO
B _— N
SROITD =1/ |smy (F-2) - '—ﬁ:]n* |
$toerdo = O
w=sgeat

A=z -stAT +(P1/2)

— CBSCA)

WEP = WISIv (Sthz)m ST4(A)
) ' C@s (sthR) kST (A)

wePls) = |weel

— ?
Twep = wWtep
SR (1) = SRMER A )
cSRLPP(1y = SRLPP(3) =0 ' -

- [o)
SULPP = W W 3IRMERN |0 4g (sLATI® COS(SLAZ)
eos5(scAT) v S3ulotni

E&P = S5RLPP

E—v-p - syLPp

EVIP = EVP

EAVEP = O.

EVPLe) = \Evp)

ERPLGY = | ERP) N

~ -

€L = e ekr

— -

E6eP = €6

SELTA = SVETT & £ADI

& = egs (s6eTR)
STa (SACTH
—_r

WO = wkp
{wee)

556 = SH WD

FIGURE A-Z FLOW CHART .
OF INITIA SUBROVTINE KA
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W o~ "UJU' -y

SCIL =
S(‘_OG =

STu(scAL) ¥ COS(SLAT)

\ —sse ™t

saf = sciL /scoe

SSALF
SPELT =

-
suQ =

soQ (4)
srweeyd

EIwncA =

cos (sInve)/scoe
AL L (SAFP)~ASTINM(SSALF)

~ S (SEETAYR STw (SDELL)
ees (SpeLI)
e@s (SBETA) ® STu (SDECT)

s \50Q)
:sT)..Q.;I’U

RADa [A Recos (- s3wc ea))

sav=L_sont

@cr]:[

ch=[

“$34 (5LATY o egs (S5LAT)

[{c N] <

[seend
(T27]

eas (SeaT) ) STa (sun)'
-]

LB (stoun) SEw(S5L6a0) o]
STo(steae) . ces(seeams) o

]

v 6 o
o sw(sa) -—cos(s@)
o coesCsq) SIo(SQ))

\ -}

o e |

[se&](seH)
[seF][see )

\TRLsE) = SRALEEQ (1-TF)

’

|-T7(a-TF) ¢ ps (TLATY -

These = c#S CTLAT) cO5(TLows)
ITRUSE] |ears(rimT) €Fa (Tedes)
i ST4 (TLAT)
»
ouTfUT
DATA

Lewra
)

- FIGURE A-2 CONT'D
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TABLE A-~IIT DATA BLOCK USED IN LASS

n1/9q1503'12297c|015]7808318060!6|2094203|238240lv26705.9|

] 5175004468417 ¢5185083091103033¢19120982:¢41139553031+156875.48/

DaTA
.

DATA

DATA
L

ODATA
)

OATaA
)

.DATA

DATA
.

XCG/ 44028, 45,85, 47443 49.01 SDe59 52¢17 5375
1066961 1144559 118e8B1 12992 1349230 14080 4748/

YCG/ 14°Co/ .
2¢6/ JeH40 3,66, 3.93 Ye19» 4e46 He72 4099
=11032y =B8.091 ~beld4r =5417: 4,19y =370+ =3,2)/
Mxx/ 2¢734 ., 3,230 JeT726 4e221 44717, 56212, S.708»
290170 3248599 3448529 315¢858 364794y 37¢5529 384310/
MYY/ 2009729 2341560 2543399 27522 29¢7060 320889, 3440729
7410190'30Q0817'361!4390423'2‘3|q830009|542092z06020627/
Mi2/ 22+7560 254010 28047 300693 334339 350985 38e63)
233924892930603935806630409°90214692225+1528¢75815880¢273/
MX2/ 0e0BDr De0é7¢ (Qe0559 0¢043s 0e030s 0°018s 0006
23703369=3547691=3208671=28¢B8439~2500054+=2}8539=18¢6527/

INITIALIZATION

DaTa

RADVRAGIsPIsSGRAVISRMEANsSEROT2SMU/57029978141074532%9~2,

361415926536 032¢1740412009097457470292115=5+1e407654¢16/
DATA SAPOWSSPERH+SLAT1 +sSLONGI +SVEI1sEC2/6,07611565¢30098819¢5,
128,532 , =B8De565 3s=1700220¢/
DATA SRMEEQW/2¢09257382¢7/
EOM

Data

ELZ712%0as"4e7 38,7 =1 8als"4a7 0407 si4alo™lNolo~407 3407 s)%als

® T a7, 2014010 4% 407 44% =407 2021401/
DATA EPEZEGEFF 1EATT IELO/12%1¢432¢14655180402%000~60516051292425/
DATA ETSLBsEAEBEBFIEPT/129550000401292505179120=402189,14/

DATA E?Al-EAEQIsEAEOZ«EBPOOT/leboeobl0903063-0“6050585053E'2000/
DATA EATVPMIEATVENIETSLOL sETSLO21ETHETA/40e 041 0,2049.88E5)~,02189/

GUJIDANCE
DATA GCOvGPHIDIGEGYEL AZCFIEPT/8¢4B0e835]1,960522110e9141360¢0001

DATA GMT /14¢02060300s400150¢060001000912009140001800022009240¢/
DATA GTA/=e021B89+1=0063839=0]C5981=+]15467.20224549=e31064,

] =eB1915¢=1¢042669=102135791=]¢4]1588,°1¢563911]1.59823/

DATA GTPFCO+GDTo6C 1) sGURPWGUZP GUYPsIES/21200 094001200541/

D‘TA GT@U.G!SOIoGlSOZ.GlSOJ.GIHEV.GVGV{(IZ?O-.BQD-I.lSEP/D/

DATA TaMT/0/
AUTOPILOT DATA

DATA

ADMTOT s AMUOTV s ADMASSsAMTOT 2 AMASCOL,AUGRAV ,ATENG/ 140,

¢ 15687548,51933¢48932417404,1205500004/
DATA ANOAER ,AMINGAYACOMSM  ACCLIMIARATLM ,ANGLOB ARATDB/ ¢7 1035,
1. 1e7493295=702+268920F=1+1e¢047197g=10)e745329E=501074532%E~4/

CATA
OATA

NOENGBINOENGOSAFLOWBIAFLOW0/1242,201373,/
AGAINI S AGAIN2  AMAXGA JANGMIN I ANGMAX s AMINOM o AREVRS/ 49407,

1 1edoe985,1605%9¢99 0120/
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TABLE A-III (Continued)

ABORT GUIDANCE
DATA TT1,760T/.06236,2,47813,3,47331,,062346,2,47813,=3,4733,200,/
DATA T¥¢ /¢0C335231/

AERCDYNAMICS DATA
DATA 7C/1Des9eB06ESE=4/ sHMAX/SeES/
DATA  SPANSAREASCHORD/Z150090122¢3183080164840¢074407046/

DATA AREFOYREFIZREF/72350446:58,%¢0,4/

DATA HR /=5000¢0+0e0s11000¢0+20000¢0:32000¢0+14700000
152000¢0:610000,79C000,88743,0/
DaTA I /900CC+0,100000s0,110000¢0,120000+0+150000.0s16

IOOOC°C.170000-0o190000-0oZJOUOO-O-300000-0-400000-0o500000-0o60000
20.0,70000r .0/

DATA THB /320065128846512160650216065,2284651270465
1270005|2520650180065019006§0150065D210065o260-65l360'650
2960¢65411100651121006511350065,15500651:10830065:2160465,
32420+65,2590¢65,270006%/

DATA ALP 712007778,110526088,104027120+8460792135,
1607662077 ,4+70867361440775458,2490196534037006732E"119°1.8058744,
21 +805574491=3e¢50406101"409]1245641750908208218,=7+58863784-7.909354%],
38018336701 =8ebBB4559,=9¢57248831=10°879634,™12.4216444=,30724]116,
47 140879663, =154942630/

DATA AGH /9¢5835190e505:9e47699004739:36019¢33119302
1906246990 13448e942180679:80428,R4187070956/
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TABLE A-IV SYMBOL DEFINITION Foic INITIA SUBROUTTMNE

CODED | ENGR. |. ~
SYM. ‘ SVM-T SYMBOL DEFINITION OR USE
1 .

Complement of the launch pad latitude =

Orbiter maximum linear acceleration during abort[z> D
Engine gimbal angle computed for pitch

Engine gimbal angle computed for roll

Engine gimbal angle computed for yaw

Pitch component of total pitch engine gimbal
angle for booster

Booster roll component of tota1'pitch engine gimbal angle
or orbiter roll component of total yaw engine gimbal ang}

Total engine .gimbal pitch angle (booster) rad
Total engine gimbal yaw angle (orbiter) rau
f Time selected for abort Eﬁ> EE> sec
Yaw component of total yaw engine gimbal angle for orbiter ¥ rad
Desired moment about X body axis Ft=1bs
Desired moment about Y body axis Ft=1bs
Desired moment about Z body axis Ft=1bs
Angular acceleration limit 'E£> [>> rad/seczh

Constant fop _angylar acceleration commanded equal to rad/sec?
zero test §$> t;>

CTALP{5 Actual angular acceleration experienced E;> rad/sec
CTPAC(SS Actual pitch angular acceleration experienced rad/sec
CTRAC(5 Actual roll angular acceleration experienced 5 rad/sec
CTYAC(S Actual yaw angular acceleration experienced rad/sec
DESMX
DESMY '
DESMZ ,
DMASS(12) Mass depleted per engine per .2 sec E;: E}> slugs
DMTOT Total Mass depleted per .2 sec slugs
FLAWB Fuel flow rate of booster engines g E Lbs/sec
FLPVP Fuel fiow rate for orbiter engines Lbs/sec
FYMX (5 Moment about X-body axis due to Y-Body forces E;: Ft-lbs
FIMX (5 Moment about X-body axis due to Z-body forces Ft-1bs
GAINT Desired acceleration system Gain = .7 | Unitless
GAIN2 Desired Acceleration System Gain = .9 Unitless
-
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TABLE A-1y SYMBOL DEFINITION FOR _HITIA SUBROUTLIE (Continued)

conED | g?ﬁR‘{ SYMBOL DEFINITION OR USE ‘ UNITS 4
LENG@ f Length of orbiter vehicle ® Ft |
LP (24 Tables of natural log of pressures at the base layers b Unitless
LPHAC(24) Angular acceleration commanded b rad/sec’
LPIlPI(‘s:) Pitch angular acceleration commanded ' rad/seci
LPHRA(5) Roll angular acceleration commanded rad/sec2
e 3SR ISFe o iy e TS e
AXGA Upper Limit of AGAIN unitless
DOTV Mass depletion rate slugs/se
MINGA Lower 1imit of gain = .35 B> b Unitless‘i
INgM Minimum perc=nt of desired rotational rate = .99 b [> Unitless
MINTB Minimum total booster thrust E » pounds
INTP H Hintmum Total Orbiter thrust pounds
MTRT ] Total vehicle mass remaining- P b y slugs,
AGLDB Angle deadband = 1.745329 x 10™° &> B> radfans
NGMAX Upper 1imit of percent desired angle change = 1.05 E Unitless
NGHMIN Lower limit of percent desired angle change = Unitless
NOAER Percent of max acceleration with no aerodynamics D Unitless
POLT
PDIFT
PRATE (5) Body pitch rate b rad/sec
RATDB ! Residual rotational rate deadband @ [> rad/sec
RATE (5) Rotational rate rad/sec
RATLM Nangutar rate vimit = .05235087 [ B> rad/sec
RCSPM Pitch moment commanded by RCS model Ft=1bs
RCSRM . JRo11 moment commanded by RCS model Ft-1bs
RCSYM Yaw moment commanded by RCS model FT=1bs
ROET
RDIFT
REA(2) Aerodynamic surface area @ D Ft
REVRS Percent reversal of present rotational rate B> b Unitless
RRATE (5) Body roll rate rad/sec
TEnG (12 Engine thrust magnitude b b pounds
\TPTHR l Total engine thrust during present minor cycle B> Unitless
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TABLE A-IV SYMBOL DEFIMITION FOR INITIA SUBPOUTINE (Continued)

CODED 1 R SYMBOL DEFINITION OR USE
AT¢TPG(§) } Magnitude of total pitch and roll angles B> radians
AUGRAV Acceleration due to gravity at sea level Et’ E$> Ft/sec2
AYDET . B>
AYDIFT B>
AYRATE (3) Body Y rate E> . rad/sec
AZCF Distance between body X axis and the _engine cluster Ft

icenter]ine along the body Z axis iB>
c(2) . ‘
CHORD(Zﬁ Aerodynanic chord EE* E$> Ft
cn(40,2 | Table of pitching moment coefficients E Unitless
; N(40.22 Table of yawing moment coefficients Unitless

X(20,2x Table of coefficients for X body forces Unitless

Y(40,2¥ Table of coefficients for Y body forces Unitless
CZ(40,2¥- Table of coefficients for Z body forces Unitless |
DFAB b
(4)

MAXS Aero moment about body X axis Ft/1bs H
DMAYB Aero moment about body Y axis Ft/1bs
DMAZ B Aero moment about body Z axis Ft/1bs

ACB Booster engine nozzle area th
ACD Orhiter engine nozzle area th

02 Jrbiter engine extended nozzle area » th

Areen | Veh1T£§ acceleration due to thrust [:>
ATVPN
AVP(3) Vehicle acceleration expressed in platform coordinates [>> Ft/sec2
(ggPP Acceleration of the vehicle just prior to launch E£> Ft/sec2

B8(3,3) Direction cosine matrix relating vehicle platform to Unitless

vehicle body coordinates t5>

BP(12) Engine pitch gimbal angle E§> [:> rad

BPO Engine pitch gimbal angle offset E$> E$> rad
BY(12) Engine yaw ginbal angle ' rad

c2 ’

G(3) Acceleration due to gravity [}> Ft/sec2
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TABLE A-1V  SYMBOL DEFINITION FOR INITIA SUBROUTINE (Continued)

—r , I
e I il r SYMBOL DEFINITION OR USE

EGLFF k Effective gravity D D

EGP(3) Past value of EG(3)

£L.(12,3 4 Booster engine locations [@ @

ELATC Geocentric latitude of vehic]eb

ELO(2,3) Orbiter engire locations b D

ELONGD Geodetic longitude of vehicle b deg

EPAT Sea level atmospheric pressure E B> Lb/th
EPB Angular rate about body ¥ axis rad/sec
EPRD Angular acceleration about body x axis b rad/sec2
EPE(12) Percent thrust due to engine out f Unitless
EPHI - Outer gimbal angle (about X axis) radians
EPHID EPHI rate rad/sec
EPSI 1 Middle gimbal angle (about Z.axis') D radians
EPSID EPSI rate rad/sec
PT Fractional throttle setting D D Unitless
EQB Angular rate about body Y axis b rad/sec
QBd Angular acceleration about body Y axis b r'ad/sec2
RB LAngu]ar‘ rate about body 7 axis b ' ' r‘ad/'sec2
RBD Angular acceleration about body Z axis ] rad/sec
RP(4) Inertial vehicle position& b Ft
THETA Inner gimbal angle (about Y axis) @ [} rad
HETD ETHETA rate § rad/sec
TSLB ‘JBooster sea level engine thrust E 1bs
TSLO1 iOrbiter engine one sea level thrust 1bs
TSLC2 ' Orbiter engine one sea level thrust @ 1bs
vP(4) Inertial vehicle ve]ocityb[} Ft/sec
VPP (3) Past value EVP B> [> Ft/sec
co(3) Accieration Timit. If KK = 2, limit is 2.56 [&> [> Ft/sec?

If KK = 3, limit is 3G

cn >

DT Repetition rate of computing launch guidance [>

DTV &>

EGVEL Engine exhaust gas velocity b [>
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~ TABLE A-1V SYMBCL DEFINITION FOR IWIT:\ SUBROUTINE (Continued)

CODED } ENGR

SYM. SYM. ? SYMBOL DEFINITION OR USE -

R r R

GISO1 F Guidance temporary variable

GIS02 Guidance temporary variable

GIS03 Guidance temporary variable

aM(4) Temporary variable used for GGEFF D

GMT(12) Time parameter for pitch table look-up D sec
GPHID Inertial roll angle desired b rad
G>SID Inertial yaw angle desired b ‘ rad
GTA(12) Pitch profile table [> rad
GTAU Parameter defined as ratio of GEGVEL/EATT [B> [3> sec
GTDM Abort pitchover pitch rate limit D deg/sec
GTHED Inertial pitch angle desired rad
GTHEV Central angle traversed by the vehicle [> D rad _
GTPPCO Time for pitch profile cutoff [> [1> sec |
GURP(4) . Unit radial position in platform coordmates ’ [> § Unitless
GUYP(4) Unit vecotr normal to GURP and GUZP Unitless
GUZP(A)i Unit vector normal to SUQ and GURP Unitless
GVGVEC(4) Velocity to be gained in platform coordinates b b Ft/sec
HB(10) Table of geopotential altitude break points @ @ Meters
HMAX Maximum altitude for aero program ] Feet

K1 Altitude (5> ] Feet

I Integer count variable [:> ] Discrete
IABT ‘IABT = 1 after abort is begun b Discrete
IBO

IES A one indicates engines are on D Discrete
1GMT

IPITCH Pitch acceleration calculation flag b Discrete
IRESID Residual rate calculatien
ITROLL Ro11 acceleration calculation flag D Discrete
ISEP A one indicates vehicles are separated

IYAW Yaw acceleration calculation flag b

UMP B>

KACOTC [,§>

KAUT KAUT = 1 when ideal autopilot 1s used [b D ] Discrete
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TABLE A- 1V SYMBOL DEFINTTION FOR INITIA L''BROUTINE (Continued)
) - . -
CODED ENGR. |. .
SYM. ‘ SYM. | SYMBOL DEFINITION OR USE

KGUID
KLPDR
MANUAL
McH (20
MXY(14)

MXZ(14)
MYY(14)

Mzz(14)

NOENGB
NOENGO
P

SAPQH
SBETA

SCF
(3,3)

* Run terminate flag E$>

h KLPDR = 1 to abort to launch pad Et> [:>

Table for Mach ind- endent variable EE> [:>

Table of moments of 1nert1@>fbout body X-axis as a

function of vehicle mass

Table of products of inertia in body XZ plane as
of vehicle mass

Table of moments of inertia about body Y-axis as
of vehicle mass ‘

a function

Table of moments of inertia about body Z-axis as
of vehicle mass
Number of booster engines .

Number of orbiter engines :

' m radians or 180 degrees E£>

RAD = 57,29578 :

RADT = 1.745329 x 107 >

Semimajor axis of desired eliptical orbit [:>

Sine of angle between launch plane and earth sector

plane containing intersection of orbit and launch planes
h Apogee Altitude EE>

SVELL expressed in radians > - [>
Transformation describing a rotation about the vehicle
inertial or platform X-axis by an.amount equal to the
complement of the launch azimuth(SLAZ) ef)>

Transformation describing a rotation about the Tine of
nodes between earth fixed and vehicle inertial or plat-
form coordinates by an amount equasl to the launch pad

latitude
>
>

(SLAT)

Matrix product [SCG] [SCH]

Transtormation describing a rotation about earth fixed
Z-axis coordinate by an amount equal to the launch pad
Tongitude (SL@NG) '

Cnsine of launch plane inclination angle
T
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TABLEA-TV SYMBOL DEFINITION FOR INITIA SoBROUTINE (Continued)
v e ‘ SYMBOL DEFINITION OR USE
SCRG Cosine of the arcsine of SAp [
SDEL: i ai | Angle between desired orbit and launch planes [:>
SE Specify energy [>>
SECCEN l € Orbit eccentricity [)>
SERQT we ﬁggglar rotation 1;;?C1ty of the earsh; SERPT = 7.292115 x § rad/sec
SETCGP
SGRAV '} Acceleration due to gravity = 32,17408 [B> > Ft/sec?
SH 1 H Specific angular momentum
SINC Al Desired orbit inclination angle [:> : rad
SINCA Orbit inclination angle achievable Et> deg
SINCCP Negative of SINCA rad
SINCT J Orbit inclination angle [:>- degrees
SLAT AL } Latitude of launch pad EE> rad
SLAT] Latitude of launch pad E§> degrees
SLAZ AZ ﬁ Fzimuth of launch plane E;: rad
SLAZ1 d Azimuth of launch plane degrees
stove | 0, ! Longitude of Taunch pad Eéi rad
SLONG1 i Longitude of Launch pad § degrees
SMU " ggfviégfional constant; SMU = 14.07654 x 10'° Ft3/sec?
SPAN Aerodynamic wingspread normalizing coefficient 4 Unitless
SPERH h_ |} Perigee altitude Ft

< rad
Ft
Ft

sQ1
SRA
SRD
SRD@TD

SRLPP
(3)
SRMEAN

Complement of the launch azimuth (SLAZ) [)>
RA Apogee radius E:> :

Desired injection radius [:> EE>

D Desired injection radial velocity [>> EE>

Vehicle position vector at time of launch ﬁ:> Ft

r EaE£2 rad1§§>at launch pad; SRMEAN = 20, 909, 740 Ft

Ft
Ft

SRMEEQ
SRP
$S(3)

Earth equatorial radius E$>
R Perigee radius [:>
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TABLE A-1IV SYMBOL DEFINITION FOR INITI.. SUBROUTINE (Continued)

w )y
CODED ENGR. : |
SYM. i SYM. SYMBOL DEFINITION OR USE UNITS
SSALF Sine of angle between orbit plane and earth sector
ccﬁéfining intersection of orbit and launch plane
SSG Direction cosine of angle between SS and WU ﬁ:>
STHETA GPA Perigee phase angle from insertion [:>
STI >
SuQ(4) () Unit vector normal to the desired orbit plane in
g vehicle inertial or platform coordinates TE> [:>
SVEII 8 Central angle between a vector through the launch pad deg
and the intersection between orbit plane, launch plane,
and earth's surface
SVLPP Vehicle velocity vector at time of laynch in vehicle Ft/sec
1(3) inertial or platform coordinates at:> ' '
jSvp Vp Velocity at Perigee ﬁ>> o Ft/sec .
SYD YD Desired injection cross-range distance EZ> E£> Ft
SYDRTD YD Desired injection cross-range vé]ocity E:> BP Ft/sec
SZDgTD ZD Desired injection downrange velocity B:> QP' Ft/sec
T Ground elapsed time EZ> sec
TAE E Angle of attack desired to be used for reentry after { rad
an abort 1:)> _
TF Earth flattening constant E$> Ei> . § Unitless
GOT Time to go to reach abort targetE§> { sec
HBO Target altitude desired for aport guidance E;> [:> Ft
HELIM Abort pitch rate 1imit E;> Et> deg/sec
IP Provides for the transformation between an earth fixed
(3.3) inertial coordinate system and the vehicle inertial
or platform coordinate system i:>
LAT Latitude of desired landing site after an abort [t> rad
LAT1 Latitude of landing site E?> EE> , degrees
L@NG Longitude of desired landing site after an abort [)> rad
LONGT Longitude of landing site E5> Et> degrees
™™B (24) Table of values of molecular scale temperatures at base OKELVIN
layers E;> S
PPCO Time for flight on pitch profile during abort [:> EE> seconds
RIM B>
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TABLE A-IV

D2-118387-2A

CODED
SYM.

g
1]

|

) SYMBOL DEFINITION OR USE

MR

TRLSE (4
TRLSP (4
TT(6)

g

7B(14)
2¢G(14)
IREF(2)

1 ENGR.
‘ SYM.
i

]

Landing site position in rotating earth coordinates [:)>
Landing site position in platform coordinates

Conversion matrix relating coast angle, reentry angle of
attack, and burnout velocity 1%>.

Timingr open loop guidance during abort EZ> [:>
Burnout velocity during abort targeting EE> [:>
Past value of TVBO E;>

Angular rate of earth rotation in platform coordinates EE>
Angular rotation velocity of the earth (same as SER@T) [:>
Same as TWEP(4) ﬁ)>

Independent variable for mass in table look-up E£>
WEP(4) expressed as a unit vector E%: '

Table look-up for X center of mass

Table of values for acceleratign due to gravity at the
the base layers above 90 KM .

¥a§ gr?ége}spcgoge{ocgﬁ ér OF Mmags

Y coordinate of aero C.P. reference
Table of values of geometric altitudes
Table look-up for center of mass E;:

>

Z coordinate of aero C,P. reference

Ft

1Ft

SYMBOL DEFINITICN FOR INI-IA SUBROUTIHE (Coniinued)

Ft
Unitless

seconds

rad/sec
rad/sec

rad/sec

slugs

Ft

Ft
Ft
meters
Ft
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TABLE A-V SYMBOL DEFINITION FOR GUINAN SUBROUTINE

CODED
SYM.

ENGR.
SYM.

SYMBOL DEFINITION OR USE

5]

ABTT
AMTRT
ARCSPM
ARCSRM
ARCSYM
AZCF

EATH(4)
EATBN(4
EATP (4
FATT

r the earth's center directed towards that center
EL B>
(12, 3)
ELD 5
(2, 3) [>>
EPE e
(12)
EPT . Fractional Throttle setting EE>
ERP(4) Rp Present vehicle position vector expressed in vehicle
inertial or platform coordinates
ETSLB B>
12)
ETSLQ! >
ETSLP2 >
EVP(4) Vp Present vehicle velocity vector expressed in vehicle
inertia® or platform coordinates ﬁ:>
EXCG XCG Center of gravity displacement along the body X-axis as a
(AMTQT) function of present vehicle mass .
s &

Time selected for &bort EZ>

Total remaining mass of the vehicle (same as AMT)
Pitch moment commanded by RCS modei {5

Roll moment commanded by RCS model

L

Yaw moment commanded as RCS model

Distance between body X-axis and the
center 1ine along the body Z-axis

Egg1ne cluster
Acceleration due to thrust in body coordinates E£>
Past value of EATB B>

Acceleration due to thrust in platform coordinates ﬂ:>
Total thrust acceleration E:>

Direction cosine matrix relating vehicle platform to
vehicle body coordinates Ei>

B>

5

Gravity acceleraiton as a function of distance froqz>
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TABLE A-V SYMBOL DEFINITION FOR GUINAN SUBROUTINE  (Continued)

NSNS

_ v y—e
£ODED ENGR . |
SYM. ‘ syM, § SYMBOL DEFINITION OR USE
EYCG YCG Center of gravity displacement along the body Y-axis as a
(AMT@T) function of present vehicle mass 1Z>
EZCG ZCG Center of gravity displacement along the body Z-axis as a
(AMTQT) function of present vehicle mass 12>
GA A Linear coefficient for radial constraint ﬁ>>
GADP ADP Desired vehicle acceleration vector ressed in vehicle
(4) inertial or platform coordinates e§
GATBMP § A, Total thrust acceleration (Same as EATT) ﬁ:>
GATDH AH Magnitude of thrust acceleration desired in downrange
direction and indesired orbit plane
GATDR AR Magnitude of thrust acceleration desired in the radial
direction
GATDY AY Magnitude of thrust accelgration desired normal to the
desirad orbit plane E:>
GAN A]l Guidance constraint integral
GA12 A]2 Guidance constraint integral
GA21 A21 Guidance constraint integral
GA22 A22 Guidance constraint integral
B Linear coefficient for radial constraint ﬁ:>
c Linear coefficient for transverse constraint ﬁ:>
co(KK) | A Acceleration limit. If KK = 2, 1imit is set at 2.5 gees
(80,366375). If KK = 3, limit is set at 3 gees
(96 ,43965) >
ce(1) Limiting value set for time-to-go. If GTGP is less than
GCA(1) the guidance constraint iptegrals are not
r-computed. (GCP(1) = 8) é&>
D . “near coefficient for transverse constraing ﬁ:>
DELTA § A Determinant of coefficjents for linear constraint
integral equations CE>>
DRDOT R Desired R to be gained ﬁ:> '
t Repetition rate of computing launch guidance EZ>
DTM Abort pitchover pitch angular travel
LTV > '
DYORT Y,  |Desired ¥ to be gataed [
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TABLE A-V  (Continued)

. . i
CODED | ENGR. B Y poyee
SYM. SYI. SYFBOL DEFINITICN OR USE UnlTs i
GDZDPT iG Destired Z to be gatned I~ ft/sec
GEGVEL Ve Engine exhaust gas velocity f{orbiter, GEGVEL = 14,514, #/sec.

booster, GEGVEL = 14,058) 2 :
GEMP (4 Temporary vector used in computing guidance unit
vectors
GGEFF Qerf Effective gravity acting on the vehicle [I::> ft/secz
GGQ1(4 Guidance scratch vector [
GISpl Temporary variable used in guidance equation solutions
GISp2 Temporary variable used in guidance equation solutions
1
GIS@3 Temporary variable used in guidance eguatior solutions
1 =
6M(4) " Temporary variable used in computing GGEFF  [T—> !
GMT(12 Time parameter used in selecting values of pitch angle sec,
from pitch profile table
GPHID o Inertial roll angle desired [3I=> rad,
GFHIDN Past value of GPHID [ rad,
GPSID vp Inertial yaw angle (angle between body X-axis and veh1c]e' rad,
inertial or platform XZ plane)
GPSIDN Past value of GPSID [T rad,
GPSID1 YD1 Angle between desired thrust acceleration vector and rad,
vehicle inertial or platform XZ plane
GQQ1 Angle between thrust vectcr and desired acceleration vectoqxsgg,
GQl Temporary.variable used in solution of guidance integrals
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TABLE A-V (Continued)

CODED | ENGR. 0 217 -

SYM. Sy SYHBOL DEFINITION OR USE UNITS

4Q2 Temporary variable used in solution of guidance {ntegrals
T

GQ3 Temporary variable used in solution of guidance integrals

GQ4 Temporary variable used in solution of guidance integrals
-

GRDPTY R Present value of vehicle radial velocity 'y -~ ft/sec .

GTA(12) = Pitch angle taken from pitch profile tables [2=- rad.

GTAU Parameter defined as the ratio of GEGVEL to EATT sec,
o

GTFTL TFL Estimate of time remaining until vehicle thrust is sec,
limited to remain within thrust acceleration 1imits

GTDM bort pitchover pitch rate limit [ deg/sec

CTGP TGO An estimate, based on present parameters, of iime to sec,
reach orbit insertion

GTHED BD Inertial pitch angle desired (angle between body rad,
g-axis and vehicle 1nertial or platform X-axis)

GTHEDN Past value of GTHED 1.~ rad,

GTHED1 901 Angle between desired thrust acceleration vector and rad,
vehicle inertial or platform Y-axis

GTHEV Central angle traversed by the vehicle [ rad,

GTIEG ! Time used in branching to assure an initial value of sec,
GTGP has been selected

GTPPCP Time at which pitch angle selections from the pitch sec,

profile table are terminated (time for pitch profiie
cut off)




CODED

SY. Sy,

lcurp(4) R U
fGUTP(4) {

(GUZP(4) g U

RGU1T
GU2
f6u3

EGVGVEC (4) | K

by v
2097 z

8T

-

TEPT

IES

ENGR.

D2-118387-2A

TABLE A-y (Continued)

SYMBOL DEFINITION OR USE

inertial or platform coordinates

: Unit vector of radiai direction in tgr{cle

Unit_vector normal to plane con‘aining GURP

and GUZP [D>

j Unit vector normal to plane containing GURP
3 and SUQ (ygit vector normal to desired orbit
d plane)
§ Thrust unit vector in platform coordinates [t>

¥ Unit vector perpendicular to intersection of

thrust and desired acceleration vectors in
platform coordinates

6U3 = U1 x a2 [>

f Velocity to be gained vector expressed in
£ vehicle inertial or platform coordinates CD>

X Fresent value of vehicle 9 [:>

t Present va]ue of vehicle i [:>

B>
e

A one indicates thrust is being 1imited [:>

A cne indicates engines are burning EZ>

B>

) A one indicates vehicles are separated ED>

B>
Counter ﬁ:>

Run Terminate Flag E§>
Argument used in GCP(KK) ﬁ:>

Internal counter [

A-34

¥ unitless

:nit]ess

[ unitless

) ft/sec
‘ft/sec
g ft/sec

1discrete

| discrete

discrete

| discrete

discrete




cODED ENGR.

SYH, sy,

oMy
SRD

SRD@TD
{ SRMEAN

suq(4)
SYD

} SYD@TD

SZD@TD
T
TAG(4)

TDVG(4)

j TGOT
TTL
TVG(4)

d Desired vehicle acceleration in guidance
coordinates &

D2-118387-2A
TABLE A-V - (Continued)

SYMBOL DEFINITION OR USE B UNITS

| Constant 7 radians EE>

f Targeted radial distance at orbit insertion [:> .

iR desired at orbit insertion EE>

B>

Unit vector normal to desired orbit plane E5>

Targeted out é{>p1ane distance at orbit

insertion ft

v desired at orbit insertion EE> y ft/sec
’ i desired at orbit insertion E§> } ft/sec

Ground elapsed time EE> | sec

ft/sec2

Desired velocity vector to be gained in
guidance coordinates

ft/sec
Time- to-go to reach abort target E$> A sec
Estimate of time to thrust 1imiting [:> sec

Present vehicle velocity in guidance coordinate § ft/sec

B
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ER (3, )) -€s) K Ee2

€8 (12)eesiw ESTweci+bcinecy
£6(33)c-ESIntSL RSB I3rEeitEey
€RVe = [&8) gAve

YRS —‘-Wz-
-
Evf = Eve ~.;[;rf.-emp.;§z-e.g
-.
it = €xp +. [evesever] .
— ]
Eir:’p =t v_r’
(_Qlff = EAVS
E6P * TG

FIGURE A-4 ¢onT'D

DO
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ECEFF v | EG|
EafCa)v | ERYY
eve (4) = “LEVP])
ERF C*rzf]r CRe
erf(e) = LERFI

BLatesAresty( 'eﬁf%%))

FLomeD»ARCTAw (fg—&ﬁ‘) —SERTRT

ELATC = CLATC R RAD
ELo4eD = ELowve OXRAD

FIGURE A-4 £oNT'D
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TABLE A-VI SYMBOL DEFINITIONS FOR EOM >UBROUTINE

CCDED SYMBOL DEFINITION OR USE
Sy,

ABTT : | :Time slected for abort € seconds

ADMASS B>

 (12)

 ADMTRT
AMASCP
AMDQTV

AMT Total remaining mass of vehicle EI>
‘ (Same as AMTQT?

| ARCSPM Pitch commanded by RCS model
ARCSRM Roll commanded by RCS model
ARCSYM Yaw commanded by RCS modei  [2>
ATENG(12) {Engine thrust magnitude EE>

ATOTHR ' Total engine thrust during present minor cicle
AUGRAV Acceleration due to gqravity at sea level;
: J AUGRAV = 32.17404 1£>

AZCF | | D

f coordinates

DFAB(4) : Forces due to 1§£?dynamics expressed in body
DMAXB § Aerodynamic moment about body X-axis E;>

DMAYB Aerodynamic moment about body Y-axis Eﬁ>

DMAZB Aerodynamic moment about body Z-axis  [2>

%AE? Booster engine nozzle area EC>
12

EAEQ1 Orbiter engine nozzle area ED>
EAEQ2 Orbiter engine extended nozzle area E;>

{ EATB (4) 7 Booster engine acceleration due to thrust

>
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CODED
sy,

f EATEST

EATT
E EAVB(4)

| EAVBA(4)
§ EAVP (4)

EAVPP(3)
EB

(3, 3)
} EBP(12)
! E3PP

EBY(12)
| ECEBP

) ECEBY
EC1
EC2
EC3
EFB(4)

EFBA(4)

c
"BA

D2-118387-2A
TABLE A-VI (Continued)

SYMEOL DEFINITION OR USE UNITS

Total vehicle acceleration achievable if there JGees
were no thrust limiting [:>

Same as|EATB) B> Betssec?
Vehicle acceleration vector expressed body ft/sec2
coordinates ﬁ>>

Same as DAVB except EAVBA is the result ‘;ft/sec2

without thrust limiting :

> z )
Vehicle acceleration expressed vehicle inertial § ft/sec
or platform coordinates ﬁ:>

Previous value of EAVP E£> 'ft/secz

Direction cosine matrix relating vehicle
inertial or platform to vehicle body

cooridnates [:>

) Engine pitch gimbal angles EB> } rad. ;

{Engine pitch gimbal angle offset Eﬁ> rad.

| Engine yaw gimbal angles EE> | rad.

Cosine of engine pitch gimbal angle [>> junitiess
[Cosine of engine yaw gimbal angle ﬁ:> unitless

f Cosine of euler pitch angle ﬁ>> unitless

d Cosine of euler yaw angle ﬁ:> funitless
Cosine of euler roll angle ﬁ>> unitless
Total body forces acting on vehicle in body  1bs

coordinates ﬁ;,
j Same as EFB except EFBA is the result without 1bs

thrust Timiting E:>
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TABLE A-VI (Continued)

L1 el AR SR A A MDA T W . LT
‘ i
Capes FEE E SYMBOL DEFINITION OR USE LNITS
gvie SV,
AP SRR, -
.EFTB (4) FTB Forces acting on vehicle due to thrust in  1bs
body coordinates t>>
| EG(3) Acceleration due gravity 1ft/sec2
EGEFF fMagnitude of EG [:> zft/sec2
g £GF(3) Past value of EG ft/sec”
} EL(12,3) L(1.9) Booster engine locations ft
§ ELATC Av  Geocentric Tatitude of veh1c1e Ef> N deg.
{ ELR(2,3) L(I,J) KOrbiter engine locations EE> b ft.
ELPNGD ’, { Godetic longitude of vehicle [:> | deg.
N EM M f Temporary variable used in moment equations [:> :
) EMTXB My Moment due to thrust about body X axis E>> i ft-1b
§ EMTYB éMTYB :Moment due to thrust about body Y axis ﬁ:> ift-]b
| EMTZB My 75 | Moment due to thrust about body Z axis [>> .ft-lb
EMXX I IMoment of inertia about body X-axis [2> s1ug £t
XX ;
¢ (AMT) , ;
MK Moment of inertia about body X-axis [> slug £t
EMXZ I Moment of inertia about bady XZ-plane ED> slug ft2
XZ
(AMT)
EMXZ1 : Moment of inertia about body XZ-plane [>> slug £t
EMYY ] Moment of inertia about body Y-axis E;> slug ft2
YY
EMYY1 f Moment of inertia about body Y-axis D:> slug £t
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| ENGR.
:. AR

| EN

p EPAI

EPB
) EPBD

| EPE(12)
EPH
| EPHI

| epnID
EPS
| epst

EPSID
EPT
| £cs
§ £QBD

ERB
# ERBD

ERF (4)

ANV

D2-118387-2A

TABLE A-VI

(Continued)

SYMBOL DEFINITION OR USE

E Moment of inertia about body Z-axis EZ>

 Moment of inertia about body Z-axis ﬁ:>

Temporary variatle used in moment equations D :

| Sea level atmospheric pressure | lb/ft2

&>

 Past value of EPHID  [>
! Rotation about X body axis @

g

§ Rotation rate about body X-axis [:>
Past value of EPSID E:>

| Rotation about Z line of nodes

B>

| Rotation rate about Z line of nodes Ei>

k Fractional throttle setting

Angular rate about body Y axis
Angular acceleration about body Y axis E:> E$>

B>

P> B>

Angular rate about body Z-axis [:> E§>

[Angular acceleration about body Z-axis E>> E£> :

qPosition in earth-equatorial coordinate [:>

A-43

: slug ft

.slug ft

UKITS

2

2

§ rad/sec

‘ 2
 rad/sec

) rad

rad.

l rad/sec.

irad.

rad.

rad/sec

rad/sec

rad/sec2

rad/sec
rad/sec2

ft
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TABLE A-VI (Continued)

CODED ENGR. | SYMEOL DCFINITION OR USE UNiTS
sy, R osvn
kPresent position of the vehicle in vehicle ft
finertial or platform coordinates E;,

Lere(a) Be

p

ESEBP fSine of engine pitch gimbal angle E:> unitless
} ESEBY | sine of engine yaw gimbal angle ﬁ:> ;unitless
g £S1 dSine of euler pitch angle [ unitless
| es2 _ §Sine of euler yaw angle ﬁ>> funitless
| £53 d Sine of euler roll angle ﬁ:> funitiess
% ETBX (12) | Thrust components in body X direction [t> { 1bs

j EToY(12)  Thrust components in body Y direction [:> 1bs
| ETBZ(12) L Thrust components in body Z direction  [>  f1bs

| ETH Past value of ETHETD [ rad

ETHETA fo or of Rotation about vehicle inertial or platform rad

Y-axis D

ETHETD  fe ETHETA rate [ rad/sec
ETSLB(12) Booster engine thrust at sea level ED> 1bs

ETSLP] Orbiter engine one thrust at sea level EE> 1bs
! ETSLP2 jOrbiter engine two thrust at sea level [:> 1bs

ETT(12) Engine thrust magnitude  [J> 1bs
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COLED
SyM,

EVP(4)

EVPP(3)

§ EXCG
(AMT)

EXCG1
Ja
EYCG

EZCG
(AMT)

 E2Ca1
GCO(3)
GDT

! GDTV

| GEGVEL

02-118387-2A

TABLE A-VI (Continued)

SYMBOL DEFINITION OR USE

Vehicle velocity expressed in vehicle inertial
gor platform coordinates Et>

IPast value of EVP E}>

Body X-axis center of gravity position Eﬁ>

Body X-axis center of gravity position
Body Y-axis center of gravity position
Body Y-axis center of gravity position

center of gravity position

center of gravity position [:>
Branching discrete and acceleration limits E£>

}Independent argument of GCO EE>

:

Jartituee B>

Integer counter variable [E>

FIABT = 1 after abort is begun E;>

>

A one indicates engines are on EZ>

B>

A one indicates vehicles are separated EE>

B>

Run terminate fldg [3>
Selection of orbiter abort downrange or reqfurn

Number of engines in vehicle configuration

> B

Ambient atmospheric pressure [Z>
Constant = radians E£>
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CODED
SYM.

SGRAV
SLAT
SLONG]
SMU

| sro
SRMEAN
suQ(4)
Bl

| TF
TGoT

THaP
TIP(3,3)

TLAT
TLATI
TLPNG

ENGR,

Sy,

02-118387-2A

TABLE A-VI (Continued)

SYMBOL DEFINITION OR USE §  UNITS

Acceleration due to gravity b

Latitude of Launch pad b

Longitude of launch pad b

Universal gravitation constant b

Desired radial position for orbit insertion D ft

IDistance from earth's center to launch pad D A

funit vector normal to orbit plane B> Junitless

Desired lateral position for orbit insertion

B>

Ground elapsed time [Z>

B>

Earth oblateness factor [

Estimate of time to go to reach abort

. target D

>

Matrix relating earth inertial with vehicle

inertial or platform coordinates [2;,

B

Latitude of landing site B>

B>

Latitude of landing site B‘)

B>

Time to thrust limit [

B>
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TABLE A-VI (Continued)

ENGR. SYMBOL DEFINITION OR USE
sy,




DATA STATEMEMNT:
CONFl= 57,29578
CONFQ= 43048
ZETA = ol

FIGURE A-S FLOW
CHART OF AERO
SUBROUTINE

D2-116387-2A4
szzi A Ena)

AMA =« Emk (A4T0T)

AMY T gmrY (AuTol)

AMBag smR2(AMI0iT)
‘KeG s EAkCé (AmmY
Yee = E£C6 (AMTOT)
2¢6 T ERes( AMTIT)
ESeP = TSEPT!

e - _Et
UxTe .l_‘_ff\_

- . - -l
Q, = Vp xRy
UrTe
E 3
| &

u?f'f - ONIP X u?T'P
vtP = [€8(5,1))
u_ﬁf'c (es(s2))
vEte = [€8(1,%)
a’l = w-t'P xrl’
BT -2
vA(a) = |val
Wre (6073
vatla) = |v.9]

ALPHA =

vAB(3)
A‘e,”‘/ Vﬁz(d

il

QA =

- A3 \l
VARLY) +VAK(Y)

BETACon FI K

-

i

ALIHA =~ ALPHA R cdu i,
H=RP(&Y ~Coas (S)

1l = H .

HAM = HWCOAMFL

CALL ATmosi(Hm, HuAK Avsw)
P = AuSWI) % 1)16,12
TvEAvwily %288, /6

CHO T AMIWEY) £, 00237% %88
VS 2 Avsv(a)m 1T 6,45
MACH = vAR(a) / Vs
Mac il = magq .

QuL = .6 \tlHO\-\IAM&)l

A=48 ,1\




Da-118387-2A .-

et

o Fo(al ,a1,03)

 gcA=0

1

(1) “mAcH
QL) = ALPHA
@1(s) = BET1A
K=KSEp

CALL

crF(a',e13)

RQ & = QUL KAREALK)
FRB = Q% nqae

FrB(s) = LF 6\
Q@ay = %eée -xeefie)

QRLT Wk ~TREF(K)
QRY = 3¢ - RREFIR)

VAR <00y S>TES

MAB(\) = oas w [am)aao;-9;(;\-0:;1-;!»(0- Q301) +SPAN(K)

VALY w (Q3(2) +Q3(1))

]

"A6(2) = @avu[oz(4)u e wot(k) + @ 2031 %G 01 G2L) baty ]

me (s):aq..raz(m auL- Qr(NeRR+ SPAv(E) pQ1(5)~ SMw(x)?
L Z VAB(DHR (Q3Le) +Q 3(SY)

o,

ivagl <10

[ 4

[ QpoT =0

RDOT » 17600 ffa .,wm,,e%s.:s A

pP=—
. |
A4

Lap

"FILeURL A-5 ‘¢onT'D
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TABLE A-VII - SYMBOL DEFINITIONS FOR AERO SUBROUTINE

CODED  § ENGR. SYMBOL DEFINITION OR USE UNITS
syM, j Sv.. I

ADMASS(12)

| ADMTOT
T Angle of Attack [D

\VAYS

ad

| AMASCO >
| avpotv B>
AMTOT ' ! Total mass remaining D slugs
AMX ; Moment of inertia about X-axis D slug ft2
j AMY _' Moment of inertia about Y-axis D slug ft2
§ AMZ : Moment of inertia about Z-axis D | slug 1"1:2

I ANSW(8) ' ' Input parameter scale factors D unitless
ARCSPM g | Pitch moment commanded by RCS model b ft 1bs

8 ARCSRM ¥ Ro11 moment commanded by RCS model b ft 1bs
ARCSYM Yaw moment commanded by RCS model  [B> ft 1bs
AREA(2) Aer ydynamic surface area D 1'1:2
ATENG(12) I B
ATOTHR Total engine thrust during present minor

cycle B>
AUGRAV >
AZCF >

BETA | Sideslip angle b degrees

c(2) >

CHORD(2) Aerodynamic chord D ft

g
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b ons

CONF1
CONF2
CONS(7)
j CYB
CZA
EATT
£B(3,3)

¥ EBP(12)
} EBPO
EBY(12)
EGEFF
EL(12,3)
ELO(2,3)
EMXX

EMYY
EMZZ

EPE(12)
ETHETD
ETSLB(12)
ETSLOY

UZ-118387-2A

TABLE A-VII (Continued)

SYMBOL DEFINITION OR USE

Deg-rad conversion constant; 57.29%78 D deg/rad

Feet-meters conversion constant; .3048 meters/ft

Constants D varied

B>
B

Vehicle acceleration due to thrust b

g Direction cosine matrix relating vehicle
iplatform to vehicle body coordinates b

B>

RPitch gimbal offset angle radians

Table lTookup for X moment of inertia
Table Tookup for Y moment of inertia

Table lookup for Z moment of inertia

3

Sea level booster thrust B>
Orbiter engine one sea level thrust
Orbiter engine two sea level thrust
X-body c.g. location D

Y-body c.g. location g>
Z-body c.g. location E)
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TABLE A-VII (Continued)

copth g ENGR. SYABOL DEFINITION OR USE
Sy, SY't.

FAB(4) FAB(I) { Aerodynamic body forces D B>
| oTv | | B
GEGVEL | I B

H | Altitude [

HM | intitde > D

HMAX ’ Maximum altitude for ATMOS3 [

HI ’ Nuticde B
I Parameter subscript D

»’ Separation discrete D

Separation subscript D b

B>

Separation subscript D
Aerodynamic moments b

Mach number D b

Mach number D
Atmospheric pressure Et> E£>

Inertial pitch angle EZ>
Erasable scratch-pad
Erasable scratch-pad

rasable scratch-pad
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TABLE A-VII (Continued)

TN

COOED g ENGR. SYMBOL DEFINITION CR USE UNITS
Sy, syt "

QQ4 : Erasable scratch-pad ﬁ:>
§ QUE ’ ? Dyanmic pressure ﬁ:>
| Q1(3) ; Erasable scratch pad ﬁ:> E$>
f Q2(3) Aerodynamic force coefficients [:> EE>
Q3(3) _ f Aerodynamic moment coefficients E:> BD> ¥ £t/1bs

b RHO ‘ Density of air [:> : slugs/ft3
8 ROLL : | Inertial roll angle EZ> A rad
; RP(4) . Platform radius vector EE>  ft

i SPAN(2) | Aerodynamic wingspread normalizing coefficient Jft

>

N | Molecular temperature of air ﬁ:> oy

TTL Time to thrust limit E$> seconds

-
~ o

UXBP(3) UXBP(I) | Direction cosines for transformation to body unitless

angle ﬁ:>

UXTP(3) vGXTP Unit vector along ﬁh E:> E$> unitless

Ui3P(3) ' GYBP(I) Direction cosines for transformation to body unitless

angles ﬁ:,

UYTP(3) GYTP Unit vector along (Vp X ﬁp) ﬁ> B> unitless

UZBP(3) f,ﬁ Direction cosines for transformation to body
Z8p(1) angles

uztP(2)  Qiygp  Junit vector (Uyrp X Uyrp) [ B>

VA(4) Inertial velocity vector relative to the eﬁg; ft/sec

VAB(4) V Body velocity relative to air ft/sec
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TABLE A-VII (Continued)

gggm ?J,GR SYMBOL DEFINITION OR USE UNITS
%:) 'V; Inertial platform velocity = ft/sec
VS Ve Speed of sound L= | ft/sec
?Es 'ﬁ;p Earth's rotation vector == ft/sec
XCG Xeq X-body location of c.g. = ft
%ggF XrgF X-coordinate of aerodynamic c.g. ref. = ft

YAY ¥ Inertial yaw angle = [rad
YCG Yeo Y-body location of c.g. = ft
(§§F Yoge Y-coordinate of aerodynamic c.g. ref. P ft

2C6 Zeo Z-body location of c.g. = ft
ZETA |

%ng Zogr Z-coordinate of aerodynamic c.g. ref = ft
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C START coer(a,s,c)) '

CONTATNS DATA
ARPAYS FuR

MEH (1)
ex(ig)
ey (ig)
€2{3¢)
eM(36)
en(ig)
eLUg)
SF= MACH = MCH(T-1) B(N = cx(20,K)
MCH(IV-MCH @ -1) Bl(2)=¢y(20,K) +[c V40, K)-CY(ZO,KHAG)
B(1) = ex (x-1,K)+ [ex(T,K)-ex(T-L )] SF B(3)= Ca(20, x)+ [ca(a0,K) -2, KIJA)
QQ) =Cy(I-i,k)+ [ch(r, K);)cv(r—», K] sﬁr Cl=em(20, K)+[eMl4g, K)-CM (20, K)]A2)
2=CY(Ir13,K)+[CYT+20 K)CXrr 9, K] SF o -
%?z)___ a%a *'M)n ] gaz'- A Q’El‘* ) C(2)= eN(20, K) *+ (e (a0,K) - EN (20, KITAS)

Qal= c2a-1, K H{C2(T,K)-C2a-Lk )] SF
QQ2= c2(+19 )t [¢2(Tr20K)-C2(Tr14,K)] SF
B(3)*QQI+ A2 (a2 - &G 1]
laaizem@-ykye [em(s, K -ema-1, K] SF
QAZ=CM{ZIK)4 [CMLT 1 25K)-CMIT 119, K] SF
e Qal+A) arz-2at]
jeai=eng-, k) fen(r, K)-eML- |, K) ] S F
QQ2= N+ K) + [eN(x+20/K) ~CN(T+ 19, K) ]S F
€)= qr1rAap)[raz-QQl] '

T

Cxg=801)
CY? = B(2)
CEp=8(3)
. CMa=C(1)
CN@=C(2)

FIGURE A-6 FLOW CHART OF COEF SUBROVTINE
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TABLE A-VIII  SYMBOL DEFINITIUNS OF COEF SUBROUTINE

(same as B(2))

CODED | ENGR. | .
CODED | ENGH SYMBOL DEFINITION OR USE UNITS
A(3) Argument of subroutine
M A(1) = MACH (Mach number) [Z=
ox A(2) = ALPHA (angle of attack) . [Z=> deg.
A A(3) = BETA (angle of sideslip) [ deg.
B(3) Argument of subroutine
B, B(1) - Coefficient for body X force [
B, B(2) - Coefficient for body Y force [3~=
By B(3) - Coefficient for body Z force [
c(3) Argument of subroutine i N
C(1) - Coefficient for body pitching moment 3=
c(2) - Coefficient for body yawing moment )
CL(18) Table of rolling moment coefficient P
CM(36) CM Table of pitching moment coefficients [Z)
| CMA Cyo Coefficient for body pitching moment [3 -
(same as C(1))
CN(18) | €y, Table of yawing moment coefficients [2=
CNB Cro Coefficient for body yawing moment 3=
(same as C(2))
Cx(18) CX Table of coefficients for body X forces [>
cv(18) | ¢, Table of coefficients for body Y- forces [Z=
CYB Cyo Coefficient for body Y force [T
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I
MACH

MCH(18)
SF
S1
S2

ENGR,
syn,

D2-118387-2A
TABLE A-VIII (Continued)

SYMBOL DEFINITION OR USE :  UNITS

Table of coefficients for body Z forces ED>

Coefficient for body Z force
(Same as B(3,) E;>

Internal counter [)>

Actual vehicle mach number E5>

| (same as A(1))

j Table of mach numbers used in table lookup E;> =

Internally used scale factor [:>
Scratch variable [>>
Scratch variable [:>
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T Ui
@rea. Cos Fo )

DATA Hi;’.ﬁ';?m‘rj

mcH (18)

) ALPHAE (9)

CX(MCH, ALPHAB)
e (MLH,ALPHAS).
C(MCH, Acrriag)
CM(MEN,ALPHAS)
QA (MCH,ALPHAB)
CL(MCH, ALPHAES)
eP(men, ALPHida)
ctR{meH, ALPrA8)
enP(MmeH, ALIHAB)
cuk(men,ALPRA S

MmAcH= A Q)
. : ALPHA =A(2)
NOTE . THIS SUBROUTTNE RBETHA =ALl3)

EXTRACTS AERODYNAMIC
COEFFICENTS FROM
ORBITER DATA TABLES R

. ' L
— MACH=mMCH(I-)
SF = MCH -MCH (T-1)

FIGURE A-1 FLow cHART /‘/L
ALprA

=2
_ Lo
OF COEFO SUBRDUTINE w“}»\;
. ’//””/' ]

SFH = lALv':i.i-A'ual(.,:-.l
AtiAg ()Y ~AlnABLy-1)
7=/ £() = 21 (e, 5F,5FA T, J)
B(L)zgetAnl{or,sf, 57N, T, /.l
8(3)=21{02,5F,SFA, T, J)

J
<

. 83 =Rl )k (ALINA/ |AP=a])
8 m-f_q‘] 4172, (cM,SFSFA,T J)x . |
c¢(r)=o 0(4) = b-Co)ALPHA/ \ArrA))
B(5) - 21 (CNSF 5FA, I u)e. 0|
Cliy= CrA%(eL s F SFA T I )¢, 00
. - C(s) = Pr2V(CLr.SF,SFA, L, )
..._.._._ff.a\/\ > Y .‘ c\".,)')-,‘_‘¢|<c~,".,-_,(,$f4‘x’ll.)))
S L ctay Pari(cu’SF crA T,V

- _ Aty ennei (Cuf, s F, 504 1))
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@TER Z1(D, sF, SFA,;,‘ID

st= D(I-1, T-1) + [ D(L, 7-) D1, T-1) ] * SF
S2= D(I-, T)t+ LD, DD-T-), )] + SF
Zl= SI+ (32=31) ¥SFA

FEGURE A-8 FLOW CHART oF 2|\
FUNCTION SUBROUTIANE
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TABLE A-IX - SYMBCL GivINITIONS FOR CPEF@ SUBROUTINE

ALPHA
ALPHAB(9)

BETA
cL(18,9)
} CLP(18,9)
CLR(18,9)
cM(18,9)
CMA
| CN(18,9)
CNB
CNP(18,9)
CNR(18,9)
€x(18,9)
cy(18,9)
§ CYB
€z(18,9)
CZA
EAVPP(3)

EPA1
EPBD

SYMBOL DEFINITION OR USE

Angle of attack (independent variable) Eﬁ>

Table of angles of attack used in table

Tookup ﬁ:>

Sideslip angle E$>

:Table of rolling moment coefficients

| Axial force coefficient for roll rate

Axial force coefficient for Yaw rate

| Table of pitching moment coefficients

Coefficient for body pitching moment [>

| Table of yawing moment coefficients E£>

| Coefficient for body yawing moment

Normal force coefficient for roll rate ﬁ>>
Normal force coefficient for yaw rate ﬁ:>
Table of coefficients for body X-forces E>>
Table of coefficients for body Y-forces >
Coefficient for body Y-force E$>

jTable of coefficients for body Z-forces

Coefficient for body Z-force E§>

Past value of vehicle acceleration in
platform coordinates E;>

Sea level atmospheric pressure b
Angular acceleration about body X-axis EZ>
Angular acceleration about body Y-axis EE>
Angular acceleration about body Z-axis Eﬁ>

A-60

UNITS

degrees

degrees

degrees

unitless

X unitless

R unitless

unitless

unitless

funitless

unitless
unitless
unitless
unitless
unitless

ft/sec2

1b/§t2

rad/sec2

rad/sec2




}  CODED
SYM.

| EVPP(3)

ENGR.

sy,

D2-118387-2A

TABEE.A-IX (Continued)

SYMBOL DEFINITION OR USE

 Past value of platform velocity

Pass counter

Pass counter

!Actual vehicle mach number
Table of mach numbers used in table lookup EE> :
Body roll rate '

 Body pitch rate EE>

f Body yaw rate

f Mach number interpolation scale factor

§ Angle of attack 1nterpoiation scale factor E:> ,

P>
>

g
>

A-61
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Y Interpolation function subroutine

B>

>

| ft/sec

l unitless

unitless

t rad/sec

- o -

rad/sec

E rad/sec

'unitless

unitless
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START
ATMO33(22, 24'AX , ANSW)

Gal((((~-5.590593¢E-33) 2 + 2.9724 62E~24) 2
~LS167771E-19)2 + 2. 25394 5SE-13)¢E
~3.0854195E-4)2 + 9. 80645

He((((((~9.5013649E -357)B + {.06213S4E-28) &
~3.86L70S4E-2YP + 12,4656SSIE~14) 2
=1L.5131262E-1)2 +1LO)& '

AN

| _ ZI - ne>
m N=2 @ L0 J
@ m m |-no
ALz TMBINtD -TMB(N)
HB(N11) — HB(N) 4 Q 9
oS 0 '

Tm=TmMB(N+ [AL][n-uem]

"o I | aLpp = ALANY - (3,416 3194-96-2) [ - HB(N)]
TMmB(N)
ALPP= ALP(N) - 3.416 31947E -2 [lm(nlﬂ-ﬂam)]-é TMBA) ] — ""‘
-

TMEB(N)
AL

FIGURE A-9 FLOW CHART COF ATMOS3 SUBRCUTINE
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20
Jes m= 14
22,70 000 A ¢
L)

ALz TMBINT) = TMB(N)
Z2BM11)-2B (M)

Gen G+GBIM)

2.0 ,
Tm=TmB(N) + AL [2 -28(M)]

wes

ALPP= ALP(N)

TMEB(N)

-3.4830735€-3 [cr.][:-'e )

i

[AUPP= ALPUN) -3.48307635E73 el l*‘m (-2eon+ Tanov)( AL ) J

,

L
AL

é@

P= exP{ ALPP)

RHE« (1.€4181743E-3) P
. Y TM

WM= 28,9644

L e YTy 90,000 5252y €5=.711785930
es=( 58 Y0aee4E-1) [ru] XMUS 6. 7974 €]

T Tm{ WMm]
28, 9044

2z(.E-3)a

xmu=(8.14185211¢£-2) [ﬂy‘ jé)

T4+ 110: 4

&

FIGURE A-9 CONT'D
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2L 169.5

WM= (((((((.104239276-13)
“. 11006185 E-10) &
+.49584323E-8)
-.13071742E-5) 2
t.22007775E-3) 2

~.24083631E-1) 2
+.16586041E1) &

= 05156805 Z2)2 +31. 0647

| WMz (U=, 21764045 E-18) T
+.19921S97E-14)
-, 43907233E- 1N 2
+,45096184E-8) 2
—.23285059E-S)&
“1.6331ISSI1E-3) 2
-, 11575S33)2 + 36.084062

L

T

T= TmIwm]

28. 9644
B (l.ENZ

&

‘e

T=0
TM=0
Ps0
"RH@=0
G=0
WM=0
€5=.791785926

YMu=o

@9

ANSW())= P

'.lolsas'ab
ANSW(@ = ¥
268,16
ANSW()x. RHJ
ANSWAY = ¢%
SVY($) =
ANSWY (%) ATG-—.QOM{
ANSW(e)= _TM
288.16

ANSW(T)= WM
ANSW(8)= XMU

FIGURE A-9 (CoNT'D
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TABLE A- X  SYMBOL DEFINITIONS FOR ATMOS3 SUBROUTINE
CODED | ENGR. n
SYM. SYM. SY'BOL DEFINITION OR USE UNITS
AL L'M Gradient of molecular-scale temperature with geopotential 25
altitude m
ALP Tnp, | Table values for the natural logs (1n) of the pressures at|unitless
(24) the base layers
ALPP Inp' Sum of the natural logs of the pressure at the base unitless
layer and the interpolated pressure within a layer
?g?ﬂ AN(1y| Output scale factor ratios = unitless
Cs Cg Retio of speed of sound to sea level value [IT=[3= |[unitless
G g Compensated acceleration dye to gravity as a function of metsrs/se
geometric altitude [I = 37> sec
' GB gy Table values for accglgsg}ion due to gravity at the base metgrs/
(14) layers above 90K |1 sec
GG g9 Average of g and 9, above 90K T metsrs/
sec
H H Geopotential altitude [ = meters
?B ) H, Table values of geopotential altitudes I meters
10
M M Parameter subscript >
N N Parameter subscript T
P p Atmospheric pressure or ratio of pressure to sea level negtons/
value [I==3>=> m
RHO P Ratio of atmospheric density to sea level value unitless
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TABLE A- X (Continued)

CODED | ENGR. . _
SYM. SyI. SYMBOL DEFINITIGN OR USE UNITS
T T Temperature or ratio of temperature to sea level value % or
[T>[B3> unitless
™ TM Molecular scale temperature or its ratio to sea level % or
value unitless
T™8 T Table valyes of molecular scale temperatures at base % or
(24) Mb layers 1_1\/ unitless
W My Molecular weight [I— unitless
MU u ratio of ‘coefficient of viscosity to sea level value unitless
z z Geometric altitude [I = meters
%B ) z), Table values of geometric altitudes [I - meters
14
IMAX Zpax | Maximum altitude for ATMOS3 subroutine [2-— meters
1z 2z Altitude in meters [Z=> meters
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@NCTIZON EXCG(Ewr))

[eALL FAT (EXCG, EWT, XC6, W) |

|

[CALL FAT(EYCG, EWT,YC6, WT)

EXIT

;

Guncuow &cae\na
Y

[cact Fav(e2ce, EwT 2C6,WT)

gy

EXIT

Gu.vmon me(s@

v
CALL FAT (EMYY, EW/T, MXX, WT)
EMYY = EMXX (12210%)

EXIT

i

’ Guucno_n Ew/y(ewn)

CALL FAT(EMYY EWT,MYY . WNT)
EMYY = EMYY (i2x10%)

EXIT

— mmn e ——— S m— — ——— O m— —n — —— —

(FuNcTION Emzz(swa
Y

CALL FAT (EMZE EWT/MAZZ,WT)
EMZZ = EMZZ (12X156)

g

EXIT

¥

FIGURE A-/0 FLOW/ CHART oF MA3S ProPERTIES
MATH MODEL

Rt i
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‘ FUNCTION EMXZ(EWD
I .

CALL FAT (EMXZ, EWT,MX z,wWT)
EMXZ = EMXZ (12X 10%)

START
FAT(EXCG,EWT,XCOWT)

WT2 =WT(2) WT2=WT(4)
WTI=WT(I) WTI=WT(13)
XC62=X%C6(D) XC62= YC6(14)
XCGI= XCGU1) XCGI = XCG(13)

l

WT2 = WT(K)
WT! = WT(K-|)
XC62=XC6(K)

XCGI=XCOH(K=1)

1

5

EXCG = XCGIH(WT2-EWN~XC62(WTi-EWT)

wT2-WT)®

(.o833333)

FLGURE A-10 CONT'D
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. JABLE A-XI  SYMBOL DEFINITIONS FOR MASS PROPERTIES MATH MODEL
CODED | ENGR. SYMB 11
SYM. YR, OL DEFIRITION OR USE URITS
EMXX Moments of inertia about the body X axis at present slug -ft2
(EWT) vehicle mass returned to calling subroutine
EMXZ Product of inertia about body xziplane at present vehicle s]ug-ft2
(EWT) mass returned to calling subroutine
EMYY Moment of inertia about the body Y axis at present vehicle slug-ft2
(EWT) mass seturned to calling subroutine
EMZZ Moment of inertia about the body Z axis at present vehicle s'Iug-ft2
(EWT) mass returned to calling subroutine
EXCG Center of gravity displacement along body X-axis at ft.
(EWT) present vehicle mass returned calling subroutine
EXCG Argument of the FAT subroutine, used to return the
desired mass data to the function statement °
EYCG Center of gravity displacement along body Y-axis at ft.
(EWT) present vehicle mass returned to calling subroutine
EZCG Center of gravity displacement along body Z-axis at ft.
(EWT) present vehicle mass returned to calling subroutine
ENT Present vehicle mass, used as arguments of the function slugs
statements and FAT subroutine (same as AMT, in EOM and
AMTOT in GUIDAN; ABGUID, and AUTOPI) [
K Internal counter to FAT [
MXX(14) Iyy Table of moments of inertia about body X-axis as a s1ug-ft2
F function of vehicle mass
MXZ(14) Iyy Table of products of inertia about body XZ plane as a slug-ft2
function of vehicle mass | 2>
MYY(14)J IYY Table of moments of inertia about body Y-axis as a s'Iug-ft2
function of vehicle mass
MzZ(14) IZZ Table of moments of inertia about body Z-axis as a s1ug-ft2
function of vehicle mass
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TABLE A-XI(Continued)

CODED

ENGR.

YMB i

SYM. Sy SYMBOL DEFINITION OR USE UNITS

XCG(14) xCG Table of center of gravity displacements along body in.
X-axis as a function of vehicle mass. Also used as an
argument of FAT subroutine to bring in the required mass
characteristic tablz '

XCG1 Used in interpolation formula in FAT subroutine [T

XCG2 Used in interpolation formula in FAT subroutine [T

YCG(14) YCG Table of center of gravity displacements along body Y-axig in.
as a function of vehicle mass E&::-

2CG(14) Iea Table of center of gravity displacements along body in.
Z-axis as a function of vehicle mass 12::> .

WT(14) Table of vehicle weights used in determining mass slugs
characteristics. Also used as an argument of the FAT
subroutine to bring in vehicle weight table [ 2>

WT1 Used in interpolation formula in FAT subroutine [ >
Used in interpolation formula in FAT subroutine [I=>

WT2
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@m& AVTO P1 j

NE Z pOBWNG B
AToTHA =0
. AomTOoT =0

AWDQTO T AFLOWO/AY L

AWBOTE *AFLow8 AUsRAV

KAV

NEZNOENCO
AwoOT 2 AWDeTO

L

YES wo !"‘”“T’

'AwbDoT 8
L

==

ADMTOTZAOMTOT « ADmASS
ATOTHA = ATOTHR " ATEA¢

ADOMASS (3) =AwvoT X €PTw EPE(TIN.2

¢y
(1)

AMDOTVr ADMICT/, 2
AMTOT : AMTET ~ADMTOT

| TES=0

ADYDES = 6PSID-EPS
ADADES T €& PHID - EpPH

ADFDE S » 6 THED -ETHETA

T
I

FIGURE A-Il FLOW CHART L~

SUBROVTINE

A3}
OF AVTOPI ( IDEAL AvTOPILOT) %’ "/‘—"
NS .

AORDLS =
-2&fr

+ALEDES

]

P
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ADPLIRQ "ADYDES W STUCEPHI)4ADPDESRCOS(EPHL) wegs (LPST)
ADYELR ZADYDES #Ca s (EPHT)~ADPDES & 33w(E FHI)heos(Ersd)
ADREER SADRDES+ADPDES K $Ta (EPST)

ADPDES TADPERR '

ADYDES = ADY LRR

ADEDES m ADREXR

AVPTeT 2

A DPYTOT £0

A DRTOT To

ADPEAD =0

ADYEAD FO

ADR Eap =0

APIae P =ADPPEL~EQY

ADPIaer v ADYOES - ER R

ADIacR BADRDES - £P8

APEATE BV EQE
AVEME (T} =ER G
ARRRARTC (TN EPR

"ALPN PI (Tu) T APDET~EQS Tpfrch co
ALPHYA (TO)=AYDET-ERE | v° s IYRW =0
APrRO(T ) = ARDET-EPE IROW=0O

TPITCH =)
CALL Ace(ADfOEs, Avtact, | ¢ [TREsZD
ADPTOT,ALPEMD, Aomes P, =1
AEAIAP) 9
ALTHP3 (1))
=0

ACAL MY (T2)= EMYY (AMTDT) ® ALPH PL (1))

ARCSPs M=

ACALmY (1))
ARG SPME O
AdoAP =0
AcodfP=0o

FIGURE A-Il CONT'D
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gL (1, )= ELe (1,1)
EL(Z,T)T ELd (2,])

e

ey

”1

L]
1)

ACOAP = ACORP 4 ATEME(T) n{ga.(:,}\- E2ccimd
Aco8P = ACoBP -ATENI(T) % Trc & (AMTOT)

e

(2>} : .
(1J

Aco““: A LMY
AcoAP Ao P™
Acoull =

ACMP‘ 7/ ' Y‘_‘) Af“'
TAcomtt]
~o ]—

A
Acomp2 = _G_QQ-_,I--‘—._—T,
‘iAconP rAcotfP

ABETAPL (3V) = -ARcsIw(Acomhr) +ALOIV(AComlY)

Tt

ACUTT (3) ZALEIT (3V)

. /{\ . FIGURE A-Il CONT'D
2 T I>we
\ ’,-/ ‘
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TRiSTD IYMW
=1 = |

ALPH YA (L)
=0’

CALL ALe(ADYDSS, Ablaar, ADYTOT,

ADYE~SD, AomElY, AbRIN T)

y

ACALMZ(TY) = Em22 (AMTOT) X ALPHYACTY

g vo |AR eSTM=
. Acim (3J)

YEs

ARCS Ym =g
ACOAYZ O
AcoBY=0

!

. ‘ 7= -

ACOA Tz ACORE = cos(AbETaP1) w ATENE CIVMEL (3,2)-EYee(AMTOT)]
AtoBY=ACoBY+ATEA (I)e EXC& (AMTOT)

I >wme

\L_/'
: YES

Acomyl = ACALM 2T/ N AToar s q4d0gr o

Acomrl = AcoAY/A[Rzoart | Acody s
ABETAY (TV) = ARLosw (ACoMTI) vARCST o (AcOMTL)

FTGURE A- 11 €ONT'D
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| MfrRO ()Y

ze

Jeot\L T
EntL Ace (ADRBES, ADIACR, ADRTOT,ADLEAD AmteR, Asnut)

ACALMK (TJ) = EMXX(AMTOT) & ALPHRO(XT)

ARCSKM =

Ae‘t‘“ (zV)
STUARS

&a D

ABCS Am= 0
IAY Ya« (3J) O
As EMx ()0

R
| | L]

AF YMx (TY) 2 AF YV (TY) 4ATUM (T) me l;e'flu}[u.(x,s) -gzu]
AT EMX(TI)TAY £84a (:.,)+M.m (r)wcu(csr(s)) \uu B-gvee|

v -

FIGURE A=

. CoNT'D
A ‘Io /$>A,t ' Vts@
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ARATIO = (A5 AL Mg (T4 Fvmx (TH))/AF Emx (1))

AIATZI® =

JLIL st
{AkaT Lo

1

ABEVAA(2)) =

.umsu(mm)

AproL(4359,2,3,1)) SASETAR(IY)
Astort(2,56,9,10,12)% ~A 8£1AL(2V)

I=

L4

ABTOT #(2)= ABPI(E) ¢ ABROLL (1)
ELP(3)-ABTOTP(T)

RETVURS
- 1“ | .
: €A D

~O

A6foLl (£) =0
AgPIY (T) =0
EBP (L) =0
eEtY(x)=0

RETURN
END

FIGURE A -l CoNT'D '
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TABLE A-XII  syMBOL DEFINITION FOR Au;oPI (IDEAL AUTOPILOT) SUBROUTINE
CODED | ENGR. Y}
SYN. Sy SYMBOL DEFINITION OR USE UNITS
A?SAP Bp Engine gimbal angle computed for pitch [T I rad
A?g';’AR B Engine gimbal angle computed for roll [T rad
A?SAY By Engine gimbal angle computed for yaw [I=y~ [T rad
ABP1 L Piich component of total pitch engihe gimbal angle rad
12 for Booster (L.~
ABROLL 8psvg | Booster roll component of total pitch engine gimbal angle rad
(12) or Orbiter roll component of total yaw engine gimbal
angle [T-~
A?]Tg}P oy Total engine gimbal pitch angle {Booster) 3 rad
A?T?TY Vr Total engine gimbal yaw angle (Orbiter) EI:=> rad
2
ABTT Time selected for abort [Z> sec,
ABYAW vy Yaw component of total yaw engine gimbal angle for rad
(2) Orbiter T==>
A%A%MX M, Desired moment about X-body axis [I.4 [£= ft-1bs
5 .
A%A%MY MY Desired moment about Y-body axis [l:;’iﬁ,/> ft-1bs
5
A%A%MZ M, Desired moment about Z-body axis [T5 [4 -~ ft-1bs
5
. 2 2
ACCLIM| a | Angular acceleration 1imit; 1.745329 E-1 [5y- [I= rad/sec
ACOAP Ae Moment about Y-body axis due to forces in X-body ft-1bs
direction {1 -~
ACOAY | A Moment about Z-body axis due to forces in X-body ft-1bs
v direction 1. -
ACOBP | B ft-lbs

Moment about Y-body axis due to forces in Z-body
direction EIZI>
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TABLE A-XII (Continued)

283“’ g':'fR SYMBOL DEFINITION UR USE UNITS
ACOBY Bw Moment about Z-body axis due to forces in Z-body ft-1bs
direction
2. 21"
ACOMPY [P, Ratio of M, to [Ae + Be] i unitless
%
AcoNP2 |P, Ratio of A, to [:Aez + Be?] = unitless
ACOMSM [ oy 5= rad/sec?
. 17
=
ACOMY1 |Y Ratio of M, to [A 2+ j i unitless
1 z ¥ v
Ya
2 2
A +
comy2 |Y, Ratio of A to [%w Bw] == unitless
A%g?LP %cT Actual angular acceleration experienced D::>> rad/sec2
A%T;AC %eACT Actual pitch angular acceleration experienced [ rad/sec2
5 R
A%T?AC % ACT Actual roll angular acceleration experienced ﬂ:::» rad/sec2
5
A%T;AC “vaCT Actual yaw angular acceleration experienced [J rad/sec2
5
ADE SMX =
ADESMY &=
ADESMZ (=
ADINCP | 46 Impending incrementatl pitch angle error due to pitch rad.
rate on first pass 3>~
ADINCR | 4¢ Impending incremental roll angle error due to roll rate rad.
on first pass
ADINCY | &y Impending incremental yaw angle error due to yaw rate rad.
on first pass ;
A?MA;S AM Mass depleted per engine per 0.2 sec [I:?* E[Z:> slugs
12
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TABLE A-XII(Continuet)

CODED | ENGR. y ~
Sy, SYI. SYMBOL DEFINITION OR USE UNITS
ADMTOT ANHOT Total mass depleted per 0.2 sec [T slugs
ADPDES 88, Desired change in body pitch angle [ rad
ADPEND | a6y | Total pitch angle accumulated if the vehicle pitch rate rad
is stopped at the end of present minor cycle
ADPERR OERR Desired b1g§:gjtch angle change transformed from inertial rad
angles 1
ADPTOT 80107 ;:}gl 2;§$2 an%%g:chumulated since the start of the rad
ADRDES { ¢, Desired change in body roll angle [3I—> rad
ADREND A%enD Total roll angle accumulated if the vehicle roll rate rad
is stopped at the end of present minor cycle
ADRERR PERR Desired bﬁ§%5£911 angle change transformed from inertial rad
angles
.1 ADRTOT | 4¢ Total roll angle accumulated since the start of the rad
T0T major cycle
ADYDES | avp, Desired change in body yaw angle [T rad
ADYEND Menp Total yaw angle accumulated if the vehicle yaw rate is rad
stopped at the end of present minor cycle
ADYERR YERR gsgiggd b1d¥ yaw angle change transformed from inertial rad
ADYTOT | ay Total yaw angle accumulated since the start of the rad
Tot major cycle T322>
AFLOWB #B Fuel flow rate of Booster engines; 1021,27 [T 1bs/sec
AFLOWO ﬁo Fuel flow rate of orbiter engines; 1021.27 [ 1bs/sec
A?Y?x Mypy | Moment about X-body axis due to Y-body forces [I > ft-1bs
5
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TABLE A-XII{Continued)

CONED | ENGR. SYMBOL DEFINITION CR USE UNITS
AFIMX | Myc, | Moment about X-body axis due to Z-body forces = ft-1bs
Aé:I)NP Gp Pitch acceleration system gain [T unitless
AGAINR| Gp Roll acceleration system gain [F— unitless
AGAINY| G Yaw acceleration system gain [ unitless
ALENGO| L Length of orbiter vehicle; 148.0 "> ft
ALPHAC %eoM Angular acceleration commanded B~ ‘ rad/secz
ALPHPT| ageon | Pitch angular acceleration commanded I=>[{Z> rad/sec?
ALPHRO| a,coy | Rol1 angular acceleration commanded =2 rad/sec?
ALPHYA| a coy | Yaw angular acceleration commanded [>[2— rad/sec’
AMASCO| M., Mass cut-off value for dry vehicle 33,719.51 P— slugs
AMDOTV Vﬁ Mass depletion rate [> slugs/sec
AMINGA| G, | Lower 1imit of AGAIN; 0.35 [ unitless
AMINTB| Ty;y g| Minimum total booster thrust; 44,000. [T 1bs
AMINTO| Ty:n o| Minimum total orbiter thrust; 8000. I 1bs
AMTOT | Moo | Total vehicle mass remaining; =3 slugs
ANGLDB °pg* 0 Angle deadband; 1.745329 E-5 [ rad

*o8
ANOAER Cp Percent Qf max acceleration with no aerodynamics unitless

0.7 ==

AOMEGP | wp Desired pitch rotational rate [F—> rad/sec
AOMEGR| wp Desired roll rotational rate [E== rad/sec




§ AGMEGY

j APDET
APDIFT
APRATE(5)

ARATDB

ARATE(5)
} ARATIO
ARATLM

ARCSPM
| ARCSRM
d ARCSYM
ARDET
ARDIFT
ARRATE(5)

ATENG(12)
ATOTHR

ATOTPG(5)
AUGRAV

AWDOT
AWDOTE

AWDOTO

AYDET
AYDIFT
AYRATE(5)

DFAB(4)
DMAXB

DMATB
DMAZB

»

B
‘?DB’ WD fResidual rotational rate deadband [I>

14DB

:ARATIO ISIN of desired roll angle

A

1 1M

¢

GRAV
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TABLE A-XII (Continued)

SYMBOL DEFINITION OR USE

>

pDesired yaw rotational rate

>
RBody pitch rat:

> B>

fRotational rate E;>

>
B> 5.235987e-2 B>

:Pitch moment commanded by RCS model
RRo11 moment commanded by RCS model
| Yaw moment commanded by RCS model

Y
#Angular rate limit;

B

Body roll rate

> B

Engine thrust magnitude; [:> ED>400,000 E£> *
8 Total engine thrust during present minor cycle

>

Magnitude of total pitch and roll angles E§>
Acceleration due to gravity at sea level,

81 32,1740
Mass flow rate [:> [:>

Mass flow rate of booster engines ﬁ:>
j Mass flow rate of orbiter engines [:>

5

Body yaw rate [:> E§>

d Aero forces in body coordinates
| Aero moment about body X-axis
Aero moment about body Y-axis

B AErQ momen abQ

N

UNITS

f rad/sec

| rad/sec

 rad/sec

5rad/sec

unitless

A‘rad/sec

rad/sec

1bs
1bs

radians
ft/sec2

slugs/sec
slugs/sec

slugs/sec |

rad/sec
1bs

g ft-1bs

ft-1bs
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TABLE A-XII(Continued)

SORED | ENGR. SYNBOL DEFINITION OR USE UNITS
EAVPP =
(3)
qu) S | Engine gimbal pitch angle = rad
%?2) Way | Engire gimbal yaw angle > rad
E(liZ) EL Booster engine locations [ ft
%%0 R ELO Orbiter engine locations [ ft
y I
%T§§ Iex Moment of inertia about X-body axis [Z> slug-ft
%TI; IYY Moment of inertia about Y-body axis EE::- slug-ft
E?i% I;, Moment of inertia about Z-body axis [Z>> slug~ft
EPA1 =
EPB ;E oudy roll rate [Z= rad/sec
EPBD D
%P% PE1 Percent thrust due to engine out [ unitless
12
EPHI | op Inertial roll angle [ ri.d
EPHID B>
EPSI Ve Inertial yaw angle = rad
EPSID B
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TABLE A-XII(Continued)

CODED | ENGR. '
SYM. Y. SYMBOL DEFINITION OR USE UNITS
EPT Pry Percent engine thrust |2~ unitless
EQB éE Body pitch rate 2 > rad/sec
EQBD o

ERB @E Body yaw rate 27~ rad/sec
ERBD B>

ETHETA O Inertial pitch angle [Z>> rad
ETHETY =

EVPP =

(3)

%ﬁ? Xeg Body X.; [ | ft
%\lrgc)s Yoo Body Yo = , ‘ft
EZC6 | Z., Body Z,n [T ft

(34)

GM =

(4)

GPHID ¢Gov¢p Inertial roll angle requested from Guidance 2 > rad
GPSID ¥e™ Yo Inertial yaw angle requested from Guidance 2> tad
GTHED eGo\req Inertial pitch angle requested from Guidance [Z> rad
GURP >

(4)

GUYP o

(4)
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GUZP(4)
| 1

I

g 1J
g IPITCH

! IRESID

| IROLL

b 1SEP
IYAW

J

NE
R NOENGB

NOENGO

P
PAG(10)
PAI (10)

ENGR.
AR

D2-118387-2A
TABLE A-XII (Continued)

SYMBOL DEFINITION OR USE

B>

.'Altitude E£>

Do loop counter

IABT = 1 after abort is begun E;>

B>

| Engine start flag g) b

¥ Autopilot pass counter [:>

Pitch acceleration calculation flag DB)@

| Residual rate ca]culatiqn D b b

Rol1l acceleration calcuiation discrete

> > B>

Vehicle separation flag Ei>

Yaw acceleration calculation f]ag[:> Et> E§>

Pass counter E§>

Run terminate flag [:>

Output print flag [:>

Manual operation [:>

Number of vehicle engines E:>
Number of booster engines ﬁ>>1B

Number of orbiter engines Et>io =

Atmospheric pressure E;>
Pitch attitude gain E;>
Pitch rate gain EB>

discrete

g discrete

} 1-5

§ discrete
8 discrete

N discrete

) discrete
idiscrete

| 1-5

discrefe

discrete

unitless

unitiess




PI
| rRAD
RADI

d RA0(10)
 RAT(10)
SEROT
SETCGO
SGRAV
SMU
SRMEAN
;

| T60T
TRIM
WEP(4)
YAO(10)
YA1(10)

D2-118387-2A
TABLE A-XII (Continued)

SYMBOL DEFINITION OR USE

|« = 3.141502653

RAD = 57.20578 [
RADI = 1.745329 X 1072 [

I Ro11 attitude gain E§>
fRo11 rate gain E§>

Angular rate of earths rotation

B>

Acceleration due to gravity - 32.17404 E£>
Gravitation constant = 14.07654 X 10"

| Earth radius at launch pad = 20,909,740 EE>

B>

Time to go to reach abort target

B>
B>

Yaw attitude gain E§>
Yaw rate gain E§>

UNITS

deg/rad
| rad/deg
;unitless
j unitless

rad/sec

'ft/secz

. ft3/sec2
| ft
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( SUBROUTINE ACC(APOES, ROTIC, DTV, ADEWD, ROMECR REAIR) )

RRRTE(L)=APRATE(Z)
ALPHRC(Z)= ALPYATL)
. \aeraP@=acrract)
~777]
' ’ 7S
. ’:‘v ‘ M 7>5 YES
L2 o o
| honze @)= prrmre)
ALPHACE)=ALPHYAQ)

AXTRLPE)=ATHCE) N

(]
MT>5 -
ARRTE Q)= RARPRTES)

| | | oL PHACC)=ALPHRIE) | .
ACTALPE)=KTRAC()

/5
HLT> S

YES

20|\ AMAX B= pnornER [pccLTa]
ACMAXO=AI0RER [PCCLIM]

YES

ACMAK B = RLCLIM
ACMAXO =ACCLIM

&

ATGURE 12 FLOW CHART OF RLC SUBROLTINE.
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(1?.

AOMEGR = ROOES

ACTALPEN=5 [prATE (23)-ARATE G0 4]

ASRIN=RSRINI

trﬁm@

AGAIN = i ﬂ(é )

RGRIN = ©O. 9

R6RIN =AMING R

AGAIN-RERING

t

-

AOMESR =

Aomeen [prarim)
| AOMEGA|

tﬁ&ﬁf# = AMINGA

ACTALPEI)= 5 [ARATe (£1)-RRATE (27-1))

nm:%m
>

YES

ALPHAC(13-)

>0 %

ACTALP (X7)
> 0

Y

RGRTN=HERATNVI

ALPRACCTS-)
ves (ALSTS P No

AGRIN= O, P

g

ASAIN =~ AGRIN2D

¥

A

4

F o LTOT + 0.5 fAacracrZ)|[o. 2]' +02 [m»re(n.«)j
o 1

ADEND = ApToT + .1 [ARATE (27)]
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A X
A -]
vs/ A2 0\ o

ADEND> O

D ADDES >0 \yeo

MO

ADENDLO

e Y“‘/Aooe‘u o
___

it Fracits)= -3(aeate @)

L Punclz)=- 3 [1eeves]amnie(d)

NO ARA1 E;I))

>0 \YES‘

AJMEGA> O

ALPrAac ()=
3[AeMmEGA-aRATECY)
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3
yfs’4 AAx = RRATIM [”477(3-’7]
, , |AraTECz )
we l ALPUCE) = & [pemnn-qrme ]
ALPHRC &.r) =0

@~ .

LPHACCTT)
>0 ves

\
ALPHAC (LD
MO o e \ves'
LPHAC (2T +4)
[ &~
©-

. : RPAC33)= RPHACO) RERTN
— —a——

P w A

b

ALPHACE2) = RLPHAC(ED [R6 AZA]

At fﬁﬂ(&ﬂ{”f MEAX B] Al rmr(z»[ﬁcmxo]

| A macs) =

AL ET)=
lnrunc.)| &) |aLeunc @)\

L I

FIGURE 12 CONTD
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BLPH YA (T)= L PHACE)
ACTYARCX)=ATALFQ)

=/

NO

Vi

7s
TROLE =1
I=t

) %‘s

YO TYAW =) 5

<

RCPHAL (T)= RULPHAC(T)
ACTPRCE) = ACTALPQ)

I=I+/

NO
.
ALPHRO )= ALPHACE)
ACTRAC(T)= ACTALPE)
Y
[zeeszo=d.
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TABLE A-XIII SYMBOL DEFINITION FOR ACC SUBROUTINE

CODED } ENGR. SYMBOL DEFINITION
SYM. Sym. ON OR USE UNITS
RBETAP | 8p =
(5)
ABETAR | 8 3=
(s)
ABETAY By 5 =
(5)
T | | B
ABROLL | op,up | (B>
Agg{? oy [
ABTT Time selected for abort > seconds
ACALMX | M, >
(5)
ACALMY | M, T
(5)
ACALMZ | M, =
(5)
ACCLIM % M Angular acceleration Timit; 1.745329 E-1 [T, [~ r‘ad/sec2
ACMAXB OMAXB Maximum Booster angular acceleration [[—=> r'ad/sec2
ACMAXO OMAXO Maximum Orbiter angular acceleration [ r‘af:I/sec2
ACOMSM AesM Constant for angular acceleration commanded equal to zero rad/sec2
test; 1.745329E-7 [T,
A((:T?LP %cT Actuz) angular acceleration experienced [> rad/sec2
5 .
2
A?TI;AC % ACT Actual pitch angular acceleration experienced D rad/sec
5
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TABLE A-XIII(Continued)

CODED | ENGR. 1
s | sym SYMBOL DEFINITION OR USE UNITS
2
LA((?;I)!AC O ACT Actual roll angular acceleration experienced [3— rad/sec
Lp\((“SAC % ACT Actual yaw angular acceleration éxperienced [> l"ad/sec2
ADDES | 4y Desired change in body angle (AeD, By A¢D); [ rad
ADEND | Apnp Total angle accumulated (AeEND SN, A¢END) if vehicle |rad
rate is stopped at the end g preient inor cycle;
ADINC A Impending incremental angle (A6, Ay, A¢) due to bocty rad
rate on first pass;
rADTOT Aot Total angle accumulated (AeTOT’ M10T > A¢T0T) since the rad
start of the major cycle; [T [

AFYMX(5) [
-IAFZMX(5) =

AGAIN | G Des .ed or computed system gain (Gp, Gp, GY);L]‘)D unitless
ﬂAGAIN 1 G] Desired acceleration system gain; 0.9 D unitless
JAGAIN 2 | 6, Desired acceleration system gain; 0.7 [ unitless
'?Ig)PHAC aCoM Angular acceleration commanded D r‘ad/sec2
FSL;,HPI @y Pitch angular acceleration commanded [:3> rad/sec2
é.;’HRO %, COM Rol1 angular acceleration commanded [T rad/sec2
A&{HYA % ,COM Yaw angular acceleration commanded [T > r'ad/sec2
MAXGA Upper Timit of again unitless
AMINGA | Gyyy | Lower limit of AGAIN; 8535 1= unitless
AMINOM C, Minimum percent of desired rotational rate; 0.99, LT‘) unitless
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TABLE A-XIII (Continued)

ENGR.
sy,

SYMBOL DEFINITION OR USE

ANGLDB

ANGMAX c Upper limit of percent desired angle change; unitless
AMAX
, §1.05 [:>
ANGMIN j C ILower 1imit of percent desired angle change; funitiess
AMIN
9.95 [:> )
. {
ANOAER 1C Percent of max acceleration with no aero- funitless

dynamics 0.7 E;>

B>

8 Body pitch rate E§> b rad/sec

_?DB' : B> - . :

APDIFT
APRATE(5)
ARATDB

ARATE(S) fa Rotational rate(8, v, ¢); [:>  rad/sec

AT Ruy |Angular rate Limit; 5.235087 E-2 [  rad/sec
| ARCSPM  Pitch moment commanded by RCS mode1 B> fft bs

ARCSRM I Ro11 moment commanded by RCS mode E£§> £t 1bs

ARCSYM ¥ Yaw moment commanded by RCS model | £t 1bs

ARDIFT | B> |

AREVRS CAOS Percent reversal of existing rotational rate; unitiess

1.20 E:>

SMAX Maximumum allowable rotational rate; [>>
&B Body roll rate E;>

Total engine thrust during present minor 1bs

DD

ég | Body yaw rate [ rad/sec

Aero forces in body coordinates 1bs
Aero moment about body X-axis ft-1bs

ARMAX
ARRATE(S)
ATOTHR

AYDIFT
AYRATE(S5)

DFAB(4)
DMAXB
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TABLE A-XIII (Continued)

SYMBOL DEFINITION OR USE

DMAYB ! Aero moment about body Y-axis
DMAZB Aer2 moment about body Z-axis
EBP(12)

EBY(12)

EL(3)
} ELO(2,3)
 EPE
EPT
H1 |  Altitude [
B . 8 Do loop counter ;
| " j IABT = 1 after abort is begun b | discrete

' discrete
1J : ! Autopilot pass counter [> ‘

} IPITCH g Pitch acceleration calculation flag discrete

>. . B

IRESID ‘ Residua] rate calculation D s b R B> i discrete

IROLL : 'Ro1l acceleration calcualation discrete discrete

>. . P

j ISEP Vehicle separation flag D | discrete

X IYAW ’ Yaw acceleration calculation flag D, [} , discrete

| Pass counter D 1-5

Run terminate flag discrete
Atmospheric Pressure

B>

Time to go io reach abort target b
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CAUTQ} P2 )
|

NE = NOENG B

RTOTHR =0

ADMTOT = 0O

AWLOTB = A FlLowB/AveRAv
AWLOTO = AfFLowo /AvGrAvY

NE= NOEWNGO
AwboT =AwdoTO

I

ADMASS CT)=AwDoT [ET][ePE (1)] T4
ADMTOT = ADMTOT + ADMASS (T)
PTOTHR = ATOTHR + A TENG (T)

NO/I?NE '

YES

AMPDOTY = ADmToT/ .2
AM ToT= AMTOT-AdDmMT0T

NO
\AMTOT)AM4>7% resco

~_ I
YES

T = J

¢t = ¢cns (EPSD

C s =>Co5(EPHT)

s ¢ = SrAa(Er.T)

$S3 STAM(irw)
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To# | N YE> -
A0

GCIRP = G THED - THEGL
LCIRYX=GPSTID ~ PST &L
GATRL»GPHID - $HTIGL
TheGeL = ¢ THED
PSTéL * G PST D

YES|GCTRR= L°(6fHD)
S» | 6 PHID]
PHIGL=PHIGLTGC\R
r]

PriGL *oPAID

L

GCBRP = 6 CIRY#ST +6CTIP Py c2wel
ECBY=6C LAY KCI~6CIRPRCL NS
6CPRR zgCcIRR Y E6CILY » 52

o

{

PILRR = 6 THED -ETHETA
YICRL = ¢PsI0 - EPs1I
QI%LL: GHID=EPHTY

RIePRP T ' ‘
“21F +RIERE
~O 1

RTx RE =

2+ RveRR

FIGURE A-13 eonT'D
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RCw =
 cu(DEGI0= Ipen]
Rewv

Pel=fen

yeL=yewn

ReL=RCN

APARTLCLI) =(EQ BY RAD)

AYENTE (T0)= (R B RAD)

ARRATE(T0)= (EP )R AD) -

6CBP e BrPRAD)
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TABLE XIV SYMBOL DEFINITIONS FOR AUT@P2 SUBROUTINE

ERGR. & SYMBOL DEFINITION OR USE
SY:.

ABETAP(S) | Engine gimbal anglie computed for pitch Ei> | degrees
| ABETAR(5) Engine gimbal angle computed for roll E:> degrees
ABETAY(S) Engine gimbal angle computed for yaw E:> degrees

ABPIT(12) .Pitch component of total pitch engine gimbal radians
angle for booster [:,

ABROLL(12) { Booster roll component of total pitch gimbal } radians
angle or orbiter roll component of total yaw

‘ 1 gimbal angle [:,
ABTOTP(12) |} f Total engine gimbal pitch angle (Booster) E§>  radians

ABTOTY( 2) Total engine gimbal yaw angle (Orbiter) [§> radians
| ABTT '  Time of abort EE> ‘ § seconds

| ABYAW(2) E Yaw component of total yaw engine gimbal angle
for orbiter radians

ACALMX(5) Desired moment about X-body axis  [3> ft-1bs
| ACALMY(5) Desired moment about Y-body axis E§> ft-1bs

ACALMZ(5) Desired moment about Z-body axis Ei> ft-1bs

ACCLIM Angular acceleration limit, .1745329 E:> rad/sec_2

) ACOMSM : | Constant for "angular acceleration commanded rad/sec2
to zero" test E;>

ACTALP(5) 1} ‘Actual angular acceleration experienced [>> rad/sec2

ACTPAC(5) | Actual pitch angular acceleration experienced rad/sec2

>

ACTRAC(5) ¥ Actual roll angular acceleratiol. experienced rad/sec

B>

ACTYAC(5) f Actual yaw anguiar acceleration experienced | rad/sec

2

2

ADESMX
ADESMY

| £ A-102
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TAVLE XIV (Continued)

CODED  § ERGR. SYMBOL DEFINITION OR USE | unITS
SYM., § Syl
oesmz | B>
ADMASS(12) Mass depleted per engine per .2 sec t:> slugs
ADMTOT , Total mass depleted per .2 sec [:> slugs
j AFLOWB ‘ Fuel flow rate of booster engine = 1021.27 E§> d 1bs/sec
AFLOWD 1 Fuel flow rate of orbiter engine = 1021.27 E£> ;lbs/sec
AFYMX(5) Moment about X-body axis due to Y-body forges f]bs-ft
AFZMX(5) } Moment about X-body axis due to Z-body foiggf 1bs-ft
 aLeneo Length of orbiter vehicle = 148 [ | feet
ALPHAC(5) Angular acceleration commanded E§> | rad/sec
% ALPHPI(5) | .Pitch angular acceleration commanded E;> rad/sec
ALPHRO(5) : Ro11 angular acceleration commanded E;> rad/sec
. ALPHYA(S) | ) Yaw angular acceleration commanded [:> :rad/sec
AMASCO Mass cutoff for dry vehicle = 33,719.51 E£> ¥ slugs
AMDOTV { Mass depletion rate EZ> kslugs/sec
AMINGA "Lower 1imit of again, = .35 [:> unitless
| e | | Mininun total booster thrust = 44,000 [>>  f1bs
AMINTO Minimum total orbiter thrust = 8,000 [3> Tbs
§ AMTOT Total vehicle mass remaining E§> slugs

aneLos | Angle deadband = 1.745329  [B>  radians

ANOAER Per cent of max acceleration with no aero- unitless

dynamics E;>
apoET | >
APDIFT >
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TABLE X1V (Continued)

ENGR. SYMBOL DEFINITION OR USE
Sy,

APITCH(5) | | Actual inertial attitude D { degrees
APRATE (5) Body pitch rate [ deg/sec
ARATDB ‘ Residual rotational rate deadband b rad/sec

R ARATE(5) Rotational rate [> rad/sec
ARATLM ' i Angular rate limit = .05235987 @ rad/se'c
ARCSPM RCS pitch moment needed [ | £t 1bs
ARCSRM d RCS rol1 moment needed [3> £t 1bs
ARCSYM RCS yaw moment needed b ft 1bs

aoer | i
ARDIFT | B

| AROLL(5) ? Actual inertial roll angle D degrees
ARRATE(5) Body roll rate [5> § deg/sec
ATENG(12) § Engine thrust magnitude = 400,000 [B> ! 1bs
ATOTHR " Total engine thrust during present minor b 1bs

cycle D

ATOTPG(5) Magnitude of total pitch & roll angles B> | degv;ees‘
AUGRAV Acceleration due to gravity at sea level D , ft/sec2
AWDOT ’ | Mass flow rate D slugs/sec
AWDOTB Mass flow rate of booster engines D slugs/sec
AWDOTO Mass flow rate of orbiter engines [D slugs/sec
AYAW(5) ‘ Actual inertial yaw angle D degrees

AYDET >
AYDIFT B>

AYRATE(5) Body yaw rate b deg/sec
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c2

c3

DEGO1

| oEGO8
DEGO9
DEG10
DFAb (4)
DMAXB
DMAYB

| omAzs

| EAVPP(3)
EBP(12)
EBY(12)

L EL(12,3)
ELO(2,3)
EPAI

EPB

EPBD
EPE(12)
EPHI
EPHID
EPSI
EPSID
EPT

D2-118387-2A
TABLE XIV (Continued)

SYMBOL DEFINITION OR USE

[Cosine of actual inertial yaw angle D:>

Cosine of actual inertial roll angle [E>

11 degree constant = .01745329

10 degree constant = .1745329 [

Engine gimbal pitch angle [:>
jEngine gimbal yaw angle E£>
| Booster engine locations E£>

Orbiter engine locations E;>

B>

i Body roll rate E£>

B>

| Per cent thrust due to engine out EZ>

Inertial roll angle E:>

B

Inertial yaw angle EZ>

B>

i Per cent engine thrust ED>

unitless
unitless

radians

Jradians
’radians

’radians

radians

 radians
i ft
'ft

rad/sec

vunitless

radians

¥ radians




CODED
SYM.

EQB
£QBD
ERB

§ ERBD
ETHETA
ETHETD
EVPP(3)

§ GCBP

GCBR
| GCBRP
GCBRR
GCBRY

¥ GCBY

GCIRP
GCIRR

GCIRY

GM(4)
n
—

D2-118387-2A
TABLE XIV (Continued)

SYMBOL DEFINITION OR USE

Body pitch rate E2>

B

Body yaw rate EE>

B>

Inertial pitch angle EZ>

>
>

} Body coordinate difference in present and past

guidance pitch angle E;>

‘Body coordinate difference in present and past
y guidance roll angle [:>

Body coordinate difference in present and past
guidance pitch angle EE>

Body coordinate differen.. in present and past
guidance roll angle [:,

j Body coordinate difference in present and past
guidance yaw angle ﬁ:,

| Body coordinate diffeTnge in present and past

guidance yaw angle

Platform difference between present and past
guidance pitch angle [:>

Platform difference between present and past

§ guidance roll angie ﬁ:,

Platform difference between present and past
guidance yaw angle [:>

>

A-106

UNITS

frad/sec
:rad/sec

§ radians

} degrees

) degrees

radians

radians

’radiang

degrees

,radians

f radians

radians




ENGR.
sy,

GPHID
GPITCH
J GPSID
 GRLIMB
GRLIMD
GROLL

| GsToPs
! GSTOPO
GTHED

| GuRp(4)
| GUYP(4)
j GUZP(4)
GYAW

M1

I

IJ
IPITCH
IRESID
IROLL
ISEP
IYAW

D2-118387-2A
TABLE XIV (Continued)

SYMBOL DEFINITION OR USE

fInertial roll angle requested from guidance E:>
fDesired guidance pitch angle E§>
Inertial yaw angle requested from guidanceE§>

4Desired guidance roll angle [:>

Inertial pitch angle requested from guidance E;>;

| Desired guidance yaw angle E§>

Altitude [

Do loop counter [:>
B>
B>

Engine start flag EE>

Autopilot pass counter ﬁ:>

Pitch acceleration calcualtion flag E§>
Residual rate calculation flag E§>

Ro1l acceleration calculation flag t:>

Vehicle separation flag [Z>

Yaw acceleration calculation flag E:>

A-107
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| degrees

radians

radians

degrees

feet

i discrete

discrete
discrete
discrete

discrete




CODED
Syn.

NE
NOENGB
NOENGO
P

| Pro(10)
| PAL(10)
PBERR
PBERRA
PBIAS
PCL

PCN

J PHIGL
PI

D2-118387-2A
TABLE.le . (Continued)

SYMBOL DEFINITION OR USE

Pass counter EE>
Runn termination flag EE>

I Number of vehicle engines D
TNumber of booster engines EE>
,éNunber of orbiter engines E£>
Y Atomopheric pressure E§>

d Pitch attitude gain [t?

Pitch rate gain D:>

i Body pitch angle error [I>
.‘Past value of body pitch angle error E;>
[ Pitch bias due to cg offset and trim [:>
| Last TVC pitch command EE>

New TVC pitch command [:>
Past value of guidance roll angle E:>
v = 3.1415927 [

| Inertial pitch angle error ﬁ:>
I Past value of guidance yaw angle E:>
a0 = 57.295 [B>

Roll attitude gatn [>
Roll rate gain E:>

iBody roll angle error [:>

Past value of body roll angle error E)>
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B unitless
f unitless
junitless

:1bs/ft2

unitless

j unitless
,‘radians
f unitless

; radians

radians

} radians

radians

radians
radians

deg/rad

unitless
radians

radians




ENGR.
sy,
RCL
RCN
RIERR
SEROT
SETCGO

SGRAV
SMU

52
f S3

T

TGOT
THEGL
THELST
TRIM
WEP(4)
YA0(10)
YA1(10)
YBERR
YBERRA

YCL
YCN

22
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TABLE XIV.. (_an_ttnue.d)

SYMBOL DEFINITION OR USE

Last TVC roll command EE>
New TVC roll command [I>
Inertial roll angle error ﬁ:>

B>

Angle between body X and thrust vector at

f Taunch b

| Acceleration due to gravity at launch pad

B>
B>

Sine on inertial yéw angle [:>

§ Sine on inertial roll angle ﬁ:>

Time from launch EZ>

Past value of guidance pitch angle _[:>
Negative of last body pitch error [E>
Pitch trim angle B:>

h Earth rotation rate EE>

Yaw attitude gain E:>
Yaw rate gain [:>

Body yaw angle error [:>

Past value of body yaw angle error E£>

Last TVC yaw command ED>
New TVC Yaw command [>
Inertial yaw angle error [:>

Array of control gain values
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radians
radians

radfans

! radfans

ft/sec2

unitless
unitless

unitless

'radians

radians
radians

rad/sec

radians
radians

radians
radians
radians

unitless
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TABLE A-XV SYMBOL DEFINITIONS FOR ABGUID (ABORT GUIDANCE) SUBKOUTINE

CODED ¥ ENGR.
sym. | sw.

AALIM

ABTT

ACG

ADMASS (12) |
| ADMTRT
AFLPWB

| AFLOWD
ALENGP

| ALPHA
AMASCP
AMDRTV
AMINTB
AMINTP
AMTQT M

ARCSPM
ARCSRM

J ARCSYM

§ ATENG(12)
AUGRAV

AZCF z

BETA
BEATE(4)
EATBN(4)

%
4

SYMBOL DEFINITION OR USE

abort

Time selected for abnrt [:>

>
D

Booster engines fuel flow- rate

Orbiter engines fuel flow rate
| Length of orbiter vehicle [:>

| Angle of attack [::>

[>
>

Minimum total booster thrust [::>
Minimum total orbiter thrust [:>

B Ro11 moment commanded by RCS model [:>>
Yaw moment commanded by RCS model [:>

Engine thrust magnitude [:>

>

Sideslip ang]é [:5

A-116

Orbiter maximum linear acceleration during

Angle between thrust vector and body X-axis[::>

Total remaining mass of the vehicle [:>

Pitch moment commanded by RCS model [:>>

Distance between body X-axis and the engine
cluster center line along the body Z-axis [:>

Booster engine acceleration due to thrust [:>
‘Engine thrust in body coordinates

UNITS

gees

sec

radians

slugs/sec

slugs/sec

ft
deg




D2-118387-2A
TABLE A<XV (Continued)

SYMBOL DEFINITION OR USE

EATP(4) dEngine thrust in platform coordinates [:>

8 EATT Total thrust acceleration EZ>> ft/sec2

EB(3,3) , gDirection cosine matrix relating platform
coordinates to body coordinates [:>>

tEBP(12)
d EBPQ

EBXP(4) fEngine thrust along body X in platform
» dcoordinates

| EBY(12)

| EGEFF

JeL(12,3)

JELR (2,3)

EPE(12)

EPHI Euler ro]lvangle (about X-axis) [::>
EPHID EPHI rate [:>

EPSI tuler yaw angle (about Z-axis) [::>
EPSID PSI rate b

EPT Fractional throttle setting [>

ERP(4) Present vehicle position vecotr expressed in
vehicle inertial or platform coordinates [:>>

Euler pitch angle (about Y-axis) [:>

ETHETA Rate P> Rad/sec.

A-117
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TABLE A-XV (Continued)

SYMBOL DEFINITION OR USE

EVP(4) Present vehicle velocity vector expressed in
vehicle inertial or platform coordinates [:>

EXCG Displacement of the vehicle center of gravity
(AMTQT) along body X-axis as a function of vehicle

mass D

EYCG Displacement of the vehicle center of gravity
(AMTOT) along body Y-axis as a function of vehicle

mass b

EZCG Displacement of the vehicle center of gravity
(AMTQT) along body Z-axis as a function of vehicle
: mass

GADP(4) Desired vehicle acceleration vector expressed
in vehicle inertial or platform coordinates

GAD1(4) Desired acceleration in thrust coordinates

GCA(3) GCA(1) is » GCP(2) i d GCP(3) =
96.4396‘15 b ) ban 3)

GDT
GDTV
GEGVEL | Engine exhaust gas velocity [::>

aM(4) >

GPHID Inertial roll angle desired b rad

GPSID Inertial yaw angle (angle between body X-axis rad
and vehicle inertial or platform XZ p1ane)[>>

GPSID1 Angle between desired thrust acceleration vectod rad
and vehicle inertial or p1atform XZ plane

GTDM Abort pitchover pitch rate limit Ei> ft/sec2
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CODED
SYM.

ENGR.

Sy,

D2-118387-2A
TABLE A-XV (Continued)

SYMBOL DEFINITION OR USE

Inertial pitch angle (angle between body X-
axis and vehicle inertial or platform X-axjs)

Commanded inertial pitch angular rate [:)>
Past value of GTHED D
Angle between desired thrust acceleration

vector and vehicle inertial or platform
X-axis -

Altitude D

Internal Counter [:>>
IABT = 1 after abort is begun [::>

De

| Engine off discrete [::>

>

Rollout Flag [:>>

De
>
Do loop counter [:>>
First pass flag [::>

Run terminate flag [:>>
KLPDR = 1 for abort to péd 4EZ>

First pass flag [::>
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rad

rad/sec
rad

rad

ft
discrete

discrete

discrete

discrete
discrete
discrete

discrete
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MACH1
NIENGB
NOENGO
PI
QDOT
QUE

Q

Q2

Q3

RAD

D2-118387-2A
TABLE A-XV (Continued)

SYMBOL DEFINITION OR USE

Mach number
Number of booster engines [:>
Number of orbiter engines [::>

PI = 3.14159265 [:>
Heating rate [:>

Dynamic Pressure [::’

ABGUID scratch variable [:>
ABGUID scratch variable E

ABGUID scratch variable

Gravitational constant (SMU = 14.07654 X 10'°)

>

Mean earth radius [::>

5

Ground elapsed time [::>
ABGUID scratch variable
ABGUID scratch variable

Desired acceleration vector expressed in
guidance or plumbline coordinates ti'

A-120

unitless




D2-118387-2A
TABLE A-XY (Continued)

CODED ENGE. SYMBOL DEFINITION OR USE UNITS
SYM. sy,

T80 ] Time until engine burncut E:> seconds

TDT™ Abort pitchover pitch rate limit E:>

TOVG (4 )

rad/sec

Desired velocity to be gained vector expressed § ft/sec

in guidance or plumbline coordinates [::>

Intermediate symbol used in computing time-
to-go (GTGR)

Intermediate symbol denoting average effective §
gravity acting on vehicle used in computing
radial velocity to be gained (TDVG(1)) [::>

TERFIK

Earth flattening constant [:> unitless

Effective gravity acting on vehicle during
abort

Effective gravity at vehicle burnout or target
velocities during abort

TGEMIN

Minimum calculated time-to-go

Estimated time to be at target

TGAT

THB? Altitude of abort target [:>>

THELIM Abort pitch rate limit deg/sec

THEMAX Abort pitch rate limit rad/sec

Guidance weighting factors [::> unitless
Guidance weighting factor [::’
Latitude of landing site [::>

Longitude of landing site [:>

unitless

radians

radians

Time for flight on pitch profile during
abort

sec

Intermediatg
desired

variable used in computing  desi-
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CODED
sYM.

103

!
TRDG(4)

TRG(4)
TRLSE(4)
TRLSP(4)

TT(6)

TTA

TTD

TTD1
TTHETA

TTL

TTQ2(4)
TUXGP

TUYGP(4)

TUZGP(4)

e e e asames 4o

ENGR.
syn,

] coordinates

D2-118387-2A
TABLE A-XV (Continued)

SYMBOL DEFINITION OR USE UNITS

Intermediate variable used in computing

¥ desired

Vector representing the pusition of the target
in guidance or plumbline coordinates

Present position .zctor expressed in guidance ft
or plumbline coordinates

Landing site position in rotating earth ft

Landing site position in platform coord}nates ft

Conversion matrix relating coast angle, Jreentry@ unitless
angle of attack and burnout velocity Ei:>

Time from start of abort [:>> sec
Time for open loop guidance during abort [:>> sec
Time for 6pen loop guidance during abort [::> sec

Angle between Xzbody axis and desired guidance } radians
acceleration

Time until thrust will be limited. due. to
thrust acceleration constraint 1§:>
Past value of desired thrust vector

Unit vector describing guidance or plumbline
X-axis in vehicle inertial or platform

coordinates [::>

Unit vector describing guidance or plumbline
Y-axis in vehicle inertial or platform
coordinates

Unit vector describing guidance or plumbline
Z-axis in vehigle inertial or platform
coordinates
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TWEP(4)

TXX1
TXX2
UXTP(3)

UYTP(3)
UZTP(3)
VA(4)
VAB(4)

ENGR.

sy,

D2-118387-2A
TABLE A-XY . (Continued)
SYMBOL DEFINITION OR USE UNITS

Unit vector along existing thrust direction D unitless

of desired and existing thrust direction

d Unit vector perpendicular to intersection D unitless

103 = 01 x 102
Burnout velocity during abort targeting ft/sec.

B>

Velocity vector of the target expressed in ft/sec
guidance or plumbline coordinates 1>

Present velocity vector of the vehicle express-§ ft/sec
ed in guidance or plumbline coordinates pﬁ
Angular rate of earth in platform coordina§ rad/sec

Intermediate variable D
Intermediate variable D

>

Relative velocity in platform coordinate D ft/sec’
Relative velocity in body coordinate b ft/sec
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CODED ENGR.
SYN. Sy,
| I3as
AZCF
EATT

EAVP(4)
N EB(3,3)
EBPP

EG
EGEFF
ELATC
ELONGD
ERP(4)
ETSLB(12)
ETSLAT
ETSL@2
EVP(4)
GADP(4)

GDTV
GEGVEL
GM(4)
GPHID
GPSID

GTHED

TABLE A-XVI SYMBOL DEFINITIONS FOR ABORT TARGET SUBROUTINE

D2-118387-2A

SYMBOL DEFINITION OR USE

Time selected for abort Ei:»

B>

Magnitude of thrust acceleration EE>>

>

Direction cosine matrix relating body coordi-
natif::o platform coordinates Et>’

Acceleration due to gravity b
Geocentric latitude of launch site Et>'
Geodetic longitude of launch site EZ>>
Platform position vector EZ:>

B

B>
B>

Inertial Velocity in inertial coordinates EZ>>

Desired vehicle acceleration expressed in
vehicle inertial or platform coordinates [::>

B>

B>
B>

Inertial roll angle desired

Inertial yaw angle desired

Inertial pitch angle desired

A-126
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GRUP(4)
GuyP(4)
GUZP(4)
I

PI
RAD
RADI
SGRAV
SLATI
SLONGI
SMU

I I

TAG(4)

TART(4)

TOVBO

D2-118387-2A
TABLE A-XYI (Continued)

SYMBOL DEFINITION OR USE

Internal counter ﬂ:>>
IABT = 1 after abort is begun E§>>

&>
B>

Run terminate flag EE>
KLPDR = 1 for abort to launch pad EE>

Latitude of launch pad [§:>

Longitude of launch pad E§>>

Gravitational constant (SMU = 14.07654) EZ>>
Ground elapsed time EZ>>

B>

Desired vehicle acceleration expressed in
guidance or plumbline coordinates E;>

Intermediate variable used in computing unit
vector and burnout velocity E:,

Delta burnout velocity usedvin computing
burnout velocity ﬁ:>

A-127

discrete

discrete

discrete

discrete

degrees
degrees
ft3/sec2

sec

2

ft/sec
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TABLE A-XVI (Continued)

CODED SYMBOL DEFINITION OR USE

Desired velocity vector to be gained, expressed
in guidance or plumbiine coordinates E;>’

Earth flattening constant (TF = .00335233) [2>

Effective gravity at targeted velocities EZ:> ft/sec2

Same as TGP except that it is used to initia- sec
f lize TARGET and used in MASTER to test time-to-

go during abort b [>

Target altitude desired for engine cutoff
during abort D ’

An estimate of the earth's central angle
traversed to reach engine off during an abort

(burn angle) ﬁ::,

An estimate of the central angle traversed
after engine cutoff and attainment landing
site latitude and longitude (coast angle) [:>

Earth's central angle between radial vectors
passing through the vehicle and landing siti

Ground elapsed time (same as T) [:>>
Transformation matrix relating vehicle earth
inertial and vghicle inertial or platform
coordinates E:>

Latitude of landing site E§>> rad

Latitude of Tanding site [::> degrees
Longitude of landing site EZ:> rad

Longitude of landing site Ei>> ' degrees

Position vector of targeted engine shutgown ft
in guidance or plumbline coordinates
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TRE

TRLSE(4)

TRL.SI(4)

TRLSP(4)

T1(6)

TTL

TUXGP (4-)

TUYGP(4)

TUZGP(4)

Tvep

TVB@N
TVDG(4)

T e e —————— s

D2-118387-2A
TABLE A-XVI (Continued)

SYMBOL DEFINITION OR USE

Radius of_the earth at launch site (same as
SRMEAN)

Landing site ressed in rotating earth
coordinates 1i5>

Landing site ressed in inertial earth
coordinates 1§E>

Landing site expressed in vehigle inertial or
platform coordinates. 1I:> é:>

Conversion matrix relating coast angle,
reentry angle of attack, and burnout velocity

> >

Estimate time to thrust limiting (forward
acceleration control) Et:>

Unit vector describing guidance or plumbline
X-axis in vehigle inertial or platform
coordinates E:>

Unit vector describing guidance or plumbline
Y-axis ig_vehicle inertial or platform coordi-
nates h

Unit vector describing guidance or plumbline
Z-axis in vehigle inertial or platform
coordinates

Relative velocity (Z) of vehicle desired at ft/sec
engine shutdown (burnout velocity)

Past value of TVB@ EZ>>[I:> ft/sec

Velocity vector desired at engine shutdown ft/sec
at abort target (earth rotation effects are
computed at landing site)

Present vehicle velocity expressed ft/sec
guidance or plumbline coordinates

Velocity vector resulting from earth rotation ft/sec

at landing site expressed in guidance or
plumbline coordinates

- o . . — - e . - —a——




CODED ENGR.

SYM. Sy,
TVLSP(4)

TWE

TWEP(3)

et e e o n

D2-118387-2
TABLE A-XVI (Continued)

SYMBOL DEFINITION OR USE
TVLSG expressed in vghicle inertial or plat- ft/sec
form coordinates ﬁi:>
Angular velocity of earth [ggatijg (same as rad/sec

SEROT; TWE = 7.292115 X 10

inertial or platform coordinates

Vector quantity of TWE expressed iT{vehicle rad/sec
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b 1
W2 - Tea
Pul = fON KPT'L

fr’-’(‘:a“) = P_U.\

F (4)= POL

P (1) = FuS

F\ ) -] . o

Eubn]: o cos(PvenDl) Sw (PVSAD))
A |0 -smw(fvenn) cos (Pvéad)

—cos (PaLm) o =Sy (PALDY)
{ o

fPoad= |, |
Siw(PALDY) 0 cos (PALpl)

-,
[

U"QJ .[PueAJ[éuj |
[eve] = [PuAl)rq)

6THED € ~ALCTAN pue,3)
.o Puc (1)

6PsID =.Akcsk4( [Puc(l,z)J

ﬁuc(s,z.)]

GPHTd = —ARTAN
Puc(2,r)

" (RETURN )

FLGURE A-H CONT'D
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TABLE XVII SYMBOL DEFINITION FOR POST BURNOUT CONTROL SUBROUTINE

ABTT

ADMASS(12)

ADMTOT
ALPHA
ALPHA1(2)
ALPHA2(2)
ALPHA3(2)
AMSCO
AMDOTV
AMT
ATOTHR

| AUGRAV

AZCF

BETA
DFAB(4)

DMAXB
DMAYB
DMAZB
EGEFF
ERP(4)
EVP(4)
GOTV
GEGVEL
GM(4)
GPAID
GPSID
GTHED
GUXP(4)
GUYP(4)
GUZP(4)

SYMBOL DEFINITION OR USE

Time selected for abort b f sec

Mass depleted per engine per .2 sec. D slugs
Total mass depleted per .2 sec D slugs
Angle of attack D degrees

fMass of the vehicle at fuel depletion b

Mass depletion rate
Total mass of the vehicle D
Total engine thrust during present minor c1§1e

Acceleration of gravity at sea level =32.17$ 1'1:/sec2

Distance between body X axis and the engine ft

cluster centerline along the body Z axis
Sideslip angle EZ>> | degrees

Forces due to aerodynamics in body coordinates 1bs
2

R Aero moment about body X axis B> ft-1bs

Aero moment about body Y axis E ft-1bs
Aero moment about body Z axis ft-1bs’
Effective gravity 5 ft/sec2
Present inertial vehicle position E ft
Present inertial vehicle velocity ft/sec2
D f'c/sec2
Engine exhaust gas velocity EE:» ft/sec
Gravity vector, platform coordinates EE:» ft/sec2
Inertial roll angle EI>> radians
Inertial yaw angle E:> , radians
Inertial pitch angle E;: radians
Guidance X unit vector , unitiess
Guidance Y unit vector B> unitless
Guidance Z unit vector E:> unitless
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TABLE XVII (Continued)

SYMBOL DEFINITION CR USE

Altitude
Altitude
IABT=]1 after abort is begun

I11=1 for first pass thru FBC
Pass counter >

K=KLPDR#1 >
>

Program terminate flag [>

JKLPDR = 1 for abort to pad

dAmbient atmospheric pressure E§>>
Angle of attack commanded by PBD E:>

Angle of attack commanded after initial pitch-
over i]:>

Angle of attack rate limit ﬂ:>

B>
>

Angle of attack rate limit for 15 seconds
after burnout ﬁ:>

Angle of attack rate 1imit after 15 seconds
into coast

Angle of attack rate command when load factor
1s exceeded

B>
Bank angle rate 1imit E
Bank angle rate 1imit
Sides1ip angle
Gamma offset, PBIAS = 0
Post-burnout cycle time
Aero deceleratfon

1ight path angle rate [I>>
Past value of flight path angle ﬁ:>

A-135 ~.

ft
ft
discrete
discrete

discrete

discrete

i discrete

| 1bs/£t2

radians

deg
deg/sec

deg/sec
deg/sec

deg/sec

deg
radians
radians
unitless
seconds
gees
rad/sec
radians




RGAMR1
PGMAX (2)
PEMAX2 (2)
| PHOOT
PHLIM
PHPB (2)
PHT

PHI

PI
PQ(3,3)
PQ
PQ2(3)
PTHEC

PTT
PU(3,3)

PUAL(3,3)
I PUBA(3,3)
PUC (3,3)

PUI (3)
PU2 (3)
PU3 (3)
PVBAC
PVBADI
PVBAI
PVG
PVPB (2)
PV
QDOT
QUE

Q3

DZ-118387-2A
TABLE XVII (Continued)

SYMBOL DEFINITION OR USE

Present valve of flight path angle tt:b

[e>
>

Altitude rate [t:>
Altitude 1imit [
Terminal altitude constraint ﬁ:>>
A]t}g;:e at burnout ﬁ:>
= 3.141592653 [2>
PVC scratch matrix [f:>
PVC scratch variable [t>>
PVC scratch varfable Eg:
Body x-axis attitude
Time of burnout E:>

Transformation from body to local vertical
coordinates

Matrix to rotate thru angle of attack ﬁ:>
Matrix to rotate thru bank angle ﬁ:>

Transformation from Jocal vertical to wind
axis ceordinates

x direction cosines fo PU matrix [E:>
Y direction cosines of PU matrix Eg;:

f Z direction cosines fo PU matrix

PvBACI = 0 [>

Desired bank angle ﬁ:>>

Present bank angle E:>

Ground speed ﬁ::»

Terminal velocity constraint [D
Velocity remaining until program termination
Aerodynamic heating rate EE:»

Dynamic pressure

PBC scratch variable [[>

RAD= 57.29578 [2>

A-136

radians

degrees

unitless
unitless

unitless
unitless
unitless
unitless
degrees
radians
radians
ft/sec
ft/sec
ft/sec
btu/ftsed




f THBO
TLAT
TLONG
TT(6)

TWEP (3)
UXBP (3)

UXTP(3)
UYBP (3)

UYTP (3)
uzBP (3)

uzTP (3)
VA(4)
VAB(4)
WEP(4)

Uc-118387-¢A

TABLE XVII (Continued)

SYMBOL DEFINITION OR USE

RADI = .01745329 [2> rad/deg
Angular rate of earth rotatijon = 7.292115x10'5 1 rad/sec
Acceleration due to gravity = 32.17404 EE:> ft/sec2
Earth gravitation constant = 14.07654x10"° E§:> ft3/sec2
Earth radius at launch pad = 20,909,740 Ei:> ft
Ground elapsed time EZ>> sec
Earth flattening constant E§>> unitless
Time to go to reach abort target EE:> sec
Abort burnout altitude  [3> ft
Target latitude EI>> j radians
Target longitude Ei:> | radians

Conversion matrix relating coast angle, re-E§:>f
entry angle of attack, and burnout velocity

j Earth rotational velocity in platform coordi-

nates
Direction cosines relating body to platform

_ coordinates unitless

Unit vector alcng ERP EZ:> unitless

Direction cosines relating body to platform
coordinates 12:> unitless

Unit vector along EVP x ERP Ei:> unitless

Direction cosines relating body to platform
coordinates 15:> unitless

Unit vector along UXTP X UYTP Ei>> unitless
Inertial velocity vector relative to earth [ 24 ft/sec
Body velocity vector relative to air EE:> ft/sec
Earths rotation vector Ei:» rad/sec
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SoEIT Ve
REHDO

TITC DATA ARRRAY

TCTAL AsrAL ACCEL (Geks)

TOTAL CuT of PL ACCEL (6 £%S)
ToTNL WNOKAMAL KOLEL (¢ EES)
TOTAL HORIZ2 OMTHL ACCEL 7G-EES)
ENG WE 1+ PITCH Aw6lE (DEg)
BAMbIVE | AW HMELE (DE¢)
ENSTNE 2 PITeh Awnbie (DE6)
ENGINE 2 YAW AN LE (DEE)
EveINE) PLTCH RATE (DEg/5¢c)
EMN6TaE Y YAW RATE (DEGC/SCL)
ENETAMEDL PTICW RATE [ DEC/SES)
ENEZAeT YAw ARTE(pEesSL)

X AERLDYNAMIC FOoR e ( LBS & j000) -

'Y AL OY~MAMC Foprcee( LBS » 10060)
2 AEROCDYNAMIC FoleE(LBS % |000)
X ABRO MoMEAT(( FT-LBS)¥i000)
Y AERe MOMEAT(( FT-LEY) » 1000Y
3 AERL MIMEAT((FT-LBS)N 1000)

TITA DATA ARRRAY

INEeTIAL VELoaiTY (FT/sec)
EULER PITeH AwNELE (DE¢)
EULER YAW ANGLE (DE&)
FULER RotlL RA¥sLt (DEE)
ALTiTupe (FT)

ALTITUDE RATE (FT/sec)

Av6LE OF ATTACK (DE¢)
SIoeEsSLIP ANGLE (DEG)

REL, FLICHT PATH AusLe (Dee)
THRUST RCCELERATION (FT/ste?)
RANGE FRoM LAUNCH PAD (M. MI)
FUEL REMAWIVE (LBS ® 1000)
ACCEL . (THRUST tAtRo) (FT/SEC)
_AERo DECELERATION (G EES)
hemTive pate(BTU/c@FT/sEe)
VEMICLE LATITUDE. (DEE)
VEMieLe LlowsiTude (DEE)
DYWAMIC PRESSURE (LBS/FTL)
TRUE MARSPEED (FTA/SEC)
TIME From LRAUWVEH (s€c)

DATA STATEMENT®

SUBROUTINE

A-138

RGRAV = 32. 14¢537
RWVE = 1670110
RWYO = 274,721

FIGURE A-18 FLOW CHART OF READO (outPur)
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Q

'

TITR DATA ARRAY
L Rounp SPLED (FT/SEe)
BANK ANELE (Dt¢)
COMPASS HEADIWG (DE¢)
ALMA -QuE (DE6-Lles/FT2)
BETA- QUE (be6 -LBS/FT2)
Raree To Lawpiwe SITE (M. MI)
Reawee To L.S. CLoSSRAAGE (w.mS)
PiteTs PITcH ArélE (DEé)
PitoTs YAw Awvele (veé)
PILOTS RoLL AAGLE (DE&)
Body fiTew EREOK (DG¢)
BodY YARW €REoR (DEe¢)
BooY Rott EREDoR (DEE)
gooy pPiTer RATE (pEé/Sec)
go0Y YAw RATE (pEe/SEc)
povy RoLL RATE ( De¢/sec)
Bopy PITeH fAccel (DEG /SEc2)
BoPY YaAw RACCEL(NESL/SEc)
Booy RotlL Aclee (peé/stcel)
TIME - FRoM LAVAMH (SEC)

NES

\

RFWR =AMT RSGRAV-RwyO RFWR *ANT ns6RAV-RWVE

{

* — —
fHDoOT = E\ﬁ’ ® UXT?
R20eT = gVF o UztP

GAMMA= RAD & A il ( £25T)

FIGURE A-18 €ONT'D
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B

Qm" = ._E.If_
| e&eY

R_a - \7“A ® RM)&
\Ral = ARGy 8@ 1RQs |
RvAy= _R8

| RQY

RUvAL = RUVA< X KovAY
RYe = TAefWAR
RHDLT = V’.-umf’
GﬂMMRI:-Arctdn( ';C:OT
GAMMAR 2 6AmMMR| A RAD
RTHETA = ETHETA & RAD
RPSTA = EPSI ¥ RAD
RPHTA = EPHI wWRAD -
RTHETD = 6 THED X RAD
RPSTD = GPSID NRAD
RPHID = ¢PHID R RAD
AP8D= EfED R RAD
RQ8D = EQBD & RAD
RRBD = ERBD wFPAD

ReB = EFPH » €ND

RQB = EaewtAD

RRE = ERB &2 RAD

. _ _loras -
PeAdY = T v ss PRV

RLATLP- RAOT  (ELATC-SLATY)
RLoALP= LAV w (Stows |- ELoweD)
RCALPY = Ar'ws(cos(kunr’h ¢os(RLONLPY)

fRLp = RCOALPY N SFMERA
' 6080.27

RAMT = AMT U S¢RAV

\EAVP] = I EAvfy™ EAvPw)s EAVAS

RQALP = ALPHA X QUE

RQBETA = LETA % QUE

RLATLS o (TLAT | - €LATLEY® £ADL
RLomLs = (ELowtD-TLoat1)RRADT
RepvLs = ﬁpe_o_“_(cos(nmz.s) Caz(lto.vl.s))

RPLS = (eCAyLS Y SEmENa)
&o 80. 2 7

" FIGURE A-1¢ £omT'D
A-140
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¢

e —
RLOL,T)=  RuVAx
—_— -t
RL(2,7)= FRuvAr

RUGyT = ZUVAR
-—’
RRLST =

Siv(Teserer) ces(Twsgror) O

—
TR Ls&{:aos (TestgoT) -s1W(TwSELTY O
-] o 1

-—9
RELSP « [TIF] @RLSI

. REVSP = RIUSP —ERP
RLSVCN = RRLSP o RUVAX
RLsviyy = n??r’o M‘r
RLsv () = eRTTp ¢ KUVRx

RRHA = ARCTAN [ BLSY (23
RLSVI(3

RRHAI= RRHA % RADI

~ RRLSOR = RRLS » coS( RRRA)
RRLSCR = RRLS » SIN(RRHA)

RVE (D= RLLI,!‘)*WE?(?.) -RL(), 2)* WEP(3) :
RUE(2)= RLUIL, 1) * WEP(3) - RL{1,3)* WEP(I)
RUE(3) = RL(1,2) ¥ WEPL)- RL(), 1)+ WEP(2)
| RUEMY= (RUEL) v RVEL) 24 RUEMY® ) &
RUEN = RVEC)/RUE @)
RUE(2)= RUE (£)/RUE)
RVE(3) = RVE(3)/RUE(4)
3= RL(Z* gusu)+ RL(2,2)» RUEC) +R(23)#RVE (3)

FIGURE  A-1& CONT'D

A-14
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RCMA =Acos(a3]
Q4= VA Rt

ReHp =
“jar-gcun

RCHAY =RCHAW R AD

—
Q3=€8(7,2) + N-f\‘,x)

RPIVA = ASTA (Q3)
RPPHL = RPFPA X RAD

Qi Cos(RFPA)

Qlfzons .0175
NO
S
FIGURE A-18 eoNT'D

A-142
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®
QL= = E‘f(o,z). amfr) :

RBETA = BETAXRADY
Q1 = EBWL) . RUE

RPYA=ASIN (Q3)
RPYAl = RPYA XCAD
Ri=Qr/Q\ :

ReRA = AReSiv (Q3)

Qys ___Q»
Calépniyi) cos(“sm)vmv(‘ Amm2,) Tha (RBETA)

-~

£S
Q52| \ Qy=

NO

vL
SO 251 Qs=-|

L.

FIGURE A-18 ¢ownT'D
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G
v

RBA = ARCSIV (Q3)
R8AI = REA X LAD

gracy = REARLL v enrecn

Sé¢ Rhy

rraca= RESHY centeq)
SeRAYV

RTACT o _D_:H.'i}_!,.ﬂ +£RTE(3)
SGRAV

RTACE = 4 g1Ac2 wa2 reTRCIRYL

QAR| = Raxw

QAXL = RAXL

RAXI= LAY

RA%E »~LAX4

RAaxj= EBF (V)X EAD
Eny2l = oY (1) W RAD
RAx3 = EePL2)NRAD
RAre= gaY(2) ARAD
ROPDES = ADPDES ™ &AD
ROYDES ©TADY DES 4 £AY)
RORNDES =ADR DES W LAD
REPAL = ALYAR 48 AMMAR
RTHETR = THETAWELAD
RTHETE = THETC & RAD
RTHETRx THETR R LAD

FIGURE "'A-I8 C€ONT'D

Pol

STV

FERRN

J=3+)
PRINT OUT DATA ARRAYS

Poz fo3
T RZHA N T
H PRLS 2 gf_')
FRLSD rep
KiboT RP.LsCR Au P
HHEMR RYPA 2174
Qut Revpl S AMMA
MAacH N Y 1vVLo
RV G Fay TT L
PwWER LU ] Tvus ()
EOTT Yeb TIvbe (L)
‘o FUPULS TVLG (8)
Ler fuyics Tvbs (4)
e DV D.e TVE ¢y
CLosy 0 e e (0
CoT TV6 (3
":"n\ .,V- /w)
A-144

fo4

1PVvELY)

ToVé (2
TOVE (D)
Thvere)
TAECyy

TRSE(C D
TAG ()
1A ¢ (4)
G Rbeln)
G oY)
G NGy
e Nuslay
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P

po &

T .

EvP()
gviy)
tvPiy)
EVP(e)
VA (1)
VA ()
VA(3)
VA(e)
vAal(y)
VAB(2)
VAB(Y)

PRINTOUT ARRAYS

PO 6 . PO
ERPO)) T
€ RPC2) RatD
ERACY) RRSD
ERPCe) KP8D
RTNETA EAVPOD
LTHETO EHVP(")
RISID DmAL 8-
RPHID OmATE
omAZB
DFARCY)
PFpEle)
OFREL3)
. PFriéles)

Pos
LRpLf
RQLETA
RAMT
2 2.31%

QvoT

R1ncgy
RTACZ
£ThC3
KTACs
EnR)

RAX2

LAXY
Rpxé4
S(RAFI=QAVY)
cS(tax2-gaxy)

S (eA>3-mnx3)

(SN -QRRY)

K6LID=0O

T ]
‘f‘a(l'&axt) =0

IX| =
JRI4 )

oo /./k,
‘L-———&th 1S

(34

A-145 FIGURE A-18 €ONT'D
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I

Jaz =}

-

Por(xr,ux1y=0

\
Jxe=
Jx+)

m,

YEs

Tonz =y

TN
E}(X:’,JK!):O

VK3 =
JX34)

FIGURE A-18 €oNT'D
A-146
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P0S(1% )Jxs) 20

IRS =
JrSY)

NO

JXS D1

YES

Jue = |

Eos(n,.)xc)zo

JRG =
JRE+)

—
dx7=l|

&
o

Y
E(umn):o

JEK7 =
JX7+1 |

22 Cux7315
N
YES

FIGURE A-18 €oNT'D
A-147
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Jxs =
AL R4

e Wi B AY)

YES

) X =
. IR+

WRITE
fol, P02, (o3 fos, FOS, Pot, P07, PoS

J(8

Yed

YeS

JJ=o Juv=0 Jd=

FTGURE A-18 CoMT'D
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0z2- HG}O?-Z:‘%

, )

. RUSEITY

™~

e
e

K=+l

\

PLOT ARRAY AT

€Vve (&)
. RTHETA.
- RPSIA

RPHIAR

H
RHDOT-
RLPHA
BETA
G AMMAR
EATT
RRLP
RFwR /000.
ERVP (§)
P&6ADY
QboT
ELATY
Clowe D
QUE .
VA (4)

r

"} KAz KAY]

R Y

PLoT ARR AYS

. B £
€ve RT Ry
rBAl . RTACL
RevAl ’ RTAC3
RQ ALP Rrpca
‘RQesTh RAx
RRLS . RA XL
RRLSCR . a enx3
RPPARI . .
] Reyar ‘ Rnxa
- PR AL . .S (A% -QAXI)
foPDES S(PRL-QNxD)
'ig\:{?ess .S(ERx3-QnAx3)

SPNXG- QR x4a)

:Qﬂg OFARIN /o>

PFAR (L) /1000
Re & OFAR(3)/ 1000
k@eD OMAX 8 /1000
RRB8D OMAY R /1000
_6;_960 . OmAR B /1000

FIGURE. A-18 eonNT'D
A-149
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catL fLoT
fROGR AM

K=0
KA =0
J=0

I35 =\

XES

I =0

KS7

narg] Earey
\ RESTRT

II-o

A(K ) ARRAY

\
RETURAM -

EVMD

pLoT OUTPUT

B(K,Y) ARRAY

EVP4)
. PYHETA
RPSTA
‘RPHIA

H

" RHDIT
ALPHA
RETA
GAMM AR
EATT
RRL?P
RWFR/i000
~ AVP(4)
PG ADV
’boT
ELATC
ELgNGD
KRVE
VA(4)

RYG
RBAl
RCHAI
RAALP,
RABETA
RRLS
RRLSCR
RPPAI
RPYAI
RPRAI
RDPDES
RVYDES
RDRDES
R4B
KRB
RPEB
Rasp
ReED

RPBD

A-150

¢ (K, ) ARRAY
RTACI

RTAC2

RTALS

RTACA

RAX |

RAX2

RAX3

RA X4
S(RAXI-QAXD
+ S(RAX2 - RAX2)
« S(RAX3 -AAX3)
e S(PA X4 -BAX4)
DFAB() /1600
DFAB(2Y 10t e
DFAE(3)/ I1veo
DMAaxg/i1ee0
DMAYB /i1voo
PmAazge Zieoo

FIGURE A-18 €oNT'D
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TABLE XVIII SYMBOL DEFINITION FOR READ@ (OUTPUT) SUBROUTINE

ENGR.
Syi.,

SYMBOL DEFINITION OR USE

A(500,20) Output plot array >
ABIT Time selected for abort [D sec
ADMASS(12) Mass depleted per engine per .2 sec - b slugs
ADMTOT | Total mass depleted per .2 sec |5> slugs
ADPDES Desired change in body pitch angle [Z> rad
ADRDES Desired change in body roll angle b rad
ADYDES | Desired change in body yaw angle D rad
ALPHA '  Angle of attack B> B> degrees
AMASCO Mass DF vehicle at fuel depletion D slugs

! AMDOTV | Mass depletion rate b slugs/sec
AMT N Total mass of vehicle D slugs
ARCSPM Pitch moment commanded by RCS model  [B> ft-1bs
ARCSRM | | Roll moment commanded by RCS model ~ [B> £t-1bs

| Arcsw | Yaw moment commanded by RCS model [5> ft-1bs
ATENG(12) § Engine thrust magnitude  [3> 1bs
ATOTHR Total engine thrust during pressure minor, cycle§ 1bs

AUGRAV | Accel. of gravity at sea level = 32.17404 [2>] ft/sec

AZCF ' Distance between body x axis and the engin ft
cluster centetrline along the body z axis eb

B(500,29) Output plot array []>

BETA Sideslip angle [> [> deg
€(500,18) ! Output plot array :
DFAB(4) | Forces due to aerodynamics in bodylgorcﬁgtes

2

DMAXB Aero moment about body x axis D E
DMAYB : N Aero moment about body y axis

omazs Aero moment about body z axis > B>
EATB(4) Booster engine acceleration due to thrust 2
EATT Vehicle acceleration due to thrust [2>[I>

EAVP(3) Vehicle acceleration in platform coo[égrﬁ;es

EAVPP(3) E Past value of vehicle inertial acceleration [~>'

A-151
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TABLE XVIII SYMBOL DEFINITION FOR READ@ (OUTPUT) SUBROUTINE (Continued)

COPED

EB(3,3)

EBP(12)
EBPO
EBY(12)
EG(3)

| EGEFF
EL(12,3)
ELATC
ELO(2,3)
| ELONGD
EPA]

EPB
EPBD
EPE(12)
| EPHI
EPHID
EPSI
EPSID
EPT
EQB
EQBD
ERB
ERBD
ERP(4)
ETHETA
ETHETD |
ETSLB(12)

| ETsLoy
ETSLO2
EVP(4)
EVPP(4)

A-182

SYMBOL DEFINITION OR USE

Direction cosine matrix relative vehicle EB>
platform to vehicle body coordinates

Engine pitch gimbal angle
Engine pitch gimbal angle offset
Engine yaw gimbal angle
Acceleration due to gravity
| Effective gravity
¥ Booster engine locations EE>
Geocentric latitude of vehicle
Orbiter engine locations
Geodetic longitude of vehicle Et>-EE>
Sea level atmospheric pressure = 2116.8
Angular rate about body x axis
Ang. accel. about body x axis
Percent thrust due *o engine out
Actual euler roll angle (about x axis)

EPHI rate [B>

Actual euler yaw angle (about z axis)
EPSI rate [B>
Fractional throttle setting [2> D
Angular rate about body y axis
Angular acceleration about body y axis
Angular rate about body z axis
Angular acceleration about body z axis
Present inertial vehicle position
Actual euler pitch angle (about y axis)
| ETHETA rate E$>
Booster sea level engine thrust
Orbiter engine one sea level thrust
Orbiter engine two sea level thrust
Present vehicle inertial velocity
Past value of EVP [B>

> B>

>
>

>
>
B>
B>

, ft/sec2

y ft

} rad/sec

UNITS

unitless

radians
radians
radians
ft/sec

ft
deg

deg
Tbs/ft2

2

rad/sec
unitless
radians
rad/sec
rad
rad/sec
unitless
rad/seé
rad/sec
rad/sec
rad/sec
ft
radians
rad/sec
1bs
1bs
1bs
ft/sec
ft/sec

2

2
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TABLE XVIII SYMBOL DEFINITION FOR READE (OUTPUT) SUBROUTINE

CODED
Sy,

b caa

GAMMAR
GAMMR1
GOTV

GEGVEL

| GM(4)

GPHID
GPSID
GTFTL

GTGO

GTHED

GURP(4)
GUYP(4)
GUZP(4)
H

H1

I

II

IJ
IRERUN
ISEP

ITITLE(9)

IX

U¢-11838/-¢A

SYMBOL DEFINITION Ok USE

Desired vehicle acceleration vector expressed

(Continued)

¥

i

in vehicle inertial or platform grdhﬁtes

Inertial flight path angle
Relative flight path angle
Flight path angle

B>

Engine exhaust gas velocity

Gravity vector
Inertial roll angle
Inertial yaw angle
Estimate of time remaining until vehicle

>
B>

>
>

UNITS

' ft/sec2

f deg

radians

' ft/sec2
. ft/sec2
radians

radians

| sec

thrust is limited to remain within thrust

| acceleration 1imits
An estimate of time to reach orbit 1njert1on

Inertial pitch angle

Guidance x unit vector
Guidance y unit vector
Guidance z unit vector

> B>

Integer count variable

Altitude
Altitude

>
B>

3

>

IABT=1 aftar abort is begun

B>

A one indicates engines are on

>

Pass tuggle flag
Counter index

>

A one indicates vehicles are separated

Alphameric plet title array

Counter index

 sec

radians
unitless

| unitless

unitless
ft
ft
discrete

R discrete

B> B>

>

discrete

discrete
discrete

discrete
Alphameri¢
Discrete




iy,

o

LS
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TABLE XVIII SYMBOL DEFINITION FOR READ@ (OUTPUT) SUBROUTINE (Continued)

KGUID
KIX
KSTART
MACH
NLAST
P
PGADV
PI

R P01(8,15)

P02(8,13)
P03(8,16)
P04(8,12)
P05(8,12)
P06(8,10)
P07(8,15)
P08(8,17)
QAX]

QAX2

QAX3

§ Printout {index

| Printout index
| Printout index

SYMBOL DEFINITION OR USE

Pass counter ﬁ:>

Y

Pass toggle flag
Inner loop control for lass execution
Printout index
Printout index

Printout index
Printout index
Printout index

VVVVVVVV

Plot index E:>
Plot index  [>

| Program terminate flag ED>

Pass index ﬁ:>
Plot release from merr $ flag EC>

Mach number D D

Plot index
Ambient atmospheric pressure [3:>
Rero deceleration in gees E:>

= 3.14159 26536 [2>

} Printout variable array

Printout variable array
Printout variable array

| Printout variable array

P* intout variablie array
Printout variable array
Printout variable array
Printout variable array

Past value of engine 1 pitch angle E:>

Past value of engine 1 yaw angle

Past value of engine 2 pitch angle [>

A-154

>

discrete
discrete
discrete

| discrete

discrete
discrete
discrete
discrete
discrete
discrete
discrete
discrete
discrete
discrete
discrete
discrete
unitless
discrete
1bs/ft?

unitless
unitless

degrees
degrees
degrees




by

CODED B CNGR.
SYM. . Sy

Q]

Q2
Q3
Q4
RAD
RADI

i RAMT

RAXI
RAX2

RAX3

RAX4

RBA

RBA1
RBETA
RCALPY

RCAVLS

RCHA
RCHA1

{ ROPDES

RDRDES

D2-118387-2A

TABLE XVIII (Continued)

SYMBOL DEFINITION OR USE

| Past value of engine 2 yaw angle >
| Aerodynamic heating rate [2> B>

5 Dynamic pressure [b [D

Readout scratch variable ﬁ:>

} Readout scratch variable ﬁ:>
! Readout scratch variable ﬁ:>
! Readout scratch variable ﬁ:>
| RAD = 57.29578 [2>

| RapI = 1.745328 x 1072 >
j vehicle weight [B>

Engine 1 pitch gimbal angle EE>

t Engine 1 yaw gimbal angle E:>
| Engine 2 pitch gimbal angle EI:>
| Engine 2 yaw gimbal angle [:>

Bank angle [I>
Bank angle B:>
Sides1ip angle ﬁ:>

Central angle from launch pad to present

position ﬂ:>

Central angle from vehicle to landing site EE>I
| Compass heading angle E:>

Compass heading angle [B>
Body pitch attitude error [>

l Body roll attitude error E:>

A-155

UNITS

| degrees

j eru/ftsech

| 1bs/6t?

» deg

. radian§
§ degrees
} radians

i radians

radians

radians

degrees

degrees

d degrees




cODED
Sy,
) ROYDES
| RGRAV
| RHDOT
d RL(3,3)

RLATLP

ft RLATLS
RLONLP

{ RLOMS

RLSLV(3)

[ res
RPBD
RPHIA
RPHID
RPPA
RPPA1
RPPA2
RPRA
RPRA1
RPSIA
RPSID
RPYA

RPYA1
RQ(4)

D2-118387-2A

TABLE XVIII (Continued)

SYMBOL DEFINITION OR USE

! Body yaw attitude error ED>
| RGRAV = 32.146537 [&>

: Altitude rate D B>

| Direction cosine matrix relating platform

coordinates to local vertical coordinates ﬂ:>

j Latitude difference between launch pad and

vehicle position D:>

| Latitude difference betwezn landing site

} and vehicle position [P

§ Longitude difference between launch pad and
vehicle position W::>

} Latitude difference betw%§;>launch pad and

vehicle position

| Position of landing site in local vertical

coordinates

Angular rate about body X-axis E[:»
Angular acceleration about body X-axis [F>
Actual Euler roll angle (about X-axis) [>
Desired Euler roll angle [P>

Pilc’s pitch angle ﬁ:>

Pilots pitch angle B:>

>

§ Pilots roll angle ﬁ:>
Pilots roll angle EB>

Actual Euler yaw angie (about Z-axis) [>

Desired euler yaw apgle '
Pilots yaw angle BE>

f Pilots yaw angle [}>

READP scratch variable ﬁ:>

A-156

UNITS

| degrees

j ft/sec

g unitless

| radians

{ radians

i radians
B radians

bt

, deg
{ deg
l radians

{ degrees

radians

| degrees

degrees

radians

. degrees

ft/sec




RQALP

RQB
RQBD
| RQBETA

RRB
RRBD

| RRHA
I RRHAY

RRLP
f RRLS
RRLSCR
RRLSDR
RRLSI(3)

RRLSP(4)

RTAC1
RTAC2
RTAC3
RTAC4
b LA
§ RTHETB

RTHETC

D2-118387-2A

TABLE XVIII (Continued)

SYMBOL DEFINITION OR USE

| Product of angle of attack and dynamic

k pressure B>

Angular rate about body Y-axis E:>

| Angular acceleration about body Y-axis B:>

Product of sideslip angle and dynamic
pressure E:>

Angular rate about body Z-axis [&>
Angular acceleration about body Z-axis E:>

; Relative heading angle ﬁ:>
| Relative heading angle B:>

Range from vehicle to launch pad B>
Range from vehicle to landing site B>

Cross range distance to landing site [F>
| Downrange distance to landing site [>
| Range to landing site in inertial coordinjtes

Range to landing site in platform coord1n1i§:

Axial aero & thrust acceleration [>

Out-of-plane aero and thrust acceleration [E> ‘

Normal aero and thrust acceleration E:>
Horizontal aero and thrust acceleration EE>
Actual Euler pitch angle (about Y-axis) B:>

An estimate of the earth's central angle

| traversed to reach engine off during abort EB>

Estimate of angle traversed from engine cutoff
to achievement of target latitude & longituden

A-157

1b-deg/ft

deg/sec

1b-deg/ft R

} deg/sec
} deg/sec

radians

f degrees

b N.MIL

N.MI.

b N.MIL
k N.MI.
i ft.

s ft.

} gees

gees

} gees

} gees

degrees

degrees

| degrees




D2-118387-2A
TABLE XVIII (Continued)

COnED  § SYMBOL DEFINITION OR USE §  UNITS
sy,

RTHETD ’ j Desired Euler pitch angle D degrees

RTHETR , Earth central angle between readial vector degrees
passing through vehicle and landing site SD ’

| RVE(4) East unit vector D unitless

RUVAX(4) § j X local vertical unit vector in platform unitless

coordinates P -
RUVAY(4) Y local vertical unit vector in platform unitless
j} coordinates D :

RUVAZ(4) | Z local vertical unit vector in platform ! unitless
coordinates ﬁ> '

RVG : ! Ground speed D | ft/sec

RWFR " L Weight of fuel remaining [£> | 1bs
RWVB | Weight of empty booster []> § 1bs
§ RWVD ' § Weight of empty orbiter ﬂ> § 1bs
I RZDOT Horizontal component of inertial velocity D ft/sec
| serot Angular rate of earth rotation 7.292115X\0>'5 rad/sec

SGRAV Acceleration due to gravity = 32.17404 [Z> 1’t/sec2

SLAT1 | Latitude of launch pad [> degrees

SLONG1 ' j Longitude of launch pad D degrees

SMU | Gravitational constant = 14.07654x10'° > [ ft3/sec?
| SRMEAN Earth radius at Taunch pad = 20,909,740 [2> | ft

T Ground elapsed time D B> sec

TAE | Angle of attack desired for re-entry after radians

abort D ‘

TAG(4) . Desired vehicle acceleration in guidance N ft/sec
: coordinates :

2

TOVG(4) Desired velocity vector to be gained in guidancef ft/sec
) . ogrdinate ;’b !’

A-158



TGFIN
TGOT

E THETB

THETC

THETR
TIP(3,3)

TITA(5,20)

TITB(5,20)]

TITC(5,18)
TLATI
TLONG1
TRDG(4)

TRLSE(4)
TRLSP(4)

B
TUXGP(4)

TUYGP(4)

| TUZGP(4)

ENGR.
Syit.

D2-118387-2A

TABLE XVIII (Continued)

SYMBOL DEFINITION OR USE

Effective gravity at targeted velocities EE>

Time-to-go toc reach abort target EE>' EE>

An estimate of the earth's central angle

traversed to reach engine off during abort EE>

Estimate of angle traversed from engine cutoff }

i to achievement of target latitude & longitude

>k

Earth central angle between radial vectqrs
passing thru vehicle and landing site 12:>

Transformation between earth tixed inertial

Alphanumeric title array D:>
Target latitude [2>
Target longitude EE>

Position vector of targeted engine shutdown
in guidance coordinates E:>

Landing site position in rotating earth
coordinates E:>

| Landing site position in platform coordinates

Estimate of time to thrust limiting 2> [P>

Unit vector describing guidance X-axis in
platform coordinates E:>

Unit vector describing guidance Y-axis in
platform coordinates E;>

Unit vector describing guidance Z-axis in
platform coordiantes

A-159

sec

} radians

radians

radians

§ unitless
| coordinates and vehicle plotform coordinates|Z%}

A Alphanumeric title array Et>
i Alphanumeric titie array ﬁ:>

degrees

degrees

ft

| ft

f+

sec

unitless

unitless

unitless




TVDG(4)
TVG(4)

UXTP(3)

§ UYTP(3)

uzTP(3)
VA(4)

§ vAB(4)
WEP(4)

XMAX
XMIN

YMAX(22)
YMIN(22)

D2-118387-2A

TABLE XVIII (Continued;

SYMBOL DEFINITION OR USE

Burnout velocity during abort targeting ED4E2>

§ Past value of burnout velccity during zbort

targeting velocity vector desired at engine
shutdown

At abort target D E>

Present vehicﬁi:ZTiggity in guidance

] coordinates

Unit vector along R B>

Unit vector along vp_x“ Ry B>

— i
§ Unit vector along UXTP X UYTP E;:»

Inertial velocity vector relative to earth

2> [>

| Body velocity vector relative to A & R W
| Earth's rotation vector E§:>

Scratch variable for plot routine

f Scratch variabie for plot routine

Scratch variable for plot routine

Scratch variable for plot routine

A-160

ft/sec
ft/sec

| ft/sec

R unitless

unitless

unitless

} ft/sec

t ft/sec

| rad/sec
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