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SIMULATION MATH MODEL COORDINATION CATALOG 

1.0 SUMMARY 

Th is  document i s  a ca ta log  o f  subsystem and environment math models used 
o r  planned f o r  Space S h u t t l e  Simulat ions.  The purpose o f  t he  ca ta log  i s  t o  
f a c i l i t a t e  shar ing  o f  s i m i l a r  math models between S h u t t l e  s imu la t ions .  I t  
prov ides i n fo rma t i on  on math model requirements, fo rmula t ions ,  schedules and 
contac t  persons f o r  f u r t h e r  in format ion.  



2.0 INTRODUCTION 

2.1 Purpose 

The S i m u l a t i o n  Math Model Coord inat ion Cata log i s  designed t o  f a c i l i t a t e  
the  shar ing  of s i m i l a r  subsystem and environment math models r e q u i r e d  f o r  S h u t t l e  
s imula t ions.  Th is  ca ta log  i d e n t i f i e s  p o s s i b l e  s h a r i n g  o f  so f tware  model r e q u i r e -  
ments, fo rmu la t ions ,  s ta tus ,  and development schedules i n  an e f f o r t  t o  reduce 
redundant so f tware  development. Dur ing phases o f  s i m u l a t i o n  development, t h e  
ca ta log  can be used t o  meet t h e  requirements s e t  f o r t h  i n  Book 2, "Program 
A l l o c a t i o n  o f  S imu la t ion  Funct ions" o f  Leve l  11, Volume X V I I I ,  "Computer 
Systems and Sof tware Requirements" ( re fe rence  I ) ,  whereby i t  s ta tes :  " P r i o r  
t o  s t a r t i n g  model development each p r o j e c t  s h a l l  review and eva lua te  i n f o r m a t i o n  
from the Math Model Coord inat ion Serv ice  t o  assure maximum u t i l i z a t i o n  o f  e x i s t -  
i n g  models". l i i t h  t h i s  i n  mind, t h e  c a t a l o g  can be used as a  c e n t r a l  source 
f o r  opera t iona l  s i m u l a t i o n  models, models under development, and models r e q u i r e d  
a t  a  l a t e r  date. A developer can then acqu i re  s p e c i f i c  i n f o r m a t i o n  f o r  h i s  
model development, such as f o r m u l a t i o n  documentation, t o  c a r r y  on h i s  develop- 
ment e f f o r t  i n  a  t i m e l y  and e f f i c i e n t  manner. References a re  made t o  key 
i n d i v i d u a l s  f o r  each s i m u l a t i o n  model i nc luded  i n  the  model d e s c r i p t i o n s .  These 
references can be used t o  i d e n t i f y  l i n e s  o f  communication f o r  a d d i t i o n a l  d e t a i l e d  
in format ion.  By shar ing  model i n fo rmat ion ,  i t  i s  a n t i c i p a t e d  t h a t  development 
t e s t i n g  and c o s t l y  comparison s tud ies  between s imu la t ions  can be minimized. 

2.2 Method o f  P resen ta t ion  

This c a t a l o g  i s  presented i n  seven sect ions.  A  sumnary i s  p rov ided  i n  
s e c t i o n  1. Sec t ion  2 descr ibes the  purpose and composi t ion o f  the  cata log.  
Major s imu la t ions  a r e  descr ibed i n  s e c t i o n  3. Th is  s e c t i o n  can be used by 
those u n f a m i l i a r  w i t h  a1 1  t h e  major S h u t t l e  s imu la t ions .  

Sec t ion  4  i s  d i v i d e d  i n t o  two pa r t s .  The math models contained w i t h i n  
s i m u l a t i  ons have been grouped i n t o  twelve separate categor ies  i n  t h i s  document. 
These categor ies  a re  descr ibed i n  s e c t i o n  4.1. Each o f  the  categor ies  have 
been d i v i d e d  i n t o  s u b c l a s s i f i c a t i o n s  which a re  d e s c r i p t i v e  model names. 

The b a s i c  t o o l  f o r  us ing  t h i s  ca ta log  i s  the  model sha r ing  m a t r i x  i n  
s e c t i o n  4.2. Th is  m a t r i x  groups s i m i l a r  models under the  category headings 
descr ibed i n  s e c t i o n  4.1. By us ing  t h e  m a t r i x ,  the user  can r e a d i l y  i d e n t i f y  
those s imu la t ions  which have developed o r  a re  p lann ing  t o  develop a  p a r t i c u l a r  
type o f  model. 

Where s u f f i c i e n t  i n fo rmat ion  about a  model i s  a v a i l a b l e ,  a  b r i e f  descr ip-  
t i o n  o f  the  model i s  i nc luded  i n  s e c t i o n  5. The model d e s c r i p t i o n s  a re  based 
on source documentation l i s t e d  i n  references 2 through 27. The model desc r ip -  
t i o n s  i n c l u d e  i n f o r m a t i o n  on t h e  purpose o f  the  model, major  i n p u t s  and outputs,  
development schedule, con tac t  p e w  on, and source documentation. 

Where model desc r ip t i ons  are n o t  i nc luded  i n  t h e  catalog,  t h e  user may 
f i n d  s e c t i o n  6 h e l p f u l .  For each s imu la t ion ,  t h i s  s e c t i o n  l i s t s  a l l  model 
names t h a t  have been i d e n t i f i e d  f o r  i n c l u s i o n  i n  t h i s  ca ta log.  Th is  informa- 
t i o n  was s u p p l i e d  t o  the Math Model Coord inat ion and U t i l i z a t i o n  Serv ice  which 



f u n c t i o n s  t o  f a c i l i t a t e  s h a r i n g  o f  s i m i l a r  math ~niodels between a l l  S h u t t l e  
s i m u l a t i o n s .  I n  a d d i t i o n ,  t h e  development schedule dates, where ava i l ab le ,  
c o n t a c t  persons, source documentation, and an i n d i c a t i o n  as t o  whether add i -  
t i o n a l  i n f o r m a t i o n  i s  a v a i l a b l e  i n  s e c t i o n  5  a re  given f o r  each model. 

Sec t ion  7 presents schedule i n f o r m a t i o n  f o r  each s i m u l a t i o n  i d e n t i f i e d  
i n  t h e  Model Shar ing M a t r i x .  This schedule i d e n t i f i e s  those s imu la t ions  which 
a re  o p e r a t i o n a l  as w e l l  as those t h a t  a re  b e i n g  developed o r  are planned t o  
be developed. This data  i s  p rov ided  t o  a s s i s t  a  developer t o  i d e n t i f y  those 
developn~ents which might  meet h i s  niodel development needs and schedule r e q u i r e -  
ments. 

2.3 Catalog Updates and Revis ions 

C u r r e n t l y  o n l y  a  smal l  p o r t i o n  o f  t h e  s imu la t ions  have been documented. 
Therefore,  t h i s  c a t a l o g  i s  expected t o  be updated on a  monthly bas is  t o  
i n c o r p o r a t e  a d d i t i o n a l  math model i n fo rmat ion .  The monthly updates w i l l  be 
i ssued  i n  t h e  form o f  change pages, and a t  s i x  month i n t e r v a l s  a  complete 
r e v i s i o n  t o  the ca ta log  w i l l  be pub l ished.  

2.4 Source Documentation 

A complete s e t  o f  source documentation used i n  compi l ing  t h i s  c a t a l o g  
i s  a v a i l a b l e  on m i c r o f i c h e  s l i d e s  a t  the facilities l i s t e d  i n  Tab le  I .  The 
m i c r o f i c h e  s l i d e s  can be found under t h i s  documen. ' s  l i b r a r y  number, e.g.? 
JSC-08965. The m i c r o f i c h e  documentation inc ludes memos, unpubl ished w o r k ~ n g  
papers on model fo rmu la t ion ,  as w e l l  as formal  pub l i shed  documents. The user 
can rev iew the  m i c r o f i c h e  documentation about a  p a r t i c u l a r  model and arrange 
f o r  hard  copies t o  be made f rom the  m i c r o f i c h e  as needed. The m i c r o f i c h e  o f  
t h e  source documentation w i l l  be updated concur ren t l y  w i t h  the  ca ta log  update. 

2.5 Researcher 's Model In fo rmat ion  Sources 

Th is  c a t a l o g  represents the  b e s t  a v a i l a b l e  da ta  a t  the  t ime o f  p u b l i c a t i o n .  
As the  S h u t t l e  Program progresses i n  the areas o f  so f tware  developnient and 
t e s t i n g ,  t h e  data  conta ined w i t h i n  can b e s t  be u t i l i z e d  through the  f o l l o w i n g  
i n f o r m a t i o n a l  sources. 

M i c r o f i c h e  Documentation - It i s  f i r s t  recommended t h a t  t h e  researcher,  
a f t e r  c o n s u l t i n g  the ca ta log  and f i n d i n g  a  model which arouses h i s  i n t e r e s t ,  
can o b t a i n  a d d i t i o n a l  i n f o r m a t i o n  by rev iew ing  t h e  m i c r o f i c h e  docu~nentat ion 
on t h e  p a r t i c u l a r  model. The researcher, i f  he desires, can ob ta in  a  p r i n t e d  
copy of the  pages o f  i n t e r e s t  i n  t h e  documentation through h i s  f a c i l i t i e s  
r e p r o d u c t i o n  department from t h e  s l i d e s .  

Contact  Persons - The con tac t  person, who deals w i t h  t h i s  p a r t i c u l a r  model, 
can a s s i s t  i n  any f u r t h e r  research.  

S h u t t l e  Program Operat iona l  Data Book - The researcher can r e f e r  t o  the 
" S h u t t l e  Program Operat iona l  Data Book" f o r  a  d e f i n i t i o n  o f  oerforniance caDa- 
b i  li t i e s  and- l im i  t i t i o n s  o f  t h e  spacecra f t ,  payloads, and crew equipment a; 
i t  p e r t a i n s  t o  the  s p e c i f i c  model. Th is  i n f o r m a t i o n  w i l l  be u s e f u l  i n  v e r i f y i n g  
t h e  completeness o f  t h e  model and i n s u r i n g  t h e  most up t o  date S h u t t l e  design 
c h a r a c t e r i s t i c s  a re  s imula ted.  

Rev is ion 1  
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Catalo Mana e r  - The ca t a log  manager i s  John P .  Mitchel l ,  Johnson Space 
Center, -Tq-9- 713 483-3981. tie can be contacted f o r  a s s i s t a n c e  i n  completing 
the  model research o r  a c t  as a source  contac t  f o r  any addi t ional  a id  during 
research not  suppl ied  by t h e  above. The manager i s  t h e  person t o  whom new 
data should be d i r ec t ed  f o r  inc lus ion  i n t o  the ca ta log  o r  f o r  upgrading t h e  
model desc r ip t ions  found wi th in .  

Figure 1 (Researchers Source of Model Information) i s  an i l l u s t r a t i o n  of 
the o rde r  and contents  of the da ta  information sources as they apply t o  the  
use of the ca ta log .  



TABLE I .  Fac i l i t i es  With Source Documentation On Microfiche Slides 

FACILITY 

Ames Research Center 

Flight Research Center 

Goddard space Flight Center 

Lyndon B .  Johnson Space Center 

John F. Kennedy Space Center 

Langley Research Center 

Lewis Research Center 

George C. Marshall Space Flight Center 

Space and Missi 1 e Systems Organization 

MICROFICHE LOCATION 

Computer Science Information Center 

NASA FRC Library, Room 2001 

GSFC Library 

Technical Library 
Room 2035, Building 30 

Technical Library 

Technical Library 

Technical Library 

Technical Library 

Library Services, Building A4 
Aerospace Corporation 

CONTACT INDIVIDUAL 

John MacKay 

Librarian, x334 

A. Williams, x2218 

Retha A. Shirkey 
John P. Mitchell, x3981 

Helen Kelley 

P. E .  Weathemax 01 

Jack Harper, x7268 

Charlotte Oabbs 



RESEARCHER 
I I I MICROFICHE DOCUMENTATION 1 

I I CONTACT PERSON I 

a d d i t i o n a l  i n fo rma t ion  - 

I I Concernino: I 

Concerning: 
l oca t i ons  t o  view source 
documentation a t  each 
f a c i l i t y  

0 add i t i ona l  i n fo rma t ion  
n o t  present  i n  ca ta log  

0 making hard copy of 
documents f rom s l i d e s  

0 s  e c i f i c  i n fohna t i on  
agout a  model 

@ o the r  documentation n o t  
m i  c r o f i  ched 

i 

L 0 o the r  persons f o r  f u r t h e r  
d e t a i l e d  in fo rmat ion  

f u r t h e r  model v e r i f i c a t i o n  - 

add i t i ona l  a i d  - 

~i gure 1. Researcher's Source o f  Model Informat ion 

SHUTTLE PROGRAM OPERATIONAL 
DATA BOOK 

Concerning: 
e v a l i d a t i o n  o f  data used 

i n  selected model 
0 performance c a p a b i l i t i e s  

used i n  math model 
0 l i m i t a t i o n s  o f  spacecraf t ,  

payloads, and crew equipment 
- 

CATALOG MANAGER 

Concerning: 
0 s ing le  p o i n t  of contac t  

f o r  the ca ta log  
0 r e s o l u t i o n  o f  problems 

encountered i n  data f l o w  
0 contac t  p o i n t  f o r  some 

model data 
0 channel f o r  submission 

O f  Suggestions f o r  ca ta log  
improvement 

0 channel f o r  submission 
of data t o  be cataloged 
(mediator 's  source of 
in format ion:  model s u p p l i e r  
and o the r  documents and 
informat ion)  



3.0 SIMULATION DESCRIPTIONS 

The f o l l o w i n g  s i m u l a t i o n  d e s c r i p t i o n s  i d e n t i f y  t h e  b a s i c  o b j e c t i v e s  o f  
each S h u t t l e  s i m u l a t i o n  h a v i n g  p o t e n t i a l  f o r  model shar ing.  The d e s c r i p t i o n s  
a r e  p resen ted  p r i m a r i l y  as an i n f o r m a t i o n a l  a i d  t o  those u n f a m i l i a r  w i t h  t h e  
o v e r a l l  S h u t t l e  s i m u l a t i o n  e f f o r t  o r  any i n d i v i d u a l  s i m u l a t i o n  i n  which t h e  
user  may have i n t e r e s t .  The b a s i c  o b j e c t i v e s  o f  these s i m u l a t i o n s  were ex- 
t r a c t e d  f r o m  Reference 1. Each d e s c r i p t i o n  i s  i n t r o d u c e d  by i t s  s i m u l a t i o n  
name, acronym, and l o c a t i o n .  

SPACE DIVISION SHUTTLE SIMULATOR (SDSS) - RIIDowney 

The o b j e c t i v e  o f  t h e  SDSS i s  t o  p r o v i d e  t h e  means f o r  v e r i f y i n g  t h e  
O r b i t e r  a v i o n i c s  i n  t h e  A v i o n i c s  Development Labora to ry  (ADL) i n t e r f a c i n g  
w i t h  t h e  h y d r a u l i c s  i n  t h e  F l i g h t  C o n t r o l  H y d r a u l i c  Labora to ry  (FCML) i n  a  
c losed- loop  o p e r a t i o n .  The SDSS r e v i s e s  h y d r a u l i c  a c t u a t o r  p o s i t i o n  in fo rma-  
t i o n ,  s i m u l a t e s  t h e  v e h i c l e  f l i g h t  c h a r a c t e r i s t i c s ,  and p rov ides  sensor  d a t a  
i n p u t s  t o  t h e  a v i o n i c s .  The SDSS c o n s i s t s  o f  t h e  crew s t a t i o n ,  an out -o f -  
the-window scene g e n e r a t i o n  system, and an a n a l o g / d i g i t a l  computer complex. 

CONTROL SYSTEMS DEVELOPMENT DIVISION (CSDD) SIMllLATION - JSC 

The o b j e c t i v e  o f  t h e  CSDD S i m u l a t i o n  i s  t o  p r o v i d e  a  h i g h  f i d e l i t y  
s i m u l a t i o n  o f  t h e  O r b i t e r  subsystems f o r  e v a l u a t i o n  o f  des ign  approaches i n c l u d -  
i n g  r e a l - t i m e  d i g i t a l  s i m u l a t i o n s  o f  those  guidance and f l i g h t  c o n t r o l  func-  
t i o n s  t h a t  a r e  t o  be i n c l u d e d  i n  t h e  onboard d i g i t a l  s o f t w a r e .  The s i m u l a t i o n  
c o n s i s t s  o f  a  crew s t a t i o n ,  an out-of- the-window scene g e n e r a t i o n  system, 
and an a n a l o g / d i g i t a l  computer complex. 

SHUTTLE MISSION ENGINEERING SIMULATOR (SMES) - MDAC/St. L o u i s  

The o b j e c t i v e  o f  t h e  SMES i s  t o  s t u d y  v a r i o u s  h i g h  r i s k  problems r e l a t -  
i n g  t o  v e h i c l e  f l i g h t  c o n t r o l  and dynamics and f o r  assess ing t h e  i m p l i c a t i o n s  
o f  proposed c o n f i g u r a t i o n  o r  programmatic changes. The SMES p r o v i d e s  t h e  
c a p a b i l i t y  t o  s i m u l a t e  t h e  t e r m i n a l  a r e a  energy management (60K-10K f e e t ,  
Mach 2.0-0.1) f o r  s t u d i n g  v a r i a b l e  e n t r y  p o i n t ,  s p i r a l ,  c y l i n d r i c a l ,  and 
VORTAC r e f e r e n c e  des ign approaches. The SMES a l s o  p r o v i d e s  t h e  c a p a b i l i t y  
t o  s i m u l a t e  aerodynamics f l i g h t ,  1  anding,  and r o l l o u t  f o r  e v a l u a t i n g  f l i g h t  
c o n t r o l  and a u t o l a n d  des ign  concepts.  

SHUTTLE PROCEDURES SIMULATOR (SPS) - JSC 

The o b j e c t i v e  o f  t h e  SPS i s  t o  p r o v i d e  t h e  c a p a b i l i t y  f o r  development 
o f  crew procedures f o r  nominal  and backup f l i g h t  modes and f o r  s p e c i f i c  
m i s s i o n  o r i e n t e d  sequences. I n  a d d i t i o n ,  t h e  SPS w i l l  p r o v i d e  t h e  c a p a b i l i t y  
t o  s u p p o r t  d e f i n i t i o n  o f  d i s p l a y  formats.  The SPS w i l l  s u p p o r t  t h e  
Program Design Review and C r i t i c a l  Design Review i n  d e f i n i n g  crew-computer 
i n t e r f a c e ,  cathode ra.y t u b e  d i s p l a y  fo rmats ,  and p r o v i d e  a  means f o r  e v a l u a t -  
i n g  t h e  crew i n t e r a c t i o n  w i t h  t h e  d i s p l a y s .  



FLIGHT SIMULATOR FOR ADVANCED AIRCRAFT (FSAA) - ARC/Pal 0 A1 t o  

The o b j e c t i v e  o f  t h e  FSAA i s  t o  be used f o r  the  design eva lua t ion  o f  
c o n t r o l  systems and crew i n t e r a c t i o n  f o r  the  Orb i te r .  F a i l u r e  mode effects 
w i l l  be s imulated and eva lua t ion  o f  the  p i l o t  response t o  f a i l u r e  cond i t ions  
w i l l  be t h e  p r i n c i p a l  ob jec t i ve .  The FSAA i s  o r i en ted  toward s tud ing  pro- 
blems p r i m a r i  l y  i n  l a t e r a l - d i r e c t i o n a l  modes o f  f l i g h t .  The computational 
c a p a b i l i t i e s  o f  the  FSAA a l l ow  s o p h i s t i c a t e d  s imu la t ions  o f  a i r c r a f t  dynamics 
t o  be simulated. Visual  d isp lays  and s imu la to r  v e r t i c a l  t r a v e l  (+5 fee t ) ,  
l o n g i t u d i n a l  t r a v e l  (+4 f e e t ) ,  and l a t e r a l  t r a v e l  (+50 f e e t )  as we1 1  as r o l l  
(+45"),  p i t c h  (+22.5"), and yaw (230") may be exerc ised du r ing  a  s imu la t ion .  

ROCKETDYNE HYBRID SIMULATOR (RHS) - ROCKETDYNE/Canoga Park 

The o b j e c t i v e  o f  the Rocketdyne Hybr id  S imula t ion  i s  t o  p rov ide  more 
cos t  e f f e c t i v e  and t i m e l y  eva lua t ion  o f  t h e  e f f e c t s  on engine performance 
due t o  design changes and t o  p rov ide  rea l - t ime  s imu la t ions  f o r  comparison 
w i t h  r e s u l t s  obta ined us ing  ac tua l  hardware i n t e r f a c e s .  The s imu la t i on  i s  
a  lower f i d e l i t y  s imu la t i on  than the Rocketdyne D i g i t a l  S imulat ion b u t  the  
i n t e g r i t y  o f  the s imu la t i on  i s  mainta ined over the  normal operat ing range. 

The o b j e c t i v e  o f  the  d i g i t a l  s imu la t i on  i s  t o  evaluate engine dynamic 
performance over an extended range o f  opera t ing  cond i t ions .  The s imu la t i on  
i s  t o  be used as a  standard f o r  eva lua t i ng  con t ro l  system design, s t a r t  and 
shutdown procedures, major component design c h a r a c t e r i s t i c s  and engine 
response t o  f a i l u r e s .  

SPACE SHUTTLE FUNCTIONAL SIMULATOR (SSFS) - JSC 

The o b j e c t i v e  o f  the  SSFS i s  t o  p rov ide  a  r igorous  environment f o r  
t e s t i n g  guidance, nav iga t ion ,  and c o n t r o l  design sof tware a t  both the  sub- 
syqtem (e.g., d i g i t a l  a u t o p f l o t )  and i n t e g r a t e d  system (e.g., miss ion phase) 
l e v e l .  This system i s  c u r r e n t l y  opera t iona l  and due t o  i t s  l e v e l  o f  f i d e l i t y  
and s t r u c t u r e ,  does n o t  per form i t s  computations i n  rea l - t ime.  

SHUTTLE VEHICLE DYNAMIC SIMULATION (SVDS) - JSC 

The o b j e c t i v e  o f  the  SVDS i s  t o  p rov ide  an environment f o r  t r a j e c t o r y  
design and analys is ,  performance eva lua t ion ,  and m u l t i - v e h i c l e  separat ion 
f o r  normal and abor t  missions. SVDS provides s i m p l i f i e d  (high-speed) and 
d e t a i l e d  s imu la t ion ,  depending on the  complexity o f  t h e  environment and 
subsystem models selected,  the v e h i c l e  a t t i t u d e  c o n t r o l  fo rmula t ion ,  the  
i n t e g r a t i o n  a lgo r i t hm chosen, the  veh ic le  dynamics selected,  the  guidance 
and nav iga t i on  selected, and the number o f  veh ic les  simulated. Simulat ions 
by SVDS support  s tud ies  of performance analys is ,  t r a j e c t o r y  shaping, guidance 
development and analys is ,  re fe rence t r a j e c t o r i e s ,  s tag ing  and separat ion 
analys is ,  d ispers ion  analys is ,  i n t e g r a t i o n  o f  nav iga t i on  and guidance, f l i g h t  
so f tware  i n t e g r a t i o n  a t  a  f u n c t i o n a l  l e v e l ,  and generat ion o f  onboard d i s -  
p lays  and i n p u t  schemes. This  system i s  c u r r e n t l y  opera t iona l  and due t o  
i t s  l e v e l  of f i d e l i t y  and s t ruc tu re ,  does n o t  per form i t s  computations i n  
r e a l  -ti me. 



STATEMENT LEVEL SIMULATION (SLS) - CSDL/Cambridge 

The o b j e c t i v e  o f  t h e  SLS i s  t o  p r o v i d e  a  h i g h  f i d e l i t y  s i m u l a t o r  t o  
suppor t  Guidance, Nav iga t ion ,  and Cont ro l  (GN&C) program i n t e g r a t i o n ,  i n c l u d -  
i n g  crew i n t e r f a c e  and opera t ion ,  w i t h  r e a l i s t i c  s i m u l a t i o n  o f  f l i g h t  computer 
t i m i n g  e f f e c t s .  The o v e r a l l  GN&C system performance can be eva luated by 
e x e r c i s i n g  module i n t e r f a c e s  and system i n t e r a c t i o n s .  I n  o rde r  t o  p rov ide  
as much commonality as p o s s i b l e  w i t h  o t h e r  s imu la to rs ,  t h e  SLS makes exten- 
s i v e  use o f  e x i s t i n g  math model fo rmu la t ions  o f  the  e x t e r n a l  environment 
obta ined f rom the  SSFS (S ace S h u t t l e  Funct iona l  S imu la to r ) ,  SVDS ( S h u t t l e  
Veh ic le  Dynamic S imu la to r  ! , and t h e  A p o l l o  A l l - D i g i t a l  S imula tor .  The SLS 
a l s o  makes maximum use o f  e x i s t i n g  s i m u l a t i o n  sof tware and v e r i f i c a t i o n  system 
techniques developed a t  t h e  Draper Laboratory  f o r  the  Apol lo,  Skylab, and 
F-8 Fly-By-Wire p r o j e c t s .  

DYNAMIC DOCKING TEST SYSTEM (DDTS) - JSC 

The o b j e c t i v e  o f  t h e  DOTS u t i l i z a t i o n  i s  t o  accura te l y  determine t h e  
S h u t t l e  docking system component loads and k inemat ic  s t r o k i n g  produced by  
r e a l i s t i c  spacec ra f t  r e l a t i v e  mot ion dynamics. A  s i m u l a t o r  i s  r e q u i r e d  
which produces t h e  r e l a t i v e  mot ion and t h e  impact  s t r u c t u r a l  l oad ing  f o r  
docking systems i n  zero-G. The computer and the  s i m u l a t o r  operate as a  
c losed- loop c o n t r o l  system w i t h  simultaneous two-way da ta  t r a n s f e r  between 
t h e  two subsys tems. 

SPACE DIVISION EVALUATOR (SDE) - RIIDowney 

The o b j e c t i v e  o f  t h e  SDE i s  t o  p rov ide  t h e  c a p a b i l i t y  f o r  av ion ics  
system design v e r i f i c a t i o n  and w i l l  be used t o  pe r fo rm av ion ics  system v e r i -  
f i c a t i o n  t e s t i n g  u n t i l  t h e  S h u t t l e  Av ion ics  I n t e g r a t e d  Laboratory  f a c i l i t y  
i s  opera t iona l .  The SDE cons is ts  o f  the  Space D i v i s i o n  S h u t t l e  S imula tor ,  
t he  Av ion ics  Development Laboratory ,  and the  F l i g h t  Cont ro l  Hydrau l ics  Labo- 
r a t o r y  o p e r a t i n g  as a  c losed- loop av ion ics  system v e r i f i c a t i o n  f a c i  1  i t y .  

AVIONICS DEVELOPMENT LABORATORY (ADLL- RI/Dow"eY 

The o b j e c t i v e  o f  the  ADL i s  t o  conduct development t e s t s  f o r  av ion ics  
hardware supp l ied  by Rockwell and i n t e r f a c e  t e s t i n g  between components pro-  
cured f rom subcont rac tors .  These t e s t s  w i l l  be performed open-loop, genera l l y  
s i n g l e  s t r i n g ,  us ing  breadboard o r  eng ineer ing model hardware. The ADL w i l l  
a l s o  per form suppor t  v e h i c l e  checkout and f l i g h t  t e s t  anomaly r e s o l u t i o n .  

FLIGHT CONTROL HYDRAULICS LABORATORY (FCHL) - RIIDowney 

The o b j e c t i v e  o f  FCHL i s  d i v i d e d  i n t o  two t e s t l n g  phases. The Phase I 
t e s t s  a re  a l l  open-loop t e s t s  o f  the  h o r i z o n t a l  f l i g h t  t e s t  c o n f i g u r a t i o n .  
Phase I i s  e s s e n t i a l l y  a  t o o l  f o r  hydraul ic /mechanical  subsystems design 
and development. The Phase I 1  t e s t i n g  i s  composed o f  c losed- loop t e s t s  o f  
the  h o r i z o n t a l  f l i g h t  t e s t  c o n f i g u r a t i o n ,  us ing  a  h y b r i d  computer t o  s imu la te  
s h o r t  per iod,  i n n e r  loop v e h i c l e  dynamics. 
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HARDWARE SIMULATION LABORATORY (HSL) - IdSFC 

The o b j e c t i v e  of HSL i s  t o  p rov ide  f o r  t h e  e v a l u a t i o n  o f  Space S h u t t l e  
Main Engine (SSME) av ion ics  hardware, so f tware,  c o n t r o l  system, and mathema- 
t i c a l  models i n  a  c losed- loop s i m u l a t i o n  o f  t h e  SSME performance. The 
l a b o r a t o r y  w i  11 p r o v i d e  the  capabi 1  i t y  t o  per form a  wide spectrum o f  t e s t s  
and r u n  through o p e r a t i o n a l  procedures t o  ensure system component c o m p a t i b i l i t y  
du r ing  t h e  o p e r a t i o n a l  phases o f  the SSME. It w i l l  p r o v i d e  a  t e s t  bed f o r  
i n t e g r a t i o n  o f  f l i g h t  hardware, so f tware,  and h y d r a u l i c s .  The HSL w i l l  
a l l o w  the e v a l u a t i o n  and re f inement  o f  proposed changes d u r i n g  the  develop- 
ment and opera t iona l  phases o f  the  Space S h u t t l e .  

MAIN PROPULSION TEST FACILITY (MPTF) - Bay S t .  Lou is  

To be supp l ied  a t  a  l a t e r  date  

HONEYWELL VERIFICATION SIMULATION FACILITY (HVSF) - HONEYWELL/Minneapolis 

The o b j e c t i v e  o f  t h e  Honeywell f a c i l i t y  i s  t o  e s t a b l i s h  c o n t r o l  laws 
and v e r i f y  t h e i r  adequac.y i n  c o n t r o l l i n g  the  engine, t o  v e r i f y  the  so f tware  
l o g i c ,  t o  v e r i f y  the  f a i l u r e  response and redundancy management c a p a b i l i t y ,  
and t o  ver i f .y  t h e  i n t e g r a t e d  performance o f  the  c o n t r o l l e r  w i t h  t h e  engine 
model and the  Command and Data Simulator .  It w i l l  a l s o  be used as a design 
t o o l  t o  eva lua te  c o n t r o l l e r  engine changes and t h e i r  i n t e r a c t i n g  e f f e c t s  
upon t h e  engine performance. 

SOFTWARE DEVELOPMENT LABORATORY (SDL) - JSC 

The o b j e c t i v e  o f  t h e  SDL i s  t o  p rov ide  t h e  f a c i l i t y  f o r  t h e  generat ion 
and v e r i f i c a t i o n  o f  onboard f l i g h t  computer programs. Program generat ion 
inc ludes  t h e  development o f  i n d i v i d u a l  f l i g h t  program modules, groups o f  
r e l a t e d  f l i g h t  program modules, and complete i n t e g r a t e d  f l i g h t  programs. 
Program v e r i f i c a t i o n  inc ludes  f a c i  1  i t i e s  f o r  s t a t i c  o r  dynamic program and 
module checkout u t i l i z i n g  d i g i t a l  l y -s imu la ted  environment, v e h i c l e ,  and 
subsystem modules. 

SHUTTLE AVIONICS INTEGRATION LABORATORY (SAIL) - JSC 

The o b j e c t i v e  o f  SAIL i s  t o  i n c l u d e  t h e  i n t e g r a t i o n  t e s t i n g  o f  the 
S h u t t l e  element e l e c t r o n i c s ;  O r b i t e r  a v i o n i c s  i n t e g r a t e d  hardware and s o f t -  
ware t e s t i n g  and v e r i f i c a t i o n  ; O r b i t e r  av ion ics  development suppor t ;  and 
e v a l u a t i o n  o f  miss ion,  payload i n t e r f a c e ,  and S h u t t l e  system design change 
impact  on the  i n t e g r a t e d  O r b i t e r  a v i o n i c s .  To t h e  e x t e n t  t h a t  i n t e r f a c e  
t e s t i n g  between S h u t t l e  elements r e q u i r e s  o p e r a t i o n a l  f l i g h t  equipment 
( i n c l u d i n g  computer systems), the  SAIL i s  t o  p rov ide  t h e  f a c i l i t i e s  f o r  
implementing such t e s t .  Although t h e  SAIL i s  n o t  a  s i m u l a t i o n  labora to ry ,  
d i r e c t  suppor t  f o r  f i n a l  end-to-end system t e s t s  i s  planned through i n t e r -  
face w i t h  the  F l i g h t  Dynamics S imu la t ion  Complex and F l i g h t  Systems Simula- 
ti ons . 



FLIGHT DYNAMICS SIMULATION COMPLEX (FDSC) - JSC 

The o b j e c t i v e  o f  t he  FDSC i s  t o  p rov ide  a  h igh  f i d e l i t y  s imu la ted  envi ron-  
ment f o r  model ing the effects o f  S h u t t l e  v e h i c l e  systems and ex te rna l  v e h i c l e  
fo rces  upon the I n e r t i a l  Fleasurement U n i t  (IMU) and t h e  body mounted r a t e  
gyros and t o  p rov ide  t h e  I M U  and gyro sensor s imulated data t o  t h e  Avionics 
Test  A r t i c l e  f o r  c losed- loop av ion ics  t e s t i n g  and v e r i f i c a t i o n .  The h y b r i d  
computer complex w i  11 p rov ide  s imu la t ions  o f  both aerodynamic and non- 
aerodynamic f l i g h t  i n c l u d i n g  unique maneuvers such as rendezvous and docking, 
land ing ,  e t c .  

FLIGHT SYSTEMS SIMULATORS (FSS) - JSC 

The o b j e c t i v e  o f  FSS i s  t o  p rov ide  hardware s imu la t ions  o f  those devices 
n o t  d i r e c t l y  a v a i l a b l e  f o r  S h u t t l e  Av ion ics  I n t e g r a t i o n  Laboratory t e s t i n g .  

AUTOMATIC REENTRY FLIGHT DYNAMICS SIMULATOR (ARFDS) - LARCIHampton 

The o b j e c t i v e  o f  the ARFDS i s  t o  evaluate the candidate c o n t r o l  and 
guidance schemes t o  t o l e r a t e  of f -nominal  cond i t ions  a t  the s t a r t  o f  t he  
ang le -o f -a t tack  t r a n s i t i o n  maneuver. I n  add i t i on ,  i t  w i l l  be used t o  
p rov ide  an independent v e r i f i c a t i o n  o f  the e n t r y  base1 i n e  guidance and 
c o n t r o l  schemes. 

SHUTTLE GROUND OPERATIONS SIMULATOR (SGOS) - KSC 

The o b j e c t i v e  o f  the SGOS i s  t o  p rov ide  the  c a p a b i l i t y  f o r  s i m u l a t i n g  
the  S h u t t l e  veh i c le ,  payload i n t e r f a c e s ,  ground support  equipment, and 
launch s t a t i o n  f a c i l i t i e s  requ i red  f o r  operat ions.  The SGOS i s  t o  p rov ide  
f o r  a p p l i c a t i o n  programs v e r i f i c a t i o n ,  t he  i n i t i a l  Launch Processing System 
(LPS) a c t i v a t i o n  v e r i f i c a t i o n ,  systems m o d i f i c a t i o n  v e r i f i c a t i o n ,  and ground 
crew t r a i n i n g  du r i ng  the  S h u t t l e  opera t iona l  phase. 

F l I S S I O M  CONTROL CENTER SIMULATION SYSTEM (MCCS) - JSC 

The o b j e c t i v e  o f  t he  MCCS System i s  t o  exerc ise  opera t iona l  f unc t i ons  
i n  a  miss ion  environment f o r  v e r t i c a l  f l i g h t  t e s t  and opera t ion  f l i g h t  phases 
o f  t he  S h u t t l e  program. The exerc ises i nc lude  the  t r a i n i n g  o f  m iss ion  
operat ions personnel ( f l i g h t  c o n t r o l  and f l i g h t  crew), the development and 
v a l i d a t i o n  o f  ope ra t i ona l  concepts and procedures, the v a l i d a t i o n  o f  m iss ion  
p lans,  and the v a l i d a t i o n  o f  ground systems processinq/d isp lay and c o n t r o l  
c a p a b i l i t i e s .  The t r a i n i n g  aspects o f  t he  s imu la t i on  caoabi l i t y  i nc lude  the  
te rmina l  phase of two separate t r a i n i n g  programs ( i .e . ,  f l i g h t  c o n t r o l  and 
f l i g h t  crew), where the i n t e r r e l a t i o n s h i p s  between those two elements are 
exerc ised by i n t e r f a c i n g  the  MCCS System w i t h  the f l i g h t  crew s in iu la to rs  and 
t r a i n e r s .  

SHUTTLE TRAINING AIRCRAFT (STA) - JSC 

The o b j e c t i v e  o f  the STA i s  t o  p rov ide  S h u t t l e  f l i g h t  crew t r a i n i n g  i n  
O r b i t e r  hand l ing  q u a l i t i e s ,  performance c h a r a c t e r i s t i c s ,  and f l i g h t  c o n t r o l  
procedures du r i ng  the subsonic atmospheric f l i g h t  phase f rom 35,000 f e e t  
a l t i t u d e  t o  touchdown. A bas i c  S h u t t l e  program requirement i s  t h a t  v e h i c l e  



l and ing  cond i t ions  and hand l ing  q u a l i t i e s  s h a l l  n o t  r e q u i r e  s k i l l s  g rea ter  
than those needed f o r  h igh  performance a i r c r a f t .  S h u t t l e  O r b i t e r  p i  l o t s  
normal ly  w i l l  have l i t t l e  oppor tun i t y  t o  f l y  the  O r b i t e r  as an a i r c r a f t  
o the r  than i n  s imu la t i ons .  For t h i s  reason, s imu la to r  a i r c r a f t  conf igured 
t o  d u p l i c a t e  the  hand l ing  q u a n t i t i e s  and performance o f  t h e  O r b i t e r  v e h i c l e  
w i  11 be requ i red  f o r  crew t r a i n i n g .  

ORBITER AEROFLIGHT SIMULATOR (OAS) - JSC 

The o b j e c t i v e  o f  the  O r b i t e r  A e r o f l i g h t  S imula tor  (OAS) i s  t o  p rov ide  
a  moving base, h igh  f i d e l i t y ,  man-in-the-loop s i m u l a t i o n  f o r  O r b i t e r  developr  
ment t e s t  f l i g h t .  The OAS i s  t o  prov ide a  crew s t a t i o n  w i t h  s imulated d i s -  
p lays and a c t i v e  con t ro l s  necessary t o  t r a i n  S h u t t l e  crews f o r  the  t e s t  
f l i g h t s .  Th is  inc ludes  s imu la t i ng  the t e s t  f l i g h t s  w i t h  spec ia l  emphasis on 
approach and 1  anding. 

SHUTTLE MISSION SIMULATOR (SMS) - JSC 

The SMS w i l l  c o n s t i t u t e  the major s imu la t i on  device t o  support  the  
t r a i n i n g  o f  crew members and f l i g h t  c o n t r o l  personnel i n  the  opera t ion  o f  
the  Space S h u t t l e  system. This system inc ludes  the s imu la t i on  o f  t h e  o r b i t e r  
vehic le,  main engines, s o l i d  rocke t  engines, ex te rna l  tank, and the associated 
support  equipment and i n t e r f a c e s  requ i red  t o  achieve the Space S h u t t l e  
iob ject ives.  C a p a b i l i t y  w i l l  e x i s t  t o  t r a i n  f l i g h t  crews i n  a l l  f ace ts  o f  
the  S h u t t l e  v e h i c l e  assigned missions and i n  a l l  system tasks associated 
w i t h  pre-1 aunch, ascent, o r b i t ,  rendezvous, docking, pay1 oad opera t ion  from 
the o r b i t e r ,  undocking, deorbi t , en t ry ,  approach, 1  anding, r o l l o u t ,  and 
abor t .  I n  a d d i t i o n ,  the  s imu la t i on  w i l l  operate i n  an i n t e g r a t e d  mode w i t h  
the  Miss ion Contro l  Center t o  prov ide f u l l  miss ion t r a i n i n g .  



4.0 MATH MODEL SHARING 

To a s s i s t  the user i n  f i n d i n g  models o f  a p a r t i c u l a r  type, math models 
are grouped under category headings. A p a r t i c u l a r  model u s u a l l y  i s  inc luded 
on ly  i n  the category which i s  most d e s c r i p t i v e  o f  i t s  func t ion .  Since some 
models could f a l l  i n t o  severa l  categories, the  user i s  advised t o  look  f o r  
agdels i n  r e l a t e d  categor ies d f  a s u i t a b l e  model i s  n o t  fcund i n  the  most 
d e s c r i p t i v e  category. For example, models which deal p r i m a r i l y  w i t h  an 
ac tua tor  f unc t i on  are contained i n  the category c a l l e d  E lec t r i ca l -Mechan ica l  
Power Systems. However, an ac tua to r  f unc t i on  may a l so  be i nc luded  as p a r t  
o f  a model o f  the system be ing  actuated. 

Twelve categor ies are defined. The fo l low ing paragraphs descr ibe the cate- 
gories. P r imar i l y ,  examples are used t o  i l l u s t r a t e  the contents o f  each cate- 
gory. See Figure 2, Model Sharing Matr ix ,  fo r  the  use of the  categor ies.  

4.1 Category D e f i n i t i o n s  

NATURAL ENVIRONMENT - 

The models combined under the Natura l  Environment category p e r t a i n  t o  
software models such as winds, atmosphere, g r a v i t y  p o t e n t i a l  and 
g r a v i t y  g rad ien t ,  t e r r a i n ,  runway topography, ea r th  ob l ateness , earth-sun- 
moon ephemerides, and s t a r  tab les .  

PROPULSION SYSTEMS 

The Propuls ion System category i s  composed o f  the  Space S h u t t l e  main 
engines, s o l i d  rocke t  booster  engines, o r b i t a l  maneuvering engines, and 
the  r e a c t i o n  c o n t r o l  j e t s .  The c a l c u l a t i o n  o f  f u e l  consumption, t h r u s t ,  
and t h r o t t l i n g  are a lso  inc luded where they apply t o  the  above p ropu ls ion  
engines. 

VEHICLE DYNAMICS 

The Vehic le Dynamics category contains models f o r  aerodynamics fo rces  
and moments ( f o r  bo th  the O r b i t e r  and o ther  veh id les) ,  land ing  gear forces and 
moments, drag chute forces and moments, o the r  forms o f  the  dece le ra t i on  
system such as the  f l a p  and speed brake e f f e c t s ,  the  t i r e  contac t  forces 
and moments w i t h  t h e  runway, and the  nose wheel s tee r ing  fo rces  and moments. 
The o v e r a l l  dece lera t ion  system could a l so  be r e f e r r e d  t o  as the r o l l o u t  
forces and moments. 

SPECIALIZED VEHICLE DYNAMICS 

The sof tware models under t h i s  category r e l a t ?  t c  s o x i f i c  areas o f  
i n t ~ r e s t  which are n o t  inc luded i n  the Vehic le Dynamics category. These 
models deal w i t h  the  fo rces  and moments normal ly i n t e r n a l  t o  the  v e h i c l e  
o f  i n t e r e s t  o r  t o  s i t u a t i o n s  which occur on a one t ime basis .  Examples o f  
the models f a l l i n g  i n t c  t h i s  category are bending, separat ion-staging e f f e c t s ,  
d x k i n g  ef fects,  s losh,  tai l-wags-dog, plume e f f e c t s ,  POX, and O r b i t e r  
wing f l u t t e r .  



EQUATIONS OF MOTION 

The models contained w i t h i n  the  Equations of Motion category sum the  
component i n p u t  fo rces  and moments from the  Natura l  Environment, Propuls ion 
Systems, Vehic le Dynamics, and Specia l ized Vehic le Dynamics categor ies.  I n  
add i t i on ,  the  c a l c u l a t i o n s  o f  the  center  o f  g rav i t y ,  mass p rope r t i es ,  i n t e g r a t o r  
rou t ines ,  d e r i v a t i v e  rou t i nes ,  s t a t e  vec tor  computations, veh i c le  a t t i t u d e  
ra te ,  and angular  acce le ra t i on  are inc luded here. Bas i ca l l y ,  t h i s  category 
cou ld  be d i v i d e d  i n t o  r o t a t i o n a l  and t r a n s l a t i o n a l  equat ions o f  motion. 

COMMUNICATIONS/TRACKING/NAVIGATION DEVICES 

This category inc ludes  models o f  the  hardware devices used t o  p rov ide  
i n fo rma t ion  t o  the  f l i g h t  computer o r  a  ground s t a t i o n  concerning nav iga t i on  
and t rack ing .  The hardware models used f o r  communications are a l so  included. 
These devices i nc lude  the  i n e r t i a l  measurement u n i t  (IMU), r a t e  gyro, accel-  
erometers, barometr ic  and radar  a l t ime te rs ,  a i r  t r a f f i c  c o n t r o l  d i v i ces ,  micro- 
wave scan beam l a n d i n g  system, a i r  data sensors, rendezvous radar,  s t a r  t racker ,  
Tac t i ca l  A i r  Nav iga t ion  (TACAN), Mu1 t iplexer/Demul t i p l e x e r ,  Very High Frequency 
and U l t r a  High Frequency t r a c k i n g  and communication systems, and the Space 
Ground L ink  System used by the  A i r  Force f o r  t r a c k i n g  s a t e l l i t e s .  

ONBOARO SOFTWARE 

The Onboard Software category cons is ts  o f  so f tware  models re1  ated t o  
the  types of computational software u t i l i z e d  i n  t h e  onboard f l i g h t  computers. 
I n  some instances, several  models comprise a  s i m u l z t i o n  o f  the  onboard s o f t -  
ware and i t s  r e l a t e d  computer a c t i v i t y  w i t h i n  s imu la t ions .  I n  o the r  cases, 
the  types of computations made by the  onboard computer are grouped i n t o  t h i s  
category. Examples of the models i n  t h i s  category are aerosurface c o n t r o l  
systems; approach and l and ing  computational systems ; engine i n t e r f a c e  con t ro l -  
l e r  models ; event c o n t r o l  ; c o n t r o l  f o r  c r u i s i n g  a t  s p e c i f i c  speed o r  r a t e  
of descent; l a t i t u d e ,  long i tude,  a l t i t u d e ,  and range csmputational rou t ines ;  
mass memory ; t h r u s t  vec to r  con t ro l s  ; engine con t ro l s  ; rendezvous computations ; 
termina l  area energy management and antenna sw i t ch  l o g i c .  E s s e n t i a l l y ,  the 
guidance, nav iga t ion ,  and c o n t r o l  ca l cu la t i ons  models r e s i d e  i n  t h i s  category. 

PAY LOAD ACCOMMODATION AREA 

This category conta ins models r e l a t i n g  t o  the payload manipulator  and 
i t s  movement, pay1 oad attachment, payload t e l e v i s i o n  ssbsystem, payload 
door subsystem, and payload i l l u m i n a t i o n  system. 

COCKPIT AND SIMULATOR EPIVIRONMENT 

The c o c k p i t  and s i m c l a t o r  environment models cons i s t  o f  cockp i t  gages, 
switches, meters, i n d i c a t o r s ,  levers,  and c o n t r o l  models; scene generat i  on 
models; and keyboard i n p u t  models. 



THERMAL AND ENVIRONMENTAL CONTROL AND LIFE SUPPORT SYSTEMS 

The models w i t h i n  t h i s  category i n c l u d e  thermal p ro tec t ion ,  thermal 
c o n t r o l ,  and environmental c o n t r o l  and l i f e  suppor t  systems. 

ELECTRICAL-MECHANICAL POWER SYSTEM 

The models w i t h i n  t h i s  category i n c l u d e  e l e c t r i c a l  power subsystem models, 
h y d r a u l i c  power systems such as aerosurface ac tuators ,  payload door ac tuators ,  
engine gimbal servos, and py ro techn ic  devices such as the  sma l l  r o c k e t  motors 
used t o  separate  the  s o l i d  r o c k e t  boos te r  f rom the  ex te rna l  tank o r  t h e  mor to r  
s h e l l  used t o  deploy the  drag chute du r ing  landing.  

OTHER - 
This cateogry conta ins  p r i m a r i l y  u t i l i t y  r o u t i n e s  used i n  suppor t  of 

o the r  so f tware  models. Also, i f  a  r o u t i n e  does n o t  a p p r o p r i a t e l y  f i t  i n t o  
one o f  the above categor ies  i t  i s  p laced here. This category conta ins  o r b i t a l  
elements models, coo rd ina te  t rans fo rmat ion  models, r o u t i n e s  used t o  e x t r a c t  
yaw, p i t c h ,  and r o l l  f rom a  coord inate  t rans fo rmat ion  mat r ix ,  con ic  rou t ines ,  
e r r o r  genera t ing  r o u t i n e s ,  e tc .  

4.2 Model Shar ing M a t r i x  

The Model Shar ina M a t r i x  i n  F igure  2 conta ins  i n f o r m a t i o n  r e l a t i n g  
d e s c r i p t i v e  model names by s imu la t ions .  The d e s c r i p t i v e  model names a re  
arranged by category a long the  l e f t  s i d e  o f  t h e  m a t r i x  w h i l e  t h e  major S h u t t l e  
s i m u l a t i o n  names a re  l i s t e d  a long the top.  I n  t h i s  way, one can i d e n t i f y  the  
p o t e n t i a l  f o r  sha r ing  common models between s imula t ions.  Only models used by 
two o r  more s imu la t ions  appear i n  the mat r i x .  A complete l i s t i n g  o f  a l l  the 
math models by  s i m u l a t i o n  t h a t  have been i d e n t i f i e d  i s  i nc luded  i n  Sect ion 6. 
The b lank p o r t i o n s  o f  the  m a t r i x  i n d i c a t e  t h a t  no i n f o r m a t i o n  has been sup- 
p l i e d  o r  t h a t  inadequate i n f o r m a t i o n  was a v a i l a b l e  f o r  i n c l u s i o n  i n t o  the  
c a t a l o g  a t  t h i s  t ime. 
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Figure  2 .  Model Shar ing M a t r i x  (Cont inued) 



5.0 DETAILED MODEL INFORMATION 

The model d e s c r i p t i o n s  contained i n  t h i s  s e c t i o n  are grouped under the  
category names and d e s c r i p t i v e  model names used i n  t h e  model sha r ing  m a t r i x  
o f  Sec t ion  4.2. For example, a  g r a v i t y  model would be t i t l e d  "Cate o r  Name: 

-I-=%- Natura l  Environment ( G r a v i t y  P o t e n t i a l ) " .  I n  add i t i on ,  t h e  mode name use 
by the  s i m u l a t i o n  documentation i s  g iven (e.g., Model Name: GRAVE). 

The o rde r ing  o f  the  model d e s c r i p t i o n s  w i t h i n  each category i s  by t h e  
model d e s c r i p t i v e  name used i n  the model sha r ing  mat r i x ,  and then by alphabet ized 
s imu la t ion .  I n  some cases, model d e s c r i p t i o n s  a re  a v a i l a b l e  f o r  severa l  models 
o f  the same type f rom one s i m u l a t i o n .  For  example, the SVDS has two atmosphere 
models - s p l i n e  and layered.  I n  these cases, t h e  model 's d e s c r i p t i o n s  a re  i n  
alphanumeric order .  

Sec t ion  5  conta ins  two e n t r i e s  which r e q u i r e  f u r t h e r  exp lanat ion.  The 
heading "Source Documentation" r e f e r s  t o  documents which were used t o  supply 
the i n f o r m a t i o n  presented i n  t h e  model d e s c r i p t i o n ,  i npu ts ,  and outputs .  The 
second e n t r y  i s  "Development Schedule". Th is  head ing i s  used t o  present  t h e  
c u r r e n t  s t a t u s  o f  t h e  model. The th ree  c l a s s i f i c a t i o n s  l i s t e d  under t h i s  
heading a re  "Requirenients", "Formulat ion",  and "Operat iona l " .  The tenn 
"Requirements" i n d i c a t e s  t h a t  a  b r i e f  f u n c t i o n a l  d e s c r i p t i o n  o f  a  model o f f i c i -  
a l l y  e x i s t s ,  and when a v a i l a b l e ,  the date  a t  which the requirements were com- 
p le ted.  The term "Formula t ion"  r e f e r s  t o  the complet ion o f  the  b a s i c  equations 
and suggested l o g i c a l  f l o w  t o  be used f o r  the model. When a  model i s  c l a s s i -  
f i e d  as "Operat iona l " ,  i t  i s  considered t o  have been coded, tes ted,  and i s  
c u r r e n t l y  be ing used f o r  s t u d i e s .  I f  t h i s  heading i s  l e f t  b lank,  an u n o f f i c i a l  
requirement e x i s t s  f o r  the  candidate model and i n d i c a t e s  t h a t  t h e  model may o r  
may n o t  be used i n  t h e  s imu la t ion .  For  f u r t h e r  i n f o r m a t i o n  concerning 
schedule data,  see Sec t ion  7. 

5.1 Na tu ra l  Environment 

Th is  s e c t i o n  conta ins  d e s c r i p t i v e  i n f o r m a t i o n  about models o f  the  n a t u r a l  
env i  ronment. 



Cateqory Name: N a t u r a l  Environment (Atmosphere) 

Model Name: ATMSPL S imu la t ion  Name: SDL 

Contact  Person: J. C. K i r k p a t r i c k  : TRW ?d: (71 3)333-3133 

pesc r i  t i o n  of Model: S i x  standard re fe rence  atmosphere models f o r  t h e  years  
o r  J u l y  and January a t  30' and 60' n o r t h  l a t i t u d e ) ,  and 1963 

i F o r c e  Base) a r e  presented i n  t a b u l a r  form. The t a b u l a t i o n  i s  
adequate f o r  t h e  accurate  rep resen ta t ion  o f  t h e  atmospheric parameters o f  
pressure, dens i ty ,  speed o f  sound, and c o e f f i c i e n t s  o f  v i s c o s i t y  as f u n c t i o n s  
o f  a1 t i t u d e .  The range o f  t a b u l a t e d  a l t i t u d e s  extends f o r  0 t o  205 k i l o -  
meters. I n t e r p o l a t i o n  f o r  t h e  des i red  parameters i s  performed by  us ing  cub ic  
s p l i n e  func t ions .  The r e c u r s i v e  r e l a t i o n s  necessary t o  compute t h e  cub ic  
s p l i n e  f u n c t i o n  c o e f f i c i e n t s  a re  de r i ved  and implemented i n  SUBROUTINE form. 
Th is  model i s  s i m i l a r  t o  t h e  SVDS atmosphere model except f o r  t h e  i n t e r p o l a t i o n  
scheme. 

Major  Inpu ts :  Se lec ted d e s i r e d  atmosphere model and a l t i t u d e .  

Major  Outputs: Pressure, dens i t y ,  speed o f  sound, v i s c o s i t y ,  p ressure r a t i o ,  
d e n s i t y  r a t i o ,  v e l o c i t y  r a t i o ,  and v i s c o s i t y  r a t i o .  

Source Documentation: J. C. K i r k p a t r i c k ,  "Cubic S p l i n e  Funct ion I n t e r p o l a t i o n  
i n  Atmosphere Models f o r  t h e  Software Development Laboratory  (SDL): Formula- 
t i o n  and Data", Sof tware Development Branch, Miss ion P lann ing and Ana lys i s  
D i v i s i o n ,  JSC I n t e r n a l  Note No. 74-FM-23, (JSC-089641, A p r i l  15, 1974. 

Development Schedule: Requirements 10/12/73, Formula t ion 12/14/73 and 4/15/74. 

Rev is ion 1 
31 flay 1974 



Category Name: Natura l  Environment (Atmosphere) 

Flodel Name: ATM4 S imu la t ion  Vame: SSFS 

Contact  Person: J .  E. Vinson m: Lockheed E: (71 3)333-4875 

k s c r i p t i o n  o f  Model : This  model ca l cu la tes  the  speed o f  sound, pressure, and 
a i r  d e n s i t y  f rom an a l t i t u d e  i n p u t .  The Cape Kennedy Reference Atmosphere 
(TM-X-53872, Paragraph 14.7-MSFC" Computer Subrout ine PRA-63") i s  used. 

Major  Inpu ts :  A l t i t u d e  above t h e  mean e a r t h  sur face.  

Major  Outputs: Speed o f  sound, pressure, atmospheric d e n s i t y .  

Source Documentation: Engineer ing Systems Branch, JSC, "Space S h u t t l e  
Funct iona l  S imula tor " ,  Volume 111 - Environment, Rev is ion B, JSC I n t e r n a l  
Note No. 72-FD-010, (MSC-06726), November 1973. 

Development Schedule: Operat iona l  



Category Name: Na tu ra l  Environment (Atmosphere) 

l lodel Name: A T M ~  S imu la t ion  Name: SSFS 

Contact  Person: J. E. Vinson m: Lockheed w: (71 3)333-4875 

Qesc r ip t i on  o f  Model: This model provides a choice o f  e i t h e r  a s i m p l i f i e d  f l a t -  
e a r t h  atmosphere o r  a d e t a i l e d  model o f  the  1962 Standard Atmosphere. 

Major  Inputs :  For  the s i m p l i f i e d  f l a t - e a r t h  o p t i o n  inpu ts  i n c l u d e  v e h i c l e  
p o s i t i o n  v e c t o r  i n  a i r p o r t  coordinates,  abso lu te  v e l o c i t y  o f  v e h i c l e  i n  
a i r p o r t  coordinates,  v e l o c i t y  o f  w ind  i n  a i r p o r t  coordinates.  For d e t a i l e d  
model o f  1962 Standard Atmosphere i n p u t s  a re  v e h i c l e ' s  p o s i t i o n  and v e l o c i t y  
vectors  i n  e a r t h  centered i n e r t i a l  coordinates.  

Major  Out u t s  V e l o c i t y  o f  v e h i c l e  w i t h  respect  t o  atmosphere, dynamic pressure,  & ac num e r ,  atmospheric dens i ty ,  speed o f  sound. I n  add i t i on ,  t h e  s i m p l i f i e d  
f l a t - e a r t h  o p t i o n  outputs v e h i c l e  a1 t i t u d e  above land ing  s t r i p  and airspeed. 
The d e t a i l e d  model o f  1962 Standard Atmosphere outputs v e h i c l e  a l t i t u d e  above 
F ischer  e l l i p s o i d ,  t ime model was c a l l e d ,  t ime f o r  10% change i n  dynamic 
pressure. 

Source Documentation: Engineer ing System Branch, Computation and Ana lys i s  
D i v i s i o n ,  "Space S h u t t l e  Funct iona l  S imula tor " ,  Volume 111, Rev is ion B, 
Johnson Space Center. MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 111) , 
November 1973. 

Development Schedule: Operat iona l  



Category Name: Natura l  Environment (Atmosphere) 

Model Name: ATMOS S imu la t ion  Name: SVDS 

Contact  Person: E rnes t  M. Fr idge m: JSC 

" s c r i p t i  on o f  Model : This  model s imula tes  atmospheric cond i t i ons  w i t h  l aye red  
f u n c t i o n s .  The atmospheric q u a n t i t i e s  are based on the  1962 U.S. Standard 
Atmosphere and 1966 Supplemental Atmosphere A l g o r i t h m i c  Model. The user  may 
choose the  atmosphere model f rom as f o l l o w s :  

1962 US Standard Atmosphere: J u l y  Atmosphere a t  30 degrees n o r t h  
l a t i t u d e ,  January atmosphere a t  30 degrees n o r t h  l a t i t u d e ,  Ju ly  
atmosphere a t  60 degrees n o r t h  l a t i t u d e ,  o r  January atmosphere a t  
60 degrees n o r t h  l a t i t u d e  when us ing  the  1966 Supplemental Atmosphere. 

Major  Inpu ts :  Geodetic a1 ti tude,  atmosphere o p t i o n .  

M a O t p u t :  Pressure, k i n e t i c  temperature, dens i ty ,  speed o f  sound, 
coe f i c i e n t  o f  v i s c o s i t y .  

Source Documentation: JSC/TRW, "Space Veh ic le  Dynamics S imula t ion" ,  Program 
Desc r ip t i on ,  M i les tone  2, 27 A p r i l  1973. 

Sof tware Development Branch, Miss ion P lann ing and Analys is  D iv i s ion ,  "User's 
Guide f o r  the Space Vehic le  Dynamics S imu la t ion  (SVDS) Program", JSC I n t e r n a l  
Note 73-FM-67, (JSC-07950), 20 A p r i l  1973. 

Sof tware Development Branch, Miss ion P lann ing and Analys is  D iv i s ion ,  "Space 
Veh ic le  Oynami cs S imula t ion (SVDS) Program Subrout ine L i b r a r y " ,  Volume I ,  
Subrout ines A through C, JSC I n t e r n a l  Note 73-FM-110, (JSC-08065, Volume I), 
20 J u l y  1973. 

Devel opment Schedule: Operat iona l  

Revis ion 1 
31 May 1974 



Category Name: Natura l  Environment (Atmosphere) 

Plodel Name: ATMSPL S imu la t ion  Name: SVDS 

Contact Person: E rnes t  M. F r idge  a: JSC M: (713)483-3532 

" s c r i p t i  on of Model : Th is  model s imula tes  atmospheric cond i t i ons  by  i n t e r p o l a -  
t i o n  f o r  r e q u i r e d  atmospheric data  a t  an a l t i t u d e  us ing  s p l i n e  c o e f f i c i e n t s .  

Major  Inpu ts :  Geodetic A l t i t u d e .  

Major  Outputs : Atmospheric pressure, atmospheric dens i t y  , speed o f  sound, 
c o e f f i c i e n t  o f  v i s c o s i t y .  

Source Documentation: JSC/TRW, "Space Vehic le  Dynamics S imula t ion" ,  Program 
Descr ip t ion ,  M i les tone  2, 27 A p r i l  1973. 

Software Development Branch, Miss ion P lann ing and Analys is  D i v i s i o n ,  "User 's  
Guide f o r  the  Space Veh ic le  Dynamics S imu la t ion  (SVDS) Program", JSC I n t e r n a l  
Note 73-FM-67, (JSC-07950), 20 A p r i l  1973. 

Sof tware Development Branch, Miss ion P lann ing and Analys is  D i v i s i o n ,  "Space 
Vehic le  Dynamics S imu la t ion  (SVDS) Program Subrout ine L i b r a r y " ,  Volume I, 
Subroutines A through C, JSC I n t e r n a l  Note 73-FM-110, (JSC-08065, Volume I), 
20 J u l y  1973. 

Development Schedule: Operat iona l  



Cateqorv Name: N a t u r a l  Environment (Ephemeris) 

Model Name : REFTOFI X Simu la t ion  Mame: SLS 

Contact  Person: Lance Orane m: C. S. Draper Lab. =:(617)258-1178 

n e s c r i p t i o n  o f  Model : The Ear th  O r i e n t a t i o n  Model REFTOFIX models the angular  
p o s i t i o n  o f  the  e a r t h ' s  p o l a r  ax is  and Greenwich mer id ian  w i t h  respec t  t o  Bas ic  
Reference I n e r t i a l  coord inates  f o r  any des i red  t ime  by  p r o v i d i n g  t h e  t ransforma- 
t i o n  m a t r i x  f rom Bas ic  Reference I n e r t i a l  Coordinates t o  Ear th-F ixed Car tes ian 
Coordinates a t  t h e  d e s i r e d  time. The model has t h r e e  l e v e l s  o f  f i d e l i t y .  The 
most accurate  model i nc ludes  t h e  f u l l  precession,  p r i n c i p a l  n u t a t i o n ,  and non- 
un i fo rm Greenwich r o t a t i o n  motions o f  t h e  e a r t h .  

Major  I n  u t s :  J u l i a n  Ephemeris Data o f  the date  o f  i n t e r e s t  and the  number 
ays e apsed s i n c e  noon ephemeris t ime  on the  day b e f o r e  January 1, 1900. m-l- 

Major I n  u t s  : Transformat ion from Bas ic  Reference I n e r t i a l  coordinates t o  ---nJh- E a r t  - i x e  Coordinates and the Greenwich r o t a t i o n  m a t r i x .  

Source Documentation: Lawrence Berman, e t  a l ,  "ESIM Model Book f o r  t h e  C.S. 
Draper Laboratory Statement Level Simulator" ,  t h e  Charles S t a r k  Draper 
Laboratory ,  Inc., R-776, Amendment Number 2, A p r i l  1, 1974. 

Development Schedule: Operat iona l  

Rev is ion 1 
31 Play 1974 



Category Name: Natura l  Environment (~phemer i s  ) 

Plodel Name: C e l e s t i a l  Body D i r e c t i o n  Simulat ion Name: SMS 

Contact Person: Charles Olasky m: JSC - Tel: (71 3)483-2481 

!?scr ipt ion of Model : The i n e r t i a l  d i r e c t i o n s  from the  veh ic le  o f  the f o l l a v i n g  
c e l e s t i a l  bodies w i l l  be maintained: sun; moon; plantes : Mercury, Venus, Mars 
J u p i t e r ,  and Saturn; and s t a r s  d e t e c t i b l e  b y  s t a r  tracker.  Planetary, lunar; 
and s o l a r  d i r e c t i o n s  w i l l  take i n t o  account bo th  the changing t r u e  d i r e c t i o n s  
o f  o the r  c e l e s t i a l  bodies w i t h  respect  t o  the earth, and the  p o s i t i o n  o f  the 
veh ic le  w i t h  respect  t o  the ea r th .  Re la t i ve  motion o f  sun, s ta rs ,  e c l i p t i c  
plane, and equa to r i a l  plane w i l l  be ignored. Since s t e l l a r  para1 l ax  i s  n e g l i b i b l e ,  
the t r u e  d i r e c t i o n s  o f  the  s t a r s  w i l l  be prov ided i n  a  t a b l e  o f  r e s e t  constants. 
Aber ra t ion  e f f e c t s  w i l l ' b e  inc luded on ly  f o r  so la r ,  p lanetary,  and s t e l l a r  observa- 
t i o n s .  The apparent p o s i t i o n s  o f  sun and p lanets w i l l  be ca lcu la ted .  Since 
apparent p o s i t i o n  o f  on l y  a  few p a r t i c u l a r  s ta rs  must be known a t  any g iven time, 
i t  i s  more e f f i c i e n t  t o  perform aberat ion cor rec t ions  i n  the us ing models (e.g., 
s t a r  t racke r )  f o r  j u s t  those s t a r s  requi red.  True ea r th  referenced pos i t i ons  
and v e l o c i t i e s  o f  sun, moon, and p lanets w i l l  be obtained i n  rea l - t ime  by 
i n t e r p o l a t i o n  on pre-s tored tab les .  The JPL Ephemeris tapes w i l l  be t h e  source 
f o r  t h e  pre-s tored tab les  and an Eve re t t  i n t e r p o l a t i o n  scheme w i  11 be used. 

Major Inputs : 

Major Outputs: 

Source Documentation: Singer Company, Simulat ion Products D iv i s ion ,  "Shu t t l e  
Miss ion Simulator  Base1 i n e  D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Devel opment Schedule: 



Category Name: Natura l  Environment (Ephemeri s )  

Model Name: Ear th  O r i e n t a t i o n  S imula t ion  Name: SMS 

Contact Person: C. C. 01asky m: JSC - Tel:  (713)333-2481 

% s c r i p t i o n  of Model : Based on the  cu r ren t  time, t h i s  model w i l l  compute 
the  Greenwich hour angle. Since r e o r i e n t a t i o n  o f  the equator due t o  precession 
and n u t a t i o n  are n o t  s i g n i f i c a n t  over a pe r iod  o f  seven days, i t  w i l l  be 
assumed t h a t  the  equinox and s p i n  ax is  remain i n e r t i a l l y  f i x e d  over t h a t  period. 
To achieve t h e  requ i red  accuracy o f  +2 arc-seconds w i t h o u t  p e r c e p t i b l e  j i t t e r ,  
t h e  Hour angle w i l l  be updated ten  times p e r  second. 

Major Inputs:  

Major Outputs: 

Source Documentation: Singer  Company, Simulat ion Products D iv is ion ,  "Shu t t l e  
Miss ion S imula tor  Base l ine  D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Natura l  Environment (Ephemeris) 

Model Name: POSSUM Simulat ion Name: SSFS 

Contact Person: J. E. Vinson 9: Lockheed m: (713)333-4875 

"sc r i p t i on  of Model : This model ca lcu la tes  the p o s i t i o n  vectors from the  
ear th  t o  the sun and from the e a r t h  t o  the  moon i n  ear th  centered  inertia'^ 
coordinates. 

Major Inputs:  Time i n  seconds measured from J b l y  1, 1971. 

Major Outputs: P o s i t i o n  vectors o f  the sun and moon. 

Source Documentation: Engineering System Branch, Computation and Analys is  
D iv is ion ,  " S ~ a c e  S h u t t l e  Funct ional  Simulator".  Volume 111. Revis ion B. 
Johnson space Center, MSC I n t e r n a l  Note 72-FO-010, (MSc-06j26, Volume ~ I I ) ,  
November 1973. 

Development Schedule: Operat ional  



I 
Category Name: Natural Environment (Gravity Gradient) 

Model Name: GGTl Simulation Name: SSFS 

Contact Person: J. E .  Vinson m: Lockheed ??,!: f 71 3)333-4875 

?escription of Model: GGTl models the generalized gravity gradient torque, which 
i s  produced about the vehicle 's  center of mass by the ear th ' s  gravitational 
acceleration acting on heterogeneous and asymmetrical vehicles. A spherical 
earth i s  used since the torque produced due t o  earth oblateness i s  negligible. 

Major Inputs : Iner t ia l  s t a t e  vector in vehicle body coordinates, vehicle 
i ne r t i a  tensor, gravity gradient torque axial mu1 tip1 iers  (one for  each axis)  
used t o  sca le  or  turn off the torque about a par t icular  axis.  

Major Outputs: Gravity gradient torque about the vehicle center of gravity. 

Source Documentation: Engineering Sys tern Branch, Computation and  Analysis 
Division, "Space Shuttle Functional Simulator", Volume 111, Revision B ,  
Johnson Space Center, MSC Internal Note 72-FD-010, (MSC-06726, Volume 111) , 
November 1973. 

Development Schedule: Operational 



Category Name: Natura l  Environment (Grav i t y  Po ten t i  a1 ) 

Model Name : Gravi t y  and Obl ateness S imula t ion  Name: SDL 

Contact Person: B. F. Cockre l l  m: JSC EL: (713)483-6181 

Pesc r ip t i on  o f  Model: This e a r t h  g r a v i t y  model computes t h e  g r a v i t a t i o n a l  
acce le ra t i on  as a func t i on  o f  t h e  i n e r t i a l  p o s i t i o n  vector .  I t  inc ludes  the  
e f f e c t s  o f  e a r t h  oblateness w i t h  terms f o r  J2, J3, J4, C22, and S22. The 

model does n o t  e x i b i t  the s i n g u l a r i t y  a t  the poles. Because t h e  model does 
n o t  have the  c a p a b i l i t y  t o  model o the r  terms, i t  i s  in tended on l y  f o r  Hor i zon ta l  
F l i g h t  Tes t  and accelerated f l i g h t  f o r  the  V e r t i c a l  F l i g h t  Test. 

Major Inputs:  P o s i t i o n  vec to r  o f  veh i c le  i n  Ea r th - f i xed  coordinates.  

Major Outputs: Acce lera t ion  vec tor  i n  body- f ixed coordinates, c e n t r a l  body 
g r a v i t y  constant, ea r th  radius.  

Source Documentation: Software Development Branch, Miss ion Planning and 
Analys is  D iv i s ion .  "Software Development Laboratorv Math Model Development 
plan", JSC ~ n t e r n a l  Note 73-FM-158,' (JSC-086Z6), 3-l October 1973. 

B. F. Cockrel 1 , "Earth Grav i t y  Model f o r  SDL", JSC Working Paper Memorandum, 
21 December 1973. 

Development Schedule: Formulat ion 12/21/73 



Category Name: Na tu ra l  Environment ( G r a v i t y  P o t e n t i a l )  

Model Name: OBLTGRAV S imu la t ion  Name: SLS 

Contact Person: Lance Drane m: C. S. Draper Lab. x: (617)258-1178 

P c s c r i p t i o n  o f  Model: OBLTGRAV computes t h e  g r a v i t a t i o n a l  a c c e l e r a t i o n  due 
s o l e l y  t o  the ear ths  oblateness ( n o n - s p h e r i c i t y ) .  OBLTGRAV a c t u a l l y  cons is ts  
o f  a  s e t  o f  severa l  models rang ing f rom the  s i n g l e  zonal harmonic J2 term 
through a  corn l e t e l y  general  s p h e r i c a l  harmonic expression o f  a r b i t r a r y  o r d e r  
( c u r r e n t l y  10 P . 
The models use the  t r a d i t i o n a l  f o r m u l a t i o n  o f  the  g r a d i e n t  o f  a  s p h e r i c a l  
harmonic expansion o f  t h e  g r a v i t a t i o n a l  p o t e n t i a l  t runca ted  a t  a  des i red  order  
( o r  i n c l u d i n g  on ly  t h e  des i red  terms). For the  o f t e n  used low o rde r  models, 
e x p l i c i t  a n a l y t i c  expressions have been u t i l i z e d  i n  order  t o  economize t h e  
computation. A completely genera l  r e c u r s i v e  h i g h  o rde r  model i s  a l s o  inc luded  
(which i n v o l v e s  a l l  c o e f f i c i e n t s  a t  o r  below t h i s  o rde r ) .  

The a c c e l e r a t i o n  due t o  oblateness depends upon the  spacec ra f t  p o s i t i o n  w i t h  
respect  t o  e a r t h - f i x e d  coordinates s i n c e  the  non-spher i c i t y  o f  the e a r t h ' s  
mass r o t a t i o n  w i t h  the ear th .  I n  t h e  p u r e l y  "zona l "  cases ( J  , o r  J ,J J ) ,  
the  models a re  symmetric around t h e  e a r t h ' s  ax i s  o f  ro ta t ion ,2and he6ce3ih8 
oblateness a c c e l e r a t i o n  i s  independent o f  l o n g i t u d e  b u t  dependent on l a t i t u d e .  
I n  t h e  general  case, i t  i s  dependent on both  l a t i t u d e  and long i tude .  Th is  
dependency on e a r t h - f i x e d  coord inates  has been expressed i n  t h e  fo rmu la t ion  
by t h e  use o f  t h r e e  mutua l l y  pe rpend icu la r  u n i t  vec tors  which r o t a t e  w i t h  t h e  
e a r t h  and which express the d i r e c t i o n s  o f  0' l a t i t u d e  and 0" l ong i tude ,  0' 
l a t i t u d e  and 90" east  l o n g i t u d e  and the n o r t h  pole,  i n  Bas ic  Reference I n e r t i a l  
Coordinates. This permits the oblateness acce le ra t ion  t o  be w r i t t e n  d i r e c t l y  
i n  Bas ic  Reference I n e r t i a l  Coordinates.  

Ma'or I n  u ts :  Spacecra f t  p o s i t i o n  v e c t o r  i n  Bas ic  Reference I n e r t i a l  * 
Major Outputs : Oblateness a c c e l e r a t i o n  and t h e  e a r t h ' s  n o r t h  p o l a r  ax i s  u n i t  
vec to r  i n  Bas ic  Reference I n e r t i a l  Coordinates as w e l l  as the u n i t  vec tors  
i n  the d i r e c t i o n  o f  i n t e r s e c t i o n  o f  e a r t h ' s  pr ime mer id ian  and equator and 
i n  the d i rec ' t i on  o f  i n t e r s e c t i o n  o f  e a r t h ' s  90" east  l ong i tude  meridan and 
equator both  expressed i n  Bas ic  Reference I n e r t i a l  coordinates.  

Source Documentation: Lawrence Berman, e t  a l . ,  " E S I M  Model Book f o r  the  C. S .  
Draper Laboratory Statement Level  S imula tor " ,  the Charles S t a r k  Draper 
Laboratory,  Inc., R-776, Amendment Number 2, A p r i l  1, 1974. 

Development Schedule: Operat iona l  

Rev is ion 1  
31 Elay 1974 



Category Name: Natura l  Environment (Grav i t y  Po ten t i  a1 ) 

Model Name: GRAVZ Simulat ion Name: SSFS 

Contact Person: J. E. Vinson m: Lockheed k!.: (713)333-4875 

% s c r i p t i o n  of Model: This model provides a g r a v i t y  model f o r  ear th  o r b i t a l  
operat ions. Various degrees o f  f i d e l i t y  i n  g r a v i t y  c a l c u l a t i o n  can be selected.  
For the lowest  degree o f  f i d e l i t y ,  the model re tu rns  the  spher ica l  ea r th  g r a v i t y ;  
whereas f o r  the highest,  the models adds per tu rbat ions  caused by t h e  sun, the 
moon, and the nonspherical  na ture  o f  the ear th .  The user may s e l e c t  any combina- 
t i o n  o f  the per tu rba t ions  caused by the  sun, the moon, and the  nonspher ica l  
e a r t h  g r a v i t y .  The e a r t h  centered i n e r t i a l  coord inate system i s  used. 

Ma'or I n  u t s  : Current  time, p o s i t i o n  vec tor  a t  which g r a v i t a t i o n a l  acce le ra t i on  -55 1s t o  e ca culated,  f l a g  spec i f y i ng  which per tu rbu t ions  i f  any are t o  be used. 

Major Outputs : G r a v i t a t i o n a l  acce le ra t i on  vector .  

Source Documentation: Engineeding Sys tem Branch, Computation and Analys is  
D iv i s ion ,  "Space S h u t t l e  Funct ional  Simulator1', Volume 111, Revis ion B, 
JSC, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 111) , November 1973. 

Development Schedule: Operat ional 



Category Name: Natura l  Environment (Grav i ty  Po ten t i  a1 ) 

Model Name: GRAV3 S imula t ion  Name: SSFS 

Contact Person: J. E. Vinson : Lockheed x: (713)333-4875 

" s c r i p t i o n  o f  Model: This model provides a  g r a v i t y  model f o r  ea r th  o r b i t a l  
operat ions. It ca lcu la tes  the  spher ica l  ea r th  g r a v i t y  and t h e  per tu rba t ions  
caused by the  nonspheri ca l  na tu re  o f  the  ear th .  

Ma'or I n  uts:  Current  time, i n e r t i a l  p o s i t i o n  vec tor  a t  which the g rav i t a -  
+l-!% iona acce e r a t i o n  i s  t o  be ca lcu la ted .  

Major Outputs: G r a v i t a t i o n a l  acce lera t ion  vec to r  

Source Documentation: Engineering System Branch, Computation and Analys is  
D iv i s ion .  "Space S h u t t l e  Funct ional  Simulator".  Volume III. Rev is ion  B ,  
Johnson space Center, MSC I n t e r n a l  Note 72-FD-010. (MSC-06726, Volume III), 
November 1973. 

Development Schedule: Operat ional  



Category Name: Natura l  Envi ronment (Grav i ty  Po ten t i a l  ) 

Model Name: GRAVTY Simulat ion Name: SVDS 

Contact Person: Ernest  M. Fr idge m: JSC 

!essr ipt ion of Model : GRAVTY computes the  g r a v i t a t i o n a l  acce lera t ion  as a  
func t i on  o f  the i n e r t i a l  p o s i t i o n  vector,  l a t i t u d e  and l ong i tude  f o r  each 
vehic le,  sphe r i ca l  ea r th  radius,  and g r a v i t a t i o n a l  p o t e n t i a l  constants. The 
f l ow  o f  computation i s  as fo l lows:  t h e  dependent parameters ( l a t i t u d e  and 
long i tude)  and the necessary t r igonornet ic  func t ions  are computed. These com- 
puted parameters along w i t h  b u i l t - i n  constants are used t o  c a l c u l a t e  the  
p a r t i a l s  o f  g r a v i t y  p o t e n t i a l s  us ing the Fischer  E l l i p s o i d  Model. The i n e r t i a l  
components o f  the g r a v i t a t i o n a l  acce le ra t i on  vec tor  are then computed i n  t h e  
l a s t  s e t  o f  operat ions.  

Major Inputs: Vehic le p o s i t i o n  i n  e a r t h  centered i n e r t i a l  coordinates, ea r th  
g r a v i t a t i o n a l  constants. 

Major Outputs: Acce lera t ion  due t o  g r a v i t y .  

Source Documentation: JSC/TRW, "Space Vehic le Dynamics Simulat ion" ,  Program 
Descr ipt ion,  Mi lestone 2, 27 A p r i l  1973. 

Software Development Branch, Miss ion Planning and Analysis D iv i s ion ,  "User 's 
Guide f o r  the Space Vehic le Dynamics Simulat ion (SVDS) Program", JSC I n t e r n a l  
Note 73-FM-67, (JSC-07950), 20 A p r i l  1973. 

Software Development Branch, Mission Planning and Analysis D iv is ion ,  "Space 
Vehic le Dynamics S imula t ion  (SVDS) Program Subrout ine L ib ra ry " ,  Volume I, 
Subroutines A through C, JSC I n t e r n a l  Note 73-FM-110, (JSC-08065, Volume I )  
20 Ju l y  1973. 

Development Schedule: Operat ional 



Category Name: Natural Environment (Runway Topography) 

Model Name: Runwqy Surface Simulation 'Vame: CSDD 

Contact Person: D.  Gi lber t  m: JSC Tel : (71 3)483-4235 - 
Qescription of Model: A rubber t i r e  in terface with a concrete runway i s  assumed 
as the basis f o r  braking force,  s ide  force,  and ro l l ing  f r i c t i on  force coeff ic ients .  
The rol l ing f r i c t i on  force i s  modeled as an algebraic function and the coeff i -  
c ients  f o r  braking force  and s ide  force are modeled as table  lookups. All 
coeff ic ients  are dependent on the i ne r t i a l  velocity of the gear paral le l  t o  the 
X-Y i n e r t i a l  plane. Side and braking coeff ic ients  are a l so  dependent on the  
angle between the rotational plane of the t i r e  and the i n e r t i a l  velocity of the 
gear. A second s e t  of table  lookup variables fo r  s i de  and braking force 
coeff ic ients  are provided f o r  wet runway conditions. The wet runway conditions 
assume l e s s  than 114 inch of water on the runway surface.  A crowned runway 
i s  assumed. 

Major In uts Iner t i a l  velocity of the gear paral le l  t o  the X-Y i ne r t i a l  h p ane, ang e between rotational plane of t i r e  and i n e r t i a l  velocity of the 
gear. 

Major O u t p u t s :  Braking Sorce, s i de  force,  and rol l ing f r i c t i on  force coeff ic ients .  

Source Documentation: Avionics System Evaluation Branch, "Horizontal Flight 
Test  and t e r ry  Flight Presimulation Report", Johnson Space Center, January 1974. 

Development Schedule: 



Catesory Name: Natura l  Environment (Wind and Gusts) 

Model Name: Wind and Gust Simulat ion Name: SDL 

Contact Person: W i l l i s  M. ~ o l t  m: JSC - Tel : (713) 483-6347 

Qes5r ip t i on  of Model : This model cons is ts  o f  a s teady-state winds p lus  shears 
model and wind gus t  model f o r  s i m u l a t i o n  o f  the  Hor izonta l  F l i g h t  Test and 
ent ry  through land ing  p o r t i o n  o f  the  V e r t i c a l  F l i g h t  Test. The model b a s i c a l l y  
cons is ts  o f  a v e l o c i t y  vec to r  as a f u n c t i o n  o f  a l t i t u d e  w i t h  wind gusts super- 
imposed. The s teady-s ta te  winds p lus  shears model w i l l  be i n  t abu la r  form 
and c o n t r o l l e d  through input .  The independent v a r i a b l e  w i l l  be a l t i t u d e  and 
the dependent var iab les  w i l l  be the  East  and North wind components. Gust 
w i l l  be computed from the Dryden spec t ra l  gust  environment. The gust  model 
w i l l  de f i ne  wind gust  v e l o c i t y  as a f u n c t i o n  o f  a l t i t u d e  and veh ic le  v e l o c i t y  
magnitude. The gust  components, which vary w i t h  t ime and pos i t i on ,  have 
been assumed n o t  t o  vary w i t h  time. The j u s t i f i c a t i o n  f o r  t h i s  assumption 
i s  t h a t  f o r  reasonable f l i g h t  speeds, t h e  changes i n  the  gust  components are 
smal le r  w i t h  respect  t o  t ime than w i t h  respect  t o  p o s i t i o n .  

Mai?r 1n;ut; O r b i t e r  a l t i t u d e ,  o r b i t e r  ground speed, f l i g h t - p a t h  angle, 
o r  i t e r  ea i n g  from North ( p o s i t i v e  toward East).  

Major Out u t s :  Wind v e l o c i t y  vec to r  i n  Up-East-North coordinates where up i s  a long 
Fi iFE&kt ion vector .  

Source Documentation: Software Development Branch, Mission Planning and Analys is  
D iv i s ion ,  "Software Development Laboratory Math Model Development Plan", JSC 
I n t e r n a l  Note 73-FM-158, (JSC-08626), 31 October 1973. 

M i l  l i s  M. B o l t ,  "Wind Model t o  be Used i n  the Software Development Laboratory 
f o r  Space S h u t t l e  Onboard Software V e r i f i c a t i o n  f o r  the  Hor izonta l  F l i g h t  T e s t  
Program", JSC Memo FM42 (73-125), 21 December 1973. 

Development Schedule: Formulat ion 12/21/73 



Category Name: Natural  Envi r o n m n t  (Wind and Gusts) 

Model Name: WIND3 Simulat ion Name: SSFS 

Contact Person: J. E. Vinson m: Lockheed m: ( 71 3) 333-4875 

" s c r i p t i o n  o f  Model : This i s  a model o f  h o r i z o n t a l  wind shear p lus  gusts. 
The mean h o r i z o n t a l  wind i s  ca l cu la ted  by l i n e a r  i n t e r p o l a t i o n  o f  tabu la ted  
values f o r  var ious a l t i t u d e  bands. The downrange and crossrange components 
o f  mean wind are  ca lcu la ted  us ing  a heading angle supp l ied  by the user. There 
i s  no v e r t i c a l  component o f  mean wind. The X and Y components o f  mean w ind 
are  expressed i n  a i r p o r t  coordinates. The s imu la t i on  o f  gusts employs the  
Dryden model. This model i s  designed f o r  wind updates a t  a constant t ime 
i n t e r v a l  and should be c a l l e d  a t  a f i x e d  unvarying frequency. 

A l t i t u d e ,  veh i c le  v e l o c i t y  vec tor  i n  a i r p o r t  coordinates, 
coordinates t rans format ion  mat r ix ,  mean wind heading angle. 

Major Output: To ta l  wind v e l o c i t y  vec tor  i n  body coordinates. 

Source Documentation: Engineering System Branch, Computation and Analys is  
D iv i s ion .  " S ~ a c e  Shu t t l e  Funct ional Simulator" .  Volume 111. Revision B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 111) , 
November 1973. 

Devel opment Schedule: Operat ional 



Category Name: Natura l  Envi mnment (Wind and Gusts) 

Model Name: WIND4 S imula t ion  Name: SSFS 

Contact Person: J .  E. vinson m: Lockheed z: (71 3)333-4875 

Q e s c r i p t i o n  of Model: This model provides h o r i z o n t a l  wind shear as a func t i on  
of a l t i t u d e ,  computing t h e  data f o r  a number o f  aerodynamic s t a t i o n s  o f  a f l e x i b l e  
body veh ic le .  The model uses tab les  o f  a l t i t u d e  and corresponding wind speed 
and azimuth. Given the a1 t i t u d e  o f  t h e  center  o f  g r a v i t y  and the p o s i t i o n  o f  
the  aerodynamic s t a t i o n s  r e l a t i v e  t o  the center  o f  g rav i t y ,  the  model ca lcu la tes  
w ind  speed and azimuth f o r  each s t a t i o n  v i a  a l i n e a r  i n t e r p o l a t i o n .  

Ma'or I n  u t s :  Cur ren t  a l t i t u d e  o f  the v e h i c l e ' s  center  o f  g r a v i t y ,  des i red  -%-+ num e r  o aerodynamic s ta t i ons ,  and p o s i t i o n  o f  each s t a t i o n  r e l a t i v e  t o  the  
center  o f  g r a v i t y  . 
Major Outputs: Wind speed and azimuth f o r  each s t a t i o n .  

Source Documentation: Engineering Sys tem Branch, Computati on and Analysis 
D i v i s i o n ,  "Space S h u t t l e  Funct ional Simulator" ,  Volume 111, Revis ion 6, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume I I I ) ,  
Novenber 1973. 

Development Schedule: Operat ional 



Category Name: Na tu ra l  Environment (Wind and Gusts) 

Model Name: WIND5 S imu la t ion  Name: SSFS 

Contact  Person: J. E. Vinson u: Lockheed - Tel  : (713)333-4875 

P e s c r i p t i o n  of Model: WIND5 models h o r i z o n t a l  winds. The user  can choose a  con- 
s t a n t  wind o r  one o f  severa l  shear ing  winds as a  f u n c t i o n  o f  v e h i c l e  a l t i t u d e .  
The shear ing modes can be e i t h e r  a  l i n e a r  f u n c t i o n  o f  a l t i t u d e ,  a  l o g a r i t h m i c  
func t ion  o f  a l t i t u d e ,  o r  a  t a b l e  look-up o f  magnitude and d i r e c t i o n  versus 
a l t i t u d e  w i t h  l i n e a r  i n t e r p o l a t i o n  between t h e  t a b l e  po in ts .  

Major  Inpu ts :  A l t i t u d e ,  v e h i c l e  p o s i t i o n  v e c t o r  i n  e a r t h  centered i n e r t i a l  
coordinates,  v e h i c l e  t o  e a r t h  centered i n e r t i a l  coordinates t rans fo rmat ion  
m a t r i x ,  a i r p o r t  t o  v e h i c l e  coordinates,  t rans fo rmat ion  mat r i x ,  runway heading 
f rom North.  

Major Outputs: Wind v e l o c i t y  v e c t o r  i n  veh ic le ,  North-East-Down coordinates and 
e i t h e r  e a r t h  centered i n e r t i a l  o r  a i r p o r t  coordinates.  

Source Documentation: Eng ineer ing System Branch, Computation and Analys is  
D iv i s ion ,  "Space S h u t t l e  Funct iona l  S imula tor " ,  Volume 111, Rev is ion B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume I I I ) ,  
November 1973. 

Development Schedule: Operat iona l  



Category Name: Natural Environment (Wind and Gusts) 

Model Name: Simulation Name: SSFS 

Contact Person: J .  E.   inso on a: Lockheed w: (713)333-4875 

Pessription of Model: WIND6 provides a model f o r  horizontal s teady-state  
winds. WIND6 provides three  models f o r  three a l t i t u d e  ranges u p  t o  150,000 
meters. WIND azimuth i s  fixed down to  1000 meters where a ground wind twist  
i s  simulated. Between 1000 meters and 20,000 meters a l t i t u d e ,  one of f i v e  
sec tor  prof i les  i s  selected based on the wind azimuth. Gusts a re  not simulated 
in WIND6. 

Major In uts: I n e r t i a l  posi t ion vector, runway azimuth, vehicle f l i g h t  azimuth, 
a t i t u  e igh a1 t i t ude  wind azimuth, ground wind azimuth, wind twis t  f l a g ,  & 
and f rac t ion  of twis t  desired. 

Major Outputs: Wind vector in ECI coordinates. 

Source Documentation: L .  C. Baumel. "SSFS Model Documentation Series  - WINO6" , 
Lockheed Electronics Company Technical Report No. LEC1917, February 1974. 

Development Schedule: Operational 

Revision 1 
31 May 1974 



Category Name: N a t u r a l  Environment (Wind and Gusts) 

Model Name: WIND7 S imu la t ion  Name: SSFS 

Contact Person: J. E. Vinson a: Lockheed ~ ~ 1 :  (71 3)333-4875 - 
! % s c r i p t i o n  o f  Model: WIND7 prov ides a  model o f  h o r i z o n t a l  wind shear 
w i t h  azimuth s p e c i f i e d  by component and tabu la ted  s t r e n g t h  above 1000 meters 
a l t i t u d e ,  and w i t h  a  t w i s t  t o  ground wind azimuth and bounded t a i l w i n d s  
below 1000 meters. WIND7 c a l c u l a t e s  wind azimuth and wind s t r e n g t h  f o r  
a l t i t u d e s  between 150,000 meters and ground l e v e l .  Above 24,000 meters, a  
pure headwind, t a i l w i n d ,  o r  crosswind i s  simulated, as se lec ted  by user  i n p u t .  
A l i n e a r  i n t e r p o l a t i o n  scheme is used t o  compute wind speed f rom t a b u l a t e d  
data f o r  a l t i t u d e s  above 24,000 meters. 

Major Inpu ts :  A l t i t u d e ,  runway azimuth, and f l i g h t  azimuth. 

Major: Wind vec to r  i n  t h e  E C I  frame. 

Source Documentation: K. M. P a r r i s ,  "SSFS Model Documentation Ser ies  - WIND7", 
Lockheed E l e c t r o n i c s  Company Technical  Report No. LEC1833, January 1974. 

Development Schedule: Operat iona l  

Rev is ion 7 
31 May 1974 



Category Name: Na tu ra l  Environment (Wind and Gusts) 

Model Name: ARIJCAL S imu la t ion  Name: SVDS 

Contact  Person: E rnes t  M. Fr idge !&3: JSC k!: (713)483-3532 

" s c r i p t i o n  of Model : Th is  model computes aerodynamic a1 t i t u d e  angles and 
atmospheric winds r e q u i r e d  by the aerodynamic forces and moments and f o r  t h e  
i n t e r a c t i o n  forces and moments. The atmospheric w ind  components i n  t h e  
geodetic-system a re  ob ta ined  by a t a b l e  lookup. The X, Y, Z components co r re -  
spond t o  the  North, East, Down d i r e c t i o n ,  r e s p e c t i v e l y .  The components a r e  then 
t ransformed t o  e a r t h  centered i n e r t i a l  coord inates .  Computations f o r  f r e e -  
st ream ve l ' oc i t y  a re  then performed i n  e a r t h  centered i n e r t i a l  coordinates and 
t ransformed t o  t h e  body system. Then dynamic pressure, Mach number, Reynolds 
number, and c u r r e n t  temperature a re  computed. I f  desired,  aerodynamic angles 
may be computed. 

Ma'or  I n  u t s  Geodetic a l t i t u d e ,  atmospheric densi ty,  speed o f  sound, t a r g e t  +. 
v e c t o r  a t  anding p o i n t ,  e a r t h  r e l a t i v e  v e l o c i t y  i n  body centered coord inates ,  
v e h i c l e  i n e r t i a l  p o s i t i o n  i n  e a r t h  centered i n e r t i a l  coordinates,  coo rd ina te  
t rans fo rmat ion  mat r ices  . 
Major Outputs:  P i t c h ,  yaw, and t o t a l  angle o f  a t tack ;  atmospheric wind components; 
Mach number; aerodynamic r o l l  angle, v e h i c l e  pressure r a t i o ,  instantaneous 
atmospheric pressure, f reest ream dynamic pressure, c u r r e n t  Reynolds number, 
c u r r e n t  temperature. 

Source Documentation: JSCjTRW , "Space Veh ic le  Dynamics S imula t ion" ,  Program 
Desc r ip t i on ,  Mi les tone 2, 27 A p r i l  1973. 

Sof tware Development Branch, Miss ion Planning and Analys is  D i v i s i o n ,  "User 's 
Guide f o r  the  Space Veh ic le  Dynamics S imu la t ion  (SVDS) Program", JSC I n t e r n a l  
Note 73-FM-67, (JSC-07950), 20 Apr i  1 1973. 

SofOrtare Development Branch, Miss ion P lann ing and Analys is  D i v i s i o n ,  "Space 
Veh ic le  Dynamics S imu la t ion  (SVDS) Program Subrout ine L i b r a r y " ,  Volume I, 
Subrout ines A through C, JSC I n t e r n a l  Note 73-FM-110, (JSC-08065, Volume I ) ,  
20 J u l y  1973. 

Development Schedule: Operat iona l  



5.2 P ropu l s i on  Systems 

Th i s  s e c t i o n  con ta ins  d e s c r i p t i v e  i n f o r m a t i o n  about models o f  t h e  p ro -  
p u l s i o n  systems. 



Category Name: Pro.pulsion Systems (Main ~n~iae,.s.ystem)' 

Model Name: Main Engine Subsystem! Simulation Name: SMS 

Contact Person: C. C. 01asky m: JSC m: (71 3) 483-2481 

Qescription o f  Model : The simulation o f  the main engine by a functional model 
may be used t o  represent the rea l  wor ld system w i th  high degree of accuracy. 
The i n t e n t  o f  the design i s  t o  use the engine model developed by Marshall 
Space F l i g h t  Center w i th  minor modif ications so as t o  a l l w  the simulation 
t o  run i n  real-time. The simulation w i l l  use mu l t ip le  d i g i t a l  computers. 
The i n te r fac ing  computer between the f l i g h t  computer. and. the main computer 
w i l l  execute a t  a r a t e  o f  25 i t e ra t i ons  per second. Within the s imulat ion 
the fol lowing systems w i l l  be simulated: (1) main engine functional simula- 
t ion,  (2 )  helium storage tank, (3) helium pressur izat ion manifold, (4 )  propel - 
l a n t  tank equations, and (6) engine performance equations . 
Major Inputs: 

Major Outputs: 

Source Documentation: Singer Company, Simulation Products Division, "Shutt le 
Mission Simulator Base1 ine Def in i t ion  Report", Volume 11, December 21, 1973. 

Development Schedule: 



Category Name : Propuls ion System (SRB/ME/OMS) 

l.lodel Name: T H R ~  S imula t ion  Name: SSFS 

Contact Person: J i m  E.  inso on Lockheed &?: (71 3)333-4875 

k e s r i p t i o n  of Model: THR6 ca l cu la tes  forces and moments i n  body coord inates 
due t o  t h r u s t  forces f rom a l l  engines, g iven gimbal angles, t h r o t t l e  s e t t i n g s ,  
and atmospheric pressure. This  i s  t he  s tandard t h r u s t  model f o r  the Launch- 
t o - O r b i t  I n t e g r a t e d  Vehicle,  VLS-000061. Table lookups are used f o r  t he  s o l i d  
r o c k e t  motor vaccum t h r u s t  and mass f l w  r a t e  along w i t h  power-on base drag and 
the th ree  main p ropu ls ion  engines. 

Major Inpu ts :  Engine e x i t  area, engine l oca t i ons  i n  body coordinates, t h r o t t l e  
se t t i ng ,  vacuum th rus t ,  atmospheric pressure, and engine p i t c h  and yaw gimbal 
angles, and v e h i c l e  cen ter  of mass. 

Major Outputs: To ta l  forces i n  t h e  X, Y, and Z body coordinates and the t o t a l  
moments i n  the X, Y ,  and Z body coord inate system. 

Source Documentation: Engine System Branch, Computation and Analys is  D i v i s i on .  
"Space S h u t t l e  Funct ional  S imulator" ,  Volume 111, Revision B, JSC I n t e r n a l  
Note 72-FD-010, (MSC-06726, Volume 111) , November 1973. 

Development Schedule: Operat ional  



Category Name: Propuls ion Systems (SRB/ME/OMS) 

Flodel Name: MAENG Simula t ion  Name: SVDS 

Contact Person: Ernes t  M. F r idge &9: JSC Tel : (713)483-3532 - 

Qescr ip t ion  of Model: The purposes o f  Subrout ine MAENG are t o  

1) Compute t h r u s t  as a func t i on  o f  atmospheric pressure i f  the  user  
se lec ts  t h i s  c a p a b i l i t y .  (This  op t i on  can be exerc ised f o r  on l y  one 
v e h i c l e  du r ing  a p a r t i c u l a r  phase.) 

2) Compute t h r o t t l e  l e v e l  and modify t h r u s t  f rom i n p u t  tab les  i f  user 
se lec ts  t h i s  c a p a b i l i t y .  (This  o p t i o n  can be exerc ised f o r  on ly  one 
v e h i c l e  dur ing  a p a r t i c u l a r  phase.) 

3) Evaluate main engine gimbal d r i v e  ac tua to r  i f  the servo model i s  
se lec ted  by the user. 

4) Campute main engine t h r u s t  and s p e c i f i c  impulse i f  tab les  are input .  
5) Compute main engine f u e l  and o x i d i z e r  f l w  ra tes  f o r  each subsystem 

i f  v a r i a b l e  mass i s  simulated. 
6) Compute c u r r e n t  subsystem weights i f  v a r i a b l e  mass i s  simulated. 

Subrout ine MAENG al lows a maximum o f  15 engines p e r  veh ic le .  Gimbaled o r  
f i x e d  engines, i n  any combination, a r e  a l l  w e d .  Th rus t  magnitude i s  determined 
v i a  a t a b l e  look-ttp us ing  burn  t ime as t h e  independent va r i ab le .  Components 
o f  t h r u s t  i n  each i n d i v i d u a l  engine coordinate system are  determined by r o t a t -  
i n g  through the  ac tua l  engine gimbal angles. A second t rans format ion  i s  used 
t o  conver t  f rom the  engine coordinate system t o  the  v e h i c l e  reference coordinate 
system. Subrout ine MAENG outputs t h e  t o t a l  t h r u s t  and moment vec to r  i n  the  
body system. 

Ma'or I n  u ts :  I n i t i a l  main engine gimbal an l e  d e f l e c t i o n  values about the  
--sd_e, y an z engine axes o f  each main engine (Rad 7 , change i n  t h r u s t  requ i red  t o  
main ta in  des i red  constant acce le ra t i on  (1 bs), l o c a t i o n  o f  each engine g inba l  
p o i n t  w i t h  respect  t o  the veh ic le  C G  ( f t ) ,  a r ray  o f  t h r u s t  tab les  f o r  a l l  
engines, t o t a l  f o r c e  on vehic le,  t o t a l  maximum steady s t a t e  vacuum t h r u s t  of 
each engine ( I bs ) ,  o x i d i z e r  t o  f u e l  m ix tu re  r a t i o  f o r  each main engine, 
number o f  t h e  v e h i c l e  and engine generat ing a plume t h a t  impinges on each 
vehic le,  t o t a l  number o f  engines being simulated, s p e c i f i c  impulse f o r  each 
engine, t h r u s t  magnitude (I lbs), and t o t a l  moment on v e h i c l e  ( f t - l b ) .  

Ma'or Out u t s -  Thrus t  o f  each engine f o r  each o f  t h ree  vehic les,  e.g., O r b i t e r  dT-m wo so 1 rocke t  boosters, t o t a l  f o r c e  on v e h i c l e  ( l b s ) ,  s p e c i f i c  impulse 
f o r  each engine on each vehic le,  c u r r e n t  we igh t  o f  subsystem ( l b s ) ,  engine 
systems t o  body systems t rans format ion  f o r  each en ine, t h r u s t  magnitude, 
magnitude o f  cu r ren t  plume t h r u s t  per  v e h i c l e  ( l b s  7 , t o t a l  moment on veh ic le  
( f t - l b s ) ,  t o t a l  we igh t  f l ow  r a t e  (Ibs,sec), and v e h i c l e  mass (s lugs) .  

Source Documentation: Software Development Branch, Miss ion Planning and 
Analys is  D iv is ion ,  "'Space Veh ic le  Dynamics S imula t ion  (SVDS) Program Subrout ine 
L ib ra ry " ,  Volume I V ,  Subroutines M through P, JSC I n t e r n a l  Note 73-FM-110, 
(JSC-080651, J u l y  20, 1973 

Development Schedule: Operat ional 



Category Name: Propu ls ion Systems (SRBIMEIOMS) 

Model Name: THROTL S imu la t ion  Name: SVDS 

Contact  Person: E rnes t  M. Fr idge  m: JSC E: (71 3)483-3532 

Cesc r ip t i on  of Model: The purpose o f  sub rou t ine  THROTL i s  t o  compute a  t h r u s t  
l e v e l  which w i l l  ma in ta in  constant  a c c e l e r a t i o n  s p e c i f i e d  by the user. The 
b a s i c  computations a r e  as f o l l o w s :  ( 1 )  computed f r o m  the magnitude o f  the  
sensed v e l o c i t y  increment over the  l a s t  f u l l  i n t e g r a t i o n  s t e p  and t h e  i n t e g r a -  
t i o n  s t e p  s ize ,  ( 2 )  t h e  r e q u i r e d  a c c e l e r a t i o n  change t o  achieve t h a t  des i red  
constant  a c c e l e r a t i o n  i s  computed as t h e  d i f f e r e n c e  o f  t h e  t o t a l  t h r u s t  
a c c e l e r a t i o n  and the  des i red  constant  acce le ra t ion ,  and i s  used t o  c a l c u l a t e  
the es t imated mass o f  the v e h i c l e  a t  the  mid-po in t  b e h e e n  h o  t h r o t t l e  
computations. Other parameters used i n  t h i s  computation a re  ( 1 )  present  mass 
o f  the  veh ic le ,  (2)  mass f l o w  r a t e  computed i n  the  l a s t  pass through subrou t ine  
MAENG, (3)  t h r o t t l e  computation s t e p  s i z e ,  and ( 4 )  t ime  l a g  t o  account f o r  
t h r o t t l e  r e a c t i o n  t ime and d e l t a - t i m e  f rom command t ime t o  the t i m e  the  
t h r o t t l e  change a c t u a l l y  begins. The mass change f rom the present  t o  t h e  mid- 
p o i n t  i s  est imated.  To improve accuracy an adjustment t o  t h e  a c c e l e r a t i o n  i s  
computed. Then the  change i n  t h r u s t  r e q u i r e d  t o  main ta in  t h e  des i red  constant  
a c c e l e r a t i o n  i s  computed and used t o  determine the  t h r u s t  comnanded f o r  t h e  
n e x t  cyc le .  TSLOPE i s  computed as a  f u n c t i o n  o f  the  s i g n  o f  t h e  change i n  
t h r u s t  and the  abso lu te  value o f  the  l i m i t  i n  t h r u s t ,  i n p u t  by  the  user. 

Ma'or I n  u t s  Magnitude o f  constant  sensed a c c e l e r a t i o n  t o  the  main ta ined 
i-&r- r o t a t i o n a l  i n t e g r a t i o n  s t e p  s i z e  (sec),  t ime  l a g  t o  account f o r  t h r o t t l e  
r e a c t i o n  t ime  (sec ) ,  t ime i n t e r v a l  between two consecut ive t h r o t t l e  computa- 
t i o n  cyc les  (sec), sensed v e l o c i t y  increment p e r  d e l t a  t ime ( f t / s e c ) ,  ga in  
f a c t o r  f o r  a c c e l e r a t i o n  adjustment equat ions , t o t a l  f o r c e  on v e h i c l e  (I bs) , 
number o f  i n t e g r a t i o n  s tep s i z e s  s i n c e  t h e  l a s t  t h r o t t l e  update, t o t a l  we igh t  
f l o w  r a t e  ( l b s l s e c )  and v e h i c l e  mass ( s l u g s ) .  

Ma'or Out u ts :  Change i n  t h r u s t  r e q u i r e d  t o  main ta in  des i red constant  accele-  
7ikTTkK t h r u s t  r e q u i r e d  t o  ma in ta in  des i red  constant  a c c e l e r a t i o n  ( l b s )  , 
t h r u s t  r e q u i r e d  t o  ma in ta in  d e s i r e d  constant  a c c e l e r a t i o n  ( l bs  ) , and s lope 
l i m i t  w i t h  s i g n  o f  d e l t a  frequency ( l bs /sec ) .  

Source Documentation: Sof tware Development Branch, Dynamics Analys is  Sect ion,  
"Space Vehic le  Dynamics S imu la t ion  (SVDS) - Program Subrout ine L i b r a r y " ,  
Volume V I  - Subrout ines T Through 2 ,  JSC I n t e r n a l  Note 73-FM-110, (JSC-08065), 
J u l y  20, 1973. 

Development Schedule: Operat iona l  



Category Name: P ropu ls ion  Systems ( O r b i t a l  Maneuvering System) 

Model Name: OMS THRUST S imu la t ion  Name: SLS 

Contact  Person: Lance Drane m: C. S. Draper Lab. - T e l :  (617)25&1178 

P e s c r i p t i o n  o f  Model : C a l c u l a t i o n  o f  t h e  OMS engine t h r u s t  vectors  i s  d i v i d e d  i n t o  
two ma jo r  s e c t i o n s :  t h r u s t  magnitude and t h r u s t  d i r e c t i o n .  

1. T h r u s t  Magnitude 

The t d o  OMS engines a r e  modeled as constant  t h r u s t ,  constant  s p e c i f i c  
impulse motors, w i t h  t h e  same c h a r a c t e r i s t i c s  f o r  each engine. The b u i l d u p  
o f  t h r u s t  t h a t  occurs when an engine i s  tu rned  on and t h e  t a i l o f f  t h a t  
occurs d u r i n g  shutdarn  a r e  modeled by  instantaneous (s tep )  changes i n  t h e  
t h r u s t  magnitude, s h i f t e d  i n  t ime f rom the  e l e c t r i c a l  comnand. The s h i f t  
i s  d i f f e r e n t  f o r  t h e  a p p l i c a t i o n  and removal o f  t h r u s t ,  t h e  amount o f  t h e  
s h i f t  be ing  c a l c u l a t e d  t o  g i v e  the same t o t a l  impulse du r ing  a  t r a n s i e n t  
f i r i n g  as would be ob ta ined  from an a c t u a l  engine. The model a l s o  inc ludes  
a  minimum impulse t ime assoc ia ted w i t h  the  t r a n s i e n t  c h a r a c t e r i s t i c s  o f  
t h e  OMS engine. 

2. Th rus t  D i r e c t i o n  

The l o c a t i o n  and o r i e n t a t i o n  o f  each OMS engine i s  determined by OMS THRUST 
w i t h  t h e  a i d  o f  f o u r  d i f f e r e n t  coo rd ina te  frames. 

a. The F a b r i c a t i o n  frame i n i t i a l l y  def ines t h e  engine l o c a t i o n s .  
b. The Veh ic le  body frame i s  the frame i n  which v e h i c l e  forces 

and torques a re  u l t i m a t e l y  expressed. 
c. An Ac tua to r  coord inate  system i s  de f ined  f o r  each OMS engine 

a c t u a t o r  t o  account f o r  the  mounting o r i e n t a t i o n  o f  t h e  engine 
on t h e  veh ic le .  

d. An Engine coord inate  system i s  de f ined  f o r  each OMS engine t o  
account f o r  t h e  engine d e f l e c t i o n  i n  p i t c h  and yaw due t o  TVC. 

The OMS engine l o c a t i o n s  a re  i n i t i a l l y  s p e c i f i e d  i n  the  F a b r i c a t i o n  frame; t h e  
VEHICLE f i l e  genera t ing  program transforms t h e  p o s i t i o n  vectors  i n t o  Veh ic le  
coord inates  f o r  use by OMS THRUST. The t h r u s t  v e c t o r  o r i e n t a t i o n s  r e l a t i v e  t o  
t h e  V e h i c l e  frame a r e  c a l c u l a t e d  i n  two steps: f i r s t ,  t h e  o r i e n t a t i o n  o f  the  
Ac tua to r  frame r e l a t i v e  t o  t h e  F a b r i c a t i o n  frame i s  de f ined  us ing  the  engine 
mounting angles i n  p i t c h  and yaw. To go from the  F frame t o  the A frame, 
t h e  r o t a t i o n  i n  yaw i s  f i r s t  app l i ed  about t h e  Z F r a b r i c a t i o n  axis,  then t h e  
r o t a t i o n  i n  p i t h  i s  a p p l i e d  about the new Y F a b r i c a t i o n  a x i s .  This m a t r i x  
i s  p r e - m u l t i p l i e d  by the t rans fo rmat ion  m a t r i x  f rom t h e  F a b r i c a t i o n  frame t o  
the Veh ic le  frame t o  o b t a i n  t h e  t rans fo rmat ion  f rom the  Ac tua to r  frame t o  the  
Veh ic le  frame f o r  each OMS engine. 

Ma'or  I n  u t s  P i t c h  and yaw gimbal angles f o r  each OMS engine and the  p o s i t i o n  
%els cen te r  o f  g r a v i t y .  

Ma jo r  Outputs:  Th rus t  and torque vec to r  f o r  each OMS engine.  

Source Documentation: Lawrence Berman, e t  a l ,  "ESIM Model Book f o r  the  C. S. 
Draper Laboratory  Statement Leve l  S imula tor " ,  t h e  Charles S ta rk  Draper 
Laboratory ,  Inc. ,  R-776, Amendment Number 2, A p r i l  1, 1974. 

Development Schedule: Operat iona l  Rev is ion 1  
31 May 1974 



Category Name: Propu ls ion Systems ( O r b i t a l  Maneuvering system) 

rlodel Name: O r b i t a l  Maneuvering Subsystem Sinrulat inn Vame: SMS 

Contact Person: C. C. Olasky m: JSC x: (71 3)483-248 

P e s c r i p t i o n  o f  Yodel: The s i m u l a t i o n  o f  the O r b i t a l  Maneuvering Subsystem i s  
d i v i d e d  i n t o  f i v e  d i f f e r e n t  s e t s  o f  equations. These f i v e  s e t s  o f  equat ions 
are ( 1 )  f u e l  supp ly  equations, ( 2 )  o x i d i z e r  supply equat ions,  (3 )  he l i um 
p r e s s u r i z a t i o n  equations, (4)  t h r u s t  c a l c u l a t i o n s ,  and ( 5 )  i n s t r u m e n t a t i o n  
and s i g n a l  c o n d i t i o n i n g  equat ions.  The f u e l  supply and o x i d i z e r  supp ly  equa- 
t i o n s  p rov ide  t h e  c a l c u l a t i o n s  f o r  the  f u e l  and o x i d i z e r  q u a n t i t y  remaining 
i n  the  tank. Fuel and o x i d i z e r  usage w i l l  be ca lcu la ted  by the  t h r u s t  equa- 
t i o n s .  A f u e l  a v a i l a b l e  and o x i d i z e r  a v a i l a b l e  and p ressur i zed  boolean w i l l  
be generated f o r  the t h r u s t  equat ions.  Pr imary he l ium s torage tank pressure 
and mass i s  c a l c u l a t e d  f rom he l ium usage. Hel ium usage i s  based on t h e  amount 
o f  p r o p e l l a n t s  l e f t  i n  the  o x i d i z e r  and f u e l  tanks. Helium pressure and t h e  
f u e l  and o x i d i z e r  i s  c a l c u l a t e d  as dependent on the  he l i um r e g u l a t i o n  supply. 
The t h r u s t  c a l c u l a t i o n s  are t o  compute t h e  impulse o f  t h e  engines du r ing  the  
t ime  p e r i o d  f rom the l a s t  i t e r a t i o n  t o  the present  i t e r a t i o n .  Th is  p a r t i c u l a r  
method w i l l  a l l m  s i m u l a t i o n  o f  the c o r r e c t  impulse du r ing  both  s t a r t - u p  and 
engine shut-down t r a n s i e n t s .  The impulse f rom the engine w i l l  r e f l e c t  t h e  
f u e l  and o x i d i z e r  pressure and t h e  m ix tu re  r a t i o  co r rec ted  by atmospheric 
pressure.  The ins t rumenta t ion  and s igna l  c o n d i t i o n i n g  equat ions w i l l  accept 
parameters s i m u l a t i n g  the a c t u a l  system s t a t e  and c o n d i t i o n  these parameters 
us ing sensor and d i s p l a y  l o g i c  booleans f rom the  E l e c t r i c a l  Power Subsystem 
from crew s t a t i o n  d i sp lay ,  f o r  i n p u t  t o  the  Caution and Warning Subsystem, 
o r  f o r  i n p u t  t o  the  Telemetry Subsystem M u l t i p l e x e r  Program. 

Major  Inpu ts :  

Major  Outputs: 

Source Documentation: S inger  Company, S imula t ion Products D i v i s i o n ,  " S h u t t l e  
Miss ion S imu la to r  Base l ine D e f i n i t i o n  Report" ,  Volume 11, December 21, 1973. 

Development Schedule: 



Category Name: Propuls ion Systems (Orb i ta l  Maneuvering system) 

P.lodel Name: THR2 Simulat ion Name: SSFS 

Contact Person: J i m  E. Vinson m: Lockheed x: (71 3) 333-4875 

Cescr ip t ion  of Model: THR2 can model up t o  th ree  O r b i t a l  Maneuvering System 
engines which have t h e  same t h r u s t  magnitude. The f o r c e  d i r e c t i o n  depends upon 
l oca t i on  and d e f l e c t i o n  o f  the engine. A l l  engine l oca t i ons  are i n i t i a l l y  
de f ined i n  the Fabr i ca t i on  frame. During i n i t i a l i z a t i o n ,  THR2 ca lcu la tes  t h e  
loca t ions  o f  the  O r b i t a l  Maneuvering System engines i n .  the v e h i c l e ' s  body frame. 
An engine coordinate system i s  i d e n t i f i e d  f o r  each engine. An ac tua to r  coord inate 
system i s  de f ined f o r  each engine actuator .  The f u e l  mass f low r a t e  i s  calcu- 
l a t e d  along w i t h  t h e  f u e l  used by each engine and the  t o t a l  f u e l  used by a l l  the 
engines. Some f u e l  i s  l o s t  each t ime an engine i s  f i x e d  and i s  inc luded i n  t h i s  
model. The c h a r a c t e r i s t i c s  o f  each engine are  the same. Therefore, the mass 
flow r a t e  and f u e l  l oss  per  f i r i n g  are the same f o r  each engine. A sum o f  the  
t ime each engine has been on i s  ca lcu lated.  Only when an engine i s  on i s  i t  
incorporated i n  the  summation. The mass p rope r t i es  are updated and the  p o s i t i o n  
o f  the v e h i c l e ' s  center  o f  mass i s  obta ined from the mass p rope r t i es  model. 
I n  add i t ion ,  the f o r c e  vec to r  produced by each engine, the produced torques o f  
each engine and the  summed forces and torque are  computed. 

Major Inputs:  P o s i t i o n  o f  each engine actuator ,  engine mounting angle, t h r u s t  
vector,  t h r u s t  vec tor  d i v i d e d  by t h e  g r a v i t a t i o n a l  acce lera t ion ,  f u e l  10s t per  

I engine f i r i n g ,  s p e c i f i c  impulse, number o f  gimbal engines, t h r u s t  command 
on and o f f  delays, and minimum impulse time. 

Major Outputs: Forces and torques o f  each engine and the t o t a l  forces and 
torques . 
Source Documentation Engineering System Branch, Computation and Analys is  
D iv is ion ,  "Space S h u t t l e  Funct ional  Simulator" ,  Volume 111, Revis ion B, JSC 
I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 111) November 1973. 

Development Schedule: Operat ional 



Category Name: Propuls ion Systems (Reaction Control '  System) 

Model Name: React ion Control  System S imula t ion  Name: OAS 

Contact Person: G. F, prude a: JSC x: (713)483- 5104 

Q e s c r i p t i o n  of Model : The Reaction Cont ro l  System math model prov ides a func- 
t i o n a l  s imu la t i on  o f  the  O r b i t e r  r e a c t i o n  c o n t r o l  system j e t s ,  s u f f i c i e n t  f o r  
eva lua t ion  o f  e n t r y  F l i g h t  Cont ro l  Systems. Commands from t h e  F l i g h t  Contro l  
System are  i n  the  form o f  "On-Time" comnands f o r  r o t a t i o n  about the Body X, Y, 
and Z axes corresponding t o  r o l l ,  p i t ch ,  and yaw, respec t i ve l y .  The r e s u l t a n t  
fo rces  and moments are ca l cu la ted  a t  1000 pounds t h r u s t  p e r  j e t .  The present  
model assumes t h a t  only  the  a f t  r e a c t i o n  c o n t r o l  system pod i s  used and t h a t  
t h e  moment due t o  center  o f  g r a v i t y  s h i f t s  away f rom the  nominal a re  n e g l i g i b l e .  
The coupled ro l l - yaw e f f e c t s  from the yaw r e a c t i o n  c o n t r o l  j e t s  i s  s imu la ted  
because o f  the  present  veh i c le  con f i gu ra t i on  (0896) where t h e  r e a c t i o n  con t ro l  
system pod i s  w e l l  above t h e  center  o f  g r a v i t y .  Fuel consumption i s  based on 
a f i x e d  s p e c i f i c  impulse o f  230 seconds. 

Ma'or I n  uts:  P i tch ,  r o l l ,  and yaw j e t  commands; r o l l ,  yaw, and ro l l - yaw 
--=-+I moments ; an p i t c h  and yaw fo rces .  

Major Outputs : X, Y ,  and Z fo rces  and moments along w i t h  remaining reac t i on  
c o n t r o l  system ' f ue l .  

Source Documentation: Singer-General Precis ion,  Inc.. L i n k  D iv i s ion ,  "Space 
S h u t t l e  Procedures Evaluator" ,  working papers. 

Development Schedule: Operat ional  



Category Name: P ropu ls ion  Systems (React ion Cont ro l  System) 

Plodel Name: ACPS S imu la t ion  Name: SLS 

Contact  Person: Lance Drane a: C. S. Draper Lab pJ: (617)258-1178 

P e s c r i p t i o n  o f  Model: ACPS prov ides a  model f o r  t h e  o r b i t e r  v e h i c l e ' s  A t t i t u d e  
Cont ro l  P ropu ls ion  System j e t s .  The model can accommodate a  v a r i a b l e  number of 
j e t s ,  w i t h  40 be ing  inc luded  p resen t l y .  A l l  j e t s  have the  same t h r u s t  magnitude 
and s p e c i f i c  impulse. ACPS c a l c u l a t e s  t h e  forces and torques on the  v e h i c l e  
due t o  i n d i v i d u a l  j e t  f i r i n g s  and sums them t o  produce t h e  t o t a l  f o r c e  and to rque  
due t o  ACPS j e t s .  These values are i n c l u d e d  i n  t h e  equat ions t h a t  c a l c u l a t e  the 
l i n e a r  and r o t a t i o n a l  mot ion o f  the  o r b i t e r  veh ic le .  When the mass p r o p e r t i e s  
due t o  f u e l  consumption change, t h e  cen te r  o f  g r a v i t y  and hence the torque v e c t o r  
of each j e t  i s  updated. 

An o r b i t e r  ACPS j e t  i s  modeled as a  constant  t h r u s t ,  constant  s p e c i f i c  impulse 
motor, and a1 1  j e t s  have t h e  same c h a r a c t e r i s t i c s  ( t h r u s t ,  p r o p e l l a n t  f l o w  r a t e ,  
e t c . ) .  Each j e t  may be i n d i v i d u a l l y  commanded on and o f f ;  the b u i l d u p  o f  t h r u s t  
t h a t  occurs when a  j e t  i s  tu rned on and t h e  t a i l o f f  t h a t  occurs du r ing  shutdcwn 
a re  modeled by  instantaneous (s tep )  changes i n  t h e  t h r u s t  magnitude, s h i f t e d  i n  
t ime  from t h e  e l e c t r i c a l  command. ACPS a l s o  has the  c a p a b i l i t y  t o  p e r m i t  t h e  
user t o  command forces and torques d i r e c t l y .  ACPS can be commanded t o  f i r e  
t r a n s l a t i o n  j e t s  along p o s i t i v e  o r  nega t i ve  v e h i c l e  X, Y, and Z axes, w i t h  the  
number o f  j e t s  a long each a x i s  s p e c i f i e d .  Each j e t  i n  t h i s  case i s  assumed t o  
f i r e  w i t h  nominal ACPS t h r u s t  along the a x i s  s p e c i f i e d  f o r  t h a t  j e t  and t o  
produce no torque on the  v e h i c l e  even if the  v e h i c l e ' s  center  o f  g r a v i t y  i s  l oca te (  
on t h a t  ax is .  ACPS can a l s o  be comnanded t o  apply a  torque t o  t h e  veh ic le ,  w i t h  
the magnitude about each v e h i c l e  ax is  s p e c i f i e d ,  t o  s imula te  the  e f f e c t  o f  pure 
j e t  couples. This r e s u l t s  i n  v e h i c l e  r o t a t i o n  only, w i t h  no t r a n s l a t i o n .  

Major  Inputs :  Center of g r a v i t y  l o c a t i o n ,  j e t  on and o f f  commands. 

M a  O U U :  Force and torque due t o  the  j e t  f i r i n g s ,  number o f  times each 
j e t  as een f i r e d .  

Source Documentation: Lawrence Berman, e t  a l ,  "ESIM Model Book f o r  the C. S. 
Draper Laboratory  Statement Level  S imula tor " ,  The Charles S ta rk  Draper 
Laboratory ,  Inc ;  , R-776, Amendment Number 2, A p r i l  1, 1974. 

Development Schedule: Operat iona l  

Rev is ion 1  
31 May 1974 



Category Name: Propulsion Systems (Reaction Control system) 

Model Name: Reaction Control Subsystem Simulation Vame: SMS 

Contact Person: C.  C. Olasky m: JSC w: (71 3)483-24 

k s r r i p t i o n  of Model : The Reaction Control Subsystem can be simulated by 
dividing the system in to  four basic areas of equations. The areas are 
(1)  thrust  force equations, (2) fuel equations, ( 3 )  he1 ium pressurization 
equations, and (4 )  instrunentation and signal conditioning equations. Because 
of the f a s t  response ra te  of the  real  world system, the simulation i s  approached 
for  thrust from the equivalent engineering parameter of to ta l  impulse. The 
thrus t  and force equations will  calculate  the to ta l  impulse of the RCS j e t s  
as they f i r e .  An interface program w i t h  the f l i g h t  computer will provide the 
th rus t  equations w i t h  booleans for  f i r i ng  the j e t s  and a length of time f i r ed  
parameter. The computed impulse wi l l  take into  account the loss of efficiency 
as the r e su l t  of atmospheric pressure. The hydrazine fuel equations provide 
the calculatdons for  the fuel remaining i n  the tank. Fuel usage w i  11 be calcu- 
la ted by the thrust equations. A fuel available and pressurized boolean will  
be generated f o r  the th rus t  equations. The primary helium storage tank pressure 
and mass i s  calculated from helium usage i n  the helium pressurization equations. 
Helium usage i s  based on RCS fuel remaining i n  the tank. Helium pressure on 
the bladder hydrazine tank i s  calculated as dependent on the helium regulation 
supply. The instrumentation and signal conditioning equations wi 11 accept 
parameters simulating the actual system s t a t e  and condition these parameters 
using sensor and display logic booleans. 

Major Inputs: 

Major Outputs: 

source Documentation: Singer Company, Simulation Products Division, "Shuttle 
Mission Simulator Baseline Definition Report", Volume 11, December 21, 1973. 

Development Schedule: 



Category Name: Propulsion Systems (Reaction Control System) 

\lode1 Name: R C S ~  Simulation Name: SSFS 

Contact Person: J i m  E. Vinson &SL: Lockheed M: (71 3)333-4875 

Qeszription o f  Model: RCSl provides an elementary model o f  the Reaction Con- 
t r o l  System where ro ta t iona l  on-off conands are simulated instead o f  j e t  on- 
o f f  conmands. RCSl calculates the torque ac t ing  upon the vehicle, i n  vehic le 
coordinates, as w e l l  as the mass o f  the fue l  consumed by the RCS since the 
beginning o f  the simulation. RCS l  assumes the vehic le i s  the MSC 040A. 

Major Inputs: RCSl requires no inpu t  parameters. A l l  variables v i t a l  t o  RCS l  
computations are maintained w i th in  the RCSl  program. RCSl  defines i n i t i a l  
values o f  the torque to be appl ied t o  the vehic le ( i n  vehic le coordinates) as 
a r e s u l t  o f  each ro ta t iona l  on conmand. I n i t i a l  values f o r  the ra te  o f  fue l  
f low during "on" condit ion and mass o f  non-propulsional fue l  ejected each 
time a r o t a t i o n  j e t  i s  turned on are also defined. These i n i t i a l  values may 
be changed by input  i f  desired. 

Ma'or Out uts The RCSl output parameters are the t o t a l  RCS torque act ing 
&-El+% e ve i c l e  ( i n  vehic le coordinates) and mass o f  f ue l  consumed 
by RCS since beginning o f  simulation and current  act ive vehicle time. 

Source Documentation: Engineering System Branch, Computation and Analysis 
Division, "Space Shut t le  Functional Simulator", Volume 111, Revision B, JSC 
In terna l  Note 72-FD-010, (KC-06726. Volume 111). November, 1973. 

Development Schedule: Operational 



Category Name: Propulsion System (Reaction Control System) 

Elodel Name: R C S ~  Simulation Name: SSFS 

Contact Person: Jim E. Vinson m: Lockheed - Tel: (71 3) 333-4875 

Yescription of Model : This program calculates the moments and 1 inear accelera- 
t ions applied t o  the vehicle due t o  RCS thrust comnands from the f l i g h t  sof t -  
ware. The fo l lw ing  l imitations a re  placed on th rus t  comnands: 

1 )  A j e t  cannot be comnanded t o  i gn i t e  unless the duration of igni t ions  
is  some minimum value, 

2)  No j e t  can be ignited continuously longer than a given nunber of 
seconds, 

3) A j e t  cannot be comnanded t o  i gn i t e  unless a minimum amount of 
time has elapsed s ince the previous ignit ion has ceased. 

Major Inputs: Engine position vector fo r  each j e t ,  the center of gravity 
position, current time, the f l i g h t  software command, and moment vector due 
t o  th rus t  from each j e t .  

Major O u t  uts Total e f fec t ive  moment from a l l  RCS j e t s ,  reduction in mass of 
-h7+- ve i c  e ue t o  RCS fuel usage, and the t o t a l  e f fec t ive  l inear  force. 

Source Documentation: Engineering Systems Branch, Computation and Analysis 
Division. "Space Shut t le  Functional Simulator", Volume 111, Revision 6,  
JSC Internal Internal  Note 72-FD-010, (EC-06726, Volume I I I ) ,  November 1973. 

Development Schedule: Operational 



Category Name: Propulsion Systems (Reaction Control System) 

Model Name: RCS4 Simulation Name: SSFS 

Contact Person: Jim E. Vinson : Lockheed m: (71 3)333-4875 

Pescription of Model: The RCS4 subroutine provides a scalable force and torque 
model for  any configuration of RCS engines on a vehicle. The resultant force 
and torque about the vehicle's center of mass i s  calculated and filed for  
incorporation into the vehicle's dynamics. The forces and torques that can 
be commanded are input into an array and remain unchanged. When commands are 
issued, the comnand s ta te  is used to  t u r n  the force and torque on or off. The 
throttling effect  can be obtained by increasing o r  decreasing either positively 
o r  negatively the command s ta te .  The force and torque inputs can be used t o  
represent any configuration of engines o r  groups of engines about the vehi cle's 
center of mass. The total fuel consumed is  calculated and f i led  for updating 
the vehi cle 's  mass properties. RCS4 assumes constant mass properties and 
therefore a fixed center of gravity. 

Ma'or In uts: Number of commands to be used ( l imit  of 12). force vector of 
t e comman s in the vehicle body frame, torque vectors of the comnands in -ti-+- 
the vehicle body frame, and mass flow rates associated with the comnands. 

Ma'or O u t  ut$.  The equivalent nunber of positive and negative firings, the + tota on-time for a l l  commands, the fuel used as a result of this command, 
the total  fuel used as a result of al l  comnands, the resultant force and 
torque. 

Source Documentation: Engineering Systems Branch, Computation and Analysis 
Division. "Soace Shuttle Functional Simulator". Volume 111. Revision B .  
JSC 1nteEna1' Note 72-FD-010, (MSC-06726,. volume I1 I ) ,  ~overrber, 1973. - 

Development Schedule: Operational 



Category Name; Propuls ion Systems (Reaction Control  System) 

Plodel Name: R C S ~ O  Simulat ion Name: SSFS 

Contact Person: J im E. Vinson a: Lockheed x: (71 3)333-4875 

Eesc r ip t i on  of Model: The RCSlO subrout ine provides a dynamic model f o r  t h e  
NR D i r e c t  Docking O r b i t e r  v e h i c l e  conta in ing  40 a t t i t u d e  con t ro l  p ropu ls ion  
system engines, which are i n d i v i d u a l  1y c o n t r o l  l e d  and commanded. Associated 
w i t h  t h e  engines on /o f f  comnands are  on /o f f  delays, a minimum impulse time, 
and fuel l oss  per  f i r i n g .  The forces, torques, and f u e l  used by each engine 
are calculated.  The r e s u l t a n t  f o r c e  and torque about the v e h i c l e ' s  center  o f  
mass i s  ca l cu la ted  and f i l e d  f o r  i nco rpo ra t i on  i n t o  the veh ic le ' s  dynamics. 
The t o t a l  consumed f u e l  i s  ca l cu la ted  and f i l e d  f o r  updat ing the v e h i c l e ' s  
mass proper t ies .  R C S l O  can model up t o  three d i f f e r e n t  s i z e  j e t s .  

Ma'or I n  u t s  P o s i t i o n  vec to r  o f  the v e h i c l e ' s  center  o f  mass i n  the v e h i c l e  d.7- o y rame, p o s i t i o n  vec to r  o f  the  veh ic le  body frame i n  t h e  f a b r i c a t i o n  
frame, f a b r i c a t i o n  t o  v e h i c l e  body f o r c e  a t t i t u d e  mat r ix ,  p o s i t i o n  o f  each 
j e t  i n  the  f a b r i c a t i o n  frame, f o r c e  vec to r  o f  each j e t  i n  t h e  veh ic le  body 
frame, on and o f f  delays, mass f l o w  and mass l o s t  f o r  each s i z e  j e t  f i r i n g ,  
and the number o f  engines t o  be used, 

Ma-or Out u t s  The fo rce  a long which t h e  f o r c e  f o r  each j e t  i s  d i rec ted ,  --: . 
t e number o f  t ime each engine has been f i r e d ,  the t o t a l  on-time f o r  each 
engine, the  f u e l  used by each engine, the t o t a l  f u e l  used by a l l  the  j e t s ,  
t h e  f o r c e  vec tor  f o r  each j e t  and t h e  torque vector  f o r  each j e t  engine. 

Source Documentation: Engineering Systems Branch, Computation and Analys is  
D iv is ion ,  "Space S h u t t l e  Funct ional  Simulator",  Volume 111, Revision B, JSC 
I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume I I I ) ,  November 1973. 

Development Schedule: Operat ional  



Category Name: Propuls ion Systems (Reaction Contro l  System) 

Model Name: RCS11 S imula t ion  Name: SSFS 

Contact Person: J i m  E. Vinson %: Lockheed @!.: (713)333-4875 

% s c r i p t i o n  of Model : RCSll can model up t o  th ree  d i f f e r e n t  s i z e  a t t i t u d e  
con t ro l  p ropu ls ion  system engines and i s  t h e  same as RCSlO except  f o r  t h e  
f o l l o w i n g  data changes, which are: (1) change t h r u s t  o f  each j e t  from 1100 
pounds t o  950 pounds, (2) change mass f l ow  r a t e  from 4.5 t o  4.13045 pounds/ 
second and (3) change on and o f f  delays t o  zero. 

Ma'or I n  u t s :  P o s i t i o n  vec to r  o f  the v e h i c l e ' s  center  o f  mass i n  t h e  v e h i c l e  &+- o y rame, p o s i t i o n  v e c t o r  o f  the v e h i c l e  body frame i n  the f a b r i c a t i o n  frame, 
f a b r i c a t i o n  t o  veh i c le  body f o r c e  a t t i t u d e  mat r ix ,  p o s i t i o n  o f  each j e t  i n  the  
f a b r i c a t i o n  frame, f o r c e  vec to r  o f  each j e t  i n  the  v e h i c l e  body frame, on and 
o f f  delqys, mass f l o w  and mass l o s t  f o r  each s i z e  j e t  f i r i n g ,  and t h e  number 
o f  engines t o  be used. 

Ma'or Out u t s  The f o r c e  along which the  f o r c e  f o r  each j e t  i s  d i rec ted ,  the  
Y?h-+- nu e r  o times each engine has been f i r e d ,  the  t o t a l  on-time f o r  each engine, 
t h e  f u e l  used by each engine, the t o t a l  f u e l  used by a l l  the  j e t s ,  the  f o r c e  
vec to r  f o r  each j e t  and t h e  torque vec to r  f o r  each j e t  engine. 

Source Documentation: Engineering Systems Branch, Computation and Analys is  
-ttle Funct ional Simulator",  Volume 111, Revis ion B, JSC 
I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 111), November 1973. 

Development Schedule: Operat ional 



Category Name: Propuls ion Systems (Reaction Contro l  system) 

Model Name: RCS12 Simulat ion Name: SSFS 

Contact Person: J i m  E. Vinson a: Lockheed N: (713)333-4875 

"sc r i p t i on  of Model : RCS12 can model up t o  th ree  d i f f e r e n t  s i z e  a t t i t u d e  
con t ro l  p ropu ls ion  system engines and i s  the  same as R C S l l  except f o r  data 
changes t o  make the  nose j e t s  ( f i r s t  16) v e r n i e r  j e t s  o f  25 pounds o f  t h rus t .  

Major Inputs:  P o s i t i o n  vec tor  o f  the v e h i c l e ' s  center  o f  mass i n  the v e h i c l e  
body frame, p o s i t i o n  vec to r  o f  t h e  v e h i c l e  body frame i n  the f a b r i c a t i o n  frame, 
fab r i ca t i on  t o  veh i c le  body fo rce  a t t i t u d e  mat r ix ,  p o s i t i o n  o f  each j e t  i n  t h e  
f a b r i c a t i o n  frame, f o r c e  vec tor  o f  each j e t  i n  the veh ic le  body frame, on and 
off  delays, mass f l w  and mass l o s t  f o r  each s i z e  j e t  f i r i n g ,  and the  number 
of engines t o  be used. 

Major Outputs: The d i r e c t i o n  i n  which each j e t ' s  fo rce  i s  al ined, 
tne  number of times each engine has been f i r e d ,  the t o t a l  on-time f o r  each 
engine, the f u e l  used by each engine, the t o t a l  f u e l  used by a l l  t h e  j e t s ,  
the force vec to r  f o r  each j e t  and t h e  torque vec to r  f o r  each j e t  engine. 

Source Documentation: Engineering Systems Branch, Computation and Analysis 
D iv is ion ,  "Space S h u t t l e  Funct ional  Simulator", Volume 111, Revis ion B, JSC 
I n t e r n a l  Note 72-FD-0110, (MSC-06726, Volume 111) , November 1973. 

Development Schedule: Operat ional 



Category Name: Propuls ion Systems (React ion Contro l  System) 

Model Name: RCS13 Simulat ion Name: SSFS 

Contact Person: J i m  E. Vinson m: Lockheed m: (71 3)333-4875 

r ' esc r i p t i on  of Model : The RCS13 subrout ine  i s  i d e n t i c a l  t o  RCSll w i t h  the 
except ion o f  data. Data f o r  the  a t t i t u d e  c o n t r o l  p ropu ls ion  system engine 
l o c a t i o n  and t h r u s t  d i r e c t i o n  are s t o r e d  i n  the  subrout ine and were taken f rom 
the  Space S h u t t l e  Guidance and Contro l  Book, SD73-SH-0097A, Ju l y  13, 1973, 
produced by Space D iv is ion .  Rockwell I n t e r n a t i o n a l ,  which represents t h e  
J u l y  73 c o n f i g u r a t i o n  f o r  the  RI0147B o r b i t e r  vehic le.  Fuel consumption data 
were obta ined from JSC personnel. The data  f o r  on delay and f u e l  loss f o r  the  
900 pound t h r u s t  engines are used t o  approximate the t h r u s t  bu i l dup  and i nc lude  
a 0.013 pound d r i b b l e  penal ty .  Fuel f l ow  ra tes  are  based on s p e c i f i c  impulse 
times o f  260 seconds f o r  the  900 pound th rus te rs  and 240 f o r  the v e r n i e r  j e t s .  

Ma'or I n  u ts :  P o s i t i o n  vec to r  o f  the  v e h i c l e ' s  center  o f  mass i n  the v e h i c l e  Ed-+- o y rame, p o s i t i o n  vec to r  o f  the  v e h i c l e  body frame i n  the  f a b r i c a t i o n  frame, 
f a b r i c a t i o n  t o  v e h i c l e  body f o r c e  a t t i t u d e  mat r ix ,  p o s i t i o n  o f  each j e t  i n  t h e  
f a b r i c a t i o n  frame, f o r c e  v e c t o r  o f  each j e t  i n  the veh ic le  body frame, on and 
o f f  delays, mass f low and mass l o s t  f o r  each s i z e  j e t  f i r i n g ,  and t h e  number 
o f  engines t o  be used. 

Ma'or Out u t s :  The fo rce  along which the f o r c e  f o r  each j e t  i s  d i rected,  -k#!- t e nu e r  o f  times each engine has been f i r e d ,  t h e  t o t a l  on-time f o r  each 
engine, the f u e l  used by each engine, the t o t a l  f u e l  used by a l l  the  j e t s ,  
the  f o r c e  vec to r  f o r  each j e t  and the  torque vec to r  f o r  each j e t  engine. 

Source Documentation: Engineer ing Systems Branch, Computation and Analys is  
D iv i s ion ,  "Space S h u t t l e  Funct ional  Simulator",  Volume 111, Revision B ,  JSC 
I n t e r n a l  Note 72-FD-010, (KC-06726, Volume 111), November 1973. 

Development Schedule: Operat ional 



Category Name: Propu ls ion System (React ion Cont ro l  System) 

Model Name: RCS15 S imu la t ion  Name: SSFS 

Contact  Person: J. E. Vinson m: Lockheed Te1: (713)333-4875 - 
% s c r i p t i o n  o f  Model : The RCS15 subrou t ine  prov ides a dynamic model o f  up 
t o  30 a t t i t u d e  c o n t r o l  p r o p u l s i o n  system b i p r o p e l l a n t  engines o f  a s i n g l e  
constant  t h r u s t  magnitude, compris ing a t t i  t ude -con t ro l  j e t s  arranged i n  s i x  
posi  t ions-and d i rec t ion-dependent  c lusters, .  and t r a n s l a t i o n a l  j e t s .  A1 1 
j e t s  have t h e  same on-delay, o f f - d e l a y ,  minimum impulse time, and f u e l  l o s s  
pe r  f i r i n g .  Mass f l o w  i s  a f u n c t i o n  o f  s p e c i f i c  impulse which i n  t u r n  i s  a 
f u n c t i o n  o f  j e t  on-time. I n d i v i d u a l  fo rces  a r e  computed f o r  each engine, 
then summed. The t o t a l  RCS to rque  i s  computed us ing  aerodynamic i n t e r a c t i o n  
and coup l ing  f a c t o r s .  RCS15 i s  in tended f o r  use i n  t h e  E n t r y  phase w i t h  the  
R I  140C O r b i t e r  veh ic le .  RCS15 i s  adapted from RCS13. 

Major Inpu ts :  Angle o f  a t tack ,  dynamic pressure, Mach number, p o s i t i o n  
vec to r  o f  v e h i c l e ' s  cen te r  o f  mass i n  v e h i c l e  body frame, p o s i t i o n  vec to r  o f  
t h e  v e h i c l e  body frame o r i g i n  i n  the  f a b r i c a t i o n  frame, and f a b r i c a t i o n  t o  
v e h i c l e  body frame a t t i t u d e  m a t r i x .  

Major Out u t s :  Mass l o s s  p e r  j e t  f i r i n g ,  maximim number o f  j e t s  i n  any o f  & t e s i x  a t t i t u d e  c o n t r o l  groups, number o f  j e t s ,  j e t  t h r u s t  magnitude, a r r a y  
o f  f o r c e  vectors  f o r  t h e  a t t i t u d e  c o n t r o l  p ropu ls ion  system engines i n  v e h i c l e  
body frame, RCS engine on and o f f  de lay  t imes,  standard to rque  moment per  
j e t ,  i n  r o l l ,  p i t c h ,  and yaw components, and RCS engine minimum impulse time. 

Source Documentation: K. M. P a r r i s ,  "SSFS Model Documentation Ser ies  - R C S l S " ,  
Lockheed E l e c t r o n i c s  Company Technical  Report No. LEC3322, A p r i l  1974. 

Development Schedule: Operat iona l  

Rev is ion 1 
31 May 1974 



Category Name: P ropu ls ion  System (React ion Cont ro l  System) 

Model Name: RCS16 S imu la t ion  Name: SSFS 

Contact  Person: J. E. Vinson w: Lockheed - Te1: (713)333-4875 

P e s c r i p t i o n  o f  Model : The RCS16 subrou t ine  prov ides a  dynamic model o f  up 
t o  30 a t t i t u d e  c o n t r o l  p ropu ls ion  system b i p r o p e l l a n t  engines o f  a  s i n g l e  
constant  t h r u s t  magnitude, compr is ing a t t i t u d e - c o n t r o l  j e t s  arranged i n  s i x  
pos i t i on -and  d i rec t ion-dependent  c l u s t e r s ,  and t r a n s l a t i o n a l  j e t s .  A1 1  j e t s  
have the  same on-delay, o f f -de lay ,  minimum impulse t ime, and f u e l  l o s s  pe r  f i r i n g .  
Mass f l o w  i s  a  f u n c t i o n  o f  s p e c i f i c  impulse which i n  t u r n  i s  a  f u n c t i o n  o f  
j e t  on-t ime. I n d i v i d u a l  f o r c e s  a re  computed f o r  each engine us ing t r a n s l a t i o n a l  
a m p l i f i c a t i o n  f a c t o r s  f o r  -2 t r a n s l a t i o n  on ly ,  then summed over a1 1  engines. 
The t o t a l  RCS to rque  i s  computed us ing  aerodynamic i n t e r a c t i o n  and c o u p l i n g  
f a c t o r s .  RCS16 i s  in tended f o r  use i n  t h e  a b o r t  phase w i t h  t h e  R I  140C 
O r b i t e r  veh ic le .  RCS16 i s  adapted f rom RCS15. 

Major  I n  u ts :  Angle o f  a t tack ,  p o s i t i o n  vec to r  o f  v e h i c l e ' s  cen te r  o f  mass 
-T- i n  ve i c l e  body frame, p o s i t i o n  v e c t o r  o f  t h e  v e h i c l e  body frame o r i g i n  i n  
t h e  f a b r i c a t i o n  frame, and f a b r i c a t i o n  t o  v e h i c l e  body frame a t t i t u d e  m a t r i x .  

Ma'or Out u t s  Time o f  j e t  ac t i on ,  a  l i s t i n g  and t o t a l  number o f  t h e  j e t s  
c u r r e n t  y on the  number o f  t imes t h e  commanded j e t  has been f i r e d ,  t o t a l  on- * 
time f o r  t h e  commanded j e t ,  f u e l  used by t h i s  j e t ,  t o t a l  f u e l  used by t h i s  j e t ,  
t o t a l  f u e l  used by a l l  j e t s ,  f o r c e  v e c t o r  f o r  t h i s  j e t ,  and t h e  t o t a l  to rque 
vec to r  f o r  a l l  j e t s .  

Source Documentation: K. M. P a r r i s ,  "SSFS Model Docmenta t ion  Ser ies  - RCS16", 
Lockheed E l e c t r o n i c s  Company Technical  Report No. LEC3500, May 1974. 

Development Schedule: Operat iona l  

Rev is ion 1  
31 Hay 1974 



Category Name: Propulsion Systems (Reaction Control System) 

Model Name: RCSENG Simulation Name: SVDS 

Contact Person: Ernest M. Fridge m: JSC - Tel : (713)483-3532 

kcscription of Model: Subroutine RCSENG i s  the RCS thrust  model routine. I t  
ccinputes the t h rus t  of up to  35 user specified RCS j e t s  for  each vehicle by 
using an "equivalent square wave" f o r  simulating the on and off delays due 
to  the hardware and e lec t r ica l  system. For any integration interval in which 
thrust  i s  acting, this square wave i s  averaged t o  produce a constant th rus t  
over the en t i r e  interval with the t o t a l  impulse remaining unchanged. Capability 
i s  also provided, Ulrough a j e t  s t a tu s  table ,  fo r  manual on-off control of 
the je t s  or for  simulating j e t  fa i lu res  when a control system i s  a lso being 
simulated. Subroutine RCSENG i s  executed only under the following conditions. 

Program in i t i a l i za t ion ,  o r  
The f i r s t  Runge-Kutta equation s e t  fo r  rotation i s  t o  be evaluated . 
and 

1) Open loop control is being simulated, o r  
2) A control system model is being simulated, or 
3) A control system model and j e t  fai lures '  are being simulated. 

Major Inputs: RCS j e t  m i n i m u m  e l ec t r i ca l  on time once the e lec t r ica l  on signal 
has been activated ( sec ) ,  time delay in turning off each RCS j e t  a f t e r  the 
e lec t r ica l  off  signal has been issued, time delay for  each j e t  on-time, to ta l  
th rus t  force from a1 1 j e t s ,  j e t  s t a tu s  such as fa i led or operational, number 
of RCS je t s  being simulated, direction cosines of thrust vector of the RCS 
j e t ,  location of each j e t ,  th rus t  magnitude of each RCS j e t ,  and tota l  moment 
about vehicle center of gravity in  body coordinates ( f t - l b ) :  

Major Outputs: Total th rus t  force from a l l  j e t s ,  to ta l  moments about vehicle 
center of gravity in vehicle coordinates. 

Source Documentation: S o f b a r e  Development Branch, Mission Planning and 
Analysis Division, "Space Vehicle Dynamics Simulation (SVOS) Program Subroutine 
~ i b r a r y " ,  Volume V ,  subroutines Q through S, JSC ~ n t e r n a l  Note 73-FM-110, 
(JSC 08065), July 20, 1973. 

Development Schedule: Operational 



Category Name: Propuls ion Systems ( S o l i d  Rocket Booster) 

Model Name: S o l i d  Rocket Motor Subsystem S imula t ion  Name: SMS 

Contact Person: C, C, o lasky k¶: JSC Tel : (71 3)483-2481 - 
Q e s c r i p t i o n  of Model : The S o l i d  Rocket Motor Subsystem w i l l  be s imulated by 
use o f  performance data tab les .  The data t h a t  must be matched most c lose l y  
i s  from t h e  re ference t r a j e c t o r y  data. The method r e q u i r i n g  the  l e a s t  amount 
o f  computer t ime w i t h  a  h igh accuracy i s  a  t a b l e  look-up and i n t e r p o l a t i o n  
between p o i n t s  o f  t h e  t a b l e  f o r  imnediate t ime values. The suggested t a b l e  
w i l l  be composed o f  t h rus t ,  mass, mass pos i t i on ,  and moment o f  i n e r t i a  data 
s to red  a t  f i x e d  t ime i n t e r v a l s .  The t ime r e l a t e d  parameters w i l l  be based on 
t ime f rom S o l i d  Rocket Motor i g n i t i o n .  

Major Inputs:, 

Major Outputs: 

Source Documentation: Singer  Company, S imula t ion  Products D iv i s ion ,  "Shu t t l e  
k i s s i o n  S imula tor  Base l ine  D e f i n i t i o n  Report", Volume 11, December 21, 1973. 

Development Schedule: 



Category Name : Propulsion Systems (SRB/ME) 

Flodel Name: T H R ~  Simulation Name: SSFS 

Contact Person: Jim E. Vinson : Lockheed N: (713)333-4875 

"scription of Model : This f l ex ib le  body program defines the th rus t  model fo r  
the f lex ib le  launch configuration during f i r s t  s tage boost. The th rus t  forces 
and moments account fo r  bending e f fec t s  as well as the tail-wags-dog contri-  
bution. The engine forces which are calculated consist  of the t h rus t  with 
respect to r ig id  body, forces with respect t o  engine mounting plus reaction 
forces, and the bending deflections.  The individual moments in the  X, Y ,  Z 
body coordinates f o r  each engine is computed and tota led.  

Major Inputs: Ambient atmospheric pressure, t h r o t t l e  s e t t i ng ,  and engine 
gimbal angles. 

Major Outputs: Forces and moments due t o  th rus t  from a l l  engines i n  body 
coordinates. 

Source Documentation: Engineering System Branch, Computation and Analysis 
Division, "Space Shut t le  Functional Simulator", Volume 111, Revision B ,  
JSC Internal Note 72-FD-010, (MSC-06726, Volume I11 ) , November 1973. 

Development Schedule: Operational 
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5.3 Vehicle Dynamics 

Th is  sec t i on  contains d e s c r i p t i v e  informa t i o n  about models o f  t h e  veh ic le  
dynamics . 



Category Name: Vehic le Dynamics (Decelerat ion Forces and Moments/Landing Forces 
and Moments) 

Model Name: Landing and Decelerat ion System S imula t ion  Name: SDL 

Contact Person: C. A. Chao 9: TRW N: (713)333-3133 

Desc r ip t i on  of Model : The Landing and Decelerat ion Sys tem Model character izes 
the  dynamic ef fects of the system upon the  o r b i t e r  du r ing  a l and ing  and r o l l o u t  
phase. The pr imary f u n c t i o n  o f  t h i s  model i s  t o  determine the  fo rces  and 
moments induced on the  v e h i c l e  due t o  any o f  the gears i n  contac t  w i t h  the  
runway sur face and t o  evaluate the  aerodynamic e f f e c t s  due t o  land ing  gear 
deployment as w e l l  as drag chute deployment. Upon contac t ing  the  runway surface, 
t h e  gear s t r u t / t i r e  d e f l e c t i o n  and d e f l e c t i o n  r a t e  are determined i n  o rder  t o  
compute the  fo rces  induced i n  the s t r u t / t i r e  system. For  t h i s  purpose, t a b l e  
lookups f o r  a crown model o f  a s t r a i g h t  runway, the  non l inear  s p r i n g  fo rce ,  and 
the  non l inear  p o r t i o n  o f  damping are  used. The gear v e l o c i t y  i s  then determined 
f o r  each gear i n  con tac t  w i t h  the  runway, which i n  t u r n  i s  used t o  determine 
the wheel r o l l i n g  f r i c t i o n  c o e f f i c i e n t  and the v e l o c i t y  d i r e c t i o n  w i t h  respect  
t o  the corresponding wheel p lan.  The nosewheel s t e e r i n g  i s  evaluated and i t s  
ac tua to r  i s  modeled as a f i r s t  order  l a g  w i t h  a r a t e  l i m i t .  The main gear 
brake fo rces  are  computed a long w i t h  the s ide -sk id  f r i c t i o n  c o e f f i c i e n t s ,  the  
r o l l i n g  f r i c t i o n ,  s ide -sk id  f r i c t i o n ,  brake force,  and the  normal r e a c t i o n  from 
the  runway are p rope r l y  combined and transformed, f o r  each gear i n  con tac t  w i t h  
t h e  runway, t o  the body frame as the l and ing  fo rces  induced on the  v e h i c l e  through 
t h a t  p a r t i c u l a r  gear. The aerodynamic e f f e c t s  a re  evaluated t o  i nc lude  land ing  
gear deployment and drag chute deployment. A s e t  o f  l i n e a r l y  i nc reas ing  aerodynamic 
c o e f f i c i e n t s  i s  computed when t h e  gears o r  the  chutes a r e  be ing  deployed. These 
c o e f f i c i e n t s  reach and s tay  a t  t h e i r  nominal value when f u l l  deployment i s  a t ta ined.  
For the  gears, only  the l o n g i t u d i n a l  aerodynamic c o e f f i c i e n t s  are computed. 

Major Inputs:  Vehic le wing span, curves f o r  incremental aerodynamic c o e f f i c i e n t s  
due t o  drag chute deployment, 1  anding gear-down, non l i nea r  damping c o e f f i c i e n t s  
f o r  each gear s t r u t / t i r e ,  s i m u l a t i o n  time, and veh ic le  center  o f  g r a v i t y  v e l o c i t y  
vector .  

Ma'or Out u t s :  Brake fo rce  app l i ed  on each gear, t o t a l  force a c t i n g  on the veh ic le  h'LT%- ue t o  an i n g  gear contac t  w i t h  runway, t o t a l  moment a c t i n g  on each gear and a l l  
the gears, land ing  gear heading angle and landing gear s k i d  angle. 

Source Documentation: C. A. Chao, "Landing and Decelerat ion System Model", 
Systems Dynamics Department, TRW Systems Group, Working Paper f o r  t h e  SDL. 

Development Schedule: Formulat ion 3/1/74. 



Category Name: Vehic le Dynamics (Decelerat ion Forces and ~omen ts )  

Plodel Name: Drag Chute Subsystem Simulat ion Vame: SMS 

Contact Person: C. C. 01 asky m: JSC E: (71 3)483- 2481 

Qescr ip t ion  o f  Model : The drag chute w i l l  r e q u i r e  a minimum l o g i c a l  s imu la t i on  
approach. Chute deployment 1 ogi c w i  11 be computed from e l e c t r i c a l  power 
ava i lab le ,  c i r c u i t  breaker, and swi tch  s ta te .  Fol l w i n g  deployment, the  chute 
drag f o r c e  w i l l  be generated based on v e h i c l e  a i rspeed and the  d is tance o f  the  
chute c e n t e r l i n e  above the ground. The l o g i c  o f  chute re lease w i l l  be nea r l y  
i d e n t i c a l  t o  the chute deployment equation. Parameters used f o r  d i sp lay  o r  as 
inputs  t o  the  Caution and Warning o r  Telemetry programs w i l l  be s i g n a l  condi- 
t i oned  w i t h  sensor pcwer booleans from the  E l e c t r i c a l  Power Subsystem. The 
malfurictions f o r  the  drag chute s imu la t i on  are  to be designed i n t o  the s imu la t i on  
f o r  minimum computer impact. 

Major Inputs  : 

Major Outputs : 

Source Documentation: Singer Company, Simulat ion Products D iv is ion ,  "Shu t t l e  
Miss ion  S imula tor  Basel ine D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Vehicle Dynamics (Landing Forces and ~oments )  

Model Name: Landing Gear Simulat ion Name: OAS 

Contact Person: G. F. Prude a: JSC - Tel : (713)483- 5104 

?escr ip t ion  o f  Model: The Landing Gear Math Model contains equations t o  simulate 
landing gear forces and moments wh i le  the a i r c r a f t  i s  on the ground. Forces are 
modeled as second-order spr ing  dampers, and l ong i t ud ina l  and l a t e r a l  f r i c t i o n  
forces. Moments are based on overa l l  vehic le  ground dynamics, inc lud ing  s t r u t  
react ions and nose gear def lect ions.  No attempt i s  made t o  simulate s t r e e t  
geometry - the t o t a l  a i r c r a f t  frequency and damping r a t i o  i s  ca lcu lated as a 
second-order system, except when t h i s  in te r faces  w i t h  veh ic le  geometry ( f o r  
example, when the t a i l  s t r i k e s  the ground a f t e r  a p i t c h  ro ta t i on ) .  

Ma'or I n  uts:  Nominal weight; nominal mass; X, Y ,  and Z axis moments o f  i n e r t i a ;  
w-ose gear def lect ion;  center o f  g r a v i t y  a t  0 degree p i t ch ;  p i t c h  
angle f o r  t a i l  drag; p i t c h  angle w i t h  brakes on; p i t c h  angle f o r  steady s ta te ;  and 
p i t c h  angle f o r  nose gear contact. 

Ma 'or Out u t s  Pi tch,  r o l l ,  and yaw moments: t u rn ing  forces and moments ; landing 
forces. 

Source Documentation: Singer-General Precision, Inc., L ink  Div is ion,  "Space 
S h u t t l e  Procedures tva lua tor " ,  Working Papers. 

Development Schedule: Operational 



Category Name: Vehic le Dynamics (Landing Forces and Momen t s  ) 

l lodel Name : Landing Gear Subsys tem Simulat ion Name: SMS 

Contact Person: C, C. Olasky m: JSC 

% s c r i p t i o n  o f  Model: The s imu la t i on  o f  the Landing Gear Subsystem can be 
d i v ided  i n t o  the  f o u r  r e l a t e d  groups o f  equations: gear deployment and 
r e t r a c t i o n  equations, landing fo rce  equations, s t e e r i n g  fo rce  equations, and 
brak ing  and a n t i - s k i d  equations. 

The equat ions f o r  gear deployment and r e t r a c t i o n  w i l l  consider e l e c t r i c a l  
power through switches and c i r c u i t  breakers t o  the h y d r a u l i c  servo valves 
used t o  unlrock/l ock, open/cl ose wheel we1 1 doors, and ra ise / lower  the 1 anding 
gear. Time sequent ia l  delays w i l l  be incorpora ted  i n t o  the equations t o  
s imu la te  the h y d r a u l i c  power fac to r .  A l oad  parameter w i  11 be generated 
f o r  the  Hydrau l i c  Power Subsystem. Gear-up and gear-down parameters w i l l  be 
generated f o r  use by o the r  landing gear equations, and f o r  d i sp lay  i n  the  
crew s t a t i o n .  Drag fo rce  cues f o r  gear and doors w i l l  be ca l cu la ted  f o r  use 
by the Aerodynamic Forces Subsystem. 

The l and ing  f o r c e  equations w i l l  take i n t o  account the equations o f  motion data 
f o r  groundspeed r a t e  o f  descent, p o s i t i o n  above the runway surface, and v e h i c l e  
a t t i t u d e  t o  c a l c u l a t e  the  forces a t  each gear. Audio cues w i l l  be generated 
f o r  touchdown o f  each gear. The o leo  pressure and shock absorber d e f l e c t i o n  
o f  each gear w i l l  be taken i n t o  account dur ing  l and ing  and r o l l o u t  so t h a t  the 
r e s u l t a n t  p o s i t i o n  o f  the  veh ic le  above the  runway i s  r e a l i s t i c .  

S teer ing  forces f o r  d e f l e c t i o n  o f  the v e h i c l e  from nose wheel a t t i t u d e  w i l l  be 
calculated.  The p o s i t i o n  o f  the nose wheel w i l l  be ca l cu la ted  based on inputs  
from the crew s t a t i o n  and the h y d r a u l i c  power f a c t o r  t ime response. Cues w i l l  
be generated f o r  audio i n d i c a t i o n  o f  nose wheel s t e e r i n g  movement i n c l u d i n g  
nose wheel shimny. Hydrau l ic  f l u i d  usage load w i l l  be generated f o r  the Hydrau l ic  
Power System. 

The Braking and Ant i -Sk id  equations w i l l  generate the h o r i z o n t a l  b rak ing  f o r c e  
app l ied  t o  each gear wheel se t .  A n t i - s k i d  system brak ing  forces w i l l  be 
generated us ing  s imulated wheel revo lu t i ons  per  minute and t h e  ground speed 
o f  the  veh ic le .  Cues w i l l  be generated f o r  the audio devices i n d i c a t i n g  
brak ing  o f  t h e '  carbon-on-carbon sur faces.  

Off-nominal land ing  e f fec ts  from water, i ce ,  d e f e c t i v e  systems, etc., w i l l  a l l  be 
i n s t r u c t o r  c o n t r o l  l e d  inputs  as ma1 funct ions.  

The equations w i l l  be repeated f o r  each land ing  gear u n i t  e i t h e r  by programmed 
loops o r  by r e p e t i t i v e  equations, whichever requ i res  the l e a s t  amount o f  com- 
pu te r  t ime and core. Required malfunctions f o r  the land ing  gear a r e  t o  be 
designed i n t o  the s imu la t i on  f o r  minimum computer impact. 

Major: 

Major Outputs : 

Source Documentation: Singer Company, Simulat ion Products D iv is ion ,  "Shu t t l e  
Miss ion S imula tor  Basel ine D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule-: 



Category Name: Vehicle Dynamics (orb i te r  Aerodynamic Forces and Moments) 

Model Name: Aerodynamics Simulation Name: OAS 

Contact Person: G.  F. Prude m: JSC w: (713)483-5104 

?escription of Model : The Aerodynamics (AERO) Math Model calculates the 
aerodynamics forces ( l i f t ,  drag, and s ide  force) and moments ( r o l l ,  pitch, and 
yaw) t h a t  ac t  upon the Shut t le  during f l i g h t .  I t  a lso includes the forces and 
moments generated by the landing gear when the Shut t le  i s  on the grouild. These 
aerodynamic forces and moments are  referenced t o  the S t ab i l i t y  o r  Velocity- 
Oriented axes of the Shuttle.  The result ing forces and moments are transformed 
t o  the  Fixed Body axis f o r  use by the equations of motiorl. The aerodynamic 
forces a r e  calculated by use of aerodynamic coefficients.  Whenever feasible ,  
these coeff ic ients  a r e  based on 1 inear variations caused by vehicle a t t i tude ,  
Mach number, control deflections,  and rotational veloci t ies .  In other cases 
these coeff ic ients  are based on interpolated values from the .source data. This 
system enables the math model t o  be used t o  simulate a wide variety of vehicles 
by changing the aerodynamic constants and coefficients.  The design assumptions 
are  (1)  only one vehicle m be simulated during one r u n ,  ( 2 )  the a l t i t ude  i s  
limited t o  150,000 f ee t ,  (3  "4; the f laps ,  speedbrake, and landing gear are not 
extended a t  supersonic speeds, (4)  a r ig id  vehicle is  assumed, except for  control 
surface deflections,  (5) t r i cyc le  landing gear w i t h  d i f fe ren t ia l  braking and 
nose wheel s teer ing interconnected with the rudder are  used and (5)  the  elevators,  
rudder, a i lerons,  f laps ,  and speedbrake control surfaces are used. 

Ma'or I n  uts:  Wind direct ion,  wind shear prof i le  table ,  wind speed, i ne r t i a l  t o  --d?- geograp i c transformation matrix, reference a t t i tude .  

Major O u t p u t s :  Angle of attack,  s ides l ip  angle, ro l l  helix angle, pitch he1 ix 
angle, yaw hel ix  angle, l i f t  coefficient,  drag coefficient,  s ide  force coeff ic ient ,  
r o l l  moment coeff ic ient ,  pitch moment coeff ic ient ,  yaw moment coeff ic ient ,  
aerodynamic l i f t ,  drag, s ide,  and aerodynamic body forces; r o l l ,  p i tch,  yaw, and 
aerodynamic body moments. 

Source Documentation: Singer-General Precision, Inc., L i n k  Division, "Space 
Shut t le  Procedures Evaluator", working papers. 

Development Schedule: Operational 



Category Name: Vehic le Dynamics ( O r b i t e r  Aerodynamic Forces and Moments) 

Model Name: Aerodynamics Simulat ion Name: SDL 

Contact Person: O l i v e r  Hi1 1  m: JSC 

*s c r i p t i  on of Model : The six-degree-of-freedom aerodynamic model i s  based on 
the 1478 o r b i t e r  con f i gu ra t i on  and w i l l  be updated t o  accommodate a l l  c o n f i g u r a t i o n  
changes. The model w i l l  accomnodate :changes i n  t h e  center  o f  g r a v i t y  i n  t h e  X-  
and Z-body d i r e c t i o n ,  body f l ap  modulation, and speed brake modulation. Per turba-  
t i  on i n  t h e  aerodynamic data r e s u l t i n g  from ground e f fec ts ,  1  anding gear, aeroel a s t i  c 
e f f e c t s ,  a i r  b rea th ing  propu ls ion  system, on o r b i t  maneuvering system pods, and 
the base pod have been included. A viscous i n t e r a c t i o n  model i s  a lso  ava i l ab le .  
A  l i n e a r  i n t e r p o l a t i o n  scheme i s  used t o  e x t r a c t  the aerodynamic data from tables.  

Ma'or I n  u t s :  Old and new center  o f  g r a v i t y ,  mean aerodynamic chord, Mach number, 
*ack, speed brake d e f l e c t i o n  per  schedule, speed brake d e f l e c t i o n ,  
body f l a p  de f l ec t i on ,  h e i g h t  o f  wing t r a i l i n g  edge above ground. 

Major Outputs : Rudder de r i va t i ves ,  aerodynamic moment c o e f f i c i e n t s ,  a i l e r o n  r o l l  
de r i va t i ves ,  r o l l  and yaw r a t e  de r i va t i ves ,  s i d e  s l i p  der iva t ives ,  l o n g i t u d i n a l  
dynamic de r i va t i ves ,  r a t e  d e r i v a t i v e  t r a n s f e r  equations, aerodynamic forces, s i d e  
f o r c e  c o e f f i c i e n t ,  and c o e f f i c i e n t s  o f  l i f t ,  drag and p i t c h  roment. 

Source Documentation: O l i v e r  H i l l ,  "A S h u t t l e  O r b i t e r  Aerodynamic Model i n  
S i x  Degrees o f  Freedom", F l i g h t  Performance Branch, Mission Planning and 
Analysis D iv is ion ,  JSC I n t e r n a l  Note 73-FM-172, (JSC-08672), 11 December 1973. 

Development Schedule: Requirements 11/02/73, Formulation 12/11/73 



Category Name: Vehic le Dynamics ( O r b i t e r  Aerodynamic Forces and Moments) 

Model Name: Aerodynamics - S h u t t l e  S imula t ion  Name: SMS 

Contact Person: C. C. Olasky u: JSC m: (713)483- 248 

Pesc r ip t i on  o f  Model: The s imulated s h u t t l e  v e h i c l e  aerodynamics provides forces 
and moments due t o  v e h i c l e  motion through t h e  atmosphere t o  the  s h u t t l e  veh i c le  
equat ions o f  motion. Vehic le p o s i t i o n  and v e l o c i t y  w i l l  be used t o  ca l cu la te  
v e l o c i t y  w i t h  respect  t o  r o t a t i n g  atmosphere. Wind and rough a i r  e f f e c t s  are 
then i nc luded  t o  ob ta in  v e l o c i t y  w i t h  respect  t o  the  moving atmosphere. A pre- 
s t o r e d  w ind  p r o f i l e  w i l l  be u t i l i z e d ,  w i t h  i n s t r u c t o r  ove r r i de  c a p a b i l i t y .  
During s p a c e f l i g h t  missions, p rov i s ion  w i l l  be made f o r  d i f f e r i n g  wind p r o f i l e s  
f o r  boos t  and ent ry .  Dur ing boost, o r b i t ,  and h i g h - a l t i t u d e  phases of entry ,  
nominal p r o f i l e s  o f  atmaspheric densi ty ,  temperature, and pressure versus a1 t i t u d e  
w i l l  be used. Dur ing l w - a l t i t u d e  phases o f  en t ry ,  and dur ing  f e r r y  f l i g h t s ,  
i n s t r u c t o r  c o n t r o l  over atmospheric con'dit ions w i l l  be prov ided through v a r i a b l e  
s e t t i n g s  o f  sea l e v e l  temperature and baromet r ic  pressure. I n  t h i s  regime, 
s i m u l a t i o n  o f  atmospheric p rope r t i es  w i l l  be based on pressure-a l t i tude.  During 
reent ry ,  d e l t a - e f f e c t s  due t o  i n s t r u c t o r  s e t t i n g s  w i l l  be gradua l ly  inc luded below 
a s p e c i f i c  a l t i t u d e ,  u n t i l  they are f u l l y  e f f e c t i v e  a t  a l w e r  a l t i t u d e ,  i n  order  
t o  p rov ide  smooth t r a n s i t i o n .  Separate ca l cu la t i ons  o f  aerodynamic forces and 
moments are prov ided f o r  each o f  the th ree  p r i n c i p a l  con f i gu ra t i ons  present  dur ing  
space missions. O r b i t e r  alone ca l cu la t i ons  w i l l  be capable o f  s imu la t i ng  bo th  
the  space miss ion  and f e r r y  miss ion con f i gu ra t i on  aerodynamic p rope r t i es .  Aero- 
dynamic fo rces  and moments w i l l  be computed i n  the body-coordinate system f o r  both 
boost  con f i gu ra t i ons  and i n  s t a b i l i t y  axes dur ing  o r b i  te r -a lone conf igura t ion .  
S t a b i l i t y  ax i s  fo rces  and moments w i l l  be transformed t o  the body-coordinate system 
before  e x i t i n g  t h e  program. Aerodynamic c o e f f i c i e n t s  w i l l  be s imulated us ing  
combinations of funct ions o f  one, two, and/or t h ree  var iab les ,  constants, and 
mathematical expressions. The e f f e c t s  o f  v e h i c l e  e l a s t i c i t y  on veh ic le  aero- 
dynamics w i l l  be s imu la ted  i n  the  convent ional manner by i n t roduc ing  ae roe las t i c  
co r rec t i ons  i n t o  t h e  aerodynamic equat ions. The general approach w i l l  be t o  
generate aerodynamic c h a r a c t e r i s t i c s  o f  a "c lean" a i r c r a f t  i n  c r u i s e  s ta tus .  
Incremental ef fects o f  aerosurfaces, ground o r  t a r g e t  v e h i c l e  p rox imi ty ,  etc.  
w i l l  then be combined w i t h  the  above t o  o b t a i n  a1 1-cond i t ion  performance simula- 
t i o n .  Prime aerodynamic parameters w i l l  be s imu la ted  t o  extended values o f  angle- 
o f -a t tack  and s i d e s l i p  t o  afford reasonable s t a l l i n g  c h a r a c t e r i s t i c s .  During 
o r b i t a l  phases, ef fects upon aerodynamic forces o f  aerosurface de f l ec t i ons  w i  11 
n o t  be s imulated.  

Major Inputs:  

Major Outputs : 

Source Documentation: Singer  Company, S imula t ion  Products D iv i s ion ,  "Shu t t l e  
Miss ion  S imu la to r  Base1 i n e  D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



I Category Name: Vehic le Dynamics ( O r b i t e r  Aerodynamic Forces and Moments) 

Nodel Name: AERO11 Simulat ion Name: SSFS 

Contact Person: J. E, Vinson &: Lockheed m: (71 3)333-4875 

nesc r ip t i on  of Model : This i s  the  aerodynamic model fo r  the  launch con f i gu ra t i on  
dur ing  f i r s t  s tage boost. I t  uses a  general ized module approach t o  bending which 
represents the  e l a s t i c  response by standard normal modal equations w i t h  viscous 
damping. The model, sums a l l  t h e  forces a c t i n g  on each o f  the equ iva len t  mass 
po in t s .  The number o f  mass p o i n t s  a t  which aero forces are ca lcu la ted  w i l l  be 
less  than 50. The nunber o f  modes a t  these po in t s  w i l l  be less than 10 each. 

Major Inputs:  

Major Out u t s :  L a t i t u d e  and l ong i tude  o f  veh i c le  pos i t i on ,  c o n t r i b u t i o n  t o  
T--+ ve o c i t y  ue t o  wind speed and d i r e c t i o n ,  f l i g h t - p a t h  angle, Mach number, 
dynamic pressure, angle o f  a t tack ,  angle o f  a t tack ,  sum o f  f l e x i b l e  body 
veh ic le  forces and moments due t o  t h e  a i r  and c o n t r o l  sur face de f l ec t i ons .  

Source Documentation: Engineering System Branch, Computation and Analysis 
D iv is ion ,  "Space S h u t t l e  Funct ional  Simulator" ,  Volume I 11, Revis ion B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-08065, Volume 1111, 
November 1973. 

1 Development Schedule: Operat ional 



Category Name: Vehicle Dynamics ( O r b i t e r  Aerodynamic Forces and Moments) 

Model Name: ~ ~ ~ 0 1 6  S imula t ion  Name: SSFS 

Contact Person: J. E. Vinson !&: Lockheed 

F e s c r i ~ t i o n  of Model: This model computes the aerodynamic f o r c e  and torque 
a c t i n g  upon the  veh ic le ,  i n  veh i c le  coordinates. I t  i s  assumed t h a t  t h e  v e h i c l e  
i s  t h e  NR000089B Orb i te r .  The aerodynamic f o r c e  i n  t h e  w ind  coordinate system 
i s  computed and then transformed to  the  v e h i c l e  coordinate system. The torque 
i s  computed d i r e c t l y  i n  t h e  v e h i c l e  coordinate system. This model a l l w s  t h e  
torque a c t i n g  upon the  veh ic le  t o  be adjusted f o r  an a l t e r n a t e  veh ic le  center  o f  
g r a v i t y .  T h i r t y - b o  aerodynamic c o e f f i c i e n t s  are used t o  compute the  aerodynamic 
f o r c e  and torque a c t i n g  upon the  vehic le.  

The values o f  c o e f f i c i e n t s  are determined w i t h i n  t h e  model by 1  i n e a r  i n t e r p o l a t i o n  
us ing l a r g e  data  tables.  

Ma'or I n  u t s :  E levator ,  a i l e r o n ,  rudder, rudder f l a r e ,  and body f l a p  de f lec t ions ;  
dl--- an i n g  gear mode; Mach number; dynamic pressure; speed o f  v e h i c l e  w i t h  respect 
t o  atmosphere; angle o f  at tack;  s i d e s l i p  angle; angular v e l o c i t y  o f  vehic le;  
t rans  fonnat i  on m a t r i x  from wind t o  veh ic le  coordinates; v e h i c l e  mass ; p o s i t i o n  
vec to r  o f  v e h i c l e  center  o f  g rav i  ty; a l t i t u d e  above e l  1  i p s o i  da l  earth; v e h i c l e ' s  
p o s i t i o n  and v e l o c i t y  vectors.  

Major Outputs: Aerodynamic f o r c e  and torque, h inge moment c o e f f i c i e n t s ,  rudder 
h i n g e  moment de r i va t i ves ,  hinge moments, l i f t  and drag acce lera t ions ,  l i f t  
and drag c o e f f i c i e n t s ,  l i f t  over drag, p i t c h i n g  moment d e r i v a t i v e s .  

Source Documentation: Engineering System Branch, Computation and Analys is  
D iv i s ion ,  "Space S h u t t l e  Funct ional  Simulator" ,  Volume 111, Revis ion B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-08065, Volume 111), 
November 1973. 

Development Schedule: Operat ional 



Category Name: Vehicle Dynamics ( O r b i t e r  Aerodynamic Forces and Moments) 

Plodel Name: AEROl7 Simulat ion Name: SSFS 

Contact Person: J, E, Vinson : Lockheed w: (71 3)333-4875 

Qescr ip t ion  o f  Model : This i s  t h e  standard aerodynamic model f o r  the  Launch-to- 
O r b i t  I n t e g r a t e d  Vehic le Conf igura t ion  VSL-000061. The model ca lcu la tes  l a t i t u d e  
and l ong i tude  o f  veh i c le  pos i t i on ,  the  c o n t r i b u t i o n  t o  v e l o c i t y  due t o  w ind  speed 
and d i r e c t i o n ,  f l i g h t - p a t h  angle, Mach number dynamic pressure, angle o f  a t tack ,  
and angle o f  s i d e s l i p ,  The v e h i c l e  forces and moments due t o  the  a i r  c o n t r o l  
sur face d e f l e c t i o n s  are ca l cu la ted  and summed. 

Ma'or I n  u ts  Vehic le p o s i t i o n  and v e l o c i t y  i n  p lumbl ine coordinates; wind 
+-+!I ve o c i t y  an wind azimuth from t a b l e  look-ups; a i r  dens i ty  and pressure; speed 
o f  sound; l o c a t i o n  o f  center  o f  g r a v i t y ;  elapsed time; aerodynamic c o n t r o l  su r -  
face def lect ions;  veh i c le  r o l l ,  p i t ch ,  and yaw rates;  t a b l e  o f  aerodynamic 
c o e f f i c i e n t s .  

Ma'or Out u t s  Current  a i r  pressure, components o f  aerodynamic forces, moments a-. 
ue t o  aero ynamic forces.  

Source Documentation: Engineering System Branch, Computation and Analys is  
D iv i s ion ,  "Space S h u t t l e  Funct ional  Simulator",  Volume 111, Revis ion B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 111), 
November 1973. 

Development Schedule: Operat ional 



Category Name: Veh ic le  Dynamics ( O r b i t e r  Aerodynamic Forces and Moments) 

Model Name: ~ ~ ~ 0 1 8  S imula t ion  Name: SSFS 

Contact Person: J -  E, vinson . Lockheed 

Q e ~ ~ r i p t i o n  of Model : This i s  a model o f  the  aerodynamic fo rces  and torques 
exer ted  on the  o r b i t e r  v e h i c l e  f o r  the  on -o rb i t  miss ion phase. The o r b i t e r  
v e h i c l e  c o n f i g u r a t i o n  i s  the  NR-89B. On-orbi t aerodynamics are approximated 
us ing  the Newtonian Impact Theory f o r  a f l a t  p la te .  For the  o r b i t  a l t i t u d e  
range be ing  considered, the  drag c o e f f i c i e n t  i s  assumed constant.  Fur ther ,  
a t  t h i s  a l t i t u d e  the l i f t  c o e f f i c i e n t  i s  zero. Therefore, to rque on a v e h i c l e  
can be approximated by modeling the v e h i c l e  as a combination o f  f l a t  p la tes  and 
determined from the  drag forces a c t i n g  on each p l a t e .  

Ma'or I n  uts :  Locat ions o f  the cen te r  o f  pressure i n  t h e  Fabr i ca t i on  frame, ++- a mosp e r i c  dens i ty ,  drag c o e f f i c i e n t ,  magnitudes o f  t h e  t r u e  p lanform areas, 
i n e r t i a l  v e l o c i t y  vector ,  v e h i c l e  t o  i n e r t i a l  a t t i t u d e  t rans format ion  mat r ix ,  
f a b r i c a t i o n  t o  v e h i c l e  p o s i t i o n  vector,  f a b r i c a t i o n  t o  veh i c le  a1 ti tude t rans-  
fo rmat ion  mat r ix .  

Major Outputs: Sum o f  the aero forces and torques. 

Source Documentation: Engineering System Branch, Computation and Analys is  
D iv i s ion ,  "Space S h u t t l e  Funct ional  Simulator",  Volume 111, Revis ion B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 111), 
November 1973. 

Development Schedule: Operat ional  



Category Name: Veh ic le  Dynamics ( O r b i t e r  Aerodynamic Forces and Moments) 

Model Name: AER019 S imu la t ion  Vame: SSFS 

Contact Person: J. E. Vinson m: Lockheed x: (71 3) 333-4875 

% s c r i p t i o n  of Model: Th is  model computes the  aerodynamic f o r c e  and to rque  
a c t i n g  upon the NR000147B o r b i t e r ,  i n  v e h i c l e  coordinates.  It i s  assumed t h a t  
the miss ion phase i s  Entry- to-Landing.  The aerodynamic f o r c e  i n  t h e  w ind  coord inate  
system i s  computed and then t ransformed t o  the v e h i c l e  coord inate  system. The 
torque i s  computed d i r e c t l y  i n  t h e  v e h i c l e  coord ina te  system. Th is  model a l l w s  
the torque a c t i n g  upon t h e  v e h i c l e  t o  be ad jus ted  f o r  an a l t e r n a t e  v e h i c l e  cen te r  
o f  g r a v i t y .  T h i r t y  -two aerodynamic c o e f f i c i e n t s  a re  used t o  compute the  aerodynamic 
f o r c e  and to rque  a c t i n g  upon the  veh ic le .  The values o f  c o e f f i c i e n t s  a re  
determined w i t h i n  the  model by l i n e a r  i n t e r p o l a t i o n  us ing  l a r g e  da ta  tab les .  The 
user may request  computation o f  v iscous i n t e r a c t i o n  co r rec t ions  t o  be added t o  
the l i f t  and drag c o e f f i c i e n t s .  

Ma'or I n  u ts :  E leva to r ,  a i l e ron ,  rudder, speed brake, and body f l a p  d e f l e c t i o n s ;  + an i n g  gear mode; Mach number; dynamic pressure, speed o f  v e h i c l e  w i t h  respec t  
t o  atmosphere; angle o f  a t tack ;  s i d e s l i p  angle; angu lar  v e l o c i t y  o f  veh ic le ;  
t ransformat ion m a t r i x  from wind t o  v e h i c l e  coordinates;  v e h i c l e  mass; p o s i t i o n  
vec to r  of v e h i c l e  center  o f  g r a v i t y ;  a l t i t u d e  above e l l i p s o i d a l  earth;  v e h i c l e ' s  
p o s i t i o n  and v e l o c i t y  vectors .  

Major Out u ts :  Aerodynamic f o r c e  and torque, h inge moment c o e f f i c i e n t s ,  rudder  
li---- i nge  moment d e r i v a t i v e s ,  h inge moments, l i f t  and drag acce lera t ions,  l i f t  
and drag c o e f f i c i e n t s ,  1  i f t  over drag, p i t c h i n g  moment d e r i v a t i v e s .  

Source Documentation: Engineer ing System Branch, Computation and Analys is  
D i v i s i o n ,  "Space S h u t t l e  Funct iona l  Simul a tor " ,  Volume 111, Rev is ion 5, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume I I I ) ,  
November 1973. 

Development Schedule: Operat iona l  



Cateqory Name: Veh ic le  Dynamics ( O r b i t e r  Aerodynamics Forces and Moments) 

Model Name: AEROZl 

Contact  Person: J. E. Vinson 

S imu la t ion  Name: S F S  

a: Lockheed 

Q e s c r i p t i o n  of Model: AER021 computes t h e  aerodynamic f o r c e  and torque 
a c t i n g  upon t h e  RTlJU0140C O r b i t e r  i n  v e h i c l e  coord inates .  AER021 computes 
t h e  aerodynamic f o r c e  i n  t h e  wind coord ina te  system and then t ransforms t o  
t h e  v e h i c l e  coord ina te  system. T h i r t y - t w o  aerodynamic " c o e f f i c i e n t s "  appear 
i n  t h e  equat ions which AER021 uses t o  compute t h e  aerodynamic f o r c e  and torque 
a c t i n g  upon the  veh ic le .  These c o e f f i c i e n t s  a r e  computed as a  f u n c t i o n  o f  
Mach number, ang le-o f -a t tack ,  e l e v a t o r  d e f l e c t i o n ,  speed brake d e f l e c t i o n ,  
and t h e  r a t i o  o f  v e h i c l e  a l t i t u d e  above the  F ischer  e l l i p s o i d  t o  t h e  v e h i c l e  
wingspan. AEROZl determines t h e  values o f  c o e f f i c i e n t s  by l i n e a r  i n t e r p o -  
l a t i o n  us ing  l a r g e  data  tab les .  

Ma'or I n  utls: E levator ,  a i l e r o n ,  rudder,  speed brake, and body f l a p  d e f l e c -  TdmfT- ac number; dynamic pressure; magnitude o f  v e l o c i t y  o f  v e h i c l e  w i t h  
respec t  t o  the  atmosphere; angle-of-at tack;  s i d e s l i p  angle; and land ing  
gear  mode. 

a j o r h O u p u t s :  Aerodynamic f o r c e  and to rque  a c t i n g  upon t h e  veh ic le ,  expressed 
i n  ve i c  e  coordinates,  and twenty v a r i a b l e s  f o r  p r i n t o u t  purposes only.  

Source Documentation: J. C. Erck, "SSFS Model Documentation Ser ies  - AER021n, 
Lockheed E l e c t r o n i c s  Company Techn ica l  Report  No. LEC2005, February 1974. 

Development Schedule: Operat iona l  

Rev is ion 1  
31 May 1974 



Category Name: Veh ic le  Dynamics ( O r b i t e r  Aerodynamic Forces and Moments ) 

Flodel Name : AERORD 

Contact Person: E. M. Fr idge,  111 m: JSC 

S imu la t ion  %me: SVDS 

n e s c r i p t i o n  o f  Model: The purpose o f  t h i s  model i s  t o  o b t a i n  forces and mments 
caused by i n t e r a c t i o n  aerodynamics on any one o f  t h e  th ree  veh ic les .  The model 
i s  w r i t t e n  i n  a  general form and the  user  a c t u a l l y  formulates the  aerodynamic 
forces and moments cons is ten t  w i t h  the  genera l  format o f  i n t e r a c t i o n  f o r c e  
models. The f i r s t  s e t  o f  operat ions performed i s  t o  c a l l  AROCAL t o  compute 
c e r t a i n  aerodynamic q u a n t i t i e s  such as angle o f  a t tack ,  angle o f  s i d e s l i p ,  and 
Mach number. A f t e r  s t o r i n g  independent and dynamic va r iab les ,  IAFORC i s  c a l l e d  
t o  compute t h e  i n t e r a c t i o n  aerodynamic fo rces  and moments. 

Major  I n  u t s :  I n t e r a c t i o n  forces computed by  the  i n t e r a c t i o n  f o r c e  model, d maximum ength o f  v e h i c l e  common, number o f  veh ic les  simulated, i n t e r a c t i o n  
moments computed by t h e  i n t e r a c t i o n  f o r c e  model. 

Major  Outputs: I n t e r a c t i o n  aerodynamic f o r c e  i n  the body system, moments about 
the  cen te r  o f  mass o f  the  body due t o  t h e  i n t e r a c t i o n  aerodynamic forces i n  
the  body system. 

Source Documentation: Sof tware Development Branch, Miss ion P lann ing and Analys is  
D i v i s i o n ,  "Space Vehic le  Dynamics S imu la t ion  (SVDS) Program Subrout ine L i b r a r y " ,  
Volume I, Subrout ines A through C, JSC I n t e r n a l  Note 73-FM-110, (JSC-08065, 
Volume I ) ,  20 J u l y  1973. 

Development Schedule: Operat iona l  



Category Name: Vehicle Dynamics ( O r b i t e r  Aerodynamic Forces and Moments) 

Model Name: ARDDYN Simulat ion Name: SVDS 

Contact Person: E. M. Fr idge, I 1 1  m: JSC - Tel:  (71 3) 483-3532 

Qesc r ip t i on  of Model: This model simulates the independent aerodynamics fo rces  
and moments on the veh ic le .  The model does n o t  i nc lude  c lose  p r o x i m i t y  i n t e r -  
ference e f f e c t s ,  b u t  i s  used when the  veh ic le  i s  o u t  o f  the  s tag ing  f l i g h t  
regime. A f t e r  c a l l i n g  AROCAL f o r  aerodynamic quan t i t i es ,  ARODYN determines 
t h e  aerodynamic c o e f f i c i e n t s  by i n t e r p o l  a t i o n  o f  c o e f f i c i e n t  tables.  Then 
t h e  aerodynamic forces and moments a r e  computed. 

Ma'or I n  u t s :  Aerodynamic re ference areas and lengths, body ra tes ,  e a r t h  ---+ r e l a t i v e  ve o c i  t y  vector,  l o c a t i o n  o f  aerodynamic reference area r e l a t i v e  
t o  center  o f  g r a v i t y .  

Major Outputs: Aerodynamic forces and moments. 

Source Documentation: Software Development Branch, Mission Planning and Analys is  
D iv i s ion ,  "Space Vehic le Dynamics S imula t ion  (SVDS) Program Subrout ine L i b r a r y " ,  
Volume I ,  Subroutines A through C, JSC I n t e r n a l  Note 73-FM-110, (JSC-08065, 
Volume I ) ,  20 Ju l y  1973. 

Devel opment Schedule: Operat ional 



Category Name: Veh ic le  Dynamics ( O r b i t e r  Aerodynamic Forces and Moments) 

Model Name: AR03S1 S imula t ion  Name: S V K  

Contact Person: E. M. Fridge, I 1 1  m: JSC - Tel:  (713)483-3532 

Qesc r ip t i  on o f  Model : This model obtains aerodynamic c o e f f i c i e n t s  o f  l i f t  
and drag and computes1 the  normal and a x i a l  c o e f f i c i e n t s .  Aerodynamic q u a n t i t i e s  
a r e  computed f o r  three-degree-of-freedom e n t r y  and approach-to-landing. Com- 
pu ta t i ons  may o p t i o n a l l y  i nc lude  prov is ions  f o r  viscous i n t e r a c t i o n  e f f e c t s .  

Ma'or I n  u t s :  Aerodynamic t a b l e  data, p i t c h  angle o f  a t tack ,  zero l i f t  angle 7'L-R- o a t t a c  , aerodynamic reference area, hypersonic drag c o e f f i c i e n t  and zero lift, 
center  o f  g r a v i t y ,  aerodynamic reference center  o f  g r a v i t y ,  l i f t  increment from 
body f l a p  d e f l e c t i o n ,  s p l i t  rudder de f l ec t i on ,  normal and a x i a l  body shape 
fac tors ,  Mach number, f l i g h t - p a t h  angle, geodet ic  a1 ti tude, land ing  gear swi tch,  
f reestream dynami c pressure, aerodynamic reference temperature, Reynolds number, 
temperature, body w a l l  temperature. 

Ma'or Out u t s  : E l e v a t o r  de f l ec t i on ,  aerodynamic reference lengths, aerodynamic ?ik++ 1 t t o  drag r a t i o .  

Source Documentation: S o f b a r e  Development Branch, Miss ion Planning and Analys is  
D iv i s ion ,  "Space Vehic le Dynamics S imula t ion  (SVDS) Program Subrout ine L ib rary" ,  
Volume I ,  Subrout ines A through C, JSC I n t e r n a l  Note 73-FM-110, (JSC-08065, 
Volume I ) ,  20 J u l y  1973. 

Development Status:  Operat ional  



Category Name: Vehic le Dynamics ( O r b i t e r  Aerodynamic Forces and Moments) 

Model Name: AR03S6 Simulat ion Name: SVDS 

Contact Person: E. M. Fr idge, I 1 1  m: JSC - Tel : (71 3) 483-3532 

Qescr ipt ion o f  Model : This model obta ins aerodynamic c o e f f i c i e n t s  o f  l i f t  
and drag us ing t a b l e  look-ups and computes the normal and a x i a l  c o e f f i c i e n t s .  

Frees tream aerodynamic q u a n t i t i e s  f o r  three-degrees-of-freedom s imula t ions  are 
computed. The computations may o p t i o n a l l y  inc lude viscous i n t e r a c t i o n  e f f e c t s .  

Major Inputs:  P i t c h  angle o f  a t tack ,  zero l i f t  angle o f  at tack,  aerodynamic 
reference area and reference temperature, a x i a l  and normal body shape fac to rs ,  
Mach number, f reestream dynamic pressure, Reynolds number, c u r r e n t  temperature, 
body w a l l  temperature. 

Major Outputs: Aerodynamic reference lengths and forces, l i f t  t o  drag r a t i o .  

Source Documentation: Software Development Branch, Mission Planning and Analys is  
D iv is ion ,  "Space Vehicle Dynamics Simulat ion (SVDS) Program Subrout ine L ib rary" ,  
Volume I, Subroutines A through C, JSC I n t e r n a l  Note 73-FM-110, (JSC-08065, 
Volume I), 20 J u l y  1973. 

Development Status : Operat ional 



?gory Name: Vehic le Dynamics (Target Vehic le Aerodynamic Forces and Moments) 

?1 Name: A e r o f l i g h t  Aerodynamics-Target Vehic le S imula t ion  Name: SMS 

:act Person: C. C .  Olasky a: JSC - Tel:  (713)483-2481 

: r i p t i o n  o f  Model : The s imulated t a r g e t  veh i c le  a e r o f l i g h t  aerodynamics 
:ulates aerodynamic forces and moments on detached t a r g e t  veh ic les  operat ing 
 in the atmosphere, (namely boost SRM's and ex te rna l  tank)  and p rox im i t y  
~ s p h e r i c  e f f e c t s  upon both  s h u t t l e  nehi  c l e  and t a r g e t  veh ic le .  Ve loc i t y  
:he t a r g e t  v e h i c l e  w i t h  respect  t o  the moving atmosphere i s  ca l cu la ted  i n  
t a r g e t  v e h i c l e  body- f ixed coordinate system us ing  t h e  same wind and rough 
e f f e c t s  which are  i nc luded  i n  S h u t t l e  aerodynamics. Speed o f  sound and 
~ s p h e r i c  dens i t y  a re  obta ined from the same median p r o f i l e s  used by s h u t t l e  
 dynamics as func t i ons  o f  a l t i t u d e  on ly .  Prox imi ty  e f f e c t s  w i l l  be 
:u lated as func t i ons  o f  Mach number and t a r g e t  veh i c le  displacement f o r  both 
ic les .  Aerodynamic forces and moments are computed i n  the  t a r g e t  veh ic le  
r f i x e d  coordinate system. Prox imi ty  e f f e c t s  w i l l  be i nc luded  w i t h  i s o l a t e d  
f c h a r a c t e r i s t i c s  by m u l t i p l i c a t i v e  and a d d i t i v e  f a c t o r s  t o  ob ta in  t o t a l  
:es and moments. 

)r Inpu ts :  

)r Outputs: 

'ce Documentation: Singer  Company, Simulat ion Products D iv i s ion ,  "Shu t t l e  
-seline D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

!lopment Schedule: 



Category Name: Vehic le Dynamics (Target  Vehic le Aerodynamic Forces and ~omen ts )  

P'lodel Name: Space f l i gh t  Aerodynamics-Target Vehic le Sirnul a t i o n  Name: SMS 

Contact Person: C. C. 01asky a: JSC 

Fes r r i p t i  on of Model : The s imu la ted  t a r g e t  veh i c le  spacef l  i g h t  aerodynamics 
cal culates aerodynamic forces and moments on detached spacef l  i g h t  t a r g e t  vehtcles 
( a l l  t a r g e t  veh ic les  except boost  SRM's and ex te rna l  tank).  Inputs  t o  s imulated 
spacef l igh t  aerodynamics i nc lude  t a r g e t  veh i c le  pos i t i on ,  v e l o c i t y ,  and a1 t i t u d e  
( t a r g e t  veh i c le  t r a n s l a t i o n a l  EOM) , and t a r g e t  v e h i c l e  a t t i t u d e  d i r e c t i o n  
cosines ( t a r g e t  veh i c le  r o t a t i o n a l  EOM). Ve loc i t y  o f  the t a r g e t  v e h i c l e  w i t h  
respect  t o  the atmosphere i s  ca l cu la ted  i n  the t a r g e t  v e h i c l e  body- f i xed 
coordinate system, assuming an atmosphere r o t a t i n g  un i fo rmly  w i t h  the  ear th.  
Atmospheric dens i ty  i s  obta ined from the same median p r o f i l e  used by s h u t t l e  
aerodynamics as a  f u n c t i o n  o f  a1 ti tude alone. 

Major Inputs :  

Major Outputs: 

Source Documentation: Singer Company, Simulat ion Products D iv i s ion ,  "Shu t t l e  
Mission S imula tor  Basel ine D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



5.4 S p e c i a l i z e d  V e h i c l e  Dynamics 

T h i s  s e c t i o n  c o n t a i n s  d e s c r i p t i v e  i n f o r m a t i o n  abou t  models o f  t h e  s p e c i -  
a l i z e d  v e h i c l e  dynamics. 



Category Name: Specialized Vehicle Dynamics  ending) 

Model Name: BEND1 Simulation Name: SSFS 

Contact Person: J .  E. Vinson m: Lockheed - Tel: (713)333-4875 

Pescription of Model : This f l ex ib l e  body program contains the bending model f o r  
the lau,nch configuration during f i r s t  s tage boost. I t  uses a generalized modal 
approach t o  bending which represents the e l  a s t i  c response by standard normal 
modal equations w i t h  viscous damping. Included a re  models f o r  aerodynamic 
forces and moments and th rus t  forces and moments t o  account fo r  bending e f f ec t s  
as we1 1 as the tail-wags-dog contribution t o  bending. The model sums a1 1 the 
forces acting on each of the  equivalent mass points and fo r  a given mode numerically 
in tegrates  the sum w i t h  a second order l i nea r  d i f fe ren t ia l  equation in modal dis-  
placement. The nunber of mass points a t  which aero forces and modal displacements 
are calculated wi l l  be less  than 50. The number of modes a t  these points wi l l  be 
l e s s  than 10 each. 

Ma'or In uts: Number of aero s ta t ions ,  number of engines, number of slosh s ta t ions ,  * amping coe f i c i en t s  fo r  each mode, frequency of each mode, normalized mass f o r  
each mode, aero forces and moments a t  each s t a t i on ,  th rus t  forces a t  moments 
a t  each stat ion. ,  slosh forces and moments a t  each s t a t i on ,  and mode shapes and 
slopes f o r  each mode a t  each s ta t ion .  

Major Outputs: Modal displacements due t o  each bending mode. 

Source Documentation: Engineering System Branch, Computation and Analysis 
-ttle Functional Simulator". Volume 111. Revision B. 
Johnson space Center, MSC Internal Note 72-FD-010, (MSC-06j26, Volume I I I ) ,  
November 1973. 

Development Schedule: Operational 



Category Name: Spec ia l i zed  Vehic le Dynamics (Bending) 

Plodel Name: BEND Simulat ion Yame: SVDS 

Contact Person: E. M. Fridge, 111 a: JSC x: (713)483-3532 

Pescr ip t ion  of Model : The purpose o f  t h i s  r o u t i n e  i s  t o  compute e l a s t i c  body and 
1  inear  s losh  de r i va t i ves .  Subrout ine BENDAT i s  cal  l e d  t o  generate mass s t i f f n e s s  
and damping matr ices.  The bending accelerat ions and s losh acce lera t ions  are  
computed. The pseudo r i g i d  body displacement, v e l o c i t y ,  and acce le ra t i on  i s  
computed f o r  both s losh  and bending. F i n a l l y ,  the  bending and s losh de r i va t i ves  
are computed and s to red  f o r  l a t e r  use. 

Major I n  u t s :  I n p u t  a r ray  con ta in ing  the modal slopes necessary t o  compute the 
Kil-r ang e  e l a s t i c  r o t a t i o n  t ransformat ion mat r ix ,  an array conta in ing  the 
"pseudo r i g i d  body" model slopes, mass s t i f f n e s s ,  and damping matr ices, 

Major Outputs: E l a s t i c  body t rans format ion  m a t r i x  and bending and s losh  
de r i va t i ves .  

Source Documentation: Software Development Branch, Miss ion Planning and Analys is  
D iv i s ion ,  "Space Vehicle Dynamics Simulat ion (SVDS) Program Subrout ine L ib ra ry " ,  
Volume I, Subroutines A through C, JSC I n t e r n a l  Note 73-FM-110, (JSC-08065, 
Volume I), 20 J u l y  1973. 

Development Schedule: Operat ional 



Category Name: Spec ia l i zed  Vehic le Dynamics (~ocking/Undocking)  

Model Name: Docking Subsystem Simul a t i o n  Name: SMS 

Contact Person: C. C. Olasky m: JSC - Tel:  (713)483- 2481 

" s c r i p t i o n  o f  Model: The s imu la ted  docking subsystem w i l l  s imu la te  the  operat ion 
o f  the  docking mechanism. The docking mechanism i s  assumed t o  be deployable and 
t o  be operated only  when deployed. S ta te  i n fo rma t ion  f o r  the two veh ic les  w i l l  
be used t o  c a l c u l a t e  the  r e l a t i v e  p o s i t i o n s  and a t t i t u d e s  o f  the  Wo docking 
devices. Depending on present  r e l a t i v e  s ta te ,  fo rces  and moments upon both vehic les 
due t o  the  opera t ion  o f  t h e  guide cone, ac tua tors /a l te rna tors ,  o r  al ignment r i n g s  
a r e  calculated.  When r e l a t i v e  p o s i t i o n  and a t t i t u d e  i s  proper, capture la tches  w i l l  
be s imu la ted  t o  be c losed and r e s u l t i n g  fo rces  and moments w i l l  be calculated.  
Un la tch ing  o f  a docked v e h i c l e  w i l l  be s imu la ted  as occur r ing  upon remote command, 
p r o v i d i n g  r e l e v a n t  switches and breakers are p rope r l y  conf igured, power i s  ava i lab le ,  
and the  system has n o t  been mal funct ioned i n  such a way as t o  prevent  release. 
The f a i l - s a f e  docking device j e t t i s o n  w i l l  be s imu la ted  f o r  emergency use. An 
update i n t e r v a l  o f  100 mi l l i seconds i s  used f o r  the docking subsystem s imula t ion ,  
which matches the  update r a t e  f o r  t a r g e t  veh i c le  Equations o f  Motion. 

Major Inputs:  

Major Outputs: 

Source Documentation: S inge r  Company, S imula t ion  Products D iv is ion ,  "Shu t t l e  
m iss ion  S imula tor  Base l ine  D e f i n i t i o n  Report," Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Specia l ized Vehic le Dynamics (Slosh) 

l lodel Name: SLSHl Simulat ion Yame: SSFS 

Contact Person: J. E. Vinson m: Lockheed x: (713)333-4875 

" s c r i p t i  on o f  Model : This f l e x i b l e  body program contains the  s losh  model f o r  
the launch con f i gu ra t i on  dur ing  f i r s t  s tage boost.  The number o f  s losh  masses 
w i l l  be less than f i v e  and the number o f  modes p e r  s losh  mass w i l l  be less than 
f i v e .  

Major Inputs: Damping f a c t o r  f o r  each s losh  mode, c h a r a c t e r i s t i c  frequency o f  
each s losh mode, p o s i t i o n  o f  each s losh  mass, mass o f  s losh ing  f l u i d  a t  each 
mode, veh i c le  body accelerat ions,  modal acce le ra t i on  due t o  bending each mode, 
veh i c le  contact  accelerat ions,  and mode shapes t r a n s l a t i o n  f o r  each mode a t  
each l oca t i on .  

Displacements of  each s losh  mass, v e l o c i t y  o f  each s losh  mass, 
an acce e r a t i o n  o f  each s losh  mass. 

Source Documentation: Engineering System Branch, Computation and Analys is  
D iv i s ion ,  "Space S h u t t l e  Funct ional  Simulator".  Volume 111. Revision B, 
Johnson space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume I l l )  
November 1973. 

Development Schedule: Operat ional  



Category Name: Spec ia l i zed  Vehic le Dynamics (Slosh) 

Model Name: SLOSH Simula t ion  Name: SVDS 

Contact Person: E. M. Fridge, I 1 1  m: JSC - Tel : (713) 483-3532 

Pesc r ip t i on  of Model: Subrout ine SLOSH i s  based on a general l a r g e  ampli tude 
s losh  model developed by t h e  TRW ,Dynamics Analys is  Sect ion  f o r  use i n  s tudying 
t h e  mot ion o f  the s e r v i c e  module f o l l m i n g  i t s  j e t t i s o n  f rom the command module 
p r i o r  t o  command rodu le  reent ry .  The model p rogramed i n  t h i s  subrout ine i s  a 
mod i f i ed  vers ion  o f  the model developed f o r  Apol lo .  

Subrout ine SLOSH computes the  t ime d e r i v a t i v e s  o f  the s losh  p o s i t i o n  vector, 
the  p o s i t i o n  vec to r  o f  the  r i g i d  body t. g., the  angular v e l o c i t y  vec tor  o f  the  
r i g i d  body, and t h e  quaternions. These are the t ime d e r i v a t i v e s  requ i red  t o  
i n t e g r a t e  the  equat ions o f  motion f o r  t h i s  s losh  model. This  model i s  based on 
t h e  assumption t h a t  the  forces and moments o f  a conta ined l i q u i d  reac t i ng  on a 
r i g i d  body can be approximated by a p o i n t  mass cons t ra ined t o  move i n t e r i o r  t o  and 
on a c losed sur face ( s losh  sur face) .  The s losh  sur face i s  taken t o  be an e l l i p s o i d  
f o r  t h i s  subrout ine. 

This  model uses a c o n s t r a i n t  equat ion t h a t  cons t ra ins  t h e  v e l o c i t y  o f  the s losh  
mass r e l a t i v e  t o  the o r i g i n  o f  t h e  s losh  sur face t o  be perpend icu la r  t o  t h e  
normal vec to r  o f  the s losh  sur face when t h e  s losh  mass i s  on t h e  surface. This 
c o n s t r a i n t  couples t h e  r i g i d  body r o t a t i o n a l  and t r a n s l a t i o n a l  equations o f  
motion w i t h  the  s losh  equat ions of. motion and requ i res  a simultaneous eva lua t ion  
Of the  d e r i v a t i v e s  f o r  these var iables.  

The va r iab les  requ i red  t o  de f i ne  t h i s  model i n  a d d i t i o n  t o  the  standard t r a j e c t o r y  
va r iab les  are  the  l o c a t i o n  o f  the o r i g i n  o f  the  s losh  coordinate system r e l a t i v e  
t o  the  c.g. o f  the r i g i d  body, the t rans format ion  m a t r i x  from the  s losh  coordinate 
system t o  the  body coordinate system, the  s losh  mass, the  s losh  p o s i t i o n  vector,  
and the  s losh  v e l o c i t y  vector .  

Ma 'o r  I n  u t s :  Thrust  accelerat ion,  t o t a l  f o rce  and moment i n  t h e  body system, 
--&l-F constan e i n i n g  s losh  surfaces, acce le ra t i on  due t o  g r a v i t y ,  number o f  s losh  
masses f o r  veh ic le ,  body ra tes ,  p o s i t i o n  vec tor  from v e h i c l e  center  o f  g r a v i t y  
t o  o r i g i n  o f  s losh sur face f o r  s losh mass, we igh t  o f  s l osh  mass, veh i c le  mass, 
v e h i c l e  i n e r t i  a1 v e l o c i t y  and accelerat ion,  and s losh  damping constants. 

Ma'or Out u t s :  Thrus t  accelerat ion,  body acce lera t ion ,  m a t r i x  conta in ing  s losh  
m i o n  vec to r  from veh ic le  center  o f  g r a v i t y  t o  o r i g i n  o f  s losh  sur face 
f o r  s losh  mass, p o s i t i o n  v e c t o r  from o r i g i n  o f  s l osh  su r face  t o  s losh  mass, v e h i c l e  
i n e r t i a l  accelerat ion,  and acce lera t ion  re1 a t i v e  t o  pr imary veh ic le .  

Source Documentation: Sof b a r e  Development Branch Miss ion  Planning and Analysis 
D i v i s i o n ,  "Space Veh ic le  Dynamics S imula t ion  (SVDS] Program Subrout ine L i b r a r y " ,  
Volume V,  Q through 5, JSC I n t e r n a l  Note 73-FM-110. (JSC-08065, Volume V), 
20 J u l y  1973. 

Development Schedule: Operat ional  



Category Name: Special  i z e d  Vehic le Dynamics (Staging) 

Model Name: Ex terna l  Tank Subsystem Simulat ion Yame: SMS 

Contact Person: C. C. Olasky m: JSC - Tel:  (713)483-2481 

" s c r i p t i o n  of Model : The s imu la t i on  o f  the sequent ia l  l o g i c  and mechanical 
funct ions f o r  External  Tank Sys tem separat ion w i l l  be accomplished by l o g i c  
equations. These equations w i l l  take i n t o  account explos ive device armament 
by the crew and separat ion cues e i t h e r  by swi tch  command or  Onboard Computer 
inputs.  

The exp los ive  device equations w i l l  prov ide an audio cue, a  cue t o  the equations 
o f  motion i n d i c a t i n g  phys i ca l  separat ion, and a  cue t o  the r e t r o  s o l i d  rocke t  
motor (SRM) engines t o  i g n i t e .  The r e t r o  rocke t  i g n i t i o n  cue w i l l  be based on 
the s imulated ex terna l  tank av ionics s t a t e  and separat ion a t t i t u d e  and d is tance 
data ca l cu la ted  from the  equations o f  motion a t t i t u d e  and p o s i t i o n  data. The 
separat ion SRM equations w i l l  p rov ide  the t h r u s t  f o rce  o f  the  smal l  r ocke t  t o  
the equations o f  motions f o r  the new " ta rge t "  veh ic le .  Once t h e  separa t ion  SRM 
has burned out, t h i s  model i s  no longer used. 

The ins t rumenta t ion  and s i g n a l  cond i t i on ing  equations accept parameters s imu la t -  
i ng  the ac tua l  system s t a t e  and cond i t i on  these parameters us ing sensor and 
d isp lay  l o g i c  booleans from the E l e c t r i c a l  Power Subsystem f o r  crew s t a t i o n  
d isp lay,  f o r  i n p u t  t o  the  Caution and Warning Subsystem, o r  f o r  i n p u t  t o  the 
Telemetry Subsystem M u l t i p l e x e r  Program. Required mal funct ions f o r  the 
s imu la t i on  are t o  be designed i n t o  the s imu la t i on  f o r  minimum computer impact. 

Major Inputs !  

Major Outputs: 

Source Documentation: Singer  Company, S imula t ion  Products D iv i s ion ,  "Shu t t l e  
Mission Simulator  Basel ine D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Spec ia l i zed  Vehic le Dynamics (Staging)  

Model Name: CONTAC Simulat ion Name: SVDS 

Contact Person: E. M. F r idge 9: JSC w: (71 3)483-3532 

k s c r i p t i  on o f  Model : Subrout ine CONTAC computes i n t e r a c t i o n  forces and moments 
between veh ic les  due t o  phys i ca l  attachment, impingement, and separa t ion  forces.  
Three separate f o r c e  mode lop t i ons  are  provided. 

(1 )  Opt ion 1 - S t r u c t u r a l  Spr ing Model 
The s t r u c t u r a l  s p r i n g  model computes pre-separat i  on s t r u c t u r a l  
attachment forces and pos t  separa t ion  recontac t  o r  impingement 
fo rces  . 

( 2 )  Opt ion 2 - E j e c t i o n  Spr ing  Model 
The e j e c t i o n  s p r i n g  model computes e j e c t i o n  forces i n c l u d i n g  
l a t e r a l  and f r i c t i o n  forces.  ' 

(3) Opt ion 3 - Cone Model 
The cone model computes recontac t  forces due t o  bobbing o r  bouncing 
inmedia te ly  pos t  separa t ion  w i t h i n  and ex te rna l  t o  the  s t r u c t u r a l  
attachment f i t t i n g s .  

M ' o r  I n  u t s :  Separat ion d is tance a t  which e j e c t i o n  s p r i n g  f o r c e  i s  terminated, + separat ion  Estance a t  which the  s t r u c t u r a l  spr ings  disconnect, f o r c e  vector  of 
l i n k  damping model, c o e f f i c i e n t s  o f  e j e c t i o n  s p r i n g  f o r c e  polynomial, t o t a l  veh i c le  
moment due t o  t h e  s p r i n g  model, t o t a l  veh i c le  fo rces  due t o  the  s p r i n g  model, body 
ra tes ,  number o f  modes between pr imary vehi c l e  and a p a r t i c u l a r  secondary vehic le,  
p o s i t i o n  components o f  modes i n  pr imary and secondary v e h i c l e  reference coordinate 
system, components o f  r o t a t i o n  s p r i n g  constant  and la te ra l /normal  forces,  ac t i va -  
t i o n  t ime o f  e j e c t i o n  spr ings measured from c u r r e n t  t ime, c o e f f i c i e n t  o f  f r i c t i o n  
and others. 

Major Outputs: Forces and moments f o r  the  pr imary vehic le,  a c t i v a t i o n  t ime of 
e j e c t i o n  spr ings  measured f rom c u r r e n t  t ime, t o t a l  v e h i c l e  fo rces  due t o  t h e  
s p r i n g  model, l i n k  forces on pr imary vehicle, cone i n t e r a c t i o n  fo rce  along 
s t r u c t u r a l  s p r i n g  axes and others.  

Source Documentation: Software Development Branch, Miss ion Planning and Analys is  
D i v i s i o n ,  "Space Vehic le Dynamics S imula t ion  (SVDS) Program Subrout ine L ib ra ry " ,  
Volume I, Subrout ines A through C, JSC I n t e r n a l  Note 73-FM-110, (JSC-08065, 
Volume I), 20 J u l y  1973. 

Development Schedule: Operat ional 
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5.5 Equations o f  Motion 

This sec t i on  contains d e s c r i p t i v e  i n fo rma t ion  about ~nodels o f  the equat ions 
o f  motion (EOM). 



Category Name: Equations of Motion ( I n t e g r a t i o n  ~ e c h n i q u e s )  

Model Name: DIFEQ~ Simulat ion Name: SSFS 

Contact Person: J. E. Vinson m: Lockheed - Tel : (713)333-4875 

k s c r i p t i o n  of Model: This model provides a very s imple method f o r  i n t e g r a t i n g  
an acce le ra t i on  over a t ime i n t e r v a l  t o  de r i ve  v e l o c i t y  and pos i t i on .  This 
model may be used t o  i n t e g r a t e  any acce le ra t i on  vec tor  regardless o f  coord inate 
system. 

Major I npu ts :  Accelerat ion,  i n t e g r a t i o n  t ime i n t e r v a l ,  accumulated v e l o c i t y  
f rom beg inn ing  o f  s imu la t ion ,  v e l o c i t y  and p o s i t i o n  vectors.  

Ma'or Out u t s :  Updated accumulated v e l o c i t y  from beginning o f  s imulat ion,  
-ity and p o s i t i o n  vectors.  

Source Documentation: Engineering System Branch, Computation and Analysis 
m i s i o n .  "Space S h u t t l e  Funct ional Simulator",  Volume 111, Revision B, 
Johnson Space Center, MSC I n t e r n a l  72-FD-010, (MSC-06726, Volume I I 1  ) , 
November 1973. 

Development Schedule: Operat ional  
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Category Name: Equations of Motion ( I n t e g r a t i o n  ~ e c h n i q u e s )  

Hodel Name: TRAJMT Simulat ion Vame: SSFS 

Contact Person: J. E. Vinson a: Lockheed - Tel : (71 3)333-4875 

" s c r i p t i o n  of Yodel: TRAJMl i s  a  t r a j e c t o r y  maintenance rou t i ne  which 
i n teg ra tes  t h e  g r a v i t y  forces ac t i ng  on a  v e h i c l e  t o  update the  s t a t e  vector.  
I t  also adds on t o  t h i s  the  change i n  t h e  s t a t e  vec to r  due t o  contact  forces 
i n teg ra ted  by  the veh ic le  program. 

TRAJMT was rev i sed  t o  inc lude a  f l a t  ea r th  model which may be sb lec ted  by the 
user. A four-pass Runge-Kutta i n t e g r a t i o n  scheme i s  used. I n  per forming the 
i n teg ra t i on ,  TRAJMT uses a r e c t i f i c a t i o n  scheme t o  keep the  magnitude of t h e  
numbers be ing  i n t e g r a t e d  smal l .  

Ma'or I n  u t s :  Time t o  which TRAJMT must update, cu r ren t  TRAJMT t ime, i n p u t  - p o s i t i o n  an v e l o c i t y  vectors, p o s i t i o n  and v e l o c i t y  vec tor  changes due t o  
contac t  forces.  

Major Outputs : Updated p o s i t i o n  and v e l o c i t y  vectors.  

Source Documentation: Engineering System Branch, Computation and Analysis 
D i v i s i o n ,  "Space S h u t t l e  Funct ional S imula tor " ,  Volume 111, Revision B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume I I I ) ,  
November 1973. 

Development Schedule: Operat ional 



Category Name: Equations o f  Motion ( I n t e g r a t i o n  Techniques) 

Model Name: TRJMTD Simula t ion  Name: SSFS 

Contact  Person: J. E. Vinson m: Lockheed - Tel : (713)333-4875 

n e s z r i p t i o n  o f  Model: TRJMTD i s  a  t r a j e c t o r y  maintenance r o u t i n e  t h a t  updates the  
v e h i c l e  s t a t e  vector .  The v e h i c l e  program in teg ra tes  t h e  change i n  the  s t a t e  due 
t o  non -g rav i ta t i ona l  forces and passes these changes t o  TRJMTD. TRJWD in teg ra tes  
t h e  change i n  the  s t a t e  due t o  g r a v i t a t i o n a l  forces.  The s t a t e  i s  then updated 
by adding these changes t o  the prev ious s t a t e .  

TRJMTD inc ludes a  f l a t  e a r t h  g r a v i t a t i o n a l  model which may be se lec ted  by the 
user. TRJMTD does t h e  same type c a l c u l a t i o n  as TRAJMT except t h a t  TRJMTD has 
some a d d i t i o n a l  p r e c i s i o n  fea tures  t h a t  make i t  des i rab le  when comparing env i  ron- 
ment and so f tware  nav iga t i on  schemes. 

Ma'or I n  u t s :  Time t o  which TRJMTD must update, cu r ren t  TRJMTD time, i n p u t  
v e l o c i t y  vectors,  change i n  p o s i t i o n  and v e l o c i t y  v e c t o  due t o  

non -g rav i ta t i ona l  acce lera t ions ,  vectors o f  lower o rder  p o s i t i o n  and v e l o c i t y  
terms. 

Major Outputs : Updated p o s i t i o n  and v e l o c i t y  vectors.  

Source Documentation: Engineering System Branch, Computation and Analys is  
D i v i s i o n ,  "Space S h u t t l e  Funct ional  Simulator" ,  Volume 111, Revis ion B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 111), 
November 1973. 

Development Schedule: Operat ional  



Category Name: Equations of Motion ( I n t e g r a t i o n  Techniques) 

Model Name: INTEGR Simulat ion Name: SVDS 

Contact Person: E. M. Fridge, I 1 1  m: JSC - Tel : (713)483-3532 

" s c r i p t i o n  o f  Model: INTEGR i s  a  c o l l e c t i o n  of u t i l i t y  rou t ines  used by the 
i n t e g r a t i o n  d r i v e r s .  The f o u r  rou t i nes  RKG1, RKG2, RKG3, and RKG4 conta in 
respec t i ve l y  the  four  sets o f  equations t h a t  make t h e  t o t a l  Runga-Kutta-Gil l  
i n t e g r a t i o n -  scheme. Routine ROTRES places t h e  body angular v e l o c i t i e s  and 
aerodynamic v e l o c i t i e s  from the i n t e g r a t i o n  array i n t o  t h e i r  proper  l oca t i ons  
i n  named common. ROTRES a l so  normal izes the quaternions and places them i n t o  
t h e i r  proper  named comnon loca t i on .  Routine TRNRES stores t r a n s l a t i o n a l  quan t i -  
t i e s  from the i n t e g r a t i o n  a r ray  i n t o  t h e i r  proper  named common l o c a t i o n  f o r  a  
6-D s imula t ion .  The q u a n t i t i e s  s to red  a r e  the  displacements and v e l o c i t i e s  
and sensed v e l o c i t i e s .  The c u r r e n t  g r a v i t a t i o n a l  accelerat ions are placed i n  a  
save l o c a t i o n  f o r  use dur ing  the  nex t  i n t e g r a t i o n  step. Routine TRNRS1 stores 
t r a n s l a t i o n a l  q u a n t i t i e s  from t h e  i n t e g r a t i o n  array i n t o  t h e i r  proper  named 
common l o c a t i o n  f o r  a  3-0 t r a n s l a t i o n a l  only  s imu la t ion .  The q u a n t i t i e s  s to red  
a r e  the  displacements and v e l o c i t i e s .  Also the 3-0 quaternions are normal ized 
and s to red  i n t o  t h e i r  proper named connnon loca t i on .  Ve loc i t i es  are a l so  s t o r e d  
f o r  aerodynamic computations. Routine SLOSRS stores t r a n s l a t i o n a l  and s losh 
q u a n t i t i e s  from the i n t e g r a t i o n  a r ray  i n t o  t h e i r  proper  named common l o c a t i o n  
f o r  a s losh  s imu la t i on .  The q u a n t i t i e s  s to red  are the r i g i d  body displacements 
and v e l o c i t i e s  and the  s losh  mass displacements and vel oc i  t i e s .  Routine ADAMS 
computes the  normal ized i n t e g r a t i o n  c o e f f i c i e n t s .  An upper four th -order  backwards- 
d i f f e rence  operat ion i s  performed t o  complete the Adams-1 i ke in teg ra t i on .  Routine 
PREADR serves as a  pre-Adams r o t a t i o n a l  i n t e g r a t i o n  i n t e r f a c e  w i t h  the  Adams 
rou t i ne .  Variables f o r  the r o t a t i o n a l  dynamics i n t e g r a t i o n  are s e t  up and the  
proper  c o e f f i c i e n t s  a re  s to red.  Routine PSTADR serves as a  pos t-Adams r o t a t i o n a l  
i n t e g r a t i o n  i n t e r f a c e  w i t h  the  Adams rou t i ne .  It performs the  necessary l o g i c  
t o  l oca te  the  pas t  de r i va t i ves  i n  t h e  d e r i v a t i v e  array f o r  r o t a t i o n a l  i n teg ra -  
t i o n .  Routine PREADT serves as a  pre-Adams t r a n s l a t i o n a l  i n t e r f a c e  w i t h  the 
Adams r o u t i n e .  Variables f o r  the  t r a n s l a t i o n a l  dynamics i n t e g r a t i o n  are  s e t  
up and the  proper  c o e f f i c i e n t s  are stored.  Routine PSTADT serves as a  post- 
Adams t rans  1  a t i o n a l  i n t e g r a t i o n  i n t e r f a c e  w i t h  the Adams rou t ine .  I t  performs 
the necessary l o g i c  t o  l oca te  t h e  pas t  de r i va t i ves  i n  the  d e r i v a t i v e  ar ray  f o r  
t r a n s l a t i o n a l  i n t e g r a t i o n .  

Major Inputs:  Adams i n t e g r a t i o n  constants, d e r i v a t i v e  and i n t e g r a t i o n  arrays,  
3n teg ra t i on  s tep  s izes,  acce le ra t i on  due t o  g r a v i t y ,  op t i on  f l ags ,  normal ized 
quaternions, v e h i c l e  i n e r t i a l  p o s i t i o n  and v e l o c i t y  vectors, p o s i t i o n  and 
v e l o c i t y  vectors r e l a t i v e  t o  pr imary veh ic le .  

Major Out u t s :  Past value o f  g r a v i t a t i o n a l  accelerat ion,  normal ized quaternions, + o  y rates,  p o s i t i o n  vec tor  from o r i g i n  o f  s losh  sur face t o  
s losh  mass, v e l o c i t y  vec to r  o f  s losh mass r e l a t i v e  t o  the s losh  coordinate system, 
cu r ren t  t r a j e c t o r y  time, phase elapsed time, veh i c le  i n t e r t i a l  p o s i t i o n  and 
v e l o c i t y  vectors,  veh i c le  r o t a t i o n a l  v e l o c i t y  vector ,  sensed v e l o c i t y  vector,  
p o s i t i o n  and v e l o c i t y  vectors r e l a t i v e  t o  pr imary vehic le,  i n t e g r a t i o n  array.  

Source Documentation: JSC/TRW, "Space Vehic le Dynamics Simulat ion",  Program 
Descr ip t ion ,  Mi lestone 2, 27 A p r i l  1973. 



INTEGR (Cont inued) 

Source Documentation: (Continued) 

Sof tware Development Branch, Mission Planning and Analys is  D i v i s i on ,  
"User 's  Guide f o r  t he  Space Vehic le  Dynamics S imu la t ion  (SVDS) Program", 
JSC I n t e r n a l  Note 73-FM-67, (JSC-07950), 20 A p r i l  1973. 

Software Development Branch, Mission Planning and Analys is  D i v i s i on ,  "Space 
Veh ic le  Dynamics S imu la t ion  (SVDS) Program Subrout ine L i b r a r y " ,  Volume 111, 
I through L, JSC I n t e r n a l  Note 73-FM-110, (JSC-080651 Volume I I I ) ,  20 J u l y  
1973. 

Development Schedule: Operat ional  



Category Name: Equations o f  Mot ion (Mass Proper t i es )  

l lodel Name: Mass P r o p e r t i e s  S imu la t ion  Name: SDL 

Contact Person: T. J. Smith m: TRW Te l  : (713)333-3133 - 
" s c r i p t i o n  o f  Model: The mass p r o p e r t i e s  model maintains r e c o r d  o f  t h e  t o t a l  
v e h i c l e ' s  mass, cen te r  o f  g r a v i t y ,  moments, and products o f  i n e r t i a .  The 
model descr ibes a1 1  s t a t u s  subsystems, the  dynamic subsystems (OMS, RCS, SRB, 
e tc . )  and v e h i c l e  c o n f i g u r a t i o n  changes. I n t e r p o l a t i o n  tab les  f o r  nominal 
d e p l e t i o n  mass p r o p e r t i e s  are i n c l u d e d  f o r  the  f o l  l m i n g  c o n f i g u r a t i o n s :  
v e r t i c a l  f l i g h t  (VF) o r b i  t e r / p a y l o a d / s o l i d  r o c k e t  boosters, VF o r b i  t e r / p a y l  oad/ 
e x t e r n a l  tank,  VF o r b i  t e r l p a y l  oad, VF o r b i t e r ,  and h o r i z o n t a l  f l i g h t  o r b i t e r .  
Three d e p l e t i o n  opt ions a r e  a v a i l a b l e :  nominal dep le t ion ,  o f f -nomina l  dep le t i on ,  
and f i x e d  mass p roper t i es .  

Major  Inpu ts :  I n e r t i a  elements, mass, components o f  c e n t r o i d  vector .  

Major Outputs: I n e r t i a  elements, mass, components o f  c e n t r o i d  vector .  

Source Documentation: T. J. Smith, "SDL Mass Proper t i es  Math Model", TRW 
I O C  73: 71 53.7-35, 27 December 1973. 

Development Schedule: Formula t ion 12/73. 



Category Name: Equations o f  Mot ion (Mass P r o p e r t i e s )  

Model Name : MASSPROP S imu la t ion  Name: SLS 

Contact  Person: Lance Drane m: C. S. Draper Lab . m: (617)258-1178 

" s c r i p t i o n  o f  Model : The MASSPROP model main ta ins  the  mass, center  o f  g r a v i t y .  
and i n e r t i a  m a t r i x  o f  the  o r b i t e r  v e h i c l e .  Mass i s  decremented t o  account f o r  
p r o p e l l a n t  consumption by t h e  a t t i t u d e  c o n t r o l  p r o p u l s i o n  system j e t s  and t h e  
OMS engines; i t  a l s o  changes when the  payload i s  deployed o r  r e t r i e v e d .  The 
v e h i c l e  cen te r  o f  g r a v i t y  and i n e r t i a  m a t r i x  remain constant  and do n o t  r e f l e c t  
OMS o r  a t t i t u d e  c o n t r o l  p ropu ls ion  system j e t s  and t h e  OMS engines; i t  a l s o  
changes'when t h e  payload i s  deployed o r  r e t r i e v e d .  The v e h i c l e  center  o f  g r a v i t y  
and i n e r t i a  m a t r i x  remain constant  and do n o t  r e f l e c t  OMS o r  a t t i t u d e  c o n t r o l  
p r o p u l s i o n  system p r o p e l l a n t  usage. 

I n  a d d i t i o n  t o  t h e  t o t a l  o r b i t e r  mass, MASSPROP ma in ta ins  the  p r o p e l l a n t  mass 
used by each a t t i t u d e  c o n t r o l  j e t  and t h e  t o t a l  mass o f  a t t i t u d e  c o n t r o l  j e t  
p r o p e l l a n t  remaining. The p r o p e l l a n t  mass used by each OMS engine and t h e  
t o t a l  mass o f  OMS p r o p e l l a n t  remaining a re  a l so  computed. 

The o r b i t e r  cen te r  o f  g r a v i t y  i s  de f ined  r e l a t i v e  t o  t h e  v e h i c l e  ax i s  system. 
The moments and products o f  i n e r t i a  are taken about t h e  v e h i c l e  cen te r  o f  
g r a v i t y  and a r e  w i t h  respec t  t o  t h e  v e h i c l e  axes. The product  o f  i n e r t i a  
elements o f  t h e  i n e r t i a  tensor  a re  de f ined  as p o s i t i v e  i n t e g r a l s .  Two se ts  
o f  center  o f  g r a v i t y  and i n e r t i a  data  a r e  used by MASSPROP, corresponding t o  
the  o r b i t e r  v e h i c l e  a f t e r  o r b i t a l  i n s e r t i o n  w i t h  and w i t h o u t  payload. These 
values o f  cen te r  o f  g r a v i t y  and i n e r t i a  remain constant  du r ing  a  s i m u l a t i o n  
and do n o t  r e f l e c t  p r o p e l l a n t  usage. MASSPROP switches f rom one s e t  o f  da ta  
t o  the o t h e r  whenever a  payload deployment o r  r e t r i e v a l  command i s  rece ived  
by the d r i v i n g  program. 

Major  Inpu ts :  Number o f  f i r i n g s  f o r  each a t t i t u d e  c o n t r o l  p ropu ls ion  system 
j e t .  

Ma'or  Out u t s :  Values o f  v e h i c l e  mass; cen te r  o f  g r a v i t y ;  i n e r t i a  ma t r i x ;  -%-- t o t a  masses o f  p r o p e l l a n t  remaining f o r  the  OMS and a t t i t u d e  c o n t r o l  p ropu l -  
s i o n  system; t o t a l  number o f  f i r i n g s ,  t o t a l  on-time, and p r o p e l l a n t  usage 
f o r  each a t t i t u d e  c o n t r o l  j e t .  

Source Documentation: Lawrence Betman, e t  a l ,  "ESIM Model Book f o r  the C. S .  
Oraper Laboratory  Statement Leve l  S imula tor " ,  The Charles S ta rk  Oraper 
Laboratory ,  Inc . ,  R-776, Amendment Number 2, A p r i l  1, 1974. 

Development Schedule: Operat iona l  

Revis ion 1  
31 May 1974 



Category Name: Equations o f  Mot ion (Mass P r o p e r t i e s )  

l lodel Name: Mass Proper t i es  - S h u t t l e  S imu la t ion  Name: SMS 

Contact Person: C. C. Olasky m: JSC - Tel : (71 3)483-2481 

D e s c r i p t i o n  of Model : The s h u t t l e  v e h i c l e  mass p r o p e r t i e s  s i m u l a t i o n  must 
c a l c u l a t e  the  c u r r e n t  v e h i c l e  mass, cen te r  o f  mass, and i n e r t i a l  t e n s o r  f o r  the  
v e h i c l e  equat ions o f  motion. Mass p r o p e r t i e s  w i l l  be c a l c u l a t e d  i n  t h e  body 
coord inate  system. I n  o r d e r  t o  accomplish t h i s ,  t he  mass p r o p e r t i e s  s i m u l a t i o n  
obta ins  i n f o r m a t i o n  on mass and mass d i s t r i b u t i o n  o f  on-board consumables from t h e  
s imu la ted  v e h i c l e  systems, and on v e h i c l e  c o n f i g u r a t i o n  from t h e  environmental  
c o n t r o l  system, payload accommodation system, s imu la ted  docking system, s imu la ted  
SRM's, and s imu la ted  e x t e r n a l  tank.  The consumable masses w i l l  be added t o  
the v e h i c l e  d r y  mass t o  o b t a i n  s h u t t l e  v e h i c l e  mass. Then the  l o c a t i o n  o f  t h e  
s h u t t l e  cen te r  o f  mass w i l l  be c a l c u l a t e d  us ing the  consumable masses and mass 
centers, masses and mass centers o f  c o n f i g u r a t i o n  changeable po r t i ons ,  and t h e  
mass and mass cen te r  o f  t h e  remainder o f  t h e  veh ic le .  

Once s h u t t l e  v e h i c l e  ( l e s s  payload) mass p r o p e r t i e s  are found, they a r e  then com- 
b ined  w i t h  mass p r o p e r t i e s  o f  a t tached  payloads t o  o b t a i n  c l u s t e r  mass p r o p e r t i e s .  

Major  Inputs :  

Major  Outputs: 

Source Documentation: S inger  Company, S imu la t ion  Products D i v i s i o n ,  " S h u t t l e  
Mission S imu la to r  Base l ine  D e f i n i t i o n  Report",  Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Equations o f  Motion (Mass p rope r t i es )  

Name: Mass P roper t i es  - Target  Vehicle Simulat ion Name: SMS 

Contact Person: C. C. Olasky m: JSC m: (71 3) 483- 2481 

% s c r i p t i o n  of Model : Many t a r g e t  vehic les w i l l  n o t  r e q u i r e  a  dynamic rea l - t ime 
mass p rope r t i es  s imu la t ion .  Over the i n t e r v a l  o f  i n t e r e s t ,  changes i n  mass 
p rope r t i es  w i l l  be n e g l i g i b l e .  Other t a r g e t  vehicles, e.g., those w i t h  p ropu ls ive  
stages, w i l l  demonstrate s i g n i f i c a n t  changes i n  mass p rope r t i es .  Thus, r e s e t  
booleans w i l l  be prov ided which w i l l  a l l w  dynamic mass proper ty  s imu la t i on  t o  
be bypassed f o r  c e r t a i n  t a r g e t  vehic les.  Cer ta in  o the r  t a r g e t  vehic les (e.g., 
SRM's, ex te rna l  tank) w i l l  have t h e i r  mass p rope r t i es  ca l cu la ted  elsewhere ( i n  
the cases o f  SRM's o r  ex terna l  tank, i n  the appropr iate on-board system simula- 
t i o n  programs). Thus, i n  those cases a lso,  the t a r g e t  veh i c le  mass p rope r t i es  
s imu la t i on  i s  bypassed. I n  those cases i n  which the  s imu la t i on  i s  n o t  bypassed, 
inputs  t o  the s imu la t i on  are engine mass f l w  and reac t i on  c o n t r o l  system mass 
f lw .  Tota l  mass i s  decremented accordingly .  Prov is ion  w i l l  be made t o  permi t  
i n t e r p o l a t i o n  on mass t o  o b t a i n  t a r g e t  veh i c le  center  o f  mass and tensor  o f  
i n e r t i a .  An i t e r a t i o n  r a t e  o f  tw ice  per  second i s  estimated, under f a i r l y  con- 
s e r v a t i v e  r o c k e t  assumptions, t o  requ i re  a  1/2 second overburn t o  erase r e s u l t i n g  
e r r o r  on a  7000 f t / s e c  change i n  v e l o c i t y  burn, which should be q u i t e  acceptable 
i n  terms of a b i l i t y  o f  the crew o r  ground t o  no t i ce .  Mass d i s t r i b u t i o n  parameters 
could probably be i t e r a t e d  even more s l w l y ,  i f  t ime i s  c r i t i c a l .  

Source Documentation: Singer  Company, Simulat ion Products D iv is ion ,  "Shu t t l e  
Miss ion S imula tor  Base1 i n e  D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Equations o f  Motion (Mass p rope r t i es )  

Model Name: MASS4 S imula t ion  Name: SSFS 

Contact Person: J. E. Vinson a: Lockheed - Tel : (713)333-4875 

n e s c r i p t i o n  o f  Model: The MASS4 model def ines t h e  mass p rope r t i es  o f  the  
O r b i t e r  ( a c t i v e )  v e h i c l e  and t h e  Space Base (passive) v e h i c l e  f o r  the A/OOCK 
p o r t i o n  of the  SSFS. The model assumes a  constant mass and r i g i d  body f o r  
bo th  vehic les.  It performs i t s  ca l cu la t i ons  on ly  dur ing  t h e  i n i t i a l i z a t i o n  
pass. With no mass change, MASS4 does n o t  update the  v e h i c l e  i n e r t i a  matr ices 
and the  center  o f  mass vectors. 

Ma'or I n  u ts :  Ac t i ve  veh ic le  mass, p o s i t i o n  o f  the  a c t i v e  v e h i c l e ' s  center  o f  - mass i n  t e  f a b r i c a t i o n  frame, p o s i t i o n  o f  a c t i v e  veh ic le  i n  the f a b r i c a t i o n  
frame, a t t i t u d e  o f  the  a c t i v e  v e h i c l e ' s  body frame i n  the  f a b r i c a t i o n  frame, 
a c t i v e  v e h i c l e  i n e r t i a  tensor, passive veh ic le  mass, p o s i t i o n  o f  the passive 
v e h i c l e ' s  center  o f  mass i n  passive veh ic le  body frame, passive v e h i c l e  i n e r t i a  
tensor.  

Ma'or Out u t s :  Ac t i ve  v e h i c l e  mass, center  o f  mass l o c a t i o n  i n  a c t i v e  v e h i c l e ' s  
rame, a c t i v e  veh ic le  i n e r t i a  tensor, inverse  o f  a c t i v e  veh ic le  i n e r t i a  E%+-- 

tensor, p o s i t i o n  o f  a c t i v e  veh ic le ' s  body frame i n  the f a b r i c a t i o n  frame, 
f a b r i c a t i o n  t o  a c t i v e  v e h i c l e ' s  body frame a t t i t u d e  m a t r i x  and a t t i t u d e ,  p o s i t i o n  
o f  center  o f  mass i n  f a b r i c a t i o n  frame, passive v e h i c l e  mass, center  o f  mass 
l o c a t i o n  i n  passive veh ic le  body frame, passive v e h i c l e  i n e r t i a  tensor, inverse  
of passive veh ic le  i n e r t i a  tensor.  

Source Documentation: Engineering System Branch, Computation and Analys is  
D iv i s ion ,  "Space S h u t t l e  Funct ional  Simulator" ,  Volume 111, Revis ion B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume I1 I), 
November 1973. 

Development Schedule: Operat ional  



W-: Equations o f  Motion (Mass P roper t i es )  

P'lodel Name: MASS5 S imula t ion  Name: SSFS 

Contact Person: J .  E. Vinson m: Lockheed - Tel : (713)333-4875 

" s z r i p t i o n  of Model : This model provides t h e  mass proper t ies ,  which cons i s t  
of center  o f  g r a v i t y ,  moments o f  i n e r t i a  as a func t ion  o f  weight, and t o t a l  mass 
ca lcu la t ion .  

Major Inputs:  Mass t o  we igh t  conversion constant, a l t i t u d e ,  t o t a l  veh i c le  
mass. 

Major Outputs: To ta l  veh i c le  mass, center  o f  g r a v i t y ,  mass moments o f  i n e r t i a .  

Source Documentation: Engineering System Branch, Computation and Analys is  
D i v i s i o n , " S p a c e t t l e  Funct ional Simulator",  Volume 111, Revis ion B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSG-06726, Volume 1111, 
November 1973. 

Development Schedule: Operat ional 



Category Name: Equations o f  Motion (Mass Proper t ies)  

Model Name: f4ASS16 S imula t ion  Name: SSFS 

Contact Person: J, E. Vinson m: Lockheed - Tel : (713)333-4875 

Pesc r ip t i on  o f  Model: The MASS16 subrout ine def ines the  mass p rope r t i es  f o r  
t h e  Nor th  American Rockwell P i l o t  Evaluat ion S imula t ion  O r b i t e r  Vehicle. The 
center  o f  mass and v e h i c l e  i n e r t i a  are h e l d  constant  w h i l e  the mass can be 
decremented t o  model f u e l  consumption by the RCS j e t s  and main propu ls ion  
engines . 
Ma'or I n  u t s  A c t i v e  v e h i c l e  mass, p o s i t i o n  o f  t h e  center  o f  mass i n  the  ri3---e- a  r i c a t ~ o n  frame, p o s i t i o n  o f  the v e h i c l e  body frame i n  the  f a b r i c a t i o n  frame, 
a t t i t u d e  o f  t h e  v e h i c l e  body frame i n  the  f a b r i c a t i o n  frame, a c t i v e  v e h i c l e  i n e r t i a  
tensor.  

Major Out u t s :  A c t i v e  v e h i c l e  mass, center  o f  mass l o c a t i o n  i n  v e h i c l e  body & rame, a c t i v e  v e h i c l e  i n e r t i a  tensor,  inverse  o f  a c t i v e  veh ic le  i n e r t i a  tensor, 
p o s i t i o n  o f  the veh ic le  body frame i n  the  f a b r i c a t i o n  frame, f a b r i c a t i o n  t o  
v e h i c l e  body frame a t t i t u d e  m a t r i x  and a t t i t u d e ,  p o s i t i o n  o f  the  center  o f  mass 
i n  the  f a b r i c a t i o n  frame, i n i t i a l  a c t i v e  v e h i c l e  mass. 

Source Documentation: Engineering System Branch, Computation and Analys is  
b i v i s i o n ,  "Space S h u t t l e  Funct ional  Simulator" ,  Volume 111, Revis ion B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 111), 
November 1973. 

Development Schedule: Operat ional  



Category Name: Equations of Motion (Mass p rope r t i es )  

Model Name: MASS1 7  Simulat ion Name: SSFS 

Contact Person: J. E.  inso on a: Lockheed - Tel : (713)333-4875 

" s c r i p t i o n  o f  Model : MASS17 supp l ies  values f o r  t h e  NU-89B O r b i t e r  ( A p r i l  
vers ion)  mass, center -o f -g rav i ty ,  i n e r t i a  mat r ix ,  and i nve rse  i n e r t i a  mat r ix .  
The center -o f -g rav i ty  and i n e r t i a  matr ices are h e l d  constant  w h i l e  the  mass i s  
decremented t o  model f u e l  consumption by the  RCS j e t s  and main propu ls ion  
engines . 
Major I n  u ts :  To ta l  mass o f  RCS f u e l  consumed, t o t a l  mass o f  main propu ls ion  
&consumed. 

Major Out u t s :  Vehicle mass, v e h i c l e  center  o f  g r a v i t y  i n  body coordinates, & ve i c  e  i n e r t i a  mat r ix ,  and i nve rse  i n e r t i a  mat r ix .  

Source Documentation: Engineer ing System Branch, Computation and Analys is  
D iv is ion .  " S ~ a c e  S h u t t l e  Funct ional  Simulator" .  Volume 111. Revis ion B. 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Vol ume 1111, 
November 1973. 

Development Schedule: Operat ional  



Category Name: Equations o f  Motion (Mass P roper t i es )  

Model Name: MASS18 S imula t ion  Name: SSFS 

Contact Person: J. E. Vinson !&A: Lockheed m: (71 3) 333-4875 

Pesc r ip t i on  o f  Model : The MASS18 subrout ine  def ines t h e  mass p rope r t i es  f o r  
the  NR-890 O r b i t e r ,  A p r i l  version. The center  o f  mass and v e h i c l e  i n e r t i a  a re  
h e l d  constant  w h i l e  the  mass can be decremented t o  model f u e l  consumption by 
the  RCS j e t s  and main p ropu ls ion  engines. The mass p rope r t i es  represent  the 
O r b i t e r  a t  En t r y  w i t h  a  25,000 pound payload, a f t e r  a  40,000 pound p o l a r  payload 
mission. 

Ma'or I n  u ts :  A c t i v e  veh ic le  mass, p o s i t i o n  o f  t h e  cen te r  o f  mass i n  the  f a b r i c a -  
t i o n  rame, p o s i t t o n  o f  the  v e h i c l e  body frame i n  the  f a b r i c a t i o n  frame, a t t i t u d e  + 
o f  the v e h i c l e  body frame i n  t h e  f a b r i c a t i o n  frame, a c t i v e  v e h i c l e  i n e r t i a  tensor.  

Ma'or Out u ts :  A c t i v e  v e h i c l e  mass, center  o f  mass l o c a t i o n  i n  the v e h i c l e  body r.L--e- rame, a c t i v e  v e h i c l e  i n e r t i a  tensor, i nve rse  o f  a c t i v e  v e h i c l e  i n e r t i a  tensor,  
f a b r i c a t i o n  t o  v e h i c l e  body frame a t t i t u d e  m a t r i x  and a t t i t u d e ,  p o s i t i o n  o f  
center  o f  mass i n  f a b r i c a t i o n  frame, i n i t i a l  a c t i v e  v e h i c l e  mass. 

Source Documentation: Engineering System Branch, Computation and Analys is  
b i v i s i o n ,  "Space S h u t t l e  Funct ional  Simulator",  Volume 111, Revision B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 1111, 
November 1973. 

Development Schedule: Operat ional 



Category Name: Equations o f  Motion (Mass P roper t i es )  

1,lodel Name: MASS19 Simulat ion Name: SSFS 

Contact Person: J. E. Vinson : Lockheed - Tel : (71 3) 333-4875 

? e s c r i p t i o n  of Model: WSS19 i s  the  standard mass p rope r t i es  model f o r  the 
Launch-to-Orbit  I n teg ra ted  Vehicle, MLS-000061. Model MASS19 provides the 
mass p rope r t i es  which c o n s i s t  o f  cen te r  o f  g rav i t y ,  moments o f  i n e r t i a  
as a  f u n c t i o n  o f  weight  and t o t a l  mass ca l cu la t i on .  Mass dep le t i on  i s  determined 
i n  t h i s  model and a  f l a g  s i g n a l i n g  the  end o f  t h e  f i r s t  stage i s  s e t  based on 
mass deplet ion.  

Ma'or I n  u t s :  Mass, center  o f  g r a v i t y ,  moment o f  i n e r t i a  tables,  mass dep le t i on  - ue t o  RCS and main engine t h r u s t i n g .  

Major Outputs: Current  v e h i c l e  mass, center  o f  g r a v i t y ,  moments o f  i n e r t i a .  

Source Documentation: Engineering System Branch, Computation and Analys is  
D iv i s ion ,  "Space S h u t t l e  Funct ional  Simulator" ,  Volume 111, Revis ion B, 
Johnson S ~ a c e  Center. MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 1111, 
November 1973. 

Development Schedule: Operat ional  



Category Name: Equations of Motion (Mass Properties)  

Model Name: MASS20 Simulation Name: SSFS 

Contact Person: J. E .  Vinson a: Lockheed m: (71 3) 333-4875 

Pescription of Model: MASS20 supplies values of the  mass, center o f  gravity 
location,  i n e r t i a  matrix, and inverse i n e r t i a  matrix f o r  the NR-147B orb i te r .  
Center of gravity location and ine r t i a  matrices are held constant. Mass i s  
decremented t o  model fuel consumption b y  the RCS j e t s  and main propulsion 
engines. The model contains i n i t i a l  mass properties f o r  two configurations: 
landing (forward center  of gravity) and landing ( a f t  center of gravi ty) .  

Ma'or In uts :  Total mass of RCS fuel consumed, t o t a l  mass of main propulsion 
*consumed. 

Ma'or O u t  uts: 
*i a 

Vehicle 
matrix, 

mass, vehicle center  of 
inverse i n e r t i a  matrix. 

gravi body coordinates, 

Source Documentation: Engineering System Branch, Computation and Analysis 
Division, "Space Shut t le  Functional Simulator", Volume 111, Revision 8 ,  
Johnson Space Center, MSC Internal Note 72-FD-010, (MSC-06726, Volume I1 I ) ,  
November 1973. 

Development Schedule: Operational 



Category Name: Equations of Mot ion (Mass P r o p e r t i e s )  

plodel Name: MASS21 S imu la t ion  Name: SSFS 

Contact  Person: J .  E. Vinson m: Lockheed 

P e s c r i p t i o n  of Yodel: The MASS21 subrou t ine  def ines t h e  mass p r o p e r t i e s  f o r  
t h e  RI-147B O r b i t e r .  The center  o f  mass and v e h i c l e  i n e r t i a  a re  h e l d  constant  
w h i l e  the  mass can be decremented t o  model f u e l  consumption by t h e  RCS j e t s  and 
main p ropu ls ion  engines. The mass p r o p e r t i e s  represent  the  O r b i t e r  a t  En t ry  
w i t h  a  25.000 pound payload, a f t e r  a  65,000 pound payload due e a s t  mission.  

Ma'or I n  u t s :  A c t i v e  v e h i c l e  mass, p o s i t i o n  o f  cen te r  o f  mass i n  f a b r i c a t i o n  
+. rame, p o s i t i o n  o f  the v e h i c l e  body frame i n  t h e  f a b r i c a t i o n  frame, a t t i t u d e  
o f  t h e  v e h i c l e  body frame i n  the  f a b r i c a t i o n  frame, a c t i v e  v e h i c l e  i n e r t i a  
tensor. 

Major  Outputs:  A c t i v e  v e h i c l e  mass, center  o f  mass l o c a t i o n  i n  v e h i c l e  body 
frame, a c t i v e  v e h i c l e  i n e r t i a  tensor,  i n v e r s e  o f  a c t i v e  v e h i c l e  i n e r t i a  tensor, 
p o s i t i o n  o f  v e h i c l e  body frame i n  f a b r i c a t i o n  frame, f a b r i c a t i o n  frame t o  
v e h i c l e  body frame a t t i t u d e  m a t r i x  and a t t i t u d e ,  p o s i t i o n  o f  c e n t e r  o f  mass i n  
f a b r i c a t i o n  frame, i n i t i a l  a c t i v e  v e h i c l e  mass. 

Source Documentation: Engineer ing System Branch, Computation and Analys is  
D i v i s i o n ,  "Space S h u t t l e  Funct iona l  S imula tor " ,  Volume 111, Rev is ion  B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume I I I ) ,  
November 1973. 

Development Schedule: Operat iona l  



Category Name: Equat ions o f  Mot ion (Mass Proper t i es )  

Elodel Name: MASS23 S imu la t ion  Name: SSfS 

Contact  Person: J. E. Vinson : Lockheed - Te1: (713)333-4875 

" s c r i p t i o n  of Model : MASS23 supp l ies  values o f  t h e  mass, cen te r  o f  g r a v i t y  
l o c a t i o n ,  i n e r t i a  ma t r i x ,  i n v e r s e  i n e r t i a  m a t r i x  f o r  t h e  RI000140C O r b i t e r .  
Center o f  g r a v i t y  l o c a t i o n  and i n e r t i a  ma t r i ces  a re  h e l d  constant .  Mass i s  
decremented t o  model f u e l  consumption by the  RCS j e t s  and main p r o p u l s i o n  
system engines. MASS23 con ta ins  i n e r t i a l  mass p r o p e r t i e s ,  s t o r e d  v i a  data  
statements, f o r  two 1 anding c o n f i g u r a t i o n s ,  32000-pound-payload (near  forward 
c.g.1 and no-payload (near  a f t  c.g.1. 

Major  I n  u t s :  T o t a l  mass o f  RCS f u e l  consumed; t h e  t o t a l  mass o f  main pro-  & pu s i o n  engine f u e l  consumed; mass o f  t h e  veh ic le ;  cen te r  o f  g r a v i t y ;  and 
i n e r t i a  ma t r i x .  

Major  Outputs: Veh ic le  mass; v e h i c l e  cen te r  o f  g r a v i t y  i n  body coordinates;  
v e h i c l e  i n e r t i a  ma t r i x ;  and i n v e r s e  i n e r t i a  ma t r i x .  

Source Documentation: K. M. P a r r i s ,  "SSFS Model Documentation Ser ies  - MASS23It, 
Lockheed E l e c t r o n i c s  Company Technical  Report No. LEC1889, February 1974. 

Development Schedule: Operat iona l  

Rev is ion 1 
31 May 1974 



Category Name: Equations o f  Mot ion (Mass P r o p e r t i e s )  

Model Name: MASS24 S imu la t ion  Name: SSFS 

Contact  Person: J. E. Vinson m: Lockheed Te1: (71 3)333-4875 - 
" s c r i p t i o n  o f  Model : The MASS24 subrou t ine  de f ines  t h e  mass p r o p e r t i e s  f o r  
t h e  RI-140C O r b i t e r  as s p e c i f i e d  i n  t h e  Aerodynamic Design Data Book. The 
cen te r  o f  mass and v e h i c l e  i n e r t i a  a re  h e l d  constant  w h i l e  t h e  mass can be 
decremented t o  model f u e l  consumption by the  RCS j e t  and main p ropu ls ion  
engines. The nominal mass p r o p e r t i e s  represent  the  O r b i t e r  a t  En t ry  w i t h  a  
32,000 pound payload, a f t e r  a  65,000 pound payload due eas t  mission, An 
o p t i o n a l  mass p r o p e r t i e s  da ta  s e t  may be se lec ted  t o  represent  the  O r b i t e r  w i t h  
no payload. 

a o r n p u s  Veh ic le  mass, p o s i t i o n  o f  the  cen te r  o f  mass i n  t h e  f a b r i c a t i o n  
rame p o s i t i o n  o f  t h e  v e h i c l e  body frame i n  t h e  f a b r i c a t i o n  frame, t h e  

a t t i t u d e  o f  the  v e h i c l e  body frame i n  the  f a b r i c a t i o n  frame, and the  a c t i v e  
v e h i c l e  i n e r t i a  tensor.  

Ma'or Out u t s :  A c t i v e  v e h i c l e  mass, cen te r  o f  mass l o c a t i o n  i n  v e h i c l e  body r.L--e- rame, a c t i v e  v e h i c l e  i n e r t i a  tensor,  i n v e r s e  o f  a c t i v e  v e h i c l e  i n e r t i a  tensor,  
f a b r i c a t i o n  t o  v e h i c l e  frame a t t i t u d e  m a t r i x ,  f a b r i c a t i o n  t o  v e h i c l e  frame 
a t t i t u d e ,  p o s i t i o n  o f  t h e  cen te r  o f  mass i n  t h e  f a b r i c a t i o n  frame, and t h e  
i n i t i a l  a c t i v e  v e h i c l e  mass. 

Source Documentation: K. M. P a r r i s ,  "SSFS Model Documentation Ser ies  - MASS24", 
lockheed E l e c t r o n i c s  Company Technical  Report No. LEC2032, February 1974. 

Development Schedule: Operat iona l  

Revis ion 1  
31 May 1974 



Category Name: Equations o f  Mot ion (Mass P r o p e r t i e s )  

Model Name: VARMAS S imu la t ion  Name: SVDS 

Contact  Person: E. M. Fr idge,  I 1 1  &g: JSC - Tel  : (71 3) 483-3532 

" s c r i p t i o n  of Model : A  space v e h i c l e  may be considered t o  be made o f  a  
number o f  subsystems. The mass p r o p e r t i e s  o f  the  t o t a l  v e h i c l e  i s  then t h e  
sum o f  t h e  mass p r o p e r t i e s  o f  each subsystem. I f  the  mass p r o p e r t i e s  o f  each 
subsystem remains constant ,  as i s  t h e  case w i t h  a  coas t ing  veh ic le ,  the mass 
p r o p e r t i e s  o f  the t o t a l  v e h i c l e  remain constant .  However, i f  the  mass p r o p e r t i e s  
o f  the  subsystems a r e  changing, as i s  the case w i t h  a  t h r u s t i n g  veh ic le ,  t he  
problem o f  determin ing the  mass p r o p e r t i e s  o f  the  t o t a l  v e h i c l e  becanes smewhat  
invo lved.  The f u n c t i o n  o f  VARMAS i s  t o  compute the c u r r e n t  mass p r o p e r t i e s  o f  
a  changing mass veh ic le .  

The a l g o r i t h m  used by VARMAS i n  determin ing the  mass p r o p e r t i e s  o f  t o t a l  v e h i c l e  
can be d i v i d e d  i n t o  two separate  operat ions.  Step one i s  t o  determine t h e  
c u r r e n t  mass p r o p e r t i e s  o f  each subsystem as a  f u n c t i o n  o f  the  c u r r e n t  mass 
p r o p e r t i e s  o f  each subsystem as a f u n c t i o n  o f  the  c u r r e n t  we ight  o f  each sub- 
system. The second s tep  uses the  p a r a l l e l  a x i s  theorem t o  sum the c u r r e n t  
mass p r o p e r t i e s  o f  each subsystem i n  o rde r  t o  o b t a i n  the  mass p r o p e r t i e s  o f  
t h e  t o t a l  system. 

Major  I n  u t s  Center o f  g r a v i t y ,  l o c a t i o n  o f  main engine gimbal p o i n t  w i t h  
r e s p e c t  t o  t e  v e h i c l e  cen te r  o f  g r a v i t y  i n  the body system, i n e r t i a  and i n e r t i a  ----I, 
i n v e r s e  mat r ices ,  number o f  RCS j e t s  be ing s imulated,  t o t a l  number o f  main engines 
be ing  s imulated,  l o c a t i o n  o f  t h e  RCS j e t s ,  c u r r e n t  we igh t  o f  t h e  subsystems. 

Major  Outputs: Veh ic le  mass; l o c a t i o n  o f  the RCS j e t s ;  i n e r t i a  ma t r i x ;  es t imated 
X, Y, Z body axes moments o f  i n e r t i a ,  l o c a t i o n  o f  main engine gimbal p o i n t ,  
cen te r  o f  g r a v i t y  , polynomial  c o e f f i c i e n t s  f o r  up t o  n i n e  subsystems. 

Source Documentation: JSC/TRW. "Space Vehic le  Dynamics S imula t ion" ,  Program 
Desc r ip t i on ,  M i les tone  2, 27 A p r i l  1973. 

Sof tware Development Branch, Miss ion P lann ing and Analys is  D i v i s i o n ,  "User 's 
Guide f o r  the  Space Veh ic le  Dynamics S imu la t ion  (SVDS) Program", JSC I n t e r n a l  
Note 73-FM-67, (JSC-07950), 20 A p r i l  1973. 

Sof tware Oevelopment Branch, Miss ion P lann ing and Analys is  D i v i s i o n .  "Space 
Vehic le  Dynamics S imu la t ion  (SVDS) Program Subrout ine L i b r a r y " ,  Volume V, 
Q through S, JSC I n t e r n a l  Note 73-FM-110, (JSC-08065), Volume V ) ,  20 J u l y  1973. 

Development Schedule: Operat iona l  



Category Name: Equations of Motion (Rotational EOM) 

Model Name: Equations of Motion - Rotational Simulation Name: SDL 

Contact Person: p. Mjsra h: TRW - Tel : (713)333-3133 

"scription of Model: The rotational equations of motion maintain the vehicle 
a t t i tude  and a t t i tude  r a t e  w i t h  respect t o  the i ne r t i a l  coordinate system given 
the i n i t i a l  a t t i t ude ,  vehicle i ne r t i a  tensor, and the moments about the vehicle 
dynamic axes. The model consists of the summation of moments about the 
vehicle dynamics axes, 'the computation of angular acceleration and ra tes ,  and 
the derivation of the transformation between the vehicle dynamic and ine r t i  a1 
coordinate systems. The formulation a t  th i s  time i s  limited t o  Horizontal 
Flight Test t o  the extent of the moments accounted for  and the options provided. 

Ma'or In uts Vehicle i n e r t i a  matrix about the body dynamic axes; moments due - to  a i r  rea ing engine th rus t ,  aerodynamics and landing dynamics i n  the body 
dynamic coordinate system; vehicle angular velocity vector i n  body dynamic 
coordinate system; quaternion. 

Ma'or O u t  uts: Vehicle angular acceleration vector and updated vehicle angular +?--9-- ve ocity vector in body dynamic coordinate system; updated quaternion; updated 
transformation from body dynamic t o  i n e r t i a l  coordinates. 

Source Documentation: P. Misra, "Formulation of the Equations of Motion for 
the Software Development Laboratory", TRW Working Paper. 

Development Schedule: Formulation 11/73. 



Category Name: Equations o f  Motion (Rota t iona l  EOM) 

Model Name: Rota t iona l  EOM and A t t i t u d e  Contro l -  Simul a t i o n  Name: SMS 
Target  Vehic le 

Contact  Person: C, C. Olasky m: JSC ( 71 3)483-2481 

Qesc r ip t i  on of Model : The s imulated t a r g e t  v e h i c l e  r o t a t i o n a l  equations o f  mot ion 
ma in ta in  t a r g e t  v e h i c l e  o r  payload a t t i t u d e s  and a t t i t u d e  ra tes  when n o t  at tached 
t o  the  s h u t t l e  veh i c le  o r  manipulator.  Inputs  t o  the equations o f  mot ion are  
a t t i t u d e  c o n t r o l  moments, t h r u s t  moments, aerodynamic moments, moments exer ted  
by the  d  ck ing  mechanism, and veh ic le  mass center  and i n e r t i a  p rope r t i es .  Mass 
cen te r  a  1 d i n e r t i a  p rope r t i es  are  obta ined from s imula ted  t a r g e t  v e h i c l e  mass 
p rope r t i es ,  and aerodynamic moments f rom s imulated t a r g e t  v e h i c l e  aerodynamics. 
A t t i t u d e  con t ro l  moments may be obta ined e i t h e r  f rom a  s p e c i f i c  t a r g e t  v e h i c l e  
c o n t r o l  system s i r u l a t i o n  program, o r  f rom a  general ized approximate c o n t r o l  
l o g i c  and t h r u s t e r  s imu la t i on  l oca ted  w i t h i n  the  r o t a t i o n a l  EOM program. A t t i t u d e  
canmands w i l l  be obta ined from s imula ted  t a r g e t  v e h i c l e  guidance, t h e  s h u t t l e  
vehfc le,  o r  the i n s t r u c t o r .  Reset terms w i l l  be used t o  approximate t h e  c o n t r o l  
phase p lane l o g i c .  The general ized phase p lane l o g i c  w i l l  be capable o f  s imu la t i ng  
t h e  nominal s h u t t l e  o r b i t e r  phase plane; the  on ly  approximations requ i red  be ing  
o f  the  formula f o r  the  comnanded r a t e  changes i n  two o f  the  seven f i r i n g  regions. 

React ion c o n t r o l  moments w i  11 be added t o  aerodynamic moments and t h r u s t  moments. 
Grav i t y  g r a d i e n t  moments w i l l  be ca l cu la ted  and included. Eu le r ' s  equat ions w i l l  
be so lved to ob ta in  angular  acce lera t ions ,  which w i l l  be i n teg ra ted  t o  ob ta in  
angular  ra tes .  Rates w i l l  be i n t e g r a t e d  t o  o b t a i n  d i r e c t i o n  cosines i n  a  fash ion  
s i m i l a r  t o  t h a t  described f o r  s h u t t l e  v e h i c l e  Cotat ional  EOM. The d i r e c t i o n  
cosine m a t r i x  w i l l  t rans form f r o m  the  body coordinate system t o  the t a r g e t  coord inate 
system. 

Major I npu ts  : 

Major  Outputs: 

Source Documentation: Singer  Company, S imula t ion  Products D iv i s ion ,  " S h u t t l e  
Miss ion  Simulator  Basel ine D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Equations o f  Motion (Rota t iona l  EOM) 

Flodel Name: Rota t iona l  EOM - S h u t t l e  Simulat ion Name: SMS 

Contact Person: C. C. Olasky m: ' JSC - Tel : (713)483-2481 

" s c r i p t i o n  of Model: The s imu la ted  s h u t t l e  veh i c le  r o t a t i o n a l  equat ions of 
motion w i l l  ma in ta in  veh ic le  a t t i t u d e  and a t t i t u d e  ra tes  g iven c u r r e n t  v e h i c l e  
pos i t i on ,  center  o f  mass, i n e r t i a  tensor, and veh ic le  body forces and moments. 
Body forces and moments inc luded i n  the  c a l c u l a t i o n  o f  veh i c le  r o t a t i o n a l  dynamics 
are: SRM t h r u s t ,  MPS t h r u s t  ( i n c l u d i n g  vent ing),  OMS th rus t ,  RCS t h rus t ,  
ABPS forces, gear /brak i  ng forces, drag chute forces, aerodynamic moments ( i nc lud -  
i n g  p rox im i t y  and ground e f f e c t s ) ,  payload manipulat ion moments, and docking 
moments . 
Body moments r e s u l t i n g  from body fo rces  are ca l cu la ted  using the f i x e d  p o s i t i o n  
o f  the a p p l i c a t i o n  p o i n t  and the  c u r r e n t  p o s i t i o n  o f  the veh ic le  center  o f  mass. 
The r o t a t i o n a l  e f f e c t s  of moving payload doors/space rad ia to rs  w i l l  be calculated,  
and inc luded w i t h i n  t h e  r o t a t i o n a l  dynamics. Grav i t y  g rad ien t  torques w i l l  be 
ca l cu la ted  and inc luded i n  the  aggregate body moments. Eu le r ' s  equat ions w i l l  be 
solved t o  ob ta in  angular accelerat ions,  and w i l l  be i n teg ra ted  t o  o b t a i n  angular 
rates.  Rates and a t t i t u d e  changes due t o  prelaunch cons t ra in t s  w i l l  be s imulated 
p r i o r  t o  l i f t o f f .  The s t r u c t u r a l  body f i x e d  coordinate system w i l l  be used f o r  
the i r t e r t i a  tensor  and angular v e l o c i t y .  The d i r e c t i o n  cosine m a t r i x  w i l l  be 
obta ined from the angular v e l o c i t y  vec tor  us ing s e l  f -normal iz ing  d i f f e r e n c e  
equations. Eu ler  angles w i t h  respect  t o  l o c a l  h o r i z o n t a l  a r e  then ca l cu la ted  
f o r  purposes o f  d i sp lay  us ing t h e  d i r e c t i o n  cosines. 

Major Inputs:  

Major Outputs: 

Source Documentation: Singer Company, Simulat ion Products D iv is ion ,  "Shu t t l e  
Miss ion Simulator  Basel ine D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Equations of Motion (Rotational EOM) 

Model Name: ROTDER Simulation Name: SVDS 

Contact Person: E. M. Fridge, I11 w: JSC M: (71 3)483-3532 

Pescription of Model: ROTDER computes body angular accelerations and quaternion 
ra tes  f o r  a1 1 vehicles being simulated. This model a l so  computes t ransla t ional  
accelerations i n  the ear th  centered i ne r t i a l  system i f  multi-loop and aerodynamics 
a re  being simulated. The f i r s t  s e t  of equations computes the angular accelerations which 
a re  then placed i n  the derivative array. Next, the quaternions rates are computed 
and placed i n  t he  der ivat ive  array. The next s e t  of operations checks f lags  t o  
determine i f  multi-loop and aerodynamics are being simulated. I f  multi-loop and 
aerodynamics a re  being simulated, translational accelerations are computed in 
the ear th  centered i ne r t i a l  system and placed in the derivative array. Otherwise 
program control i s  t ransferred from ROTDER. 

Ma'or In uts :  Body system to earth centered i ne r t i a l  transformation matrix, to ta l  
d ' E X i k t a l  moment in the body system, nomalized quaternions, quaternion ra tes ,  
i n e r t i a  and i n e r t i a  inverse matrices , acceleration due t o  gravity,  past  value 
of gravi ta t ional  acceleration,  body ra tes ,  body acceleration,  vehicle earth centered 
i n e r t i a l  rota t ional  acceleration,  vehicle mass. 

Ma 'or O u t  uts  : Derivative array,  quaternion ra tes ,  vehicle ear th  centered i n e r t i a l  
F E b i d k c e l e r a t i  on. 

Source Documentation: JSC/TRW, "Space Vehicle Dynamics Simulation", Program 
Description, Milestone 2, 27 April 1973. 

Sofbvare Development Branch, Mission Planning and Analysis Division, "User's 
Guide f o r  the  Space Vehicle Dynamics Simulation (SVDS) Program", JSC Internal 
Note 73-FM-67, (JSC-07950), 20 April 1973. 

Sofbvare Development Branch, Mission Planning and Analysis Division, 
"Space Vehicle Dynamics Simulation (SVDS) Program Subroutine Library", Volume 
V ,  Q through S, JSC Internal Note 73-FM-110, (JSC-08065, Volume V), 20 July 1973. 

Development Schedule: Operational 



Category Name: Equations of  Motion (Rota t iona l  ~ o M / ~ r a n s l a t i o n a l  EON) 

Model Name: AVEHl Simulat ion Name: SSFS 

Contact Person: J .  E. Vinson : Lockheed - Tel : (713)333-4875 

% s c r i p t i o n  of Model: The a c t i v e  veh ic le  model, AVEHl, provides a  six-degree- 
of-freedom s imu la t i on  o f  a  n i g i d  body v e h i c l e  i n  three-dimensional i n e r t i a l  space. 
The veh ic le  dynamics use the  forces and torques caused by f i r i n g  j e t s  of an 
a t t i t u d e  c o n t r o l  p ropu ls ion  system and by f i r i n g  the  o r b i t  maneuver system (OMS) 
engines. The g r a v i t a t i o n a l  acce le ra t i on  o f  the ea r th  and t h e  torque due t o  the 
g r a v i t y  g rad ien t  are used i n  the  AVEHl v e h i c l e  dynamics. Computation o f  the  
veh ic le ' s  s t a t e  vectors i s  performed r e l a t i v e  t o  an ear th  centered i n e r t i a l  
coord inate system. The r o t a t i o n a l  sequence used i s  r o l l ,  p i t ch ,  yaw. 

Major Inputs:  Pos i t ion ,  l i n e a r  v e l o c i t y ,  and l i n e a r  acce lera t ion  vectors o f  
the a c t i v e  veh ic le  i n  the i n e r t i a l  frame; a t t i t u d e  o f  the  a c t i v e  veh ic le  i n  the  
i n e r t i a l  frame; angular v e l o c i t y  and angular  acce le ra t i on  vectors o f  the v e h i c l e  
i n  the veh ic le  body frame. 

Major Out u ts  Current  a c t i v e  veh ic le  time; pos i t i on ,  l i n e a r  v e l o c i t y ,  and A: . . 
inea r  acce e r a t i o n  vectors o f  the  a c t i v e  v e h i c l e  i n  the  i n e r t i a l  frame; angular 

v e l o c i t y  and angular acce le ra t i on  vectors o f  the veh ic le  i n  the veh ic le  body 
frame; a t t i t ude ,  a t t i t u d e  ra te ,  and a t t i t u d e  acce lera t ion  o f  the  a c t i v e  veh ic le  
i n  the i n e r t i a l  frame. 

Source Documentation: Engineering System Branch, Computation and Analys is  
D iv i s ion ,  "Soace S h u t t l e  Funct ional  Simulator",  Volume 111. Revision B. 
Johnson space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume I I I ) ,  
November 1973. 

Devel opment Schedule: Operat ional 



Category Name: Equations o f  Motion (Rota t iona l  EOM/Translational EOM) 

Model Name: A V E H ~  S imula t ion  Name: SSFS 

Contact Person: J. E. Vinson m: Lockheed m: (71 3)333-4875 

n e s t r i p t i o n  of  Model: AVEH2 def ines the  motions o f  the  center  o f  g r a v i t y  o f  the 
vehic le.  For convenience i t  i s  separated i n t o  th ree  pa r t s :  t r a n s l a t i o n  
equat ions, r o t a t i o n  equations, and Eu le r  angles. These equations should be 
so lved a t  l e a s t  once each second du r ing  powered f l i g h t .  I n  the  v i c i n i t y  of 
environmental d i s c o n t i n u i t i e s  more f requen t  s o l u t i o n  i s  required; f o r  instance, 
the  v e h i c l e  can f l y  completely through a wind gus t  a t  maximum dynamic pressure 
w i t h i n  0.1 second. Other d i s c o n t i n u i t i e s  include: s taging,  s t a r t  o f  c losed 
loop guidance, and engine o r  ac tua to r  f a i l u r e s .  As a r u l e  o f  thumb, the 
i n t e g r a t i o n  r a t e  dur ing  t rans ien ts  can be 112 times r o t a t i o n a l  acce lera t ion .  

Ma'or I n  u t s :  Forces due t o  aerodynamics, t h r u s t ,  RCS, engine d e f l e c t i o n ,  
an s os t rans format ion  matr ices from body t o  i n e r t i a l  p lumbl ine and from 4-k- 
i n e r t i a l  po la r -equa to r i a l  t o  i n e r t i a l  plumbline; v e h i c l e  mass; i n i t i a l  condi- 
t i o n s  ; moments due t o  aerodynamics, main propuls ion,  r e a c t i o n  c o n t r o l  system, 
engine acce lera t ions ,  and s losh.  

Ma'or Out u t s :  Sums o f  fo rces  i n  the  X, Y, Z body axes d i rec t i ons ;  i n e r t i a l  
i n e  pos i t i on ,  v e l o c i t y ,  and accelenat ion components; body rates; i n t e g r a l  &J+- 

o f  body ra tes ;  aero and E u l e r  angles. 

Source Documentation: Engineering System Branch, Computation and Analysis 
D iv i s ion ,  "Space S h u t t l e  Funct ional  Simulator",  Volume 111, Revision B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume I1 I ) ,  
November 1973. 

Development Schedule: Operat ional 



Category Name: Equations o f  Motion (Rota t iona l  EOM/Translational EOM) 

Model Name: AVEH5 Simulat ion Name: SSFS 

Contact Person: J. E. Vinson m: Lockheed Tel : (713)333-4875 - 
Peescription o f  Model: AVEH5 provides a  six-degree-of-freedom s imu la t i on  o f  
the s h u t t l e  o r b i t e r  dynamics. The equat ions o f  motion are  de f ined us ing aerodynamic. 
reac t i on  c o n t r o l  system, and a i r -b rea th ing  propu ls ion  system inputs .  AVEH5 
in teg ra tes  the contac t  fo rces  equations o f  motion and s tores  the r e s u l t s  i n  d e l t a  
s t a t e  vec to r  arrays.  A u t i l i t y  r o u t i n e  i s  c a l l e d  t o  i n t e g r a t e  the  g r a v i t a t i o n a l  
(non-contact) forces and t o  add the  d e l t a  s t a t e  vectors ca lcu la ted  by AVEH5 t o  
mainta in the t o t a l  s t a t e  vector .  

The cur ren t  v e h i c l e  a t t i t u d e  i n fo rma t ion  i s  contained i n  a  v e h i c l e - t o - i n e r t i a l  
t rans format ion  matr ix .  expressed i n  terms o f  the  d i r e c t i o n  cosines and i n teg ra ted  
forward by AVEH5. 

AVEH5 may a lso  operate i n  a  wind tunnel  mode, which by-passes c a l l s  t o  the 
atmosphere r o u t i n e  and simulates on l y  r o t a t i o n a l  dynamics. 

Major I n  u t s :  I n i t i a l  veh i c le  o r i e n t a t i o n  w i t h  respect  t o  l o c a l  h o r i z o n t a l  & coor i n a t e  system, i n i t i a l  s t a t e  vector ,  t ime between mass p rope r t i es  updates, 
vec tor  from center  o f  g r a v i t y  t o  v e h i c l e  motion sensor l oca t i on .  

Major Outputs : De l ta  s t a t e  vec tor  arrays.  

Source Documentation: Engineering System Branch, Computation and Analysis 
-ttle Funct ional  Simulator",  Volume 111, Revis ion B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 111), 
November 1973. 

Development Schedule: Operat ional 



Category Name: Equations o f  Motion (Rota t iona l  EOM/Translational EOM) 

Model Name: AVEH6 S imula t ion  Name: SSFS 

Contact Person: J. E. Vinson !?El: Lockheed x: (713)333-4875 

% s c r i p t i o n  of Model : The a c t i v e  v e h i c l e  model, AVEH6, provides a  6-degree- 
of-freedom s imu la t i on  o f  a  r i g i d  body i n  3-dimensional i n e r t i a l  ( o r b i t a l  motion) 
and f r e e  ( r e l a t i v e  motion) space. AVEH6 can s imu la te  the  a c t i v e  veh ic le  fo r  
a l l  SSFS o r b i t a l  miss ion phases: coast, powered f l i g h t ,  docking and undocking, 
rendezvous, and stat ionkeeping.  I t  i s  w r i t t e n  p r i m a r i l y  t o  be used i n  s imu la t -  
i n g  a  three-body problem ( a c t i v e  and passive veh ic les  i n  i n e r t i a l  space) i n  
which a  s t a t e  vec to r  r e c t i f i c a t i o n  scheme i s  used t o  i nsu re  accuracy f o r  c a l c u l a t -  
i n g  the  re1  a t i v e  re1  a t i  onshi ps beween vehic les f o r  very smal l  s t a t e  changes. 
The v e h i c l e  dynamics f o r  o r b i t a l  and r e l a t i v e  motion use t h e  forces and torques 
caused by f i r i n g  j e t s  o f  an a t t i t u d e  c o n t r o l  p ropu ls ion  system and by f i r i n g  the 
o r b i t  maneuver system (OMS) engines. When s imu la t i ng  o r b i t a l  motion, t h e  
g r a v i t a t i o n a l  acce le ra t i on  o f  t h e  ea r th  and the  torque due t o  the  g r a v i t y  g rad ien t  
a re  used i n  the  v e h i c l e  dynamics. Computation o f  the v e h i c l e ' s  s t a t e  vectors 
i s  performed r e l a t i v e  t o  a  non ro ta t i ng  orthogonal coord inate system. The 
r o t a t i o n a l  sequence used i n  AVEH6 i s  r o l l ,  p i t c h ,  yaw. The user may request  
o r b i t a l  motion and/or r e l a t i v e  motion. 

Major Inputs:  Pos i t i on ,  l i n e a r  ve loc i t y ,  and l i n e a r  acce le ra t i on  vectors 
o f  the  a c t i v e  vehic le;  a t t i t u d e ;  angular v e l o c i t y  and angular acce le ra t i on  
o f  the  vehic le;  p o s i t i o n  and a t t i t u d e  o f  the  sensor. 

Ma ' o r  Out u t s :  Updated pos i t i on ,  l i n e a r  v e l o c i t y ,  and 1  i n e a r  acce le ra t i on  - vectors,  up a ted  a t t i t u d e ;  veh i c le  angular  v e l o c i t y  and angular acce le ra t i on  
vectors;  v e h i c l e  t o  sensor p o s i t i o n  vec tor  and a t t i t u d e ;  veh id le  t o  docking 
probe p o s i t i o n  vec to r  and a t t i t u d e ;  probe t o  sensor p o s i t i o n  vec to r  and 
a t t i t u d e .  

Source Documentation: Engineering System Branch, Computation and Analys is  
D iv i s ion ,  "Space S h u t t l e  Funct ional  Simulator" ,  Volume 111, Revis ion B. 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 1111, 
November 1973. 

Development Schedule: Operat ional 



Category Name: Equations o f  Motion (Rota t iona l  EOM/Translational EOM) 

Model Name: AVEHl2 S imula t ion  Name: SSFS 

Contact Person: J. E. Vinson a: Lockheed - Tel : (71 3)333-4875 

Pesc r ip t i on  o f  Model: AVEH12 i s  a three-degree-of-freedom model o f  the  dynamics 
o f  the s h u t t l e  o r b i t e r .  It was w r i t t e n  e s p e c i a l l y  f o r  use i n  t h e  en t r y - to -  
touchdwn s imula t ion .  The v e h i c l e  s t a t e  can be computed i n  e i t h e r  t h e  e a r t h  
centered i n e r t i a l  o r  a i r p o r t  coord inate frame. 

Ma'or I n  u t s :  P o s i t i o n  and v e l o c i t y  vectors o f  the  a c t i v e  vehic le,  aerodynamic ++- orce, a t i t u d e ,  v e l o c i t y  w i t h  respect  t o  atmosphere, mass, g r a v i t a t i o n a l  
acce lera t ion ,  comnanded angle o f  at tack,  commanded r o l l  about v e l o c i t y  vector,  
commanded p i t c h  and r o l l  angles, comnanded p i t c h  ra te .  

Major Outputs : P o s i t i o n  and v e l o c i t y  vectors. 

Source Documentation: Engineering System Branch. Computation and Analys is  
D iv is ion ,  "Space S h u t t l e  Funct ional  Simulator",  Volume 111, Revis ion B ,  
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726. Volume 111). 
November 1973. 

Development Schedule: Operat ional 



Category Name: Equations o f  Motion (Rotat ional  EOM/Translational EOM) 

Model Name: AvEH13 S imula t ion  Name: SSFS 

Contact Person: J. E. Vinson m: Lockheed m: (713)333-4875 

Q e s c r i p t i o n  of Model : The a c t i v e  v e h i c l e  program, AVEH13, provides a th ree  o r  
six-degree-of-freedom s i m u l a t i o n  o f  a r i g i d  body veh ic le  i n  f r e e  space. The 
v e h i c l e  dynamics use t h e  forces and torques caused by f i r i n g  j e t s  o f  an a t t i t u d e  
c o n t r o l  p ropu ls ion  system. Computation o f  the  v e h i c l e ' s  s t a t e  vectors i s  
performed r e l a t i v e  t o  an i n e r t i a l  coord inate system. The r o t a t i o n a l  sequence 
used i s  r o l l ,  p i t c h ,  yaw. 

Ma'or I n  u t s :  De l ta  p o s i t i o n  vec to r  o f  a c t i v e  veh ic le ,  l i n e a r  v e l o c i t y  and +-% i n e a r  acce e r a t i o n  vectors o f  the  a c t i v e  vehic le,  a t t i t u d e ,  angular v e l o c i t y  
and angular  acce le ra t i on  vectors o f  the  veh ic le .  

Ma'or Out u t s :  Cur ren t  a c t i v e  veh ic le  time; d e l t a  pos i t i on ,  l i n e a r  v e l o c i t y ,  +-%- i n e a r  acce e ra t i on ,  angular  v e l o c i t y ,  and angular  acce le ra t i on  vectors o f  
the  vehic le;  a t t i t u d e ;  a t t i t u d e  r a t e  and a t t i t u d e  acce lera t ion .  

Source Documentation: Engineer ing System Branch, Computation and Analys is  
D iv i s ion ,  "Space S h u t t l e  Funct ional  Simulator",  Volume 111, Revis ion B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 111) , 
November 1973. 

Development Schedule: Operat ional  



Category Name: Equations of Motion (Rotational EOM/Translational EOM) 

Model Name: AVEHl4 Simulation Name: SSFS 

Contact Person: J. E. Vinson : Lockheed - Tel : (71 3)333-4875 

!kscription of Model : The act ive vehicle program, AVEH14, provides a six- 
degree-of-freedom simulation of a r ig id  body vehicle i n  three-dimensf onal 
i ne r t i a l  space. The vehicle dynamics use the forces and torques caused by 
f i r i ng  je t s  of an a t t i t ude  control propulsion system. The gravitational 
acceleration of the earth and the torque due t o  the gravity gradient are used 
i n  the AVEH14 vehicle dynamics. Computation of the vehicle 's  s t a t e  vectors 
is performed r e l a t i ve  t o  a non-rotating orthogonal coordinate system w i t h  the 
origin a t  the center of the ear th .  The rotational sequence used is r o l l ,  
pitch, yaw. 

Major Inputs: I n i t i a l  t ransla t ional  and rotational s t a t e  vectors. 

Ma'or O u t  uts: Current act ive vehicle time; position, 1 tnear velocity,  1 lnear * acce erat ion,  angular velocity, and angular acceleration vectors; a t t i tude ;  
a t t i tude  ra te ;  and a t t i t ude  acceleration. 

Source Documentation : Engineering Sys tem Branch, Computation and Analysis 
Division, "Space Shuttle Functional Simulator", Volume 111. Revision B ,  
Johnson Space Center, MSC Internal Note 72-FD-010, (KC-06726, Volume 111). 
November 1973. 

Development Schedule: Operational 



Category Name: Equations o f  Motion (Rota t iona l  EOM/Translational EOM) 

Node1 Name: AVEH15 Simulat ion Name: SSFS 

Contact Person: J. E. Vinson m: Lockheed m: (71 3)333-4875 

Pesc r ip t i on  of Model : AVEH15 i s  the  v e h i c l e  program f o r  the  Launch-to-Orbit phase 
o f  the  I n t e g r a t e d  S h u t t l e  v e h i c l e  VLS - 000061 conf igura t ion ,  k n w n  as the  2A 
con f i gu ra t i on .  It contains t h e  six-degree-of-freedom equations o f  motion which 
de f i ne  t h e  motions o f  the center  o f  g r a v i t y  o f  t h e  v e h i c l e  - t r a n s l a t i o n ,  r o t a t i o n ,  
and Eu le r  angles. I t  a l s o  c a l l s  the 3-degrees-of-freedom model f o r  a second 
stage s imu la t i on  w h i l e  o m i t t i n g  6-degrees-of-freedom ca l cu la t i ons  e n t i r e l y .  

Ma'or I n  u t s :  Geodetic l a t i t u d e  o f  launch s i t e ;  r o t a t i o n a l  r a t e  o f  the  ear th;  
1 a t t e n i n g  constant; equator i  a1 rad ius  o f  the earth; 1 aunch azimuth; t h r u s t  dm- 

forces; RCS forces ; engine d e f l e c t i o n  forces; s losh  forces;  g r a v i t a t i o n a l  accelera- 
t i o n  components; moments due t o  aerodynamics, engine t h r u s t ,  engine de f l ec t i ons ,  
r e a c t i o n  con t ro l ,  and s losh.  

Ma'or Out u t s :  I n i t i a l  s t a t e  vector;  sum o f  fo rces  i n  X, Y, Z body ax is  d i rec t i ons ;  + c u r r e n t  n e r t i a l  p lumbl ine s t a t e  vector;  t rans format ion  matr ices f rom body t o  
i n e r t i a l  plumb1 i n e  and i n e r t i a l  po la r -equator ia l  t o  i n e r t i a l  p lumbl ine coordinates; 
angular  acce lera t ions  o f  the  r i g i d  body; angular  acce lera t ions  and t h e i r  i n teg ra l s ;  
Eu le r  angles. 

Source Documentation: Engineering System Branch, Computation and Analys is  
D iv i s ion .  "Soace S h u t t l e  Funct ional  Simulator" .  Volume 111. Revis ion 8. 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, ( M S C - O ~ ? ~ ~ ,  Volume I 11). 
November 1973. 

Development Schedule: Operat ional 



Category Name: Equations o f  Motion (Rota t iona l  EOM/Translational EON) 

Model Name: PVEHl Simulat ion Name: SSFS 

Contact Person: J. E .  Vinson &g: Lockheed m: (71 3) 333-4875 

" s c r i p t i  on of Model : The pass ive  v e h i c l e  model, PVEHl, provides a  6-degree-of- 
freedom s imu la t i on  o f  a  r i g i d  body i n  a  3-dimensional i n e r t i a l  ( o r b i t a l  motion) 
o r  f r e e  ( r e l a t i v e  motion) space. P V E H l  can s imu la te  the passive veh ic le  f o r  the 
docking and undocking, rendezvous, and s ta t ionkeep ing  miss ion phases. When used 
i n  s i m u l a t i n g  a  three-body problem ( a c t i v e  and passive vehic les i n  i n e r t i a l  
space), a  s t a t e  vec to r  r e c t i f i c a t i o n  scheme i s  used t o  i nsu re  accuracy f o r  ca l -  
c u l a t i n g  the r e l a t i v e  r e l a t i o n s h i p s  between vehic les f o r  very smal l  s t a t e  changes. 
The veh ic le  dynamics f o r  o r b i t a l  and r e l a t i v e  motion use the forces and torques 
obta ined by commanding the pass ive  v e h i c l e  f o r c e  sequencing l o g i c .  When s imu la t i ng  
o r b i t a l  motion, the  g r a v i t a t i o n a l  acce le ra t i on  o f  the  ear th  and the torque due 
t o  the g r a v i t y  g rad ien t  are used i n  t h e  veh ic le  dynamics. Computation o f  t h e  
v e h i c l e ' s  s t a t e  vectors i s  performed r e l a t i v e  t o  a  nonro ta t ing  orthogonal coord inate 
system. The r o t a t i o n a l  sequence used i n  PVEHl i s  r o l l ,  p i t c h ,  and yaw. 

Ma'or I n  u t s  Re la t i ve  t o  body frame p o s i t i o n  vec tor  and a t t i t u d e ,  t a r g e t  t o  * . .  
o  y  rame p o s i t i o n  sec t i on  and a t t i t u d e ,  angular v e l o c i t y  vec to r  of the  passive 

veh ic le ,  angular v e l o c i t y  vec to r  o f  t h e  t a r g e t .  

Major Outputs: Pos i t ion ,  1  i n e a r  v e l o c i t y ,  l i n e a r  acce lera t ion  vectors and 
a t t i t u d e  o f  the passive vehic le;  angular  v e l o c i t y  and angular acce le ra t i on  
vectors. 

Source Documentation: Engineering System Branch, Computation and Analys is  
D iv i s ion ,  "Space S h u t t l e  Funct ional  Simulator" ,  Volume I 1  I, Revis ion B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume I I I ) ,  
November 1973. 

Development Schedule: Operat ional 



Category Name: Equations o f  Motion (T rans la t i ona l  EOM) 

Model Name: Equations o f  Motion - T rans la t i ona l  S imula t ion  Name: SDL 

Contact Person: P. Mis ra  9: TW - Tel : (713)333-3133 

F e s c r i p t i o n  o f  Model : The t r a n s l a t i o n a l  equat ions o f  mot ion main ta in  one -- 
v e h i c l e  t r a n s l a t i o n a l  s t a t e  vec to r  (pos i t ion ,  v e l o c i t y ,  t ime) w i t h  respect  
to  i n e r t i a l  coordinates g iven body forces, v e h i c l e  mass g r a v i t a t i o n a l  accelera- 
t i o n ,  and v e h i c l e  o r i e n t a t i o n .  The model cons is ts  o f  the  computation o f  
induced acce lera t ions  a long the  veh ic le  dynamic axes, t h e  computation o f  veh i c le  
acce le ra t i on  i n  i n e r t i a l  space, and a  s u i t a b l e  i n t e g r a t i o n  scheme t o  de r i ve  
the v e h i c l e  s t a t e  vectors.  The fo rmula t ion  a t  t h i s  t ime i s  l i m i t e d  t o  
Hor izonta l  F l i g h t  Tes t  t o  the  ex ten t  o f  the fo rces  accounted f o r  and the  
op t ions  provided. 

Major I n  u t s :  Thrus t  vector ,  aerodynamic f o r c e  vector,  and land ing  dynamics 
3‘--%7 orces I n  e  body dynamic axes ; vehi c l e  mass; g r a v i t a t i o n a l  acce le ra t i on  
vector ,  v e h i c l e  p o s i t i o n  vector ,  and v e h i c l e  v e l o c i t y  vec to r  i n  the  i n e r t i a l  
coord inate system; t rans format ion  m a t r i x  from body dynamic t o  i n e r t i a l  
coordinates. 

Ma'or Out u t s  Induced acce le ra t i on  and induced v e l o c i t y  change along the 
* '  o  y  ynamic axes, updated v e h i c l e  p o s i t i o n  and v e l o c i t y  vec tors  i n  t h e  
i n e r t i a l  coord ina te  system. 

Source Documentation: P. Misra, "Formulat ian o f  the  Equations o f  Motion f o r  
the  Sof  b a r e  Development Laboratory",  TRW Working Paper. 

Development Schedule: Formulat ion 11/73. 



Category Name: Equations o f  Mot ion ( T r a n s l a t i o n a l  EOM) 

Model Name: TARGET S imu la t ion  Name: SLS 

Contact  Person: Lance Drane m: C. S. Draper Lab. w: (61 71258-11 78 

5 e s c r i p t i o n  of Model: The TARGET model main ta ins  the s t a t e  v e c t o r  of a  pass ive 
v e h i c l e  s e r v i n g  as a  rendezvous t a r g e t  o r  n a v i g a t i o n  aid.  The assumption i s  
made t h a t  the v e h i c l e  i s  t o  be on a  f r e e - f a l l  t r a j e c t o r y  i n  t h e  E a r t h ' s  g r a v i t a -  
t i o n a l  f i e l d  w i t h  a  c a p a b i l i t y  o f  per forming impu ls i ve  t h r u s t  maneuvers. It 
prov ides a  point-mass model on ly ;  t h e  a t t i t u d e  and r o t a t i o n a l  dynamics o f  t h e  
v e h i c l e  a re  n o t  considered. 

TARGET serves as a  subrou t ine  t o  o t h e r  models which c a l l  i t  w i t h  requests t o  
update t h e  pass ive v e h i c l e  s t a t e  v e c t o r  t o  a  s p e c i f i e d  t ime. The a c t u a l  s t a t e  
v e c t o r  i n t e g r a t i o n  i s  n o t  performed w i t h i n  the TARGET model; r a t h e r  i t  uses t h e  
p r e c i s i o n  s t a t e  e x t r a p o l a t i o n  mode o f  another subrout ine t o  c a r r y  o u t  t h e  
i n t e g r a t i o n .  

I n  a d d i t i o n  t o  m a i n t a i n i n g  a  f r e e - f a l l  t r a j e c t o r y ,  the  TARGET model can i n c o r -  
po ra te  instantaneous changes i n  v e h i c l e  p o s i t i o n  and v e l o c i t y  t h a t  rep resen t  
the r e s u l t s  o f  impu ls i ve  t h r u s t  maneuvers. Desired value o f  t h e  rad ius  v e c t o r  
change and t h e  v e l o c i t y  v e c t o r  change can be i n  e i t h e r  Reference I n e r t i a l  o r  
Local  V e r t i c a l  coordinates.  I f  the  l a t t e r  coord inate  system i s  chosen, TARGET 
t ransforms t h e  l o c a l  v e r t i c a l  rad ius  and v e l o c i t y  vectors  i n t o  Reference I n e r t i a l  
coordinates be fo re  i n c o r p o r a t i n g  them i n t o  the pass ive v e h i c l e  s t a t e  vec to r .  

Major  Inpu ts :  Time t o  which t h e  pass ive v e h i c l e  s t a t e  v e c t o r  i s  t o  be updated. 

Ma'or Out u t s :  Passive v e h i c l e  p o s i t i o n  and v e l o c i t y  vectors  and t h e  t ime 
-th them. 

Source Documentation: Lawrence Berman, e t  a l .  "ESIM Model Book f o r  the  C. S. 
-atement Leve l  S imula tor " ,  the Charles S t a r k  Draper 
Laboratory,  Inc., R-776, Amendment Number 2, Apr i  1  1, 1974. 

Development Schedule: Operat iona l  

Rev is ion 1 
31 May 1974 



Category Name: Equations o f  Motion (T rans la t i ona l  EOM) 

plodel Name: Trans la t iona l  EOM and Propuls ion - Simulat ion Yame: SMS 
Target Vehic le 

Contact Person: C. C. o lasky 9: JSC m: (71 3)483-2481 

Pescr ip t ion  of Model : The s imulated t a r g e t  v e h i c l e  t r a n s l a t i o n a l  equat ions of 
motion main ta in  t a r g e t  veh i c le  o r  pay1 oad center  o f  mass p o s i t i o n s  and v e l o c i t i e s  
when n o t  at tached t o  the s h u t t l e  v e h i c l e  o r  manipulator .  Inputs t o  t h e  equat ions 
of motion are t h r u s t  force, aerodynamic forces, docking mechanism forces, and 
vehicle..mass. Vehicle mass i s  obta ined from s imulated t a r g e t  veh i c le  mass p rope r t i es  
and aerodynamic forces from s imulated t a r g e t  veh i c le  aerodynamics. Thrus t  f o rce  
may be obta ined e i t h e r  from a  s p e c i f i c  t a r g e t  veh i c le  p ropu ls ion  system s imu la t i on  
program o r  from a  general ized approximate t h r u s t  s imu la t i on  loca ted w i t h i n  the 
t r a n s l a t i o n a l  EOM program. Thrus t  and associated mass f low r a t e  w i  11 be obta ined 
by r e s e t  constants when the engine(s)  f i r e ,  and w i l l  be zero a t  o ther  times. Engine 
f i r i n g  times and durat ions w i l l  be obta ined from the s imulated general ized t a r g e t  
veh i c le  guidance, w i t h  i n s t r u c t o r  ove r r i de  provided. Thrust  f o r c e  from the  
general ized engine w i l l  always a c t  along the body l o n g i t u d i n a l  a x i s  and d i r e c t l y  
through the veh ic le  mass center .  Body forces w i l l  be summed, transformed t o  t h e  
t a r g e t  system, and d i v ided  by mass t o  ob ta in  acce lera t ions .  Two i n t e g r a t i o n  loops w i l l  
be prov ided which c a l c u l a t e  g r a v i t y  and i n t e g r a t e  t o t a l  acce lera t ion  t o  ob ta in  
v e l o c i t y  and p o s i t i o n .  The loop i n  use a t  a  given t ime i s  determined on the  basis  
of the cu r ren t  magnitude o f  body acce lera t ion .  For atmospheric t a r g e t  vehic les 
(SRM's, ex terna l  tank), a  check w i l l  be made f o r  recontact .  For t h i s  purpose, 
the s h u t t l e  fuselage w i l l  be approximated as a  rec tangu lar  s o l i d ,  and wings and 
v e r t i c a l  s t a b i l i z e r  by i n f i n i t e l y  t h i n  p lanar  sur faces.  The t a r g e t  veh i c le  w i l l  
be approximated as a  c y l i n d r i c a l  s o l i d .  

Major Inputs :  

Major Outputs: 

Source Documentation: Singer Company, Simulat ion Products D iv i s ion ,  " S h u t t l e  
Miss ion  Simulator  Basel ine D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Equations o f  Motion (T rans la t i ona l  EOM) 

Model Name: T rans la t i ona l  EOM - S h u t t l e  S imula t ion  Name: SMS 

Contact Person: C. C. Olasky a: JSC 

% s c r i p t i  on o f  Model : The s imu la ted  s h u t t l e  v e h i c l e  t rans1 a t i o n a l  equations o f  
motion w i  11 main ta in  v e h i c l e  t r a n s l a t i o n a l  : s ta te  g iven body forces, veh i c le  mass, 
and v e h i c l e  o r i e n t a t i o n  i n  terms o f  t h e  d i r e c t i o n  cosine m a t r i x  r e l a t i n g  body f i x e d  
coordinates t o  EOM re ference coordinates. Body fo rces  which w i l l  be s u n e d  t o  
ob ta in  t o t a l  body f o r c e  are: SRM th rus t ,  MPS t h r u s t  ( i n c l u d i n g  vent ing) ,  OMS 
th rus t ,  RCS t h r u s t ,  ABPS forces,  gear/braking forces,  drag chute forces, aerodynamic 
forces ( i n c l u d i n g  p r o x i m i t y  and ground e f f e c t s ) ,  pay l o a d  man ipu la t ion  forces, and 
docking forces.  

The body fo rces  are  then transformed t o  the appropr ia te  EOM reference coordinate 
system and d i v i d e d  by  t o t a l  v e h i c l e  mass t o  ob ta in  veh ic le  body acce lera t ion .  
Dur ing o r b i t a l  f l i g h t ,  an Encke o r b i t  de terminat ion  scheme together  w i t h  Runge- 
K u t t a  i n t e g r a t i o n  w i l l  update the  v e h i c l e  s t a t e  each 8 seconds. Vehic le s t a t e  w i l l  
be est imated i n  t h e  i n t e r v e n i n g  t ime by e x t r a p o l a t i n g  g r a v i t y  from past  values 
ca l cu la ted  a t  8 second i n t e r v a l s ,  and i n t e g r a t i n g  d i r e c t l y  t o  f i n d  v e l o c i t y  and 
pos i t i on .  P o s i t i o n  and v e l o c i t y  de l tas  r e s u l t i n g  from body acce lera t ions  w i l l  
be inc luded i n  t h e  appropr ia te  fash ion  i n t o  the Encke accumulated cen t ra l  body 
d e v i a t i o n  s t a t e  vec to r .  Dur ing o the r  than o r b i t a l  f l i g h t ,  v e h i c l e  s t a t e  w i l l  be 
mainta ined us ing  a  low-order p r e d i c t o r  scheme (e.g., rec tangu lar  o r  Adams) and a  
Ccwell o r b i t  de terminat ion  scheme. During prelaunch the  s t a t e  vec tor  w i l l  be 
reca l cu la ted  d i r e c t l y  us ing the  e a r t h  r o t a t i o n  ra te ,  r a t h e r  than in tegra ted .  
S ta te  w i l l  be mainta ined i n  the  t a r g e t  system du r ing  space f l i g h t s ,  u n t i l  
f i n a l  approach, a t  which t ime  t r a n s l a t i o n  t o  the  appropr ia te  f l a t - e a r t h  
f a b r i c a t i o n  coord ina te  system w i l l  be accomplished. A f l a t - e a r t h  f a b r i c a t i o n  
coordinate system w i l l  be used f o r  f e r r y  f l i g h t s .  G r a v i t a t i o n a l  acce lera t ions  
w i l l  be c a l c u l a t e d  us ing the J2, J3, J 4 ,  and JZ2  harmonics du r ing  regimes i n  

which the  t a r g e t  coord inate system i s  used. During regimes i n  which the 
f a b r i c a t i o n  coord ina te  sydtem i s  used, a  c e n t r a l  body g r a v i t a t i o n a l  f i e l d  w i t h  
magnitude t h a t  o f  30" l a t i t u d e  w i l l  be used. 

Major Inputs:  

Major Outputs : 

Source Documentation: Singer  Company, Simulat ion Products D iv i s ion ,  " S h u t t l e  
Miss ion  S imula tor  Base l ine  D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Equations o f  Motion (T rans la t i ona l  EOM) 

Model Name: TDER1 S imula t ion  Vame: SVDS 

Contact Person: E. M, Fridge, 111 5: JSC ??.!-: (713)483-3532 

Cesc r i p t i  on of Model : TDERl computes t r a n s l a t i o n a l  d e r i v a t i v e s  f o r  vehic les being 
s imulated i n  t h ree  t rans1  a t i  onal degrees-of-freedom on ly .  These d e r i v a t i v e s  are 
a l so  p laced i n t o  the d e r i v a t i v e  a r ray .  The f i r s t  s e t  o f  opera t ions  i n  the subrou t ine  
places the v e l o c i t i e s  o f  t he  pr imary and secondary veh ic les  i n t o  the proper  loca-  
t i ons  o f  the d e r i v a t i v e  a r ray .  Next  t he  sensed acce le ra t ions  f o r  a l l  vehic les 
and the i n e r t i a l  acce le ra t i on  f o r  the pr imary v e h i c l e  are computed and p laced i n t o  
t he  d e r i v a t i v e  a r ray .  The re1 a t i v e  acce le ra t ions  f o r  the secondary veh ic les  are 
computed and p laced i n t o  the d e r i v a t i v e  array.  The f i n a l  operat ions o f  TDERl 
are t o  compute and s t o r e  the quatern ion  ra tes  and s t o r e  acce le ra t ions  fo r  aero- 
dynamic computations. 

Ma'or I n  u ts :  Body system t o  E C I  t rans format ion  mat r i x ,  t o t a l  f o r c e  i n  body system, 
.-rJ- norma  zed quatern ions,  quatern ion  ra tes ,  acce le ra t i on  due t o  g r a v i t y ,  body ra tes ,  
veh i c le  mass, sensed acce le ra t ions ,  veh i c le  i n e r t i a l  v e l o c i t y ,  v e h i c l e  i n e r t i a l  
acce le ra t ion ,  v e l o c i t y  and acce le ra t i on  re1 a t i v e  t o  pr imary veh i c le .  

Major Out u t s :  D e r i v a t i v e  array, quatern ion ra tes ,  veh i c le  i n e r t i a l  r o t a t i o n a l  __r_e__ acce e ra t i on ,  sensed acce le ra t ions ,  v e h i c l e  i n e r t i a l  acce le ra t ion ,  acce le ra t i on  
r e l a t i v e  t o  pr imary veh ic le .  

Source Documentation : JSC/TRW , "Space Vehic le  Dynami cs Simulat ion" ,  Program 
Descr ip t ion,  Mi les tone 2, 27 A p r i l  1973. 

Software Development Branch, Miss ion  Planning and Analysis D i v i s i on ,  "User 's 
Guide f o r  the Space Veh ic le  Dynamics S imu la t ion  (SVDS) Program", JSC I n t e r n a l  
Note 73-FM-67, (JSC-07950). 20 A p r i l  1973. 

Software Development Branch, Miss ion Planning and Analys is  D i v i s i on ,  "Space 
Vehic le  Dynamics S imu la t ion  (SVDS) Program Subrout ine L i b r a r y " ,  Volume V I ,  
T  through Z, JSC I n t e r n a l  Note 73-FM-110, (JSC-08065, Volume VI),  20 A p r i l  1973. 

Development Schedule: Operat ional  



Category Name: Equations of Motion (Translational EOM) 

Model Name: TRNDER Simulation Name: SVDS 

Contact Person: E.  M .  Fkidge. I11 m: JSC - Tel : (713)483-3532 

Fescription of Model: TRNDER is used when a vehicle i s  being simulated in s ix -  
degrees-of-freedom. I t  computes t ransla t ional  derivatives and places them in to  
the derivative array. The fol  laving derivatives a re  evaluated in subroutine 
TWDER: i n e r t i a l  velocity,  vehicle r e l a t i ve  velocity,  sensed acceleration,  t o t a l  
i n e r t i a l  acceleration,  vehicle re1 a t i  ve acceleration.  In addition t o  the deriva- 
t i v e  evaluations, the i n e r t i a l  velocity i s  updated t o  the value obtained from 
updating t ransla t ional  equations. 

Ma'or In uts: Body system t o  ECI transformation matrix, to ta l  force i n  body 
m e r a t i o n  due t o  gravity,  vehicle mass, sensed accelerations,  vehicle 
i ne r t i a l  velocity and acceleration vectors,  velocity and acceleration re1 a t ive  
t o  the primary vehicle. 

Ma'or O u t  uts: Denivative array,  vehicle rotational velocity and acceleration - i n  e a r t  centered i n e r t i a l  frame, sensed accelerations,  acceleration re la t ive  
t o  primary vehicle. 

Source Documentation: JSC/TW, "Space Vehicle Dynamics Simulation", Program 
Description, Milestone 2 ,  27 April 1973. 

Software Oevel opment Branch, Mission Planning and Analysis Division, "User's 
Guide fo r  the Space Vehicle Dynamics Simulation (SVDS) Program", JSC Internal 
Note 73-FM-67, (JSC-07950) , 20 Apri 1 1973. 

Software Development Branch, Mission Planning and Analysis Division, "Space 
Vehicle Dynamics Simulation (SVDS) Program Subroutine Library", Volume VI, 
T through Z ,  JSC Internal Note 73-FM-110, (JSC-08065, Volume VI), 20 July 1973. 

Development Schedule: ~ ~ e r a t i o n a ' j  



5.6 Communications/Navigation/Tracking Devices 

This sec t i on  conta ins d e s c r i p t i v e  i n fo rma t ion  about models o f  the cornmuni - 
cat ions,  nav iga t ion ,  and t rack ing  devices. 



Category Name: Comn./Nav./Tracking Devices (Accelerometers) 

Model Name: Normal/Lateral  Accelerometers S imula t ion  Name: SDL 

Contact Person: T. J. Smith a: TRW - Tel : (713)333-3133 

" s c r i p t i  on of Model : The normal / la te ra l  accelerometer assemblies w i  11 be 
torqued pendulous accelerometers and f o r  each ax i s  the response t o  a s p e c i f i c  
f o r c e  i n p u t  i s  represented. The model fonnul a t i o n  inc ludes  the l o g i c  t o  i n t roduce  
f a u l t  and b u i l t - i n  t e s t  equipment s t imulus outputs, b u t  the  computation o f  these 
outputs w i l l  have t o  be de f ined l a t e r  when the hardware components are  selected.  
Spec i f i c  f o r c e  i s  determined f o r  each operat ing no rma l / l a te ra l  accelerometer 
assembly. I f  the b u i l t - i n  t e s t  equipment s t imu lus  i s  present, then the  s t imu lus  
ou tpu t  i s  computed on the  bas is  o f  whether a f a u l t  i s  present  o r  whether the  
accelerometer i s  opera t ing  normal ly.  This s t imulus ou tput  i s  l a t e r  added t o  
the  nominal accelerometer response. I f  no b u i l t  i n  t e s t  equipment i s  present, 
then the  s t imu lus  response i s  s e t  t o  zero. The model checks f o r  f a u l t  cond i t ions  
and i f  present,  then t h e  f a u l t  ou tpu t  i s  computed and no f u r t h e r  computations are 
requ i red .  The measured acce le ra t i on  vec tor  i s  then reso lved i n t o  normal and l a t e r a l  
components sca led  app rop r ia te l y  and t h e  model then cyc les t o  the  nex t  accelerometer 
assembly. I f  no f a u l t  i s  present,  then the  model checks t o  see i f  a u n i t y  response 
ou tpu t  i s  desired. I f  so, the measurement e r r o r  and frequency response computa- 
t i o n s  are  bypassed and t h e  ou tput  i s  s e t  equal t o  t h e  s p e c i f i c  b u i l t - i n  t e s t  
equipment force p lus  the  s p e c i f i c  force. I f  u n i t y  response i s  n o t  desired, then 
t h e  measurement e r r o r  i s  computed and added t o  the  s p e c i f i c  force.  This sum 
i s  then processed through the frequency response d i s c r e t e  t r a n s f e r  f unc t i on .  The 
r e s u l t i n g  q u a n t i t y  i s  then added t o  the b u i l t - i n  t e s t  equipment response and 
reso lved i n t o  normal and l a t e r a l  components and scaled. The f i n a l  ou tpu t  cons is ts  
of an analog s i g n a l  sca led  i n  vo l t s / f t / sec2 .  

Major I n  u t s  I n e r t i a l  acce le ra t i on  a t  center  o f  mass, v e h i c l e  angular v e l o c i t y ,  
-lil--l ve i c  e angu a r  acce lera t ion ,  forward bay accelerometer l oca t i on ,  a f t  bay 
accelerometer loca t ion ,  center  o f  mass loca t ion ,  l o c a l  g rav i t y ,  displacement 
v e c t o r  a t  forward and a f t  bay l o c a t i o n  f o r  each bending mode, and general ized 
coordinate second t ime d e r i v a t i v e  f o r  each bending mode. 

Major Outputs : Normal / la tera l  accelerat ion.  

Source Documentation: T. J. Smith, "SDL N/L Accelerometer Math Model", TFU 
Systems Group, I O C  /3:7153.7-30, 5 December 1973. 

Development Schedule: Funct ional  Requirements 10/5/73, Formulat ion 12/7/73. 



Category Name: Com./Nav. /Track i  ng Devices (Accelerometers) 

Model Name: Body Accelerometers Subsystem S imula t ion  Vame: SMS 

Contact Person: C. C. Olasky JSC m: (71 3 )  483- 2481 

Cesc r i p t i on  of Model: The body-mounted accelerometers s imu la t i on  w i l l  s imu la te  
t he  opera t ion  o f  each o f  t he  body-mounted accelerometers (except ing  those 
accelerometers which comprise a p a r t  o f  pr imary Strapdown I n e r t i a l  Measurement 
U n i t s )  which form a p a r t  o f  the S h u t t l e  o r b i t e r .  The opera t ion  o f  each body- 
mounted accelerometer w i l l  be s imu la ted  independent ly and simultaneously i n  
s imu la ted  rea l - t ime .  It i s  assumed tha t ,  i n  the l a t e s t  s h u t t l e  rea l -wo r ld  G N U  
conf igura t ion ,  these accelerometers serve on ly  t o  p rov ide  l oad  r e l i e f  i npu ts  i n  
t he  v e h i c l e  c o n t r o l  loop. Thus, even 3-sigma biases, sca le  f a c t o r  e r ro rs ,  etc. ,  
w i l l  probably be s u f f i c i e n t l y  smal l  as t o  have no no t i ceab le  e f f e c t  on v e h i c l e  
c o n t r o l  and w i l l  n o t  a f f e c t  v e h i c l e  nav iga t i on .  The component o f  body accelera- 
t i o n  (from t r a n s l a t i o n a l  equations o f  mot ion)  a long the  accelerometer ax is  w i l l  
be ca lcu la ted .  I f  the device i s  l oca ted  s u f f i c i e n t l y  f a r  f rom the veh i c le  mass 
center  f o r  s i g n i f i c a n t  acce le ra t ions  t o  r e s u l t  from v e h i c l e  angular ra tes  o r  
acce le ra t ions ,  these acce le ra t ions  w i l l  a l s o  be inc luded.  Since the  equat ions 
of motion w i l l  be updated each 50 m i l l i seconds ,  a s i m i l a r  update r a t e  i s  
s p e c i f i e d  f o r  t he  s imu la ted  accelerometers. 

Major Inpu ts :  

Major Outputs : 

Source Documentation: Singer Company, S imu la t ion  Products D i v i s i on ,  " S h u t t l e  
Miss ion S imu la to r  Basel ine D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Com./Nav./Tracking Devices (Accelerometers) 

Model Name: VSINSD Simulation Name: SVDS 

Contact Person: E. M. Fridge, I11 b: JSC - Tel : (713)483-353: 

~~~~~i p t i  on of Model : This routine generates the simulated accelerometer 
output data f o r  e i t he r  a gimballed or  a strapdcwn ine r t i a l  sensor system. 
For the gimballed platform system, the routine simulates three orthogonally 
mounted single-axis in tegrat ing accelerometers. For the strapdwn system, 
the routine simulates up t o  s i x  body-mounted single-axis integrating accelero- 
meters. The simulated accelerometer data includes instrument errors  (bias ,  
input axis misalinement, e t c . ) ,  quantization, and the e f f ec t  of a t t i t ude  
reference misalinement. 

The equations used t o  simulate the  accelerometer data a re  coded in two separate 
blocks within subroutine VSINSD -- one f o r  the gimballed platform system and 
one f o r  the s t rapdwn system. The e r ro r  model equations f o r  the accelerometer 
output a re  e s sen t i a l l y  ident ical  f o r  both types of i n e r t i a l  systems. The 
primary difference in the  simulation mechanization is t h a t  the platform accelero- 
meters provide sensed acceleration i n  an i n e r t i a l l y  f ixed coordinate frame whereas. 
the  body-mounted accelerometers provide an acceleration measurement i n  the  
rota t ing vehicle coordinate system. 

Major Inputs : Accelerometer bias ,  accelerometer noise, leas t-squares weighting 
matrix, measured delta-velocity sen t  t o  the navigation f i l t e r ,  measured del ta-  
velocity i n  vehicle coordinates, input axis u n i t  vectors f o r  the individual 
sensors,  and misal inement matrix. 

Ma'or O u t  uts: quantized accelerometer output delta-velocity vector and * t e measure delta-velocity sen t  t o  the  navigation f i l t e r .  

Source Documentation: L.  S. Diamant, "Engineering and Programing Guide f o r  
the Navigation Analysis Program (NAP)", TRW Note 74-FMT-930, Revision 1 ,  
4 January 1974. 

Development Schedule: Operational 



Category Name: Comm./Nav./Tracking Devices ( A i r  Data Sensor) 

Plodel Name: A i r  Data Subsystem Simulat ion Yame: SMS 

Contact Person: C. C, 01asky : JSC - Tel : (71 3)483- 2481 

" s c r i p t i o n  o f  Model : The s h u t t l e  o r b i t e r  a i r  data computer sensors w i l l  be 
s imulated throughout i t s  use fu l  a l t i t u d e  range. It i s  assumed t h a t  sensors as 
inputs  t o  the  on-board computer a r e  requ i red  t o  a l l cw  the  computer t o  compute 
parameters s i m i l a r  t o  t h a t  computed i n  a DC-10 type system. I t  i s  assumed t h a t  
a l l  con t ro l  func t ions  are  performed by the on-board guidance computers. The 
r e s u l t s  w i l l  be used f o r  crew d isp lays .  I f  the re  a r e  no o the r  uses, a d e t a i l e d  
d ispers ion  model i s  probably unnecessary, espec ia l l y  f o r  temperatures. Require- 
ments f o r  s imu la t i on  o f  d i g i t a l  f i l t e r s  are a l so  quest ionable i n  t h i s  case. It 
w i l l  be assumed he re in  t h a t  f i l t e r i n g  e f f e c t s  are n o t  s i g n i f i c a n t .  If required,  
f i l t e r s  w i l l  be adjusted, i f  necessary, t o  compensate f o r  a change i n  i t e r a t i o n  
ra te .  Pressure inputs  ( s t a t i c  and t o t a l )  w i l l  be found from the inputs  from 
s h u t t l e  aerodynamics. Noise can be added b u t  i s  probably unnecessary. Outputs 
which are a func t i on  o f  the pressure terms w i l l  then be ca l cu la ted  w i t h  t h e  same 
equations as those used i n  the  rea l -wor ld  device (p ressure-a l t i tude,  baro-corrected 
a l t i t u d e ,  a1 t i tude ra te ,  Mach, computed a i  r-speed) . Temperature dependent parameters 
w i  11 be ca l cu la ted  d i r e c t l y  from the temperature datum from s h u t t l e  aerodynamics, 
as w e l l  as p rev ious l y  ca l cu la ted  a i r  data parameters, by methods analogous t o  
t h e  equations used by the rea l -wor ld  device f o r  an i n p u t  o f  sensed t o t a l  a i r  
temperature. A 20 per  second update r a t e  i s  used he re in  f o r  the s imulated a i r  
data sensors. ~ w e v e r ,  i f  the  da ta  i s  used only  f o r  the purposes c i t e d  here in,  
and w i t h  the assumed accuracy, i t  would appear t h a t  a 10 per  second update r a t e  
may w e l l  be s u f f i c i e n t .  

Major Inputs: 

Major Outputs: 

Source Documentation: Singer Company, Simulat ion Products D iv is ion ,  "Shu t t l e  
Mission Simulator  Basel ine D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Comm./Nav./Tracking Devices (Barometr ic A l t i m e t e r )  

Flodel Name: ALTIMB S imula t ion  Name: SVDS 

Contact Person: E. M. Fr idge, 111 m: JSC - Tel : (71 3)483-3532 

" s c r i p t i o n  o f  Model: This  subrout ine  s imulates the  ou tpu t  o f  a barometr ic  
a l t i m e t e r .  The t r u e  a l t i t u d e  ( c a l c u l a t e d  e x t e r n a l l y  f rom the reference t r a j e c t o r y )  
i s  per tu rbed t o  approximate t h e  e f f e c t  o f  th ree  major  baromet r ic  a l t i m e t e r  e r r o r  
sources: (1) non-standard atmosphere, (2) p i 1  o t - s t a t i  c  e r r o r s ,  and (3 )  inst rument  
noise. An e r r o r  due t o  unce r ta in t y  i n  the  t r u e  d e n s i t y  t o  a l t i t u d e  r e l a t i o n s h i p  
due t o  incomplete knowledae o f  sea l e v e l  densi ty ,  pressure/a l  t i  tude a lgo r i t hm 
( f u n c t i o n a l  form), and s p a t i a l  va r i a t i ons .  The e r r o r  model used i n  t h i s  r o u t i n e  
corresponds t o  l i n e a r l y  i nc reas ing  percentage e r r o r  i n  a1 ti tude from zero t o  
two per  cent  as a l t i t u d e  goes from zero t o  100,000 f e e t .  This e r r o r  i s  taken 
as a one-sigma number and i s  randomized a t  the  beginning o f  each cyc le  (s imulated 
miss ion)  and h e l d  constant  (b ias  e r r o r )  throughout. The p i t o t - s t a t i c  e r r o r s  are 
due t o  t h e  dynamics o f  the f ree-st ream a i r  f l w  i n t e r a c t i n g  w i t h  sur face 
anomalies near the  sensing p o r t .  The equat ion used i n  t h i s  model i s  emp i r i ca l  
and assumes sof tware c a l i b r a t i o n .  As w i t h  t h e  non-standard atmospheric e r ro rs ,  
i t  i s  t r e a t e d  as a b i a s  va lue  f o r  each cyc le.  The e r r o r  i s  a f u n c t i o n  o f  t r u e  
a i rspeed which must be calculated.  For the ins t rument  no ise  er ror ,  a  zero- 
mean, w h i t e  no ise  empi r ica l  equat ion i s  used. The baromet r ic  a l t i t u d e  reading 
i s ,  therefore,  the  sum o f  e r r o r  sources p lus  the t r u e  a1 ti tude. 

Major Inputs:  True a l t i t u d e ,  s t a t e  vector,  and t h e  e a r t h  r o t a t i o n  ra te .  

Major Outputs: To ta l  e r r o r e d  a1 ti tude., 

Source Documentation: L. S. Di amant, "Engineering and Programming Guide f o r  the 
Nav iga t ion  Analys is  Program (NAP)", TRW Note 74-FMT-930, Revis ion 1, 4 January 
1974. 

Development Schedule: Operat ional 



Category Name: Comn./Nav./Tracking Devices ( I n e r t i a l  Measurement U n i t )  

Model Name: I n e r t i a l  Measurement U n i t  (IMU) S imu la t ion  Name: SDL 

Contact Person: J. R. Thibodeau 9: JSC - Tel : (713)483-618 

P e s c r i p t i o n  o f  Model: The proposed SKI-2076 IMU cons is ts  o f  an a l l  a t t i t u d e ,  
four-gimbal ,  i n e r t i a l  l y  s t a b l i z e d  p l a t f o r m  and assoc ia ted equipment which 
supp l ies  outputs  p r o p o r t i o n a l  t o  v e h i c l e  a t t i t u d e  and incremental  v e l o c i t y  
changes. The i n e r t i a l  sensing frames o f  the accelerometers and gyroscopes are 
c o l l i n e a r  and are de f ined  by convent iona l  or thogonal  t r i a d s .  

The I M U  model mathemat ica l ly  s imula tes  t h e  opera t ion  o f  an IMU v i a  a  s e t  o f  
d i f f e r e n t i a l  equat ions which r e l a t e  p l a t f o r m  a t t i t u d e  and ou tpu t  v e l o c i t i e s  t o  
e x t e r n a l l y  a p p l i e d  t o r q u i n g  ra tes ,  v e h i c l e  t u r n i n g  ra tes ,  and acce le ra t ions .  
The model prov ides outputs  e q u i v a l e n t  t o  an a c t u a l  p l a t f o r m  opera t ing  under 
the imposed a c c e l e r a t i o n  and t o r q u i n g  environment c o n s i s t e n t  w i t h  the  e r r o r  
sources s imulated.  The d i r e c t i o n  cosine method update i s  used f o r  p l a t f o r m  
misal inement updates and Eul e r  updates f o r  synchro angles. 

Degraded o r  " f a i l e d "  performance i s  s imu la ted  by a l t e r i n g  the e r r o r  model 
c o e f f i c i e n t s  cons is ten t  w i t h  the  " f a i l u r e  mode" t h a t  i s  desired.  For purposes 
o f  I M U  e r r o r  modeling, f a i l u r e s  a re  those which c o r r u p t  the IMU performance 
and a re  i n d i c a t e d  by degraded measurements i n  t h e  I M U  output .  Other f a i l u r e s ;  
e.g., l o s s  o f  p w e r  o r  s h o r t  o r  open c i r c u i t s ,  are e x t e r n a l  t o  the  IMU e r r o r  
modeling and a re  c o n t r o l l e d  by s i m u l a t i o n  o f  the  b u i l t - i n  t e s t  equipment r e s u l t s .  

Major  Inpu ts :  A t t i t u d e ,  a t t i t u d e  r a t e s ,  sensed acce le ra t ion ,  slew ra tes ,  
constants,  misal inement m a t r i x  and gyro  d r i f t .  

Major  Out u t s  X, Y ,  and Z gimbal angles f o r  r o l l ,  p i t c h ,  and azimuth, X, Y ,  & ve o c i t y  components and redundant gy ro  ax i s  sensed ra tes .  

Source Documentation: J. R. Thibodeau, " I n e r t i a l  Measurement U n i t  S imu la t ion  
D e s c r i p t i o n  f o r  the  Space S h u t t l e  Sof tware Development Laboratory" ,  Mathematical 
Physics Branch, Miss ion P lann ing and Analys is  D i v i s i o n ,  JSC Memo FM83 (73-365), 
5  December 1973. 

Development Schedule: Formula t ion 11/30/73 



Category Name: Comm./Nav./Tracking Devices ( I n e r t i a l  Measurement U n i t )  

Model Name: IMU4GIM S i m u l a t i o n  Yame: SLS 

Contact  Person: Lance Drane m: C. S. Draper Lab.  - Tel :  (617)258-1178 

" s c r i p t i o n  o f  Model: Th is  i s  a  s t a t i c  model o f  a  fou r -g imba l led  IMU, t h a t  i s ,  
i t  does n o t  i n t e g r a t i o n  b u t  works o n l y  i n  terms o f  t rans fo rmat ion  mat r i ces  
and gimbal angles ob ta ined  a t  a g iven time. The user  may s e l e c t  one IMU o r  
a  s e t  o f  t h r e e  IMU's, each o f  which may be t r e a t e d  independent ly.  The p l a t -  
form al ignment i s  s e t  by commands o f  E u l e r  angles o r  comnands o f  the  Reference- 
to-Stable-Member t r a n s f o r m a t i  on. The p l a t f o r m  a l ignment  i s  m o d i f i e d  by d r i f t s  
du r ing  a  s imu la t ion .  The outputs  o f  the  program a r e  the  gimbal angles and 
t h e i r  d i g i t i z e d  e q u i v a l e n t  and the sensed v e l o c i t y  change, and i t s  d i g i t i z e d  
equ iva len t .  I n  the  e x t r a c t i o n  o f  gimbal angles, t h e  outer -midd le  gimbal angle 
i s  assumed t o  be between t 90' and - 90'. Th is  i s  e q u i v a l e n t  t o  say ing t h a t  
gimbal angle never passes through ? 90°, b u t  i n s t e a d  when i t  reaches 90°, t h e  
i n n e r  and o u t e r  gimbal angles r o t a t e  180". Th is  occurrence i s  known as 
gimbal f l i p .  The model prov ides two choices o f  o r i e n t a t i o n  f o r  the IMU i n  
the  spacecra f t .  The standard,  o r  a i r c r a f t  o r i e n t a t i o n  has, w i t h  ze ro  gimbal 
angles, 

I n n e r  Gimbal Axis a long Vehic le  Z (yaw) axis,  
Outer  Midd le  Gimbal Axis a long Vehic le  Y ( p i t c h )  ax i s ,  and 
Outer Gimbal Axis a long Vehic le  X ( r o l l )  ax is .  

Th is  o r i e n t a t i o n  i s  s u i t a b l e  f o r  t r a n s p o r t  a i r c r a f t ,  which do n o t  make l a r g e  
p i t c h  maneuvers. For t h e  S h u t t l e ,  however, a  l o c a l  v e r t i c a l  a t t i t u d e  causes 
a  360" p i t c h  every o r b i t .  A d i f f e r e n t  o r i e n t a t i o n  has been proposed: 

I n n e r  Gimbal Axis a long Vehic le  Z (yaw) ax i s ,  
Outer Midd le  Gimbal Axis along Vehic le  X ( r o l l )  ax i s ,  and 
Outer Gimbal Axis along Vehic le  - Y  ( p i t c h )  ax i s .  

Major  Inpu ts :  Time t o  which v e h i c l e  has been updated, v e h i c l e  angu lar  
v e l o c i t y ,  v e h i c l e  t o  Reference I n e r t i a l  coordinates,  a c c e l e r a t i o n  o f  IMU and 
i n t e g r a l  o f  t h e  a c c e l e r a t i o n  o f  IMU.  

Major  Out u t s :  Time t o  which IMU's have been updated, maximum t ime s i m u l a t i o n  
---TAT- w i l l  e  a  owed t o  go t o  w i t h o u t  an I M U  update, gimbal angles, d i g i t i z e d  
rep resen ta t ion  o f  gimbal angles, Eu le r  r o t a t i o n  angles r e q u i r e d  t o  r o t a t e  
p l a t f o r m  from Reference I n e r t i a l  t o  S tab le  Member coordinates,  Reference-to- 
S t a b l e  Member t ransformat ion,  and the sum o f  e r r o r - f r e e  change i n  v e l o c i t y  
s i n c e  the  s t a r t  o f  t h e  s imu la t ion .  

Source Documentation: Lawrence Berman, e t  a l ,  "ESIM Model Book f o r  the C. S .  
Draper Laboratory  Statement Leve l  S imula tor " ,  The Charles S t a r k  Draper 
Laboratory,  Inc., R-776, Amendment Number 2, A p r i l  1, 1974. 

Development Schedule: Operat iona l  

Rev is ion 1  
31 May 1974 



Category Name: Comm./Nav./Tracking Devices ( I n e r t i a l  Measurement u n i t )  

Flodel Name: I n e r t i a l  Measurement U n i t  (IMU) S imu la t ion  Name: SMS 

Contact Person: C. C. Olasky !EL: JSC k.!: (713)483-2481 

Q e s c r i p t i o n  o f  Model: The IMU s i m u l a t i o n  w i l l  s imu la te  the  o p e r a t i o n  o f  each o f  
t h e  on-board IMU's. The o p e r a t i o n  o f  each o f  the redundant devices w i l l  be 
s imula ted independent ly and s imul taneous ly .  I t  i s  n o t  c u r r e n t l y  c l e a r  whether 
t h e  s h u t t l e  w i l l  use g imba l led  o r  s t r a p d w n  IMU's. A g imbal led I M U  used on t h e  
S h u t t l e  v e h i c l e  would be a  four -g imbal led,  " a l l - a t t i  tude" device,  posessing one 
redundant gimbal t o  p r o t e c t  a g a i n s t  l oss  o f  i n e r t i a l  re ference d u r i n g  "gimbal 
lock" .  It i s  assumed t h a t  an I M U  thermal c o n t r o l  subsystem e x i s t s ,  i n  o rde r  t o  
minimize temperature r e l a t e d  b iases t o  achieve acceptable accuracy. I f  i t  e x i s t s ,  
i t  must be f u n c t i o n a l l y  s imula ted.  Heat added t o  the  I M U  by s i g n i f i c a n t  sources w i l l  
be es t imated as a  f u n c t i o n  o f  e l e c t r i c a l  power drawn by those sources. Ef fec t  of 
surrounding gas temperature w i l l  be inc luded.  Heaters, i f  they e x i s t ,  w i l l  a l s o  
be s imula ted i n  t h i s  fash ion.  A l l  I M U  opera t iona l  modes w i l l  be s imulated,  i n c l u d -  
i n g  modes i n  which t h e  p l a t f o r m  s t a b i l i z a t i o n  loops a re  opened. When i n  cage mode, 
t h e  p l a t f o r m  angles w i l l  be r e t u r n e d  t o  n u l l  and main ta ined there .  Gimbal1 torque- 
i n g  commands ( i f  t he  c a p a b i l i t y  e x i s t s )  and power f a i l u r e  e f f e c t s  w i l l  be s imulated,  
and t h e  r e s u l t i n g  p l a t f o r m  o r i e n t a t i o n  w i t h  respect  t o  i n e r t i a l  space maintained.  
When t h e  s t a b i l i z a t i o n  loops a re  c losed (normal opera t ion ) ,  g y r o  d r i f t s  w i l l  be 
c a l c u l a t e d  and propagated through the  s imu la t ion .  D r i f t  sources w i l l  i n c l u d e  f r e e  
b i a s  and random d r i f t ,  a c c e l e r a t i o n  s e n s i t i v e  (mass unbalance) d r i f t ,  and acce lera-  
ti on squared s e n s i t i v e  (an isoe l  as t i  c )  d r i f t .  Acce le ra t ion  components i n  gyro  
i n p u t ,  sp in ,  and o u t p u t  axes w i l l  be obta ined from the  accelerometer s i m u l a t i o n  
i n  p l a t f o r m  axes, and be cond i t i oned  by a  m a t r i x  rep resen t ing  gy ro  misal ignments.  
D r i f t  p r o p e r t i e s  w i l l  be s u p p l i e d  us ing  random numbers, and w i l l  e x h i b i t  p roper  
s tandard d e v i a t i o n  and au tocor re l  a t i o n  when appropr ia te .  

Major Inpu ts :  

Major  Outputs: 

Source Documentation: S inger  Company, S imu la t ion  Products D i v i s i o n ,  " S h u t t l e  
Miss ion S imu la to r  Base l ine  D e f i n i t i o n  Report". Volume 11, 21 A p r i l  1973. 

Devel opment Schedule: 



Category Name: Comm./Nav./Tracking Devices ( I n e r t i a l  Measurement U n i t )  

flodel Name: IMIJ~ S imu la t ion  Name: SSFS 

Contact Person: J. E. Vinson @L: Lockheed x: (71 3)333-4875 

Q e s c r i p t i o n  o f  Model : IMU3 models a  three-gimbal  I n e r t i a l  Measurement U n i t .  
I t  i s  a  s i m p l i f i e d  ve rs ion  o f  IMU2 f o r  th ree  dimensional s imu la t ions  and uses 
rec tangu la r  i n t e g r a t i o n  o f  bo th  the  gimbal d r i f t  r a t e s  and sensed a c c e l e r a t i o n  
f o r  the change i n  v e l o c i t y .  IMU3 measures t h e  t r u e  p l a t f o r m  a c c e l e r a t i o n  v e c t o r  
as w e l l  as the  change i n  a c c e l e r a t i o n  due t o  accelerometer e r r o r s  and misa l  i gn -  
ments. The change i n  v e l o c i t i e s  are f i l e d  i n  t h e  counters f o r  the  f l i g h t  s o f t -  
ware. I n  IMU3, t h e  t ime d e r i v a t i v e s  o f  the  misal ignment angles a r e  s e t  e q u i v a l e n t  
t o  the t o t a l  gyro  d r i f t  vec to r .  

Major  I n  u t s :  Contact  a c c e l e r a t i o n  vec to r  i n  ear th-centered i n e r t i a l  coordinates,  
__qf vectors  o  s p i n  and i n p u t  ax i s  - s e n s i t i v e  gyro  d r i f t  c o e f f i c i e n t s ,  vec to r  o f  
coupled i n p u t  and cross ax i s  g2-sensi t i v e  gyro d r i f t ,  vec to r  o f  constant  gyro  
b i a s  d r i f t s ,  v e c t o r  o f  constant  accelerometer b i a s  d r i f t s ,  v e c t o r  o f  g y r o  a l i g n -  
ments, v e c t o r  o f  accelerometer al ignment, and v e c t o r  o f  i n i t i a l  p l a t f o r m  mis- 
al ignment angles. 

Major Outputs: Sensed a c c e l e r a t i o n  vec to r  a long i n p u t  ax is  o f  accelerometers 
i n  t r u e  i n e r t i a l  p l a t f o r m  system, a c c e l e r a t i o n  e r r o r  vec to r  due t o  accelerometer 
er rors ,  vec to r  o f  p l  a t fo rm misal ignment angles, I M U  sensed a c c e l e r a t i o n  vector ,  
d e l t a  v e l o c i t y  over an update, and t h e  t ime d e r i v a t i v e  o f  the  misal ignment angles 
due t o  t h e  gy ro  d r i f t .  

Source Documentation: Engineer ing System Branch, Computation and Ana lys i s  D i v i s i o n ,  
'Space S h u t t l e  Funct iona l  S imula tor " ,  Volume 111, Revis ion B, Johnson Space 
Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 111), Noverrber 1973. 

Development Schedule: Operat iona l  



Category Name: Comm/Nav/Tracking Devices ( I n e r t i a l  Measurement Unit) 

Model Name: IMU6 Simulation game: SSFS 

Contact Person: J. E. Vinson &9.: Lockheed E: (713)333-4875 

Pescription of Model : IMU6 performs the dut ies  of f i l i n g  the t ranslat ional  
and rotat ional  counter increments f o r  the f l i g h t  software which make use of 
the  communicator. The counter increments a re  defined simply by differencing 
current  and previous values of  the t ranslat ional  ve loc i t ies  and ro ta t ional  
angles as supplied by the ac t ive  vehicle model. There i s  no capabi l i ty  f o r  
al igning the s t ab le  member o r  navigation base in an or ien ta t ion  d i f f e ren t  from 
the i n e r t i a l  frame. The center  of mass i s  assumed t o  remain constant through- 
out  the simulations. 

Major Inputs: Ine r t i a l  acceleration of the vehicle; the Vehicle t o  Ine r t i a l  
transformation matrix; Fabrication t o  Vehicle transformation matrix; position 
of the vehicle center  of mass in the Fabrication frame position of the s t ab le  
member in the Fabrication frame; t rans la t ional  expire de l ta  time; rotat ional  
expi r e  de l ta  time. 

Ma'or O u t  uts Counter increments and t h e i r  associated r a t e s ,  accelerat ions,  .-J--.$A. expire  an o r ig ina l ,  and dynamic f lags.  

Source Documentation: N .  B. Bald, "SSFS Model Documentation Ser ies  - IMUb", 
Lockheed Electronics Company Technical Report No. LEC1363, ilovember 1973. 

Development Schedule: Operational 

Revision 1 
31 May 1974 



Category Name: Comm./Nav./Tracking Devices ( I n e r t i a l  Measurement U n i t )  

Model Name: PLTFRM S imu la t ion  Name: SVDS 

Contact  Person: E. M. Fr idge,  111 &¶: JSC - Tel :  (713)483-3532 

"sc r i  p t i  on of Model : This r o u t i n e  s imula tes  the  i n e r t i a l  a t t i t u d e  re ference 
f o r  e i t h e r  a  g imba l led  o r  a  s t r a p d w n  i n e r t i a l  sensor system. For  t h e  g imba l led  
p l a t f o r m  system, t h e  r o u t i n e  s imula tes  t h r e e  o r thogona l l y  mounted s i n g l e - a x i s  
r a t e  i n t e g r a t i n g  gyros. The t r u e  p l a t f o r m  o r i e n t a t i o n ,  m i s a l i n e d  f rom t h e  
re ference o r i e n t a t i o n  due t o  gyro  d r i f t ,  i s  main ta ined w i t h i n  t h i s  r o u t i n e  and 
used i n  subrou t ine  VSINSD t o  generate the  accelerometer measurements. 

For  the  strapdown system, the  r o u t i n e  s imula tes  up t o  s i x  body mounted r a t e  
gyros. An es t ima ted  v e h i c l e  a t t i t u d e  m a t r i x  i s  computed from t h e  s imu la ted  
r a t e  g y r o  data. Th is  a t t i t u d e  m a t r i x  i s  then used i n  subrou t ine  VSINSD t o  
preprocess t h e  s  trapdcwn accelerometer measurements. 

Subrout ine PLTFRM i s  d i v i d e d  i n t o  t h r e e  main b locks o f  code: 

1. Realinement l o g i c  and equat ions 
2. Gimbal led p l a t f o r m  s i m u l a t i o n  
3. Strapdown a t t i t u d e  re fe rence  s i m u l a t i o n  

The rea l inement  s e c t i o n  i s  used t o  r e i n i t i a l i z e  the a t t i t u d e  re fe rence  e r r o r s  
when s i m u l a t i n g  an i n f l i g h t  a l inement.  The al inement t imes a r e  s p e c i f i e d  by 
t h e  user  through t h e  i n p u t .  A t  each s imu la ted  al inement, t he  p l a t f o r m  misa l i ne -  
ment (g imbal led system) o r  v e h i c l e  a t t i t u d e  e r r o r  (strapdcwn system) i s  r e s e t  
w i t h  random e r r o r s  generated t h a t  de f ines  t h e  one sigma u n c e r t a i n t y  ( p e r  a x i s )  
f o r  the  al inement process. 

Ma'or I n  u t s  B ias  d r i f t ,  modeled as an exponen t ia l l y  c o r r e l a t e d  random process, + . .  
east-squares we igh t ing  m a t r i x ;  v e c t o r  o f  g - s e n s i t t v e  d r i f t  c o e f f i c i e n t s  f o r  

acce le ra t ions  a long  t h e  gyro  i n p u t ,  spin,  and ou tpu t  axes; g 2 - s e n s i t i v e  d r i f t  
c o e f f i c i e n t  i n p u t / s p i n  ax i s  a c c e l e r a t i o n  product ;  v e c t o r  o f  s c a l e  f a c t o r  and 
i n p u t  ax is  misal inements;  a l inement one sigma u n c e r t a i n t i e s ;  i n p u t  ax i s  u n i t  
v e c t o r ;  random no ise ;  i n i t i a l  a l inement e r r o r ;  and the t h r e e  E u l e r  Angles t h a t  
d e f i n e  the  o r i e n t a t i o n  o f  the  v e h i c l e  r e l a t i v e  t o  an imaginary p l a t f o r m  system. 

Ma'or Out u t s  Transformat ion f rom t r u e  t o  es t imated v e h i c l e  coordinates,  and 
- '  t e  es t imate  o f  v e h i c l e  a t t i t u d e  t h a t  would be obta ined by so f tware  processing 
o f  r a t e  gy ro  data. 

Source Documentation: L. S. Diamant, "Engineer ing and Programming Guide f o r  
the  Nav iga t ion  Ana lys i s  Program (NAP)". TRW Note 74-FMT-930, Rev is ion 1, 
4  January 1974. 

Development Schedule: Operat iona l  



Category Name: Comn./Nav./Tracking Devices ( I n e r t i a l  Measurement U n i t )  

Model Name: TVPLT Simulat ion Name: SVDS 

Contact Person: E. M. Fr idge,  I 1 1  m: JSC - Tel : (713)483-3532 

" s c r i p t i o n  of Model : This r o u t i n e  computes an exponent ia l l y -cor re la ted ,  
s t a t i o n a r y ,  f i r s t - o r d e r ,  Gauss-Markov process f o r  each o f  two e r r o r  sources 
associated w i t h  i n e r t i a l  reference u n i t s .  The e r r o r  sources are gyro b ias  
and accelerometer b ias .  

Major Inputs :  Bias f o r  each parameter a t  each p o i n t  f o r  bo th  the gyro and 
accelerometer, s tandard d e v i a t i o n  o f  the  process f o r  each parameter f o r  t h e  
gyro and accelerometer, and t ime constant  f o r  each parameter f o r  the gyro and 
accelerometer. 

Major Outputs: Bias ou tput  f o r  the gyro and accelerometer. 

Source Documentation: L. S. Diamant, "Engineering and Programming Guide f o r  the 
Navigat ion Analys is  Program (NAP)", TRW Note 74-FMT-930, Revision 1, 4 January 
1974. 

Development Schedule: Operat ional 



Cateqory Name: Com./Nav./Tracking Devices (Microwave Landing system) 

Model Name: LNDA2 S imula t ion  Name: SSFS 

Contact  Person: J. E. Vinson a: Lockheed - Tel : (71 3)333-4875 

Qescr ip t ion  o f  Model : The ins t rument - land ing  system ( ILS - b u t  more proper ly ,  
i n s t r u m e n t  lw-approach system) i s  designed t o  p rov ide  approach path  guidance 
f o r  exac t  alignment and descent o f  an a i r c r a f t  on f i n a l  approach t o  a runway and 
cons is ts  o f  two d i r e c t i o n a l  t r a n s m i t t i n g  systems. The d i r e c t i o n a l  t ransmi t te rs  
p rov ide  a g l i de -s lope  beam and a l o c a l i z e r  beam. The g l ide-s lope provides v e r t i c a l  
s t e e r i n g  s igna ls  f o r  l and ing  i n  one d i r e c t i o n  on ly  ( t h e  f ron t -course)  on t h e  
runway. The l o c a l i z e r  prov ides l a t e r a l  s tee r ing  s igna ls  f o r  f ron t -course  and 
back-course approaches t o  the  runway. There a r e  steep (h igh)  and s h a l l w  ( l w )  
g l i de -s lope  beams. The g l i de -s lope  and l o c a l i z e r  antennas e s t a b l i s h  r a d i a t i o n  
pa t te rns  i n  space from which a s i g n a l  i s  der ived p ropo r t i ona l  t o  the displacement 
from t h e  g l i d e  pa th  o r  runway center  l i n e ,  respec t i ve l y .  These s i g n a l s  d r i v e  
the  c ross-po in ter  needle o r  f l i g h t  d i r e c t o r  i n  the  a i r c r a f t .  Associated w i t h  
these r a d i a t i o n  pa t te rns  are l i n e a r  and sa tu ra ted  regions i n  which t h e  cross- 
p o i n t e r  needle i s  p r o p o r t i o n a l  t o  the  s i g n a l  o r  hard aga ins t  the  stops, respec t i ve l y .  
Also, associated w i t h  the  g l ide-s lopes  are  f a l s e  n u l l s  o r  harmonics o f  the  
re ference n u l l .  I n  LNDA2, on l y  the  harmonics o f  the  low g l ide-s lope are considered. 
Random no ise  and b ias  can be i nc luded  i n  the  g l ide-s lope and l o c a l i z e r  s igna ls  
fo r  var ious range gates as the  v e h i c l e  makes i t s  approach t o  the runway. LFIDA2 
assumes the  v e h i c l e ' s  ILS equipment inc ludes  reverse sensing c a p a b i l i t y  when 
making a back-course approach. 

Major I n  uts :  Vehic le p o s i t i o n  vec to r  i n  a i r p o r t  coordinates, p o s i t i o n s  o f  
-Tzm&Ji i g h  and l w  g l i d e  s lope antennas, range and a1 t i t u d e  l i m i t s  on t h e  
h igh  and 1 w  g l i d e .  slope, l o c a l i z e r  coverage volume, h igh and l w  g l i d e  s lope 
volumes, and the  harmonics associated w i t h  the l w  g l i d e  slope. 

Ma'or Out u t s :  Sensed and p e r f e c t  l o c a l i z e r  s igna l ,  i n d i c a t o r  f o r  a c q u i s i t i o n  
&--I-- oca i z e r  s igna l ,  h i g h  and l w  g l i d e  s lope s igna l ,  and sensed and p e r f e c t  
h igh  and l w  g l i d e  s lope s igna ls ,  

Source Documentation: Engineer ing System Branch, Computation and Analys is  
D i v i s i o n ,  "Space S h u t t l e  Funct ional  Simulator",  Volume 111, Revis ion B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 111). 
November 1973. 



Category Name: Com./Nav./Tracking Devices (Radar A1 t i m e t e r )  

Model Name: Navaids Radar A l t i m e t e r  Subsystem S imula t ion  Vame: SMS 

Contact Person: C. C. Olasky m: JSC m: (713)483-2481 

9 e s s r i p t i o n  o f  Model: A t y p i c a l  Federal  A v i a t i o n  Admin i s t ra t i on  r a d a r  a l t i m e t e r  
i s  assumed. This subsystem w i l l  p rov ide  warn ing cues as w e l l  as an accurate 
measurement o f  v e h i c l e  a1 t i  tude above l o c a l  t e r r a i n  f o r  d i sp lay  and i n p u t  purposes 
f o r  o the r  systems. The antennas are l oca ted  s u f f i c i e n t l y  c lose  t o  the veh ic les  
center  o f  g r a v i t y  t h a t  no apparent change i n  i n d i c a t e d  a l t i t u d e  occurs w i t h  
veh i c le  a t t i t u d e  change. Gross a t t i t u d e  change can, however, cause a  loss o f  re tu rn .  

A l o c a l  t e r r a i n  so f tware  model w i l l  be cons t ruc ted  and data s p e c i f i e d  a t  t he  i n t e r -  
sec t i on  o f  azimuth r a d i a l s  and range c i r c l e s  centered a t  t he  runway. L inea r  i n t e r -  
p o l a t i o n  between da ta  po in t s  w i l l  p rov ide  a  smooth change i n  t e r r a i n  a l t i t u d e  w i t h  
the values i n  t h e  tab les represent ing  exac t  t e r r a i n  a l t i t u d e  a t  t he  s p e c i f i c  
po in t s .  S imu la t ion  requirements i n d i c a t e  a  requirement f o r  maximum accuracy a t  
touchdown and near the normal approach azimuth. Lower accuracy can be t o l e r a t e d  
a t  l ong  range from the land ing  s i t s  and a t  l a r g e  r e l a t i v e  bearings t o  t he  runway 
leadings.  

Major Inpu ts :  

Major Outputs : 

Source Documentation: S.lnger Company, S imu la t ion  Products D i v i s i on ,  " S h u t t l e  
Miss ion S imu la to r  Base l ine  D e f i n i t i o n  Report" ,  Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Comm./Nav./Tracki ng Devices (Radar A1 t i m e t e r )  

Model Name: ALTIMR Simula t ion  Name: SVDS 

Contact Person: E. M. Fr idge, 111 m: JSC - Tel:  (713)483-353; 

Desc r ip t i on  of Model : This r o u t i n e  simulates the  ou tpu t  o f  a radar  ( r a d i o )  
a l t i m e t e r .  The t r u e  a l t i t u d e  and a l t i t u d e  r a t e  ( c a l c u l a t e d  e x t e r n a l l y  f rom 
the  re ference t r a j e c t o r y )  are per turbed t o  approximate the  e f f e c t s  o f  a f i x e d  
b ias  and random noise. The r o u t i n e  p resen t l y  computes a f i x e d  b i a s  f o r  the  
a l t i t u d e  and a l t i t u d e  r a t e  a t  t h e  beginning o f  each cyc le  us ing  i n p u t  s tandard 
dev ia t ions .  A t  each a d d i t i o n a l  time, a no ise  i s  added i n  a s i m i l a r  manner. 
The t o t a l  e r r o r  a t  a s p e c i f i c  t ime i s  then computed and added t o  the t r u e  
he igh t .  

Maj-or Inputs :  True he igh t ,  b ias  and no ise  dev ia t ions ,  and t r u e  a l t i t u d e  ra te .  

Major Outputs: A l t i m e t e r  he igh t  and a l t i t u d e  r a t e  readings. 

Source Documentation: L. S. Diamant, "Engineering and Programming Guide f o r  the 
h a v i g a t i  on Analys is  Program (NAP)", TRW Note 74-FMT-930, Revis ion 1, 
4 January 1974. 

Development Schedule: Operat ional 



Category Name: Comn./Nav./Tracking Devices  a ate Gyros) 

Model Name: Rate Gyro Simulation Name: SDL 

Contact Person: T. J. Smith a: TRW - Tel: (713)333-3133 

%script ion of Model : A to t a l  of nine r a t e  gyro assemblies a re  used t o  
simulate the Flight Control System. The r a t e  gyro assemblies a re  spring restrained 
constant damped gyros. The math model formulation includes the logic t o  intro-  
duce f a u l t  and bui l t - in  t e s t  equipment stimulus outputs,  b u t  the  computations of 
these outputs w i l l  have t o  be defined l a t e r  a f t e r  hardware f a i l u r e  modes and 
bui l t - in  t e s t  equipment stimulus have been defined. 

The model logic  i s  currently designed t o  check t o  see i f  the u n i t  i s  operating. 
I f  i t  i s  not operating, the  output i s  s e t  t o  zero. The r a t e  input i s  determined 
fo r  each operating gyro assembly by sumning r ig id  body and bending body ra tes .  
I f  a bui l t - in  t e s t  equipment stimulus i s  present, then the stimulus output i s  
computed on the basis  of whether a f a u l t  i s  present or whether the accelerometer 
i s  operating normally. This stimulus output i s  l a t e r  added t o  the nominal 
accelerometer response. I f  no bui 1 t - in  t e s t  equipment s timulus i s  present,  then 
the bui l t - in  t e s t  equipment response i s  s e t  t o  zero. 

The model checks f o r  f a u l t  conditions. I f  a f a u l t  ex i s t s ,  the f a u l t  output i s  
computed and no fu r the r  computations a re  performed. The measured r a t e  vector i s  
scaled appropriately and the  model cycles t o  the next gyro assembly. I f  no 
f a u l t  i s  present,  the model checks t o  see i f  a unity response output i s  desired. 
I f  so, the measurement e r ro r  and frequency response computations a re  bypassed and 
the output i s  s e t  equal t o  the input r a t e  plus the  bui l t - in  t e s t  equipment 
response. 

Major Input; Gyro on s t a t u s  f l a g ;  model rotat ion vector a t  each of the three 
gyro assemb ies ;  the generalized coordinate time derivat ive f o r  the bending made 
under consideration; a vector of sca le  f ac to r  e r ro r  and input axis alignment; 
the r a t e  gyro s c a l e  f ac to r  nonlinearity f o r  each gyro assembly; and Gaussian 
d is t r ibut ions  with variences. 

Ma'or O u t  uts: Bending body r a t e ,  measurement e r ro r ,  and frequency response -+- of eac r a t e  gyro within a gyro assembly. 

Source Documentation: T.  J .  Smith, "SDL Rate Gyro Math Model", TRW Systems 
Group, In terof f ice  Correspondence Memo, 10 December 1973. 

Devel opment Schedule: Requirements 10/12/73, Formulation 12/14/73 

Revision 1 
31 May 1974 



Category Name: Comm./Nav./Tracking Devices (Rate Gyros) 

Model Name: Rate Sensors Subsystem Simulat ion Name: SMS 

Contact Person: C. C. Olasky m: JSC m: (71 3)483- 2481 

Qesc r ip t i on  of Model: The r a t e  sensor s i m u l a t i o n  w i l l  s imu la te  t h e  operat ion of 
each o f  the  veh ic le  r a t e  gyros (except ing  gyros which comprise a  p a r t  o f  t h e  
pr imary I n e r t i a l  Measurement Un i t s )  which form a  p a r t  o f  the  s h u t t l e  o r b i t e r .  
Each r a t e  sensor 's  opera t ion  w i l l  be s imu la ted  independently and simultaneously 
i n  s imulated rea l - t ime.  I t  i s  assumed t h a t  these r a t e  sensors serve only  t o  
prov ide r a t e  feedback i n  the  v e h i c l e  con t ro l  loop. Thus, even 3-sigma d r i f t s ,  
sca le  fac to r  e r ro rs ,  etc., a r e  u n l i k e l y  t o  have any s i g n i f i c a n t  e f f e c t  on veh ic le  
dynamics, s ince  r e s u l t i n g  f a l s e  ra tes  w i l l  be smal l  compared w i t h  veh ic le  rates,  
and w i l l  n o t  propagate i n  navigat ion.  Since t h e  equations o f  motion are updated 
once each 50 mi l l i seconds,  a  s i m i l a r  update r a t e  i s  s p e c i f i e d  f o r  the body-mounted 
r a t e  gyros. 

Major Inputs:  

Major Outputs : 

Source Documentation: Singer Company, S imula t ion  Products D iv i s ion ,  "Shu t t l e  
Mission Simulator  Basel ine D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Devel opment Schedule: 



Category Name: Comn./Nav./Tracking Devices (Rate Gyros) 

Flodel Name: RNDPLT S imula t ion  qame: SVDS 

Contact Person: E, M, Fridge, 111 a: JSC x: (71 3)483-3532 

n e s c r i p t i o n  o f  Model: This  r o u t i n e  generates t h e  random samples f o r  the 
uncor re la ted  no ise  i n  the  gyro  and accelerometer e r r o r  models. The one sigma 
values f o r  the  uncor re la ted  no ise  modeled i n  t h e  gyro  and accelerometer outputs 
a re  de f i ned  by i n p u t  parameters. The one sigma values are m u l t i p l i e d  by 
samples from the  random number generator  t o  generate the  s imu la ted  no ise  i n  
the  gy ro  and accelerometer e r r o r  model. 

Ma'or I n  u t s :  One sigma values f o r  the uncor re la ted  no ise  modeled i n  t h e  
*elerometer. 

Major Outputs: Simulated no ise  i n  t h e  outputs f o r  each gyro  and accelerometer. 

Source Documentation: L. S. Diamant, "Engineering and Programming Guide f o r  the  
Nav iga t ion  Analys is  Program (NAP)", TW Note 74-FMT-930, Revis ion 1, 4 January 
1974. 

Development Schedule: Operat ional 



Category Name: Comm/Nav/Tracking Devices (Rendezvous Radar/Sensor) 

Model Name: RRADAR S imu la t ion  !4ame: SLS 

Contact  Person: Lance Drane m: C. S. Draper Lab. y: (617)258-1178 

'?esc r ip t i on  of Model: The Rendezvous Radar s i g h t s  on a  t a r g e t  and computes t h e  
range t o  the  t a r g e t ,  t he  range r a t e ,  and t h e  azimuth and e l e v a t i o n  angles from 
t h e  sensor bore  s i g h t  t o  t h e  t a r g e t  l i n e - o f - s i g h t .  I t  i s  assumed t o  be mounted 
a t  t h e  v e h i c l e  cen te r  o f  g r a v i t y ,  w i t h  i t s  axes a l i g n e d  w i t h  the  Veh ic le  axes. 
No e r r o r  sources are i n c l u d e d  w i t h i n  t h i s  model. 

Ma'or I n  u ts :  Veh ic le  p o s i t i o n ,  t a r g e t  p o s i t i o n ,  t rans fo rmat ion  m a t r i x  from 
Vehic e  t o  Reference I n e r t i a l  coo rd ina te  s y s t e m ,  t ime  associated w i t h  t h e  +-- 
t a r g e t s  p o s i t i o n  and v e h i c l e  and t a r g e t s  v e l o c i t y .  

Major  Outputs: Range, range r a t e ,  azimuth and e leva t ion .  

Source Documentation: Lawrence Benan ,  e t  a l ,  "ESIM Model Book f o r  the  C.  S. 
Draper Laboratory Statement Leve l  S imula tor " ,  The Charles S ta rk  Draper 
Laboratory, Inc., R-776, Amendment Number 2, A p r i l  1, 1974. 

Development Schedule: Operat iona l  

Rev is ion 1  
31 May 1974 



Category Name: Comm./Nav./Tracking Devices (Rendezvous ~ a d a r / ~ e n s o r )  

Model Name: Rendezvous Radar Subsystem S imula t ion  Name: SMS 

Contact Person: C. C. Olasky m: JSC - Tel : (71 3)483-2481 

n e s c r i p t i o n  o f  Model : The rendezvous radar  subsys tem w i  11 s imu la te  the opera t ion  
of each o f  t h e  s h u t t l e  v e h i c l e  on-board rendezvous radar  subsystems i n  m u l t i -  
modes. Passive f r e e - f l i g h t  payloads are detected b y  " sk in "  t r ack ing .  The t a r g e t  
may be enhanced by transponder. The two major o r b i t e r  assemblies are the  
on-board av ion i cs  and the deployable assembly. The deployable assembly i s  stcnrred 
i n s i d e  the  payload bay area w i t h  j e t t i s o n  c a p a b i l i t y .  The radar  i s  pu lse  modula- 
t i o n  w i t h  a maximum range o f  32 n a u t i c a l  m i les .  Two modes w i l l  be s imu la ted  - 
search and auto t r a c k i n g  a f t e r  lock-on. Angular p o s i t i o n  w i l l  be obta ined from 
computation o f  t he  antenna angles and angular  r a t e  by s imu la t i on  o f  r a t e  gyros. 

Major Inpu ts :  

Major Outputs: 

Source Documentation: S inger  Company, S imu la t ion  Products D iv is ion ,  " S h u t t l e  
Miss ion S imu la to r  Base l ine  D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Comm./Nav./Tracking Devices (Rendezvous Radar/Sensor) 

Model Name: RSEN2 S imula t ion  Name: SSFS 

Contact Person: J. E. vinson &g: Lockheed m: (71 3) 333-4875 

n e s c r i p t i  on of Model : RSEN2 ca l cu la tes  the r e l a t i v e  t rans1 a t i o n  and 
r o t a t i o n a l  r e l a t i o n s h i p s  between the a c t i v e  veh ic le  ( O r b i t e r )  and the  passive 
v e h i c l e  (Target)  f o r  bo th  o r b i t a l  and/or r e l a t i v e  motion s imu la t ions .  A d d i t i o n a l l y ,  
RSEN2 ca lcu la tes  range and range r a t e  o f  the  passive v e h i c l e  and the  s h a f t  and 
t runn ion  angles based on the  r e l a t i v e  l i n e - o f - s i g h t  vector .  For o r b i t a l  motion, 
RSEN2 uses t h e  r e c t i f i e d  values o f  t h e  v e h i c l e ' s  s t a t e  vectors t o  i nsu re  accuracy 
i n  c a l c u l a t i n g  the  r e l a t i v e  mot ion r e l a t i o n s h i p s  between t h e  a c t i v e  and passive 
veh ic les .  The r o t a t i o n a l  sequence used i n  KEN2 i s  r o l l ,  p i t c h ,  yaw. 

Ma'or I n  u t s  T r a n s l a t i o n a l  and r o t a t i o n a l  s t a t e  vectors from the  a c t i v e  and --% passive ve i c l e s  f o r  r e l a t i v e  and o r b i t a l  motion. 

Major Out u t s :  Updated t r a n s l a t i o n a l  and r o t a t i o n a l  s t a t e  vec to r  from t h e  a c t i v e  a-J- an passive vehic les,  range o f  the passive vehic le,  range r a t e  o f  the  passive 
veh ic le ,  and s h a f t  and t runn ion  angle. 

Source Documentation: Engineer ing System Branch, Computation and Analysis 
b?v is ion ,  "Space S h u t t l e  Funct ional  Simulator",  Volume 111, Revis ion B, 
Johnson Space Center, KC I n t e r n a l  Note 72-FD-010, (KC-06726, Volume 111) , 
November 1973. 

Development Schedule: Operat ional  



Category Name: Comn./Nav./Tracking Devices ( S t a r  Sensor/Tracker) 

Model Name: STARTRAK S imu la t ion  Name: SLS 

Contact Person: Lance Drane m: C. S. Draper Lab. y: (617)258-1178 

F e s c r i p t i o n  o f  Model: The S t a r  T racker  s i g h t s  on a rendezvous t a r g e t  and 
computes t h e  azimuth and e l e v a t i o n  angles f rom t h e  sensor bo res igh t  t o  the  
t a r g e t  l i n e  o f  s i g h t .  The S t a r  Tracker  f i r s t  c a l c u l a t e s  the p o s i t i o n  of t h e  
sensor i n  Reference I n e r t i a l  coordinates.  I t  then ca lcu la tes  t h e  l i n e - o f -  
s i g h t  v e c t o r  from t h e  sensor t o  the t a r g e t ,  conver t i ng  t o  sensor coord inates .  

The S t a r  Tracker  has a square f i e l d  o f  view centered on t h e  sensor X-axis t h a t  
def ines t h e  maximum and minimum values o f  t h e  azimuth and e l e v a t i o n  angles. 
There are no models o f  sensor e r r o r s  f o r  t h i s  s imu la t ion .  

Major  Inpu ts :  Veh ic le  center  o f  g r a v i t y  p o s i t i o n ,  v e h i c l e  p o s i t i o n ,  t a r g e t  
p o s i t i o n ,  t rans fo rmat ion  m a t r i x  f rom Veh ic le  t o  I n e r t i a l  coordinates,  and t ime  
assoc ia ted w i t h  t h e  t a r g e t  p o s i t i o n .  

Major Outputs:  Time o f  the  l a s t  read of any sensor, t h e  t ime  o f  the l a s t  read 
o f  each sensor and azimuth and e l e v a t i o n  f o r  each sensor. 

Source Documentation: Lawrence Berman, e t  a l ,  "ESIM Model Book f o r  the  C. S .  
Draper Laboratory Statement Level  S imula tor " ,  The Charles S ta rk  Draper Labora- 
t o r y ,  Inc., R-776, Amendment Number 2, A p r i l  1, 1974. 

Development Schedule: Operat iona l  

Rev is ion 1 
31 May 1974 



Category Name: Comm./Nav./Tracking Devices ( S t a r  Sensor/Tracker) 

Model Name: S ta r  Tracker Subsystem S imula t ion  Vame: SMS 

Contact Person: C .  C. Olasky %: JSC &.!: (713)483- 2481 

" s c r i p t i o n  of Yodel : The S t a r  Tracker  s i m u l a t i o n  w i l l  s imu la te  t he  opera t ion  
of each o f  the s h u t t l e  v e h i c l e  s t a r  t r acke rs .  The operat ion o f  each of the 
redundant devices w i l l  be s imu la ted  independent ly and s imul taneously .  I t  i s  
assumed t h a t  the s t a r  t r a c k e r  possesses two bas i c  opera t iona l  modes, search and 
t r a c k .  I n  search mode, the b r i g h t e s t  l i g h t  source w i t h i n  a  smal l  p o r t i o n  of the 
device f i e l d  o f  view centered about a  p o i n t  commanded by the on-board computer 
w i l l  be acquired. I f  no l i g h t  source o f  s u f f i c i e n t  magnitude e x i s t s  i n  t h a t  
region, the e n t i r e  f i e l d  o f  view w i l l  be scanned and the  b r i g h t e s t  o b j e c t  acquired. 
Upon a c q u i s i t i o n ,  the s t a r  t r a c k e r  switches t o  t r a c k i n g  mode, and t racks  t h e  
acqui red l i g h t  source, w i t h i n  a  very smal l  p o r t i o n  o f  the f i e l d  o f  view. It i s  
a l s o  assumed t h a t  the computer can p lace  the  device i n  an i n a c t i v e  mode. When a  
t racke r  i s  ac t i ve ,  t he  t rans fo rma t i on  between t r a c k e r  b o r e s i g h t  coord inates and 
the i n e r t i a l  re fe rence coord ina te  system i s  ca lcu la ted .  Pos i t i ons  o f  ear th,  sun, 
and moon a re  found i n  the sensor coord ina te  system. I t  i s  assumed t h a t  the presence 
o f  the sun, i l l u m i n a t e d  moon, o r  i l l u m i n a t e d  e a r t h  i n  o r  near t he  t r a c k e r  search 
o r  t r ack  f i e l d  o f  view w i l l  cause i n te r fe rence .  It i s  f u r t h e r  assumed the  t r a c k e r  
can de tec t  t h i s  i n t e r f e r e n c e  and w i l l  send an e r r o r  d i s c r e t e  when i t  occurs. When 
the  e n t i r e  f i e l d  o f  view i s  occu l t ed  by a  darkened ear th,  i t  i s  assumed t h a t  the 
t r a c k e r  w i l l  r e v e r t  t o  and remain i n  search mode. I t  should be noted t h a t  the pro-  
posed on-board computer so f tware  has l o g i c  which w i l l  prevent any o f  these e r r o r  
cond i t i ons  from occu r r i ng  except  i n  extreme i n e r t i a l  measurement u n i t  o r  computer 
ma l func t i on  cases. Thus, p rec i se  s imu la t i on  the reo f  should n o t  be necessary. I n  
search mode, a  t a b l e  o f  s t a r  p o s i t i o n s  and magnitudes w i l l  be used t o  determine 
which s t a r s  a re  w i t h i n  t he  f i e l d  o f  view. Planets i n  the f i e l d  o f  view w i l l  be 
determined us ing  ephemeris data.  

Major  Inpu ts :  

Major Outputs: 

Source Documentation: S inger  Company, S imu la t ion  Products D i v i s i on ,  "Shd t t l e  
Miss ion  S imu la to r  Base l ine  D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Com./Nav./Tracking Devices (Tac t i ca l  A i r  Navigat ion)  

Model Name: Navaids TACAN Subsystem S imula t ion  Name: SMS 

Contact Person: C. C. Olasky w: JSC 

Q e s c r i p t i o n  of Model : S t a t i o n  i d e n t i f i c a t i o n  f o r  the  TACAN system i s  prov ided 
by r e c e i p t  o f  the  t ransmi t ted  1350 h e r t z  s t a t i o n  i d e n t i f i c a t i o n  c a l l  l e t t e r s .  
The TACAN operates by  f l i g h t  i n t e r r o g a t i o n  p u l s i n g  o f  the ground based beacon 
system. There i s  a  search mode i n  which t h e  system i s  pu lsed a t  a  r e l a t i v e  h igh  
frequency. Once lock-on i s  achieved, the  system provides bea r ing  and d is tance 
i n fo rma t ion  f o r  use by t h e  GN&C computer and f o r  var ious d isp lays  i n c l u d i n g  the 
A t t i t u d e  D i r e c t i o n  Ind i ca to r ,  Hor izonta l  S i t u a t i o n  Ind i ca to r ,  and/or cathode 
ray tube d isp lays .  

Major inputs;  

Major Outputs : 

Source Documentation: Singer  Company. S imula t ion  Products D iv i s ion ,  "Shu t t l e  
Miss ion S imu la to r  Base l ine  D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Comm./Nav./Tracking Devices (VFH ~ommuni c a t i  ons) 

Model Name: VHF Comunica t ion  Subsystem Simulat ion Name: SMS 

Contact Person: 0. C. Olasky m: JSC - Tel:  (713)483- 

Descr ip t ion  of Model: The s i m u l a t i o n  o f  the VHF duplex and simplex vo ice  and da, 
communication l i n k  w i l l  be modeled by c a l c u l a t i n g  the  s igna l  s t reng th  o f  the 
received s igna l  from the ground s t a t i o n s  and the t ransmi t ted  power l e v e l  o u t  o f  
the veh ic le  antennas t o  the ground s t a t i o n .  To determine the s i g n a l  s t rength,  i 
i s  necessary t o  a lso  determine i f  a  s t a t i o n  i s  occu l ted  by the  ear th  and if it i! 
operat ing on the c o r r e c t  frequency. 

The number o f  poss ib le  s t a t i o n s  t h a t  have 1  i ne -o f - s igh t  coverage i s  excessive wh~ 
i t  i s  considered t h a t  the area o f  coverage may be as l a r g e  as the  Un i ted  States. 
With such coverage, i t i s  necessary t o  l i m i t  the number o f  ground s t a t i o n s  loade 
i n  working core o f  the  computer. The process o f  i d e n t i f y i n g  those s t a t i o n s  h a v i ~  
1  ine-of-s i  ght,  on c o r r e c t  frequency, receiver- t ransmi t t e r  ope ra t i  on, rece i ve r -  
t ransmi t te r  s igna l  s t rength,  and s igna l - to -no ise  r a t i o  i s  computed f o r  those twe~ 
f i v e  s t a t i o n s  which w i l l  r e s i d e  i n  core. The e l e v a t i o n  angle i s  computed f o r  ea 
s t a t i o n  and those s t a t i o n s  having a  p o s i t i v e  e leva t i on  are considered t o  be i n  1  
o f -s igh t .  The a t tenua t i on  o f  the s igna l  paths between the  two pos i t i ons  w i l l  t h ~  
be ca lcu la ted  based on antenna p a t t e r n  o r i e n t a t i o n  and veh ic le  separat ion d i s t a n  
The r e l a t i v e  bear ing angles w i l l  be ca l cu la ted  and app l ied  t o  the equations 
represent ing the antenna pa t te rn .  

Major Inputs:  

Major Outputs: 

Source Documentation: Singer Company, Simulat ion Products D iv is ion ,  " S h u t t l e  
Miss ion Simulator  Base l ine  D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 
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5.7 Onboard Software Models 

This section contains descriptive information about models of the onboard 
software. 

r.p: ~?J.rn NOT - 
~ B W D T G  PP-a 



Category Name: Onboard Software (Aerosurface Cont ro l  System) 

Model Name: Aerodynamics Cont ro l  Surface S imu la t ion  Name: SDL 

Contact  Person: T. J. Walsh m: TRW - Tel  : (713)333-3133 

F e s r r i p t i o n  o f  Model: The Aerodynamics Cont ro l  Surface Model cha rac te r i zes  
t h e  opera t ion  o f  bo th  the  aerosurface d r i v e r  ( a c t u a t o r s )  and t h e  aerodynamic 
c o n t r o l  surfaces.  The model descr ibed i s  s u i t a b l e  f o r  s i m u l a t i n g  the  
response and e f f e c t s  o f  t h e  aerodynamic c o n t r o l  surfaces du r ing  the  ascent, 
e n t r y ,  t e rm ina l  area energy management, and land ing  phases o f  a  V e r t i c a l  
F l i g h t  Test  as w e l l  as d u r i n g  a l l  phases o f  t h e  Hor i zon ta l  F l i g h t  Test. 

There a r e  seven ac tua to rs  c o n t r o l l i n g  the  p o s i t i o n  and mot ion o f  t h e  aerodyna- 
m ic  c o n t r o l  surfaces.  Each i s  i d e n t i f i e d  by  t h e  su r face  i t  c o n t r o l s .  The 
su r faces  c o n t r o l l e d  are l e f t  and r i g h t  outboard and inboard  elevons, l e f t  
and r i g h t  rudder,  and body f l a p .  The f i r s t  s i x  above a re  d r i v e n  h y d r a u l i c a l l y .  
The elevons a re  moved by a  va lve c o n t r o l l e d  p i s ton .  For t h e  speed brake and 
rudder,  a  va lve  c o n t r o l l e d  h y d r a u l i c  motor i s  used. The body f l a p  a c t u a t o r  
i s  e lectromechanical .  The i n p u t  t o  the  a c t u a t o r  i s  a  command vo l tage.  I t  
i s  assumed t h a t  the  scheme used t o  i n t e g r a t e  t h e  d i f f e r e n t i a l  equat ions i s  an 
e x p l i c i t  one. I t i s  a l s o  assumed t h a t  the  aerodynamic parameters model and 
t h e  a, lgebraic equat ions a re  coupled. 

Major  I n  u ts :  L e f t  and r i g h t  e levon servo command; rudder  servo command; m-- brake servo command; aerodynamic h inge moments f o r  each sur face;  d i s -  
c re tes  f rom the  f l i g h t  computer; and d i s c r e t e s  i n p u t  f rom the  manual c o n t r o l s  
model. 

Major  Outputs: Aerosurface pressures, p o s i t i o n s ,  ra tes ,  and d e f l e c t i o n s .  

Source Documentation: T. J. Walsh, "P re l im ina ry  Aerodynamic Control  Surface 
model", TRW Systems Group, Memo No. 2533.5-74-21, 20 February 1974. 

Development Schedule: Requirements 9/28/74, Formula t ion 2/20/74. 

Rev is ion 1  
31 May 1974 



Category Name: Onboard Software Models (Aerosurface Cont ro l  system) 

Model Name: Aerosurface Cont ro l  Subsystem S imu la t ion  Name: SMS 

Contact Person: C. C. Olasky : JSC - T e l :  (713)483-2481 

" s c r i p t i o n  of Model: The aerosur face c o n t r o l  subsystem f o r  each elevon, t h e  
v e r t i c a l  s t a b i l i z e r  ( rudder lspeed brake) and body f l a p  w i l l  be s imula ted.  Each 
o f  the aerosur face c o n t r o l  subsystems w i l l  be s imu la ted  s imul taneous ly  and inde-  
pendent ly when i n  operat ion.  I n p u t s  t o  the aerosurface c o n t r o l  system i n c l u d e  
aerosurface s e t t i n g  comnands through each o f  the  i n p u t  channels f o r  elevon, 
rudder, and speed brake, e l e c t r i c a l  power a v a i l a b l e ,  h y d r a u l i c  power fac tors  
f o r  each h y d r a u l i c  system, crew s t a t i o n  s w i t c h  and breaker  c o n f i g u r a t i o n ,  and 
i n s t r u c t o r  inputs .  Outputs f rom the  aerosur face c o n t r o l  system w i l l  i n c l u d e  
elevon and d i f f e r e n t i a l  e levon s e t t i n g s ,  rudder  s e t t i n g ,  speed brake s e t t i n g ,  
e l e c t r i c a l  power load,  hydraul  i c  f lows,  and s t a t u s  outputs.  Aerosurface 
c o n t r o l  w i l l  e x h i b i t  cons iderab le  redundancy, w i t h  m u l t i p l e  command s i g n a l  
i n p u t  channels f o r  the  pr imary c o n t r o l  servos, m u l t i p l e  h y d r a u l i c  pressure 
sources f o r  each su r face  h y d r a u l i c  ac tua to r ,  and mu1 t i p l e  ac tuators  f o r  each 
surface.  F a i l e d  channels a re  disconnected i n  t h e  case o f  s i n g l e  channel f a i l u r e .  
Operat ion o f  the  f a i l u r e  d e t e c t i o n  and redundancy management p r o v i s i o n s  w i l l  
be s imu la ted  and w i l l  respond p r o p e r l y  t o  f a i l u r e s .  F a i l u r e  d i s c r e t e s ,  h y d r a u l i c  
pressure moni tor  outputs,  e tc . ,  generated by the  aerosurface c o n t r o l  subsystem, 
w i l l  be s imula ted and ou tpu t  f rom the s i m u l a t i o n .  The summing o f  rudder  and speed 
brake comnands t o  o b t a i n  commands f o r  t h e  s p l i t  v e r t i c a l  s t a b i l i z e r  su r face  
w i l l  be s imula ted t o  o b t a i n  t h e  appropr ia te  su r face  h y d r a u l i c  ac tua to r  i npu ts .  
Ac tua to r  dynamics f o r  each su r face  w i l l  be s imula ted as a  f u n c t i o n  o f  i n p u t  
commands, f a i l u r e  d e t e c t i o n  s t a t u s ,  h y d r a u l i c  power f a c t o r s  i n  each h y d r a u l i c  
system, and mal funct ions.  Other e f f e c t s ,  such as hinge-moments, w i l l  be s imu la ted  
i f  s i g n i f i c a n t .  Rate and p o s i t i o n  l i m i t s  o f  t h e  aerosurface, as w e l l  as o t h e r  
l i m i t s  i n t e r n a l  t o  the  subsystem, w i l l  be s imulated.  

Major  Inpu ts :  

Major  Outputs : 

Source Documentation: S inger  Company, S imu ld t ion  Products D iv i s ion ,  " S h u t t l e  
Miss ion S imula tor  Base l ine D e f i n i t i o n  Report",  Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Onboard Software Models (Aerosurface Control  system) 

Model Name: ACS8 Simulat ion Name: SSFS 

Contact Person: J. E. Vinson m: Lockheed - Tel : (713)333-4875 

" s c r i p t i o n  of Model: ACS8 provides a model o f  the aerodynamic c o n t r o l  system 
o f  the NR89B o r b i t e r .  I t  simulates t h e  response o f  the  o r b i t e r ' s  aerodynamic 
con t ro l  surfaces t o  f l i g h t  so f tware  commands. I t  conta ins models o f  the 
elevons, rudder, rudder f l a r e ,  body f l a p ,  and land ing  gear. The user  may 
s e l e c t  the l e v e l  o f  f i d e l i t y  des i red  f o r  the servo  models by choosing e i t h e r  
instantaneous response o r  f i r s t  o rder  response models. 

Ma'or I n  u t s :  Comnanded d e f l e c t i o n s  o f  the  a i l e ron ,  rudder, e leva to r ,  r i g h t  i"9.s e evon, an l e f t  elevon; comnanded land ing  gear pos i t i on ;  commanded rudder 
f l a r e  angle; servo gain f o r  elevon, rudder, and rudder f l a r e ;  elevon maximum 
and minimum p o s i t i o n  l i m i t s  ; elevon r a t e  l i m i t ;  rudder r a t e  l i m i t ;  rudder 
maximum and minimum p o s i t i o n  l i m i t s ;  rudder f l a r e  r a t e  1 i rn i t ;  rudder f l a r e  
maximum and minimum angles; body f l a p  r a t e  l i m i t .  

o r  O u t :  P o s i t i o n  o f  the  e levator ,  a i le rons ,  rudder, rudder f l a r e ,  body 
ap, an anding gear. 

Source Documentation: Engineering System Branch, Computation and Analysis 
D iv is ion ,  "Space S h u t t l e  Funct ional  Simulator" ,  Volume 111, Revis ion B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume I 11) , 
November 1973. 

Development Schedule: Operat ional  



Category Name: Onboard Software Models (Aerosurface Contro l  System) I 

Model Name: A C S ~  S imula t ion  Name: SSFS 

Contact Person: J, E. Vinson &¶: Lockheed 

Q e s c r i p t i o n  of Model: ACS9 provides a s i m p l i f i e d  model o f  t h e  NR-89B o r b i t e r  
aerodynamic c o n t r o l  system. It i s  in tended f o r  use i n  three-degree-of-freedom 
s imula t ions .  Models a re  i nc luded  f o r  t r i m  e levator ,  body f l a p ,  rudder f l a r e  
(speed brake), and land ing  gear. ACS9 provides an e leva to r  d e f l e c t i o n  
corresponding t o  v e h i c l e  t r i m .  The body f l a p  model agrees w i t h  the  schedule 
i n  t h e  NAR Aerodynamic Design Data book w i t h  the  a d d i t i o n  o f  a r a t e  l i m i t  o f  
one degree per  second. The rudder f l a r e  moves a t  a constant  r a t e  o f  7.2 degrees 
per  second t o  the commanded s e t t i n g  w i t h i n  t h e  range 0 - 100.8 degrees. The 
land ing  gear i s  ins tan taneous ly  s e t  t o  t h e  comnanded pos i t i on .  

Ma'or I n  u t s :  Commanded land ing  gear pos i t i on ,  commanded rudder f l a r e ,  rudder i"-er f are r a t e  i m i t ,  maximum and minimum rudder f l a r e  angles, body f l a p  r a t e  
l i m i t .  

Ma'or Out u t s :  Tr im e l e v a t o r  s e t t i n g ,  body f l a p  d e f l e c t i o n ,  rudder f l a r e  &c-i%- an i n g  gear pos i t i on .  

Source Documentation: Engineering System Branch, Computation and Analys is  
D iv i s ion ,  "Space S h u t t l e  Funct ional  Simulator" ,  Volume 111, Revis ion 8, 
Johnson Space Center. K C  I n t e r n a l  Note 72-FD-010, (KC-06726, Volume 1111, 
November 1973. 

Development Schedule: Operat ional  



Category Name.: Onboard Software Models (Aerosurface Control  system) 

Model Name: A C S l O  Simulat ion Name: SSFS 

Contact Person: J. E. Vinson &g: Lockheed JeJ: (713)333-487F 

" s c r i p t i  on of Model : ACSlO provides a model of the  aerodynamic c o n t r o l  
system f o r  the  NR000147B o r b i t e r ,  s imu la t i ng  the response o f  the veh ic le ' s  
aerodynamic c o n t r o l  surfaces t o  f l i g h t  sof tware commands. I t  contains models 
o f  the e levors ,  rudder, speed brake, body f l a p ,  and landing gear. The user  
may s e l e c t  the  l e v e l  o f  f i d e l i t y  des i red  fo r  the  servo models by choosing 
e i t h e r  instantaneous response o r  f i r s t  o rder  response models. 

Major Inputs:  Mach number; X-component o f  p o s i t i o n  vector  o f  veh i c le  cen te r  
of  g r a v i t y ;  l e f t  and r i g h t  elevon h inge moments; hinge moment due t o  speed 
brake de f l ec t i on ;  h inge moment due t o  rudder d e f l e c t i o n  and s i d e s l i p  angle; 
elevon, rudder, and speed brake servo gains; elevon, rudder, body f l a p ,  and 
speed brake r a t e  l i m i t s ;  maximum and minimum p o s i t i o n  l i m i t s  f o r  elevon and 
rudder; maximum and minimum angles f o r  speed brake; comnanded a i l e ron ,  rudder, 
e leva tor ,  r i g h t  elevon, and l e f t  elevon de f l ec t i ons ;  cmmanded land ing  gear 
pos i t i on ;  commanded speed brake angle. 

Major Out u t s :  E levator ,  a i l e r o n ,  rudder, speed brake, and body f l a p  
3ZEdz- 

Source Documentation: Engineering System Branch, Computation and Analysis 
b i v i s i o n ,  "Space S h u t t l e  Funct ional  Simulator",  Volume 111, Revis ion B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 111) , 
November 1973. 

Development Schedule: Operat ional 



Category Name: Onboard Software Models (Aerosurface Contro l  System) 

Elodel Name: ACSll S imula t ion  Name: SSFS 

Contact Person: J .  E. Vinson m: Lockheed - Tel : (71 3) 333-4875 

k s c r i p t i o n  o f  Model : ACSll provides a s i m p l i f i e d  model o f  the  aerodynamic 
c o n t r o l  system f o r  the  RI000147B o r b i t e r .  It i s  designed f o r  use i n  three-  
degree-of-freedom s imula t ions  o f  the en t ry - to - land ing  miss ion  phase. Models 
a re  i nc luded  f o r  t r i m  e leva to r ,  speed bnake, land ing  gear, and body f l a p .  
ACSll prov ides an e l e v a t o r  d e f l e c t i o n  corresponding t o  v e h i c l e  t r i m .  Speed 
brake d e f l e c t i o n  i s  modeled w i t h  an instantaneous response t o  commands. The 
speed brake r a t e  i s  l i m i t e d  t o  t7 .2  degrees per  second and the d e f l e c t i o n  i s  
l i m i t e d  t o  the range o f  0 - 87.2 degrees. Landing gear deployment / ret ract ion i s  
l i n e a r  w i t h  time. The t ime requ i red  f o r  f u l l  up o r  f u l l  down i s  10 seconds. 
Body f l a p  d e f l e c t i o n  i s  a f u n c t i o n  o f  Mach number, w i t h  separate curves f o r  
forward and a f t  center  o f  g r a v i t y  loca t ions .  

Major Inputs:  Mach number; X-component o f  p o s i t i o n  v e c t o r  o f  veh i c le  center  
of g r a v i t y ;  speed brake de f l ec t i on ;  e l e v a t o r  minimum and maximum p o s i t i o n  
l i m i t s ;  speed brake minimum and maximum p o s i t i o n  l i m i t s ;  r a t e  l i m i t s  f o r  
body f l a p  and speed brake; commanded land ing  gear pos i t i on ;  commanded speed 
brake d e f l e c t i o n .  

Major Outputs: Elevator ,  speed brake, and body f l a p  de f l ec t i ons ;  land ing  
gear p o s i t i o n .  

Source Documentation: Engineering System Branch, Computation and Analys is  
D iv i s ion .  "Soace S h u t t l e  Funct ional  Simulator".  Volume 111. Revis ion B. 
Johnson space Center, MSC I n t e r n a l  Note 72-FD-010, (KC-06j26, Volume ~I I ) ,  
November 1973. 

Development Schedule: Operat ional  



Category Name: Onboard Software Models (Aerosurface Cont ro l  System) 

Model Name: ACS12 S imu la t ion  Name: SSFS 

Contact Person: J .  E. Vinson a: Lockheed Tel  : (713) 333-4875 - 
" s c r i p t i o n  of Model: ACS12 prov ides a  model o f  t h e  aerodynamic c o n t r o l  system 
f o r  the  RI000140C O r b i t e r ,  s i m u l a t i n g  t h e  response o f  t h e  v e h i c l e ' s  aero- 
dynamic c o n t r o l  sur faces t o  f l i g h t  so f tware  commands. I t con ta ins  models o f  
t h e  elevons, rudder, speed brake, body f l a p ,  and land ing  gear. ACS12 permi ts  
t h e  user t o  s e l e c t  the  l e v e l  o f  f i d e l i t y  he des i res  f o r  the  servo models. The 
l o g i c  f o r  elevons, rudder, and speed brake i s  e x a c t l y  analogous. An ins tan tan -  
eous p o s i t i o n  change i s  assumed f o r  a  low f i d e l i t y  model o f  a  c o n t r o l  su r face  
whereas the h i g h  f i d e l i t y  model computes t h e  d r i v i n g  ra te .  The f o u r t h  o r d e r  
Runga-Kutta i n t e g r a t i o n  method i s  used by t h i s  model. 

Major  Inpu ts :  Mach number; l e f t  and r i g h t  e levon h inge moments; X-component 
of p o s i t i o n  v e c t o r  o f  v e h i c l e ' s  cen te r  o f  g r a v i t y ;  h inge moment due t o  t h e  
speed brake d e f l e c t i o n ,  rudder  d e f l e c t i o n ,  and s ides1 i p  angle.  

Major  Outputs: E l e v a t o r  d e f l e c t i o n ,  a i l e r o n  d e f l e c t i o n ,  rudder  d e f l e c t i o n ,  
speed brake d e f l e c t i o n ,  l and ing  gear mode, and body f l a p  d e f l e c t i o n .  

Source Documentation: K. M. P a r r i s ,  "SSFS Model Documentation Ser ies  - ACSIZ1', 
Lockheed E l e c t r o n i c s  Company Techn ica l  Report No. LEC1890, February 1974. 

Development Schedule: Operat iona l  

Revis ion 1  
31 Play 1974 



Category Name: Onboard Sof tware Models (Aerosurface Con t ro l  System) 

Model Name: ACS13 S imu la t ion  Name: SSFS 

Contact  Person: J. E. Vinson m: Lockheed - T e l :  (713) 333-4875 

!esc r ip t i on  of Model : ACS13 prov ides a s i m p l i f i e d  model o f  t h e  aerodynamic 
c o n t r o l  system f o r  t h e  RI000140C O r b i t e r .  I t  i s  designed f o r  use i n  th ree-  
degree-of-freedom s i m u l a t i o n s  o f  the  Entry- to-Landing Miss ion Phase. Models 
are inc luded  f o r  t r i m  e l e v a t o r ,  speed brake, l and ing  gear, and body f l a p s .  

Al though r o t a t i o n a l  dynamics a r e  ignored  i n  three-degree-of-freedom simulations. 
i t  i s  d e s i r a b l e  t o  have r e a l  i s t i c  l i f t / d r a g  c h a r a c t e r i s t i c s .  For  t h i s  reason 
ACS13 prov ides an e l e v a t o r  d e f l e c t i o n  corresponding t o  v e h i c l e  t r i m  (i .e., 
zero p i t c h  moment). Speed brake d e f l e c t i o n  i s  modeled w i t h  an instantaneous 
response t o  commands f rom t h e  f l i g h t  computer modules. Landing gear de- 
p loyment / re t rac t ion  i s  cons idered l i n e a r  w i t h  t ime  o r  a 10 second i n t e r v a l .  

Major  Inpu ts :  Mach number and X-component o f  p o s i t i o n  vec to r  o f  v e h i c l e ' s  
cen te r  o f  g r a v i t y .  

Major  Out u ts :  E leva to r ,  speed brake, and body f l a p  d e f l e c t i o n  a long w i t h  
-mode. 

Source Documentation: K. M. P a r r i s ,  "SSFS Model Documentation Ser ies  - ACS13", 
Lockheed E l e c t r o n i c s  Company Technical  Report No. LEC 1891, February 1974. 

Development Schedule: Operat iona l  

Rev is ion 1 
31 May 1974 



Category Name: Onboard Sof tware Models (Aerosurface Control  System) 

Model Name: ACS14 S imu la t ion  Name: SSFS 

Contact Person: J. E. Vinson m: Lockheed - Tel  : (713) 333-4875 

P c s z r i p t i o n  o f  Model: ACS14 prov ides a model o f  t h e  aerodynamic c o n t r o l  system 
f o r  t h e  RI000140C O r b i t e r ,  s i m u l a t i n g  t h e  response o f  the v e h i c l e ' s  aerodynamic 
c o n t r o l  su r faces  t o  f l i g h t  so f tware  commands. I t  conta ins  models o f  the elevons, 
rudder, speed brake, body f l a p ,  and l a n d i n g  gear. ACS14 d i f f e r s  f rom ACS12 
on t h e  body f l a p  command l o g i c  and t h e  separate speed brake r a t e  l i m i t s  f o r  
opening .and c los ing .  

Major  Inpu ts :  Mach number, l e f t  and r i g h t  e levon h inge moments, X-component 
o f  p o s i t i o n  v e c t o r  o f  v e h i c l e  cen te r  o f  g r a v i t y ,  and hinge moments due t o  speed 
brake d e f l e c t i o n s ,  rudder  d e f l e c t i o n ,  and s i d e s l i p  angle. 

Major  Out u ts :  E levator ,  a i l e r o n ,  rudder, speed brake, and body f l a p  def lec-  
&ding gear mode. 

Source Documentation: L.  S. Baumel, "SSFS Model Documentation Ser ies  - ACS14", 
Lockheed E l e c t r o n i c s  Company Technical  Report  No. LEC3281, A p r i l  1974. 

Development Schedule: Operat iona l  

Rev is ion 1 
31 May 1974 



Category Name: Onboard Software Models (Aerosurface Control  System) 

Plodel Name: DELVT2 Simulat ion Vame: SSFS 

Contact Person: J. E. Vinson m: Lockheed - Tel : (713)333-4875 

" s c r i p t i o n  o f  Model: DELVT2 ca lcu la tes  by i n t e r p o l a t i o n  t r i m  e l e v a t o r  as a  
f u n c t i o n  o f  angle o f  a t tack  and Mach number. This  mode i s  used i n  three- 
degree-of-freedom ent ry - to - touchdmn s imula t ions  t o  make t h e  three-degree- 
of-freedom veh ic le  f l y  a  l i f t  over drag r a t i o  t h a t  i s  c lose r  t o  t h a t  of a  
trimmed s ix-degree-of- f  reedom veh ic le .  The tab les  o f  t r i m  e l e v a t o r  values 
as a  func t i on  o f  mach number and angle o f  a t t a c k  are  f o r  the 040A v e h i c l e  
used i n  model AERO15. 

Major Inputs:  Mach number, angle o f  a t tack .  

Major Outputs: T r im  e l e v a t o r  value. 

Source Documentation: Engineering System Branch, Computation and Analys is  
b i v i s i o n .  " S ~ a c e  S h u t t l e  Funct ional  Simulator" .  Volume 111. Revis ion B. 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06j26, Volume III), 
November 1973. 

Development Schedule: Operat ional  



Category Name: Onboard Software System (Aerosurface Contro l  System) 

Model Name: STEER Simula t ion  Name: SVDS 

Contact Person: E. M. Fr idge,  111 m: JSC Tel  : (713)483-3532 

Qescr ip t ion  o f  Model : Subrout ine STEER r e f l e c t s  t h e  six-degrees-of-freedom l o g i c  
o f  t h e  open l oop  s t e e r i n g  model. I t s  f u n c t i o n  i s  t o  main ta in  a predef ined 
a t t i t u d e  by  per forming a t a b l e  look-up on Eu le r  angles r e l a t i n g  t h e  i n i t i a l  
m a t r i x  t o  t h e  des i red  body t o  ear th  centered i n e r t i a l  ma t r i x ,  a t a b l e  look-up 
on gimbal angles o r  a t a b l e  lock-up on aerodynamic a t t i t u d e  angles and then 
computing the  des i red  gimbal angles t h a t  a re  issued t o  t h e  d i g i t a l  a u t o p i l o t  (DAP) 
c o n t r o l  system and about which a t t i t u d e  h o l d  i s  t o  be maintained. STEER i s  
c a l l e d  a t  t h e  beg inn ing  o f  each t r a j e c t o r y  phase and a t  some user  s p e c i f i e d  
t ime i n t e r v a l  ( i n t e g e r  m u l t i p l e  o f  the  i n t e g r a t i o n  s tep  s i z e ) .  Inc luded i n  
subrout ine  STEER i s  t h e  three-degrees-of-freedom open l o o p  s t e e r i n g  t a b l e  
iuok-up l o g i c  on aerodynamic a t t i t u d e  angles and body ra tes .  The canputat ions 
i n v o l v e d  i n  the three-degrees-of-freedom and six-degrees-of-freedom open loop 
s t e e r i n g  op t ions  o f  subrout ine  STEER are  presented below. 

(1 )  Tabulated E u l e r  Angles (ISTEER=2) - A f t e r  per forming a t a b l e  look-up 
on E u l e r  angles re fe renc ing  the i n i  t i  a1 body-to-earth centered i n e r t i a l  m a t r i x  
t o  t h e  des i red  body- to-ear th centered i n e r t i a l  m a t r i x  and s t o r i n g  these angles 
i n t o  the  angle array,  a c a l l  i s  made t o  subrout ine  ROTMAT t o  generate the 
i n i t i a l  body coordinate system t o  desi red body coordinate system t ransformat ion 
ma t r i x ,  by per fo rming a sequenced number o f  r o t a t i o n s  about s p e c i f i e d  axes 
through s p e c i f i e d  angles. Next, the des i red  body coordinate t o  ear th  centered 
i n e r t i a l  t rans format ion  m a t r i x  and t h e  des i red  body coordinate system t o  
p l a t f o r m  coord ina te  system t rans format ion  m a t r i x  a re  computed. F i n a l l y ,  the  
des i red  outer ,  inner ,  and middle gimbal angles are  computed. 

(2) Tabulated Gimbal Angles (ISTEER=~) - For t h i s  opt ion,  STEER performs 
a t a b l e  look-up on gimbal angles and s tores  these angles. 

( 3 )  Tabulated Aerodynamic A t t i t u d e  Angles (ISTEER=4) - Th is  op t i on  can 
be executed f o r  three-degree-of-freedom as w e l l  as six-degree-of-freedom 
s imulat ions.  I f  t h e  DAP3D-PHSPLN l o g i c  i s  be ing  executed, a t a b l e  look-up on 
a t t i t u d e  angles i s  performed and t h e  des i red  alpha and r o l l  canmands w i l l  be 
issued t o  t h e  d i g i t a l  a u t o p i l o t  (DAP~D) c o n t r o l  system. Contro l  i s  then re tu rned  
t o  the  appropr ia te  d r i v e r  rou t i ne .  For six-degrees-of-freedom s imulat ions,  
a t t i t u d e  h o l d  can be mainta ined on aerodynamic a t t i t u d e  angles or  on gimbal 
angles. I f  h o l d  i s  t o  be mainta ined on a t t i t u d e  angles, STEER performs a t a b l e  
look-up on a t t i t u d e  angles and s tores  these angles. Contro l  i s  then re turned t o  
t h e  appropr ia te  d r i v e r .  I f  a t t i t u d e  h o l d  i s  t o  be mainta ined on gimbal angles, 
then STEER computes the  fo l l ow ing :  Geocentr ic coord inate system t o  e a r t h  
centered i n e r t i a l  t r ans fo rma t ion  matr ix ,  t r a j e c t o r y  t r i a d  t o  geocentr ic  coord inate 
sys tern t rans format ion  m a t r i  x, and t r a j e c t o r y  t r i a d  t o  e a r t h  centered i n e r t i  a1 
t o  t r a j e c t o r y  t r i a d  t rans format ion  ma t r i x .  The f i n a l  computations are des i red  
body coord ina te  system t o  ea r th  centered i n e r t i a l  t rans format ion  matr ix ,  des i red  
body coordinate system t o  p l a t f o r m  coordinate system t rans format ion  mat r ix ,  and 
t h e  des i red  ou ter ,  inner ,  and middle CDUD gimbal angles. 

(4) Tabulated Body Rates (ISTEERz5) - For  t h i s  o p t i o n  (3-dimension simula- 
t i o n s  on ly ) ,  STEER performs a t a b l e  look-up on body ra tes  and s tores  these ra tes .  



STEER (Continued) 

Major Inputs : Necessary t ransformat ions,  ea r th  r o t a t i o n  angle, long i tude 
r e l a t i v e  f l i g h t - p a t h  angle, geocent r ic  l a t i t u d e ,  r e l a t i v e  azimuth, aerodynamic 
p i t c h  and yaw angles o f  a t tack ,  and r o l l  angle desired. 

a O t t s  Updated t ransformat ions,  commanded p i t c h  angle o f  at tack,  
aero ynamic p i t c h  and yaw angles o f  a t t a c k  and r o l l  angle desired, a u t o p i l o t  
reference angles about which a t t i t u d e  h o l d  i s  t o  be maintained, body ra tes  
and command r o l l  angle. 

Source Documentation: Software Development Branch, Mission Planning and 
Analysis D iv i s ion ,  "Space Vehic le Dynamics S imula t ion  (SVDS) Program Subrout ine 
L ib ra ry " ,  Volume V, Q through S, JSC I n t e r n a l  Note 73-FM-110, (JSC-08065, 
Volume V), 20 J u l y  1973. 

Development Schedule: Operat ional  



Category Name: Onboard Software System (Aerosurface Contro l  System) 

Model Name: SURCON Simula t ion  Name: SVDS 

Contact Person: E. M. Fridge, I11 m: Jsc - Tel : (713)483-353; 

" s c r i p t i o n  o f  Model : Subrout ine SURCON simulates t h e  a i r c r a f t  au top i  l o t  us ing  
convent ional  aerodynamic c o n t r o l  surfaces. The bas i c  purpose o f  SURCON i s  t o  
p rov ide  a i l e ron ,  e leva tor ,  and rudder d e f l e c t i o n  i n f o r m a t i o n  t h a t  w i l l  g ive  t h e  
desi red  c o n t r o l  . 
The a i r c r a f t  a u t o p i  l o t  cons is ts  o f  Wo con t ro l  modes: l o n g i t u d i n a l  autopi  l o t  
c o n t r o l  and l a t e r a l  a u t o p i l o t  con t ro l .  C a p a b i l i t y  i s  p rov ided t o  s imu la te  
bo th  a u t o p i l o t  c o n t r o l  modes simultaneously o r  each separa te ly .  The l o n g i t u d i n a l  
a u t o p i l o t  s imu la ted  i s  the  p i t c h  o r i e n t a t i o n a l  c o n t r o l  sys tem. E s s e n t i a l l y  a  
r a t e  damper, the p i t c h  o r i e n t a t i o n a l  c o n t r o l  system has as i t s  i n p u t  a  des i red  
ni ,, + ,ch r a t e  and generates t h e  des i red  e leva to r  d e f l e c t i o n  as i t s  output.  

Inc luded i n  t h e  l a t e r a l  a u t o p i l o t  s imu la t i on  are the  yaw o r i e n t a t i o n  c o n t r o l  
system and the  r o l l  angle c o n t r o l  system. Both l a t e r a l  a u t o p i l o t s  i nc lude  
l o g i c  f o r  damping the dutch r o l l  and f o r  ach iev ing .coo rd ina t i  on du r ing  a  t u r n  
(min imiz ing s i d e s l i p ) .  I n  the  case o f  the yaw o r i e n t a t i o n a l  c o n t r o l  system, 
a  t u r n  i s  obta ined by commanding a  des i red  yaw ra te .  However, i n  t h e  r o l l  angle 
c o n t r o l  system a  t u r n  i s  achieved by commanding a  des i red  bank angle ( r o l l  
angle). Output from both  l a t e r a l  a u t o p i l o t s  are the  a i l e r o n  d e f l e c t i o n  and 
the  coord ina t ing  rudder d e f l e c t i o n .  The a i r c r a f t  autopi  l o t  l o g i c  o f  SURCON 
assumes t h a t  t h e  convent ional  a i r c r a f t  body axes n o t a t i o n  and con t ro l  sur face 
(a i l e ron ,  e leva tor ,  rudder) d e f l e c t i o n s  are i n  e f f e c t .  The body ax i s  system 
i s  loca ted  a t  the  center  o f  g r a v i t y  o f  the a i r c r a f t ,  w i t h  the  X-axis taken 
forward, the Y-axis o u t  the  r i g h t  wind, and the Z-axis downward as seen by 
the  p i l o t  t o  form a  r ight-handed ax i s  system. The c o n t r o l  sur face  def lec t ions  
are de f ined such t h a t  

1. A p o s i t i v e  a i l e r o n  d e f l e c t i o n  produces a  p o s i t i v e  r o l l i n g  moment, 
2. A  p o s i t i v e  e l e v a t o r  d e f l e c t i o n  produces a  negat ive  p i t c h i n g  moment, 
3. A p o s i t i v e  rudder d e f l e c t i o n  produces a  negat ive  yawing moment. 

There are th ree  t r a n s f e r  f unc t i ons  whose response must be evaluated by some 
numerical  technique. These are the r a t e  i n t e g r a t o r ,  servo, and washout c i r c u i t .  
A  technique o f  assuming t h a t  the  t r a n s f e r  f unc t i on  i npu ts  are l i n e a r l y  t ime 
vary ing  over t h e  i n t e g r a t i o n  s tep  i n t e r v a l  i s  used f o r  the  requ i red  numerical 
i n t e g r a t i o n s  . 
Subrout ine SURCON i s  s t r u c t u r e d  us ing  i n t e r n a l  subrout ines so t h a t  subrout ine 
SURCON acts as a  d r i v e r  f o r  6 o the r  subrout ines. The o the r  subrout ines (POC, 
YOC, RAC, COORD, SERVO, and WSHOUT) a r e  i n t e r n a l  subrout ines i n  t h e  sense t h a t  
they use va r iab les  d i r e c t l y  from SURCON and do n o t  have t h e i r  own common block 
inputs .  The f u n c t i o n  o r  funct ions o f  SURCON and the  i n t e r n a l  subrout ines are 
discussed belav. 

SUP.CON - This subrout ine  i s  t h e  d r i v e r  r o u t i n e  f o r  the a i r c r a f t  a u t o p i l o t  
us ing  convent ional  aerodynamic c o n t r o l  sur faces.  

PCC - This subrout ine  r e f l e c t s  the  p i t c h  o r i e n t a t i o n a l  c o n t r o l  system l o g i c .  
YOC - This subrout ine  r e f l e c t s  the  yaw o r i e n t a t i o n a l  c o n t r o l  system l o g i c .  

Subrout ine YOC generates the a i l e r o n  servo  i n p u t  s igna l .  
RAC - This subrout ine  r e f l e c t s  the  r o l l  angle c o n t r o l  system l o g i c .  Sub- 

r o u t i n e  RAC generates t h e  a i l e r o n  i n p u t  s i g n a l  and coord ina t ing  
rudder d e f l e c t i o n  s igna l .  



SURCON (Con t inued)  

COORD - T h i s  s u b r o u t i n e ,  c a l l e d  by  s u b r o u t i n e s  YOC and RAC, s i m u l a t e s  
t h e  a i l e r o n  s e r v o  and c o o r d i n a t e d  a i r c r a f t  a u t o p i l o t  combina- 
t i o n  o f  du tch  r o l l  damper and s i d e s l i p  feedback. 

SERVO - T h i s  s u b r o u t i n e  s i m u l a t e s  t h e  s e r v o  t r a n s f e r  f u n c t i o n .  
WSHOUT - T h i s  s u b r o u t i n e  s i m u l a t e s  t h e  WSIiOUT c i r c u i t  used t o  damp 

t h e  du tch  r o l l .  

Ma jo r  I n p u t s :  E l e v a t o r  s e r v o  t r a n s f e r  f u n c t i o n  c o e f f i c i e n t s ,  yaw a n g l e  o f  
a t t a c k ,  a i l e r o n  d e f l e c t i o n ,  e l e v a t o r  d e f l e c t i o n ,  r u d d e r  d e f l e c t i o n ,  d e s i r e d  
bank ang le ,  body r a t e s ,  d e s i r e d  p i t c h  and yaw r a t e  command, p i t c h  and yaw 
r a t e  i n t e g r a t i n g  g y r o  s e n s i t i v i t y ,  p i t c h  and yaw r a t e  g y r o  s e n s i t i v i t y ,  
s i d e s 1  i p  sensor  s e n s i t i v i t y  and t i m e  c o n s t a n t  o f  washout c i r c u i t .  

M a j o r  Ou t  u t s  Expected c o a s t  t imes between s tages,  e l e v a t o r ,  rudder ,  and *: . a1 e r o n  d e f  e c t i  on. 

Source Documentation: S o f t w a r e  Development Branch, M i s s i o n  P l a n n i n g  and 
A n a l y s i s  D i v i s i o n ,  rSpace V e h i c l e  Dynamics S i m u l a t i  on (SVDS) Program S u b r o u t i n e  
L i b r a r y " ,  Volume V, Q th rough S, JSC I n t e r n a l  N o t e  73-FM-110, (JSC-08065, 
Volume V ) ,  20 July 1973. 

Development Schedule:  O p e r a t i o n a l  



Category Name: Onboard Software Models (Approach and Landing/G&N Cruise/ 
Aerosurface Control  System) 

Model Name: Auto F l i g h t  Modes Simulat ion Name: oAS 

Contact Person: G. F. Prude &$: JSC x: (713)483-5104 

Pesc r ip t i on  o f  Model: The Auto F l i g h t  Modes math model includes func t i ona l  
s i m u l a t i o n  o f  auto land and a u t o p i l o t  modes. These modes are designed p r i m a r i l y  
t o  prov ide  f o r  closed loop checkout o f  f l i g h t  con t ro l  systems, and t o  a s s i s t  i n  
s imu la t i on  evaluat ion.  Several modes are a v a i l a b l e  i n  t h i s  program. I n  the 
pseudo guidance mode, a,bank and angle o f  a t tack  p r o f i l e  i s  ca l cu la ted  which 
resembles an ac tua l  guidance p r o f i l e ,  b u t  i s  n o t  gu id ing  the v e h i c l e  to a 
t a r g e t .  The mode f l i e s  the  veh ic le  from the beginning o f  t r a n s i t i o n  (about 
Mach 8) t o  landing, us ing  a Singer-developed guidance scheme. The guidance 
scheme used i s  based on homing i n  on a TACAN s t a t i o n  a t  the  a i r p o r t  w h i l e  
us ing a blended aipha-gamna p i t c h  con t ro l  law. An overhead land ing p a t t e r n  
i s  f lown f o r  energy management, f o l l w e d  by an Instrument Landing System 
f i n a l  approach. Landing f l a r e  i s  accomplished as a f u n c t i o n  o f  a1 t i t u d e  
r a t e  vs. a l t i t u d e  (based on the  radar a l t i m e t e r ) .  

The energy management c y l i n d e r  mode conta ins equations f o r  f l y i n g  an energy 
management c y l i n d e r  i ns tead  o f  t he  overhead p a t t e r n  from the end o f  en t ry  
u n t i  1 f i n a l  approach i n i t i a t i o n .  

The heading command mode contains equations t o  f o r c e  the a i r c r a f t  t o  f l y  t o  
and h o l d  a comnanded heading. 

The a u t o p i l o t  mode contains equations t o  f l y  t he  a i r c r a f t  au tomat ica l ly  
s t r a i g h t  and l e v e l  f o r  powered c ru i se  s imulat ions.  

The speedhold mode ca lcu la tes  reference airspeed f o r  use by auto t h r o t t l e  
o r  speedbrake speedhold modes. 

Major Inputs:  

Major Outputs : 

Source Documentation: Singer-General Precis ion,  Inc., L ink  D i v i s i  on, "Space 
S h u t t l e  Procedures Evaluator" ,  Working Papers. 

Development Schedule: Operat ional 



Catesorv Name: Onboard Software Models (G&N Cruise/Aerosurface Contro l  System) 

Flodel Name: GTURN Simulat ion Name: SVDS 

Contact Person: E. M. Fr idge, 111 &: JSC Te l :  (713)483-3532 

~ e s s r i p t i o n  of Model: Subrout ine GTURN simulates the g r a v i t y  t u r n  s t e e r i n g  
opt ions which o r i e n t  the v e h i c l e  t o  t h r u s t  along one o f  t h e  f o l l o w i n g  vectors: 
the  i n e r t i a l  v e l o c i t y  vector,  t h e  ea r th  r e l a t i v e  v e l o c i t y  vec to r ,  o r  the e a r t h  
r e l a t i v e  v e l o c i t y  vec to r  p ro jec ted  i n t o  the X-Z e a r t h  centered p lumbl ine plane. 
The subrout ine  computes a  s e t  o f  parameters t h a t  determine how the  r e o r i e n t a t i o n  
i s  t o  be accomplished and t ransmi ts  them o u t  t o  the program through an argument 
l i s t .  

Ma'or I n  u t s :  Constant angle o f  a t t a c k  t o  be mainta ined dur ing  g r a v i t y  tu rn ,  ++- e a r t  r o t a t i o n  ra te ,  and veh ic le  i n e r t i a l  p o s i t i o n  and v e l o c i t y  vectors.  

Ma'or Out uts :  Earth centered i n e r t i a l  components o f  the u n i t  vec to r  d e f i n i n g  
-I+--+- t e  ax is  o  r o t a t i o n  about which the v e h i c l e  i s  t o  maneuver i n  o rder  t o  a t t a i n  
the  des i red  a t t i t u d e  i n  a  s i n g l e  r o t a t i o n ,  and the computed maneuver angle 
through which the veh ic le  must t ransverse i n  a  s i n g l e  r o t a t i o n  about the  u n i t  
vec tor  ax i s  o f  r o t a t i o n  i n  order  t o  achieve the  des i red  a t t i t u d e .  

Source Documentation: Software Development Branch, Mission Planning and 
A n a l y s i s i S p a c e  Vehic le Dynami cs Simul a t i o n  (SVDS) Program Subrout ine 
L ib ra ry " ,  Volume 11, D  through H ,  JSC I n t e r n a l  Note 73-FM-110, (JSC-08065, 
Volume 11), 20 J u l y  1973. 

Development Schedule: Operat ional 



Category Name: Onboard Software Models (G&N Cruise/Aerosurface Control  System) 

Model Name: PHZPLN S imula t ion  Name: SVDS 

Contact Person: E. M. Fr idge, I11 a: JSC - Tel : (713)483-3532 

Oescr ip t ion  of Model : Subrout ine PHZPLN provides an a n a l y t i c  est imate t o  
ac tua l  v e h i c l e  a t t i t u d e  f o r  3-degrees-of-freedom s imula t ions .  This c o n t r o l  
model i s  ab le  t o  au tomat i ca l l y  compute maneuver times and compare them w i t h  the 
i n t e g r a t i o n  s tep  s i z e  se lec ted  by t h e  user. Depending on the r e s u l t s  o f  the 
comparison, appropr ia te  a t i t i  tude and a t t i t u d e  r a t e  est imates are made automa- 
t i c a l l y .  This  method o f  c o n t r o l  insures a t t i t u d e  s t a b i l i t y  independent o f  
i n t e g r a t i o n  s tep  s i ze .  

The method o f  s i m u l a t i n g  ac tua l  veh i c le  a t t i t u d e  i s  t o  n u l l  the a t t i t u d e  
e r r o r s  i n  minimum t ime through use o f  an opt imal  c o n t r o l  technique. The 
a t t i t u d e  e r r o r  and a t t i t u d e  r a t e  e r r o r  t r a j e c t o r i e s  are segments o f  parabolas. 
A sw i t ch ing  curve i s  a lso  present. Since the  user  can s e l e c t  the  i n t e g r a t i o n  
s tep  s ize ,  system accd lera t ion ,  and system r a t e  l i m i t ,  the model must p r e d i c t  
ahead t o  determine i f  an overshoot w i l l  occur, o therwise an i n s t a b i l i t y  may 
be generated. I n  o rder  t o  e l i m i n a t e  t h i s  problem l o g i c  has been added t o  t h e  
model which determines t h e  t ime requ i red  t o  reach the o r i g i n  from the  i n i t i a l  
s ta te .  I f  the  t ime t o  reach the  o r i g i n  i s  l ess  than the s tep  s ize ,  the  s t a t e  
i s  p laced a t  the  o r i g i n  f o r  the  nex t  s tep.  The phase p lane i s  d i v ided  i n t o  
seven zones. Each t ime the model i s  evaluated the  zone i n  which the cu r ren t  
s t a t e  l i e s  i s  determined. Then equations are evaluated t o  determine i f  the 
s ta te ,  when sub jec ted  t o  a c o n t r o l  t r a j e c t o r y ,  w i l l  reach the o r i g i n  w i t h i n  
t h e  n e x t  i n t e g r a t i o n  s tep  s i z e  o r  f o r  f o u r t h  o rder  Runge-Kutta-Gil l  i n t e g r a t i o n  
w i t h i n  one-hal f  the  i n t e g r a t i o n  s tep  s ize,  s ince  the  model i s  evaluated on the  
mid and end Runge-Kutta passes. 

Ma'or I n  u t s  A t t i t u d e  deadband, angular acce lera t ion ,  actual  veh i c le  a t t i t u d e ,  - commande ve i c l e  a t t i t u d e ,  a t t i t u d e  r a t e  e r r o r ,  and r a t e  l i m i t .  

Major Outputs: Tes t  va lue o f  veh i c le  a t t i t u d e  and p o s t  value o f  a t t i t u d e  
r a t e  e r r o r .  

Source Documentation: Software Development Branch, Miss ion Planning and 
Analys is  D iv i s ion ,  "space Vehic le Dvnamics S imula t ion  (SVDS) Proaram Subrout ine 
L i b r a r y " ,  Volume IV ,  M through P, J ~ C  I n t e r n a l  Note 7 3 i ~ ~ - l i 0  (JSC-08065, 
Volume IV) ,  20 J u l y  1973. 

Development Schedule: Operat ional  



Category Name: Onboard Software Models (La t i tude,  Longitude, A l t i t u d e ,  Range) 

Model Name: ORBITR Simulat ion Name: SSFS 

Contact Person: J. E. Vinson m: Lockheed - Tel : (71 3)333-4875 

Descr ip t ion  of Model: The model ca l cu la tes  v e h i c l e  acce lera t ion  from a c t i v e  
guidance comnands and i n teg ra tes  t o  g e t  v e l o c i t y  and p o s i t i o n  i n  p la t fo rm 
coordinates. Po lar -equator ia l  and l o c a l  v e r t i c a l  coord inate systems are erected 
t o  c a l c u l a t e  l a t i t u d e ,  longi tude,  and f l i g h t - p a t h  angle. Log ic  i s  inc luded 
f o r  acce le ra t i on  1  i m i t i n g ,  i n t e g r a t i o n  t ime r e c t i f i c a t i o n ,  and v e l o c i t y  c u t o f f .  

Ma'or I n  u t s  Target v e l o c i t y  i n  guidance coordinates, acce le ra t i on  command 
*coordinates, acce le ra t i on  due t o  g rav i  ty i n  p l a t f o r m  coordinates. 

Major Outputs: Present v e h i c l e  l a t i t u d e  and longi tude,  f l i g h t - p a t h  angle, 
p o s i t i o n  and v e l o c i t y  o f  v e h i c l e  on l a s t  pass, t o t a l  veh i c le  acce lera t ion ,  
mass o f  v e h i c l e  on l a s t  pass, v e l o c i t y  i n  l o c a l  v e r t i c a l  coordinates. 

Source Documentation: Engineer ing System Branch, Computation and Analys is  
D iv is ion ,  "Space S h u t t l e  Funct ional  s imu la tor " .  Volume 111. Revis ion B. 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume III), 
Novenber 1973. 

Development Schedule: Operat ional  



Cateqory Name: Onboard Software Models ( L a t i t u d e ,  Longi tude,  A1 t i  tude, Range) 

Model Name: AZTTAR S imu la t ion  Name: SVDS 

Contact  Person: E. M. Fr idge,  111 @g: JSC x: (71 3)483-3532 

" s c r i p t i o n  o f  Model: Subrout ine AZTTAR computes the  f l y b a c k  azimuth and 
f l y b a c k  range g i ven  the  v e h i c l e  p o s i t i o n  and a t a r g e t  l a t i t u d e  and long i tude .  
A lso  computed i s  t h e  abso lu te  d i f f e r e n c e  between t h e  c u r r e n t  azimuth and f l y -  
back azimuth. 

Ma ' o r  I n  u t s :  Ear th  e q u a t o r i a l  rad ius ,  v e h i c l e  p o s i t i o n ,  and t a r g e t  l a t i t u d e  
*e . 
Major Outputs: D i f f e r e n c e  between the  f l y b a c k  azimuth and the  c u r r e n t  azimuth, 

,, a" ,.>" 0 f?,b,,k ,u,,g- angle between t a r g e t  and v e h i c l e  and t h e  f l y b a c k  range, and 
f l y b a c k  and c u r r e n t  azimuth. 

Source Documentation: Sof tware Development Branch, Miss ion Planning and 
Ana lys i s  D i v i s i o n ,  IrSpace Veh ic le  Dynamics S imu la t ion  (SVDS) Program Subrout ine 
L i b r a r y " ,  Volume I, Subrout ines A through C, JSC I n t e r n a l  Note 73-FM-110, 
(JSC-08065, Volume I), 20 J u l y  1973. 

Development Schedule: Operat iona l  



Category Name: Onboard Software Models (Main Engine TVC) 

l lodel Name: MPS Thrus t  Vector Contro l  S imulat ion Name: SMS 

Contact Person: C, C, 01asky m: JSC - Tel : (713)483-2481 

Qesc r ip t i on  of Model: The Thrus t  Vector Contro l  (TVC) system f o r  each of t h e  
three s h u t t l e  Main Propuls ion System (MPS) engines w i l l  be simulated. Each o f  
the three MPS engines TVC systems w i l l  be s imulated simultaneously and indepen- 
den t l y  du r ing  the  times a t  which the  MPS TVC system i s  i n  operat ion.  Inputs  
t o  the  TVC s imu la t i on  i nc lude  TVC d r i v e  s igna ls  through each o f  the i n p u t  
channels, main engine t h r u s t ,  e l e c t r i c a l  power ava i lab le ,  h y d r a u l i c  power 
fac to rs  f o r  each h y d r a u l i c  system, crew s t a t i o n  swi tch  and breaker  conf igura t ion ,  
and i n s t r u c t o r  i npu ts .  Outputs from the  TVC s imu la t i on  w i l l  i nc lude  gimbal 
pos i t i ons ,  engine f o r c e  vectors, e l e c t r i c a l  power load, h y d r a u l i c  f lows, and 
s ta tus  outputs. The MPS TVC w i l l  e x h i b i t  considerable redundancy, w i t h  m u l t i p l e  
command s i g n a l  i n p u t  channels f o r  each actuator,  m u l t i p l e  h y d r a u l i c  pressure 
sources f o r  each actuator ,  and m u l t i p l e  actuators f o r  each gimbal motion d i r e c -  
t i on .  F a i l e d  channels a re  disconnected i n  the  case o f  s i n g l e  channel f a i l u r e .  
Actuators are  mechanized t o  d r i v e  t o  n u l l  upon c e r t a i n  m u l t i p l e  f a i l u r e s .  The 
opera t ion  o f  the  ac tua tor  redundancy management systems w i l l  be s imulated and 
w i l l  respond p rope r l y  t o  f a i l u r e s .  F a i l u r e  d iscre tes ,  h y d r a u l i c  pressure mon i to r  
outputs, etc . ,  generated by the  TVC d r i v e r s  and monitors w i l l  be s imulated and 
output  from the TVC s imula t ion .  Actuator  dynamics i n  each gimbal degree-of- 
freedom w i l l  be s imulated as a func t i on  o f  i n p u t  commands, f a i l u r e  de tec t i on  
s ta tus ,  h y d r a u l i c  power f a c t o r s  i n  each h y d r a u l i c  system, and mal funct ions.  
Other e f f e c t s ,  such as engine b e l l  damping, w i l l  be s imulated i f  s ign l ' f i can t .  
Gimbal r a t e  and p o s i t i o n  l i m i t s ,  and o the r  l i m i t s  i n t e r n a l  t o  the TVC, w i l l  be 
simulated. A f t e r  gimbal p o s i t i o n s  are  calculated,  each engine 's  t h r u s t  
magnitude w i l l  be resolved through the  ca l cu la ted  gimbal angles t o  o b t a i n  t h e  
engine f o r c e  vector .  

Major Inputs :  

Major Outputs: 

Source Documentation: Singer  Company, Simulat ion Products D iv is ion ,  " S h u t t l e  
Mission Simulator  Basel ine D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Devel opment Schedule: 



Category Name: Onboard Software Models (Main Engine TVC) 

Model Name: TVC3 S imula t ion  Name: SSFS 

Contact Person: J. E. Vinson m: Lockheed - Tel : (713)333-4875 

Eesc r ip t i on  o f  Model: This f l e x i b l e  body model def ines t h r u s t  vec to r  con t ro l  
f o r  the f l e x i b l e  launch con f i gu ra t i on  du r ing  f i r s t  s tage boost.  The reac t i on  
fo rces  and moments o f  the engines due t o  tai l-wags-dog i s  computed consider ing 
t h e  bending e f f e c t s  o f  t h e  veh ic le .  This model describes t h e  mot ion o f  the 
engine w i t h  1 i m i t s  on de f l ec t i on ,  d e f l e c t i o n  ra te ,  and acce lera t ion .  

Major Inputs  : P i t c h  and Yaw d e f l e c t i o n  commands. 

Ma'or Out u ts :  Engine de f l ec t i on ,  engine d e f l e c t i o n  ra te ,  engine d e f l e c t i o n  zEhdk- 
Source Documentation: Engineering System Branch, Computation and Analys is  
D i v i s i o n ,  "Space S h u t t l e  Funct ional  Simulator" ,  Volume 111, Revis ion B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 111), 
November 1973. 

Devel opment Schedule: Oberat iondl 



Cateqory Name: Onboard Software Models (Main Engine TVC) 

llodel Name: TVC6 S imu la t ion  Name: SSFS 

Contact Person: J. E. Vinson Q: Lockheed - Tel  : (713)333-4875 

" s c r i p t i o n  of Model : TVC6 descr ibes the motions o f  massless engines w i t h  
l i m i t s  on d e f l e c t i o n ,  d e f l e c t i o n  ra tes ,  and acce le ra t ion .  Data values used 
i n  the model a r e  fo r  the 150k o r b i t e r  ( a l s o  known as the  2A boost  c o n f i g u r a t i o n )  

Major Inpu ts :  Engine gimbal d e f l e c t i o n  commands 

Major Outputs: New engine gimbal p o s i t i o n s  

Source Documentation: Eng ineer ing System Branch, Computation and Analys is  
D i v i s i o n ,  "Space S h u t t l e  Func t iona l  S imula tor " ,  Volume 111, Rev is ion 0 ,  
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 111) 
November 1973. 

Development Schedule: 



Category Name: Onboard Sof tware Models ( O r b i t a l  Maneuvering TVC) 

Model Name: OMS TVC S imu la t ion  Name: SLS 

Contact  Person: Lance Drane m: C. S. Draper Lab. y: (617)258-1178 

Q e s c r i p t i o n  o f  Model : The two OMS engines on the  o r b i t e r  v e h i c l e  a re  mounted 
on gimbals t h a t  p e r m i t  nozz le  r o t a t i o n s  i n  p i t c h  and yaw f o r  t h r u s t  vec to r  
c o n t r o l  d u r i n g  o n - o r b i t p o w e r e d  f l i g h t .  OMS TVC models the dynamics o f  the  
ac tua to rs  t h a t  gimbal t h e  OMS engines. There a re  separate  ac tuators  i n  t h e  
p i t c h  and yaw planes f o r  each engine; each one i s  represented dynamica l ly  as 
a  second-order system w i t h  l i m i t s  on d e f l e c t i o n ,  d e f l e c t i o n  r a t e ,  and d e f l e c -  
t i o n  acce le ra t ion .  The OMS engines a r e  assumed t o  be massless and hence pro-  
duce no fo rces  and torques on the  o r b i t e r  v e h i c l e  due t o  t h e i r  r o t a t i o n .  

OMS TVC uses a  f o u r t h - o r d e r  Runge-Kutta i n t e g r a t i o n  scheme. The d e f l e c t i o n  
a c c e l e r a t i o n  f o r  each a c t i v e  gimbal ac tua to r  i s  c a l c u l a t e d  and l i m i t e d  i n  t h e  
program's dynamic loop. A t  t h e  end o f  each i n t e g r a t i o n  s tep,  d e f l e c t i o n  and 
d e f l e c t i o n  r a t e  are compared aga ins t  t h e i r  maxima and l i m i t e d  as necessary. 
The d e f l e c t i o n  l i m i t  r e f l e c t s  the l i m i t a t i o n  imposed on gimbal a c t u a t o r  mot ion 
by engine stops;  these s tops a re  modeled as " b r i c k  w a l l s "  ( i  .e., no snubber 
sp r ings  a r e  inc luded)  t h a t  cause the  ac tuators  t o  s t o p  ins tan taneous ly  and 
remain f i x e d  a t  t h e  d e f l e c t i o n  l i m i t  u n t i l  t h e i r  dynamics d r i v e  them away 
f rom the stops. 

Major  I n p u t s :  P i t c h  and yaw gimbal angle commands. 

Major  Outputs:  Th rus t  vec to r  c o n t r o l  p i t c h  and yaw angles. 

Source Documentation: Lawrence Berman, e t  a l ,  " E S I M  Model Book f o r  t h e  C. S. 
Draper Laboratory  Statement Level S imu la to r " ,  The Charles S t a r k  Draper 
Laboratory ,  Inc . ,  R-776, Amendment Number 2, A p r i l  1, 1974. 

Development Schedule: Operat iona l  

Rev is ion 1  
31 May 1974 
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Category Name: Onboard Software Models ( O r b i t a l  Maneuvering TVC) 

l lodel Name: OMS Thrus t  Vector  Cont ro l  S imu la t ion  Name: SMS 

Contact  Person: C. C. Olasky m: JSC - Tel  : (713)483-2481 

Q e s r r i p t i o n  of Model: The Thrus t  Vector  Cont ro l  (TVC) system f o r  each o f  
t h e  two O r b i t a l  Maneuving System (OMS) engines w i l l  be s imula ted.  Each o f  
the  m o  OMS engines', TVC systems w i l l  be s imu la ted  s imul taneous ly  and 
independent ly,  du r ing  the  times a t  which the  OMS TVC system i s  i n  operat ion.  
Inputs  t o  t h e  TVC s i m u l a t i o n  i n c l u d e  TVC d r i v e  s igna ls ,  OMS engine t h r u s t ,  
e l e c t r i c a l  power ava i l ab le ,  crew s t a t i o n  sw i t ch  and breaker  con f igu ra t ion ,  
and i n s t r u c t o r  i npu ts .  TVC s i m u l a t i o n  outputs  w i l l  i n c l u d e  gimbal p o s i t i o n s ,  
engine f o r c e  vectors ,  e l e c t r i c a l  power loads, and s t a t u s  outputs.  I t  appears 
t h a t  t h e  OMS TVC i s  an e lec t r i ca l -mechan ica l  system, w i t h  no h y d r a u l i c  compon- 
ents,  somewhat s i m i l a r  t o  the A p o l l o  Spacecraf t  Propu ls ion System TVC. The 
a c t u a t o r  dynamics o f  t h e  A p o l l o  system a re  s i g n i f i c a n t ,  e s p e c i a l l y  i n  malfunc- 
t i o n  cases. Thus, lags, overshoots, f i n i t e  r i s e  times, etc., o f  t he  ac tuators  
w i l l  be s imulated.  There appears t o  be cons iderab le  redundancy i n  t h e  system, 
w i t h  m u l t i b l e  command s i g n a l  i n p u t  channels. Operat ion o f  system redundancy 
management w i l l  be s imulated,  and any r e s u l t i n g  f a i l u r e  d i sc re tes  w i l l  be 
generated. Ac tua to r  outputs  i n  each gimbal degree o f  freedom w i l l  be s imu la ted  
as a  f u n c t i o n  o f  i n p u t  commands, f a i l u r e  d e t e c t i o n  s t a t u s  and mal funct ions.  
Gimbal r a t e  and p o s i t i o n  l i m i t s  , and o the r  l i m i t s  i n t e r n a l  t o  the TVC, w i  11 
be s imulated.  E f f e c t s  such as engine b e l l  damping w i l l  be s imu la ted  i f  s i g n i -  
f i c a n t .  A f t e r  gimbal p o s i t i o n s  a r e  ca lcu la ted,  each eng ine 's  t h r u s t  magnitude 
w i l l  be reso lved  through the  c a l c u l a t e d  gimbal angles t o  o b t a i n  the  engine 
force vec to r .  

Major  I n p u t s :  

Major  Outputs: 

Source Documentation: S inger  Company, S imu la t ion  Products D i v i s i o n ,  " S h u t t l e  
Miss ion S imu la to r  Base l ine  D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Onboard Software Models ( O r b i t a l  Maneuvering TVC) 

Model Name: TVC2 Simulat ion Name: SSFS 

Contact Person: J. E. Vinson &: Lockheed - Tel : (713)333-4875 

P e s ~ r i p t i o n  of Model : TVC2 provides a  dynamic ac tua to r  model f o r  the o r b i t  
maneuvering system (OMS) engines o f  t h e  o r b i t e r .  A1 1  three engines can be 
g imbal led i n  both the p i t c h  and yaw planes. Each OMS engine gimbal ac tua tor  
de f l ec t i on ,  d e f l e c t i o n  r a t e ,  and d e f l e c t i o n  acce lera t ion  are maintained and 
l i m i t e d  i n d i v i d u a l  l y .  The engines, as modeled, are considered as massless, 
and produce no fo rces  and torques. A f t e r  c a l c u l a t i n g  the d e f l e c t i o n  accelera- 
t i o n ,  the d e f l e c t i o n  and d e f l e c t i o n  r a t e  are obta ined by i n t e g r a t i n g  the 
d e f l e c t i o n  acce le ra t i on  us ing a  four-pass Runge-Kutta i n t e g r a t o r  only.  L i m i t -  
i n g  o f  the d e f l e c t i o n ,  d e f l e c t i o n  ra te ,  and d e f l e c t i o n  acce le ra t i on  i s  done 
dur ing  each i n t e g r a t i o n  step. 

M a  I n u t s :  Commanded engine gimbal de f l ec t i ons ;  forward gain, r a t e  feedback 
gain, an p o s i t i o n  feedback gain; i n i t i a l  gimbal misalignments; maximum engine 
gimbal d e f l e c t i o n ,  d e f l e c t i o n  ra te ,  and d e f l e c t i o n  acce le ra t i on  allcwed. 

Major Outputs: Time and engine gimbal de f l ec t i ons .  

Source Documentation: Engineering System Branch, Computation and Analysis 
D i v i s i o n ,  "Space S h u t t l e  Funct ional Simulator" ,  Volume 111, Revision B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume I I I ) ,  
November 1973. 

Development Schedule: Operat ional  



Category Name: Onboard Software Models (Reaction J e t  Control/Aerosurface 
Control System) 

Model Name: Flight Control System Simulation Name: OAS 

Contact Person: G. F. Prude m: JSC - Tel : (713)483-5104 

nescription of Model : The Flight Control System (FCS) math model contains 
equations f o r  simulation of s h u t t l e  f l i g h t  controls including RCS j e t s  and 
aerodynamic surfaces. There are three s e t s  of control logic  available i n  
the FCS math model. The North American Rockwell FCS 10 uses RCS t o  i n i t i a t e  
turns a t  hypersonic speed and conventional ai lerons t o  damp r o l l .  I t  switches 
t o  rudder t u r n  coordination b e l w  alpha = 18 degrees. The North American 
Rockwell FCS 11 uses reversed ailerons and m i n i m u m  impulse RCS f o r  hypersonic 
turns and i s  the  same as FCS 10 b e l w  alpha = 18 degrees. The Singer FCS 
i s  a gain-scheduled control concept used for  interim tes t ing  and evaluation 
c . 7 -  _ - - L _ _ _ ,  _ _ L - _ - -  u I I llrler- I uup LUII Lr'u I > L I I ~ I I I ~ > .  

Ma 'or In uts : Manual or  automatic commands; feedback from accelerometers, 
ra  e gyros and the a i r  data computer. +-% 
Ma'or O u t  uts: Control surface deflection comnands and RCS j e t  on-time dia+- 
Source Documentation: Singer-General Precision, Inc., L i n k  Division, "Space 
Shut t le  Procedures Evaluator", Working Papers. 

Development Schedule: Operational 



Category Name: Onboard Software Models (Reaction J e t  Cont ro l )  

Model Name: DAP Simulat ion Name: SVDS 

Contact Person: E. M. Fr idge, 111 w: JSC m: (713)483-3532 

Qesc r ip t i on  of Model: Subrout ine DAP s imulates the RCS ( r e a c t i o n  Contro l  System), 
TVC (Thrus t  Vector Cont ro l )  and t h e  DAP ( D i g i t a l  A u t o p i l o t )  l o g i c s  t h a t  a re  used 
t o  stab1 i z e  and c o n t r o l  the  veh ic les  dur ing  coast ing and powered f l i g h t .  

The RCS a u t o p i l o t  has b ~ o  c o n t r o l  func t ions  -- (1)  a t t i t u d e  h o l d  and r a t e  
l i m i t i n g ,  and ( 2 )  automatic maneuvering. The i n p u t  o f  the f i r s t  c o n t r o l  
l o g i c  i s  a  s e t  o f  reference angles corresponding t o  the des i red  outer,  inner ,  
and middle gimbal angles. ( I f  a t t i t u d e  h o l d  i s  maintained about the  aerodynamic 
a t t i t u d e  angles, the reference angles are the des i red  aerodynamic r o l l  angle, 
aerodynamic p i t c h  angle o f  a t tack ,  and aerodynamic yaw angle o f  at tack,  
respect ive ly . )  These angles are  then d i f f e renced  w i t h  t h e  c u r r e n t  CDU angles 
and the r e s u l t  i s  reso lved i n t o  the th ree  c o n t r o l  axes, us ing the  smal l  angle 
d i f f e rence  approximation i n  o rde r  t o  y i e l d  a  s e t  o f  body a t t i t u d e  e r ro rs .  The 
a t t i t u d e  e r r o r s  and body r a t e s  are f e d  t o  the  RCS con t ro l  law phase p lane 
l o g i c ,  where, as a  f u n c t i o n  o f  a t t i t u d e  e r r o r  and ra te ,  non l i nea r  swi tch ing  
funct ions are  used t o  generate RCS j e t  on t ime f o r  each c o n t r o l  ax is .  The 
r a t e  l i m i t i n g  f u n c t i o n  i s  incorpora ted  i n  the  phase plane. A j e t  s e l e c t i o n  
and t i m i n g  l o g i c  i s  then used t o  s e l e c t  the  i n d i v i d u a l  j e t s  t o  be f i r e d  and 
e s t a b l i s h  the f i r i n g  t ime dura t ions .  

A t t i t u d e  maneuvers are  implemented w i t h  exac t l y  the same l o g i c  as t h a t  used i n  
a t t i t u d e  hold,  except f o r  the a d d i t i o n a l  inputs .  One important  d i f f e r e n c e  i s  
t h a t  the reference angles w i l l ,  i n  general, be funct ions o f  time. Since the  
s t e e r i n g  program o f  the a t t i t u d e  maneuver r o u t i n e  generates these des i red  
gimbal angles w i t h  an i n t e r v a l  t h a t  i s  much g rea te r  than the  a u t o p i l o t  sample 
r a t e ,  a  s e t  o f  incremental angles are  computed. The s t e e r i n g  program a lso  
computes a  s e t  of des i red  spacec ra f t  ra tes ,  which are subt rac ted  from the 
measured body ra tes  by the  a u t o p i l o t ,  and the  r e s u l t s  are used i n  t h e  RCS cont ro l  
law phase p lane computations. This procedure a l lows the a u t o p i l o t  t o  maneuver 
t h e  spacecra f t  smoothly a t  the  requ i red  ra te .  I n  addi t ion,  the  s t e e r i n g  
program may generate a  s e t  o f  a t t i t u d e  e r r o r  biases, which are added t o  the  
a t t i t u d e  e r r o r s  i n  o rder  t o  p rov ide  a d d i t i o n a l  l ead  and prevent overshoot when 
staf - t ing and s topp ing  an automatic maneuver. The biases remain f i x e d  u n t i l  
the maneuver i s  completed, then they are  r e s e t  t o  zero. Note t h a t  when s t e e r i n g  
i s  completed, des i red  spacecra f t  ra tes ,  reference CDU angle increments, and b ias  
( o r  lag)  angles are r e s e t  t o  zero, and, i n  e f f e c t ,  the autopi  l o t  reve r t s  t o  
a t t i t u d e  h o l d  about the f i n a l  des i red  gimbal angles. During t h r u s t i n g  post ions 
o f  f l i g h t ,  spacecra f t  a t t i t u d e  c o n t r d l  i n  p i t c h  and yaw i s  achieved by d r i v i n g  
the  engine ac tua to r  servos o f  the  g imbal led main engines. The r e s u l t i n g  
o f f s e t  o f  the  t h r u s t  vectors w i t h  respect  t o  the veh ic le  center  o f  g r a v i t y  
r e s u l t s  i n  the  generat ion o f  c o n t r o l  torques about the spacecra f t  p i t c h  and 
yaw axes. The computations o f  the  engine ac tua tor  comnands i n  response t o  
a t t i t u d e  e r r o r s  and ra tes  ( i n  the  p i t c h  and yaw channels) i s  the f u n c t i o n  o f  
the  TVC a u t o p i l o t .  A  separate a u t o p i l o t ,  the RCS r o l l  a u t o p i l o t  l o g i c ,  provides 
a t t i t u d e  and r a t e  con t ro l  i n  t h e  r o l l  ax is  by means o f  the RCS j e t s .  



DAP (Continued) 

Because o f  the  general manner i n  which t h e  RCS/TVC DAP l o g i c  must be 
implemented, the  f o l l o w i n g  assumptions are made: 

1 )  The c o n t r o l  axes are the body axes. 
2 )  The s t a t e  es t ima to r  l o g i c  i s  n o t  s imulated t o  cmpu te  the  est imate 

o f  angular  v e l o c i t y  o f  the  veh ic le  ( t h e  est imates are  assumed t o  
be the ac tua l  body ra tes  cbmputed from r o t a t i o n a l  dynamics). 

3) The DAP l o g i c  i s  cyc led a t  some i n t e g e r  m u l t i p l e  number o f  r o t a t i o n a l  
i n t e g r a t i o n  s tep  s izes .  

4) The RCS a u t o p i l o t  l o g i c  exercises con t ro l  over a  maximum number o f  
35 RCS j e t s .  

5 )  The TVC a u t o p i l o t  l o g i c  exercises c o n t r o l  over a  maximum number o f  
15 g imba l led  engines. 

6) For a  se lec ted  r o t a t i o n a l  maneuver (p lus  o r  minus r o l l ,  p lus  o r  
minus p i t c h ,  p lus  o r  minus yaw), t h e  RCS a u t o p i l o t  f i r e s  a l l  j e t s  
capable o f  per forming the maneuver. 

7 )  A  maximum number o f  10 j e t s  are al lowed t o  per form a  p a r t i c u l a r  
r o t a t i o n a l  maneuver. 

8) The j e t  s ta tus  t a b l e  o f  the RCS engine model (subrout ine  RCSENG) 
must be used t o  per form t r a n s l a t i o n a l  c o n t r o l  along the th ree  
c o n t r o l  axes ( s ince  no c o n t r o l l e d  t r a n s l a t i o n a l  l o g i c  ex i s t s ,  
opposing j e t s  w i l l  f i r e  t o  main ta in  a t t i t u d e )  and t o  s imu la te  
undetected j e t  f a i l u r e s .  

9)  The RCS r o l l  a u t o p i l o t  l o g i c  (prov ides r o l l  c o n t r o l  when the  TVC 
a u t o p i l o t  mode i s - e x e r c i s e d )  i s  executed a t  i n t e g e r  m u l t i p l e s  o f  
the  TVC sample p e r i o d  i n t e r v a l .  

Subrout ine DAP i s  s t r u c t u r e d  us ing i n t e r n a l  subrout ines so t h a t  subrout ine 
DAP acts as a  d r i v e r  f o r  11 o the r  subrout ines.  The o the r  subrout ines (JETYP, 
ACCEL, JETIMI, IMUCDU, MGB, ATTERR, TVC, JETIME, JSELCT, KALMAN, and COROL) 
are  i n t e r n a l  subrout ines i n  the  sense t h a t  they use va r iab les  d i r e c t l y  from DAP 
and do n o t  have t h e i r  own common b lock  i npu ts .  The f u n c t i o n  o r  func t ions  of 
DAP and the  i n t e r n a l  subrout ines are discussed below. 

DAP - This subrout ine  i s  the d r i v e r  and t i m i n g  l o g i c  f o r  the  RCS 
and TVC. 

JETYP - Subrout ine JETYP groups a l l  the  RCS j e t  numbers according t o  
t h e  type o f  r o t a t i o n a l  maneuver the RCS j e t  i s  expected t o  per- 
form ( + r o l l ,  +p i tch ,  +yaw, r o l l ,  - p i t ch ,  -yaw) i n t o  a  j e t  storage 
array. 

ACCEL - Subrout ine ACCEL computes the  magnitudes o f  the  angular accelera- 
t i o n  expected f o r  + r o l l ,  + p i t c h ,  + yaw, - r o l l ,  - p i t ch ,  and 
- yaw c o n t r o l  t h a t  a r e  generated by f i r i n g  a l l  t h e  RCS j e t s  capable 
o f  p r o v i d i n g  the  desi red c o n t r o l  (+ r o l l ,  + p i t c h ,  e t c . ) .  

JETIMI - Subrout ine JETIMI computes the RCS c o n t r o l  law phase p lane 
boundary dec i s ion  l i n e s  and the  magnitude o f  the s lope o f  the t a r g e t  
ra te .  



DAP (Cont inued)  

IMUCDU - S u b r o u t i n e  IMUCDU s i m u l a t e s  t h e  ana log t o  d i g i t a l  conver -  
s i o n  o f  t h e  g imbal  a n g l e  data.  The gimbal  ang les  f r o m  r o t a t i o n a l  
dynamics a r e  i n p u t  t o  t h e  r o u t i n e  and t h e  co r respond ing  q u a n t i z e d  
g imbal  ang les  a r e  ou tpu t .  

MGB - S u b r o u t i n e  MGB computes t h e  elements o f  t h e  g imba l  axes t o  body 
axes t r a n s f o r m a t i o n  m a t r i x  as a  f u n c t i o n  o f  t h e  observed CDU 
ang les  (IATT=O), o r  t h e  w i n d  axes t o  body axes t r a n s f o r m a t i o n  
m a t r i x  as a  f u n c t i o n  o f  t h e  observed aerodynamic a t t i t u d e  ang les  
(IATT'=~). 

ATTERR - S u b r o u t i n e  ATTERR computes t h e  a u t o p i l o t  a t t i t u d e  e r r o r s  and 
r a t e  e r r o r s  t h a t  a r e  used by  t h e  RCS and TVC c o n t r o l  law l o g i c s .  

TVC - S u b r o u t i n e  TVC r e f l e c t s  t h e  c o n t r o l  law l o g i c  t h a t  m a i n t a i n s  
a t t i t u d e  c o n t r o l  i n  p i t c h  and yaw by  d r i v i n g  t h e  g i m b a l l e d  eng ines.  

JFTIME - S u b r o u t i n e  JFTIME r e f l e c t s  t h e  RCS c o n t r o l  l aw  phase p l a n e  
s w i t c h i n g  l o g i c  and computes t h e  r e q u i r e d  j e t  b u r n  t imes f o r  RCS . 
c o n t r o l .  

JSELCT - S u b r o u t i n e  JSELCT computes t h e  o n - o f f  t imes f o r  t h e  RCS j e t s .  
The l o g i c  i s  c y c l e d  f o r  each o f  t h e  r o t a t i o n a l  c o n t r o l  modes 
( + r o l l ,  + p i t c h ,  +yaw, - r o l l ,  - p i t c h ,  -yaw). 

KALMAN - S u b r o u t i n e  KALMAt4 i s  des igned t o  genera te  commands f o r  t h e  
RCS DAP t o  a u t o m a t i c a l l y  r e o r i e n t  t h e  v e h i c l e  d u r i n g  c o a s t i n g  
f l i g h t  f r o m  an i n i t i a l  a t t i t u d e  t o  some d e s i r e d  a t t i t u d e  s p e c i f i e d  
by  THETAD. 

COROL - S u b r o u t i n e  COROL i s  t h e  c o o r d i n a t e d  r o l l  maneuver d r i v e r  l o g i c  
f o r  t h e  RCS and TVC f l i g h t  modes t h a t  e x e r c i s e  a t t i t u d e  h o l d  on 
t h e  aerodynamic a t t i t u d e  ang les  ( I A T T = l ) .  

M a j o r  I n p u t s :  Time r a t e  o f  change i n  p i t c h  a n g l e  o f  a t t a c k ;  p i t c h  a n g l e  o f  
a t t a c k ;  yaw a v g l e  o f  a t t a c k ;  t i m e  r a t e  o f  change i n  yaw ang le  o f  a t t a c k ;  p i t c h  
and yaw TVC a t t i t u d e  and r a t e  e r r o r  ga ins ;  c e n t e r  o f  g r a v i t y  l o c a t i o n ;  a t t i t u d e  
e r r o r  deadband; RCS j e t  minimum e l e c t r i c a l  on- t ime once t h e  e l e c t r i c a l  on s i g n a l  
has been a c t i v a t e d ;  l o c a t i o n  o f  main eng ine  gimbal  p o i n t  w i t h  r e s p e c t  t o  t h e  
v e h i c l e  c e n t e r  o f  g r a v i t y ;  t h e  e s t i m a t e d  X, Y ,  Z body a x i s  moments o f  i n e r t i a ;  
number o f  RCS j e t s  b e i n g  s i m u l a t e d ;  number o f  movable main engines; magni tude 
o f  t h e  a u t o m a t i c  maneuver ing r a t e ;  p i t c h  r a t e  1  i m i  t; aerodynamic r o l l  angle;  
t i m e  r a t e  o f  change i n  aerodynamic r o l l  angle;  body r a t e s ;  d i r e c t i o n  cos ines  
o f  t h r u s t  v e c t o r  o f  t h e  RCS j e t ;  l o c a t i o n  o f  t h e  RCS j e t s ;  d e s i r e d  t e r m i n a l  
o u t e r ,  i n n e r ,  and m i d d l e  g imbal  ang les ,  r e s p e c t i v e l y ,  about  wh ich  a t t i t u d e  h o l d  
i s  t o  be m a i n t a i n e d ;  t h r u s t  magni tude o f  each RCS j e t ;  and v e h i c l e  mass. 

M a j o r  Ou t  u t s  S e t  o f  main e n g i n e  TVC gimbal  commands about  t h e  Y and Z eng ine  -+: . 
axes o  eac g i m b a l l e d  main engine,  RCS on and o f f  t imes,  c o n t r o l  axes a t t i t u d e  
and r a t e  e r r o r s ,  r o l l  a c c e l e r a t i o n  l e v e l ,  and f l a g s  t o  b e  used by  t h e  
o t h e r  s u b r o u t i n e s  wh ich  a r e  c a l l e d  by  DAP. 

Source Documentat ion:  Sof  ' w a r e  Development Branch, M i s s i o n  P I  ann ing and 
A n a l v s i s  D i v i s i o n .  "Snace V e h i c l e  Dynamics S i m u l a t i o n  (SVDS) Prosram S u b r o u t i n e  0 

~i b<aryU, Volume 11, b t h rough  H, JSC I n t e r n a l  Note  73-FM-110, ( ~ s c - 0 8 0 6 5 ,  
Volume I I ) ,  20 J u l y  1974. 



DAP (Continued) 

Development Schedule: Operat ional  



Category Name: Onboard Software Models (Rendezvous ~ompu ta t i ons )  

Model Name: Target  Vehic le Guidance and Contro l  S imulat ion Name: SMS 
Subsys tem 

Contact Person: C. C. o lasky m: JSC JeJ: (713)483- 2481 

Fesc r ip t i on  of Model : A func t iona l  t a r g e t  v e h i c l e  guidance system w i  11 be 
s imulated f o r  t a r g e t  vehic les.  The guidance system w i l l  c o n s i s t  o f  a  major 
loop which performs burn t a r g e t i n g  and runs i n  i n t e r r u p t i b l e  time, and a  
minor loop which feeds a t t i t u d e  commands t o  the general ized t a r g e t  veh i c le  
con t ro l  system, and f i r i n g  commands t o  the  genera l i zed t a r g e t  veh i c le  p ropu l -  
s i o n  system. A r e s e t  boolean w i l l  be prov ided t o  bypass general ized t a r g e t  
veh i c le  guidance e n t i r e l y ,  and another prov ided t o  bypass the  major loop only, 
f o r  use i n  the  case t h a t  more d e t a i l e d  guidance schemes f o r  p a r t i c u l a r  vehic les 
are added f o l l o w i n g  s imu la to r  de l i ve ry .  The minor loop guidance system w i l l  
accept t h r u s t i n g  and a t t i t u d e  commands from e i t h e r  i n s t r u c t o r  i npu t ,  command from 
s h u t t l e  vehic le,  .or guidance major  loop/prestored comnands i n  t h a t  o rder  of 
p r i o r i t y .  I n s t r u c t o r  i n p u t  may take the  form o f  d i r e c t  command, o r  i n i t i a t i o n  
o f  p res tored commands. S h u t t l e  v e h i c l e  commands w i l l  be honored on l y  when a  
r e s e t  boolean i s  s e t  i n d i c a t i n g  t h a t  t h i s  t a r g e t  veh i c le  possesses t h e  c a p a b i l i t y  
t o  accept commands from the s h u t t l e  veh ic le .  Prestored c m a n d s  may be used 
e i t h e r  i n  p lace  o f  the  major loop burn t a r g e t t i n g ,  o r  merely t o  spec i f y  a t t i t u d e  
f o l l o w i n g  the  f i n a l  burn. Prestored commands w i l l  be s to red  as func t ions  o f  
t ime. A t t i t u d e  commands may be g iven i n  terms o f  e i t h e r  i n e r t i a l  Eu le r  angles 
o r  l o c a l  h o r i z o n t a l  angles, o r  i n e r t i a l  h o l d  o f  a  1  ocal h o r i z o n t a l  o r i e n t a t i o n  
at. the i n i t i a l  p o i n t  i n  t ime. Burn t a r g e t i n g  w i l l  be prov ided t o  the  minor 
loop by spec i fy ing  i g n i t i o n  t ime,  burn dura t ion ,  and i n e r t i a l  burn a t t i t u d e .  
The minor loop w i l l  process t h i s  i n fo rma t ion  and prov ide  i n e r t i a l  a t t i t u d e  
commands f o r  the general ized t a r g e t  v e h i c l e  con t ro l ,  and engine i g n i t i o n  and 
c u t o f f  times t o  general ized t a r g e t  veh i c le  p ropu ls ion .  The major loop w i  11 
ca l cu la te  burn ta rge t i ng  assuming a  c o e l l i p t i c  rendezvous sequence o f  three 
burns. The c o e l l i p t i c  sequence cou ld  be expanded t o  l a t e r  i nc lude  p re l im ina ry  
phasing burns, if necessary. Target ing  p rese t t i ngs  w i  11 be i n s t r u c t o r -  
changeable, and t a r g e t i n g  f o r  a  g iven burn  can be recycled by i n s t r u c t o r  
comnand. Target ing  data w i l l  be a v a i l a b l e  f o r  i n s t r u c t o r  d isp lay .  P rov i s ion  
w i l l  be made t o  i n h i b i t  terminal  phase i n i t i a t i o n  t a r g e t i n g  i f  the  s h u t t l e  
veh i c le  w i l l  perform t h i s  burn. Burn ta rge t ings  w i l l  be performed immediately 
f o l  lowing the preceding burns 's  conclusion, and re-performed about 10 minutes 
be fore  est imated burn t ime. 

Major Inputs: 

Major Outputs: 

Source Documentation: Singer  Company, Simulat ion Products D iv is ion ,  " S h u t t l e  
miss ion S imula tor  Base1 i n e  D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Onboard Software Models (TAEM) 

Model Name: LAGS 

Contact Person : E. M. Fr idge, I 1 1  : JSC 

S imula t ion  Name: SVDS 

Tel : ( 71 3) 483-353' - 
P e s c r i p t i  on of Model : The Launch Abort  Guidance S imula t ion  (LAGS) i s  designed 
t o  guide t h e  s h u t t l e  o r b i t e r  t o  e x p l i c i t  v e l o c i t y ,  f l i g h t - p a t h  angle, and 
a l t i t u d e  cond i t ions  a t  Puel dep le t ion .  The a lgo r i t hm provides p i t c h  and yaw 
s t e e r i n g  commands i n  a  guidance coordinate system and an est imate o f  the t ime- 
to-go t o  burnout  each major  i n t e g r a t i o n  cyc le.  The scheme u t i l i z e s  instantaneous 
s t a t e  var iab les  from the  SVDS t r a j e c t o r y  processor as w e l l  as the s p e c i f i e d  
end cond i t ions .  The guidance s t e e r i n g  comnands are transfonned i n t o  p i t c h  
and yaw in fo rma t ion  which i s  cons i s ten t  w i t h  the  I M U  (p la t fo rm)  alignment. 
I n e r t i a l  t u r n i n g  ra tes  are  then computed i n  the SVDS computational coord inate 
system f o r  the  d e r i v a t i v e / i n t e g r a t o r  package. These ra tes  are mainta ined 
constant  over the e n t i r e  i n t e g r a t i o n  i n t e r v a l .  

The a b o r t  guidance a lgo r i t hm cons is ts  o f  th ree  d i s t i n c t  guidance stages 
r e l a t i v e  t o  s p e c i f i c  v e h i c l e  events. These are  de f ined as f o l l w s :  

Stage 1  - Guidance i n i t i a t i o n  t o  p i t chove r  
Stage 2 - P i t chove r  t o  36 l i m i t  i s  reached 
Stage 3 - Main ta in  36 acce lera t ions  t o  burnout. 

Stages 1  and 2 a r e  cons tant  t h r u s t  phases, however, du r ing  stage 3  the  engine i s  
t h r o t t l e d  t o  main ta in  t h e  des i red  constant  acce le ra t i on  l e v e l .  Throughout stage 
1  t h e  f l i g h t  path i s  d i r e c t e d  upward and away f rom the  launch s i t e .  The p i t c h  
maneuver i n i t i a t i n g  the second guidance stage o r i e n t s  the  v e h i c l e  i n  a  re t rograde 
a t t i t u d e  so t h a t  i s  i s  e s s e n t i a l l y  p o i n t i n g  uprange i n  the  d i r e c t i o n  o f  the s i t e  
o r  t a r g e t .  The stage 2 and 3 guidance a lgo r i t hm then n u l l s  t h e  downrange 
v e l o c i t y  component and adds t h e  necessary v e l o c i t y  uprange, as designated by the  
end cond i t ion ,  t o  e f f e c t i v e l y  pe rm i t  an unpowered atmospheric abor t  landing. 

Major Inputs :  Ve loc i t y  b i a s  used i n  computing the  excess v e l o c i t y  t o  be 
expended be fo re  i n i t i a t i n g  the r e o r i e n t a t i o n  maneuver, t h r u s t i n g  magnitude f o r  
i n i t i a l i z i n g  the  guidance sensed acce lera t ion ,  sensed acce le ra t i on  g r a v i t a t i o n a l  
l i m i t ,  des i red  r e l a t i v e  f l i g h t - p a t h  angle a t  burnout, des i red  a l t i t u d e  a t  
burnout,  e f f e c t i v e  s p e c i f i c  impulse o f  the p ropu ls ion  system, des i red  r e l a t i v e  
v e l o c i t y  magnitude a t  burnout, normal burnout  weight,  commanded t u r n i n g  r a t e  
du r ing  the  r e o r i e n t a t i o n  maneuver, geocent r ic  l a t i t u d e  o f  the  land ing  s i t e ,  and 
t h e  l o n g i t u d e  o f  the  l and ing  s i t e .  

Major  Outputs: Instantaneous p o s i t i o n  and v e l o c i t y  vectors,  expressed i n  t h e  
p l a t f o n  coordinate system, sensed v e l o c i t y  vec to r  expressed i n  the p l a t f o r m  
coordinate system, magnitude o f  the v e l o c i  ty- to-be gained, instantaneous sensed 
acce le ra t i on  magnitude, t h r u s t  vec to r  o f f s e t  r e l a t i v e  t o  t h e  p o s i t i v e  X-body, 
measured about the  Y-body ax is ,  instantaneous v e l o c i t y  components i n  the guidance 
coord ina te  system axes, des i red  components a t  burnout  i n  t h e  guidance coordinate 
system ax is ,  est imated t,ime-to-go-to-burnout, instantaneous mass-to-mass f l w  
r a t e  r a t i o ,  est imated t ime requ i red  t o  per fonn the re t rograde r e o r i e n t a t i o n  
maneuver, est imated burn t ime o f  the respect ive  guidance stages, des i red  t h r u s t  
a t t i t u d e  measured i n  t h e  guidance coordinate p i t c h  and yaw planes, t h r u s t  
a t t i t u d e  requ i red  t o  achieve t h e  des i red  v e l o c i t y  end condi.t ions only ,  i n e r t i a l  
p i t c h  and yaw a t t i t u d e  commands, excess v e l o c i t y  t o  be expended before  i n i t i a t i n g  
the  r e o r i e n t a t i o n  maneuver and p red i c ted  v e l o c i t y  vector- to-be gained a t  the 
c m p l e t i  on o f  the  r e o r i e n t a t i o n  maneuver. 



LAGS (Cont inued) 

Source Documentation: R. F. Sievers, "SVDS Launch Abor t  Guidance S imu la t ion" ,  
TRW I O C  6534.7-72-19, Task MSC/TRW A-517, 29 November 1972. 

Development Schedule: Operat ional  



5.8 Pay 1 oad Accommodation Area 

This section contains descriptive information about models of the payload 
accommodation area.  

PREmNG: PAGE ELANK NOT i"I:,!JD 



Category Name: Pay1 oad Accommodation Area (Payload ~ a n i p u l a t o r )  

Flodel Name: Payload Manipulator  Subsystem S imula t ion  Yame: SMS 

Contact Person: C. C. Olasky a: JSC N: (713)483-2481 

Pesz r ip t i on  of Model : The s imulated payload manipulator  subsystem s imulates 
t h e  dynamics and i n t e r f a c e s  o f  the s h u t t l e  payload manipulators. Inputs t o  
the  s imu la ted  subsystem inc lude  manipulator  a n  j o i n t  and te rmina l  device 
p o s i t i o n  commands, power a v a i l a b l e  booleans, s h u t t l e  v e h i c l e  t r a n s l  a t i o n a l  
s t a t e  and body fo rces ,  s h u t t l e  veh i c le  a t t i t ude ,  angular  v e l o c i t y  and t o t a l  
moments, payload pos i t i on ,  payload a t t i t u d e ,  payload mass i n e r t i a  tensor  and 
cen te r  o f  mass l o c a t i o n  and crew s t a t i o n  swi tch  and c i r c u i t  breaker  s e t t i n g s .  
Provided these inputs,  the  man ipu la tor  s imu la t i on  w i l l  c a l c u l a t e  each manipulator  
j o i n t  angle p o s i t i o n  and ra te ,  te rmina l  device and deployment device pos i t ions ,  
j o i n t  potent iometer  and tachometer outputs, forces and torques exer ted  upon t h e  
vehi c i  e  by the  man ipu la tor  sys tem, pay load t r a n s l  a t i o n a l  and r o t a t i o n a l  s t a t e  
upon release, e l e c t r i c a l  power loads, checkout system outputs, and re1  a t i v e  
s t a t e  o f  a j e t t i s o n e d  a m .  

Major Inputs:  

Major Outputs : 

Source Documentation: Singer  Company, S imula t ion  Products D iv i s ion ,  " S h u t t l e  
Miss ion Simulator  Base l ine  D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



5.9 Cockpi t  and S imu la to r  Environment Models 

This  s e c t i o n  contains d e s c r i p t i v e  i n fo rma t i on  about models o f  the cockp i t  
and s imu la to r  environment. 



Category Name: Cockpi t  and Simulator  Environment (Cockpi t  Gauge, I n d i c a t o r ,  
Switch, Lever)  

Model Name: Caution and Warning Subsystem S imula t ion  Name: SMS 

Contact Person: C. C. Olasky m: JSC - Tel :  (713)483-2481 

n e s c r i p t i o n  of Model: The Caution and Warning Subsystem i s  composed o f  f o u r  
types of crew cues: a l e r t ,  caut ion, warning, and emergency. A l l  f o u r  have 
one common i d e n t i t y  - the  audio cues. 

The a l e r t  power and d i sp lay  l o g i c  equat ions determine i f  a l e r t  power i s  a v a i l  able, 
whether t h e  sensors are ac t i ve ,  and generates booleans f o r  d i sp lay  i n  t h e  crew 
s t a t i o n  when i n p u t  parameters are o u t  o f  to lerance.  A boolean w i l l  be generated 
f o r  cue t o  t h e  audio device each t ime a new parameter i s  sensed ou t  o f  to lerance.  

The caut ion  and warning Dower equations s imu la te  the  separate i n t e r n a l  power 
supp l ies  o f  caut ion  power and warning power. Since these u n i t s  are c o n t r o l l e d  
by the  same swi tch,  c i r c u i t  breaker, re1 ay func t ions ,  they are inc luded together.  
The equat ions generate cau t i on  sensor power a v a i l a b l e  and warning sensor power 
a v a i l a b l e  booleans t o  t h e  us ing subsystem. 

The emergency power equations s imu la te  t h e  emergency power u n i t  and i t s  con t ro l  
switches and c i r c u i t  breakers. An emergency sensor power a v a i l  ab le  boolean 
w i l l  be generated by the  equat ions f o r  i n c l u s i o n  i n  equat ions o f  the  us ing  sub- 
systems. Inputs  f o r  emergency alarms from the  us ing  systems w i l l  then be t e s t e d  
aga ins t  upper and lower l i m i t s  i n  the  emergency parameter t e s t  equat ions. The 
t e s t  equat ion w i l l  take i n t o  account the  crew s t a t i o n  i n h i b i t  sw i t ch  pos i t i on .  

Booleans generated by  the a l e r t ,  caution, warning, and emergency equations w i  11 
be i nc luded  i n  equat ions i n  t h e  audio alarm s e c t i o n  t o  p rov ide  cues t o  the audio 
devices as t o  which alarms a r e  on. Volume c o n t r o l  o f  the  in tercom speakers f o r  
t h e  a1 arms w i  11 be a hardware con t ro l .  

The ins t rumenta t ion  s i g n a l  cond i t i on ing  o f  Caution and Warning Subsystem parameters 
w i l l  be accomplished us ing  sensor and d i sp lay  l o g i c  booleans from the E l e c t r i c a l  
Power Subsystem f o r  crew s t a t i o n  d isp lay,  f o r  r e i n p u t  t o  the Caution and Warning 
Subsyhtem, o r  f o r  i n p u t  t o  the  Telemetry Subsystem M u l t i p l e x e r  Program. The 
equat ions o f  the  Caution and Warning Subsystem wi  11 be repeated f o r  each u n i t ,  
e i t h e r  by programed loops o r  by r e p e t i t i v e  equations, whichever requ i res  
the  l e a s t  amount o f  computer t ime and core. Required mal funct ions f o r  t h e  
Caution and Warning s imu la t i on  are t o  be designed i n t o  the  s imu la t i on  f o r  
minimum computer impact. 

Major Inputs:  

Major Outputs: 

Source Documentation: Singer  Company, S imula t ion  Products D iv is ion ,  "Shu t t l e  
Miss ion S imula tor  Base l ine  D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Cockpi t  and Simulator  Environment (Cockpit  Gauge, I nd i ca to r ,  
Switch, Lever) 

Model Name: Operat ional  Ins t rumenta t ion  Simulat ion Name: SMS 

Contact Person: C. C. 01asky %: JSC Tel : (713)483-2481 - 
"S.-r ipt ion of Model : The power cond i t i on ing  u n i t s ,  t ransducer power supp l ies ,  
and the associated power f o r  s i g n a l  cond i t i on ing  o f  measured and d i sp lay  parame- 
t e r s  w i  11 be s imulated us ing  only  dynamic b i l e v e l  parameter measurements. These 
measurements read the  nominal value o r  the minimum value i f  d isab led  by ma1 func-  
t i o n s  en tered o r  by l oss  o f  power t o  the  u n i t .  

The program w i l l  s imu la te  conversion o f  DC p w e r  from the  main buses t o  DC power 
a t  vol tages requ i red  by ins t rumenta t ion  DC power system loads. This s imu la t i on  
w i l l  i nc lude  paver suppl ies such as +5, +24, 228 v o l t  suppl ies and loads such 
as d i s p l a y  transducers and s i g n a l  cond i t i on ing  equipment. A l l  major components 
such as DC-DC converters, transducers, and s i g n a l  cond i t i on ing  equipment w i  11 
be s imulated us ing  Boolean terms represent ing  the s t a t e  o f  c i r c u i t  breakers and 
switches o f  the major components. 

The program w i l l  perform the  dynamic b i l e v e l  ca l cu la t i ons  o f  the  requ i red  supply 
voltages and equipment ope ra t i ona l  s ta tus .  The system w i l l  a lso  prov ide  the 
computed load parameters t o  the  power bus loading subsystem f o r  bus conductance 
computations and t o  the ECS subsystem f o r  heat  loading. Signal  cond i t i on ing  
o f  parameters f o r  te lemetry p r o c e s s i n g w i l l  be s imulated by each system checking 
a  Boolean term represent ing  " s i g n a l  cond i t i on ing  equipment opera t iona l " .  

I n d i v i d u a l  components o f  the DC-DC converters, transducers, and s igna l  cond i t ion-  
i n g  equipment w i l l  n o t  be simulated. Dynamic m u l t i l e v e l  parameter ca l cu la t i ons  
w i l l  n o t  be necessary s ince  u n i t  i n p u t  power i s  n o t  monitored. A conver ter  
ON/OFF Boolean w i l l  be used t o  c a l c u l a t e  conver ter  temperature s ince  the heat  
generated by the  conver ter  i s  assumed t o  be constant  when the  conver te r  i s  
operat ional .  The o v e r a l l  e f f e c t  o f  s imu la t i on  w i l l  be t h a t  the  u n i t  i s  e i t h e r  
t o t a l l y  opera t iona l  o r  completely inoperable. 

Major Inputs :  

Major Outputs: 

Source Documentation: Singer  Company, Simulat ion Products D iv i s ion ,  " S h u t t l e  
Miss ion Simulator  Basel ine D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



5.10 Thermal and Environmental Cont ro l  and 
L i f e  Support  Systems Models 

This  s e c t i o n  conta ins d e s c r i p t i v e  i n f o r m a t i o n  about models o f  the thermal 
and environmental  c o n t r o l  and l i f e  suppor t  systenis (ECLSS). 



Category Name: Thermal and ECLSS (Thermal Cont ro l )  

Model Name: Thermal Cont ro l  Subsystem S imula t ion  Name: SMS 

Contact Person: C. C. Olasky m: JSC - Tel:  (713)483-2481 

% s c r i p t i o n  o f  Model: Th is  subsystem cons is ts  main ly  cp'f passive elements such 
as hea t  s inks,  su r face  coat ings and i n s u l a t o r s .  The subsystem s i m u l a t i o n  w i l l  
cons i s t  main ly  o f  conduct ion hea t  t rans fe r  equations. The conduct ion equat ions 
w i l l  be  app l i ed  t o  each l a y e r  o f  i n s u l a t i o n  ma te r ia l  u n t i l  the  cab in  w a l l s  
are reached. A t  t h i s  p o i n t ,  the Environmental Contro l  and L i f e  Support Subsystem 
w i l l  accept t h e  heat  f l u x  and determine the  i n f l uence  o f  the i n t e r n a l  w a l l s  
and cab in  atmospheric temperatures. The equations w i l l  be executed a t  a once 
p e r  second ra te .  

Major Outputs : 

Source Documentation: Singer  Company, S imula t ion  Products D iv i s ion ,  " S h u t t l e  
Miss ion S imula tor  Base l ine  D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Thermal and ECLSS (Thermal P ro tec t i on )  

Model Name : Thermal P ro tec t i on  Subsystem Simulat ion Yame: SMS 

Contact Person: C. C. 01asky m: JSC - Tel : (713)483-2481 

" s c r i p t i o n  o f  Model : The Thermal P ro tec t i on  Subsystem (TPS) i s  in tended t o  
thermal ly  s h i e l d  the  v e h i c l e  from h igh  temperatures dur ing  atmospheric f l i g h t .  
Two b a s i c  arrangements are  planned, one f o r  h i g h  temperatures (up t o  2500°F) 
on the  l ead in  and l w e r  sur faces o f  the e x t e r i o r  and one f o r  moderate 
temperatures 4 be1 ow 650°F) f o r  the upper s u r f  aces. 

The s imu la t i on  w i l l  cover bo th  atmospheric and o r b i t a l  f l i g h t  cases. A 
c r i t i c a l  a l t i t u d e  w i l l  be used t o  determine which case i s  dominant, i .e., 
aerodynamic heat ing  from atmospheric f l i g h t  o r  r a d i a t i v e  e f f e c t s  encountered 
i n  o r b i t a l  f l i g h t .  

For the s imu la t ion ,  the e x t e r i o r  veh i c le  sur face w i l l  be d i v i d e d  i n t o  a 
number o f  sec t ions  so t h a t  heat  f l uxes  and temperatures a t  var ious po in ts  can 
be calculated.  The r a d i a t i o n  sources t o  be considered are  so la r ,  ea r th  
emission, deep space, and s o l a r  r e f l e c t i o n  from the  ear th.  The heat  
t r a n s f e r  due t o  aeordynamic hea t i ng  w i l l  be considered when below a c r i t i c a l  
a l t i t u d e .  For aerodynamic heat ing, ac tua l  t e s t  data w i l l  be used t o  generate 
curve f it equations. A l l  heat  t r a n s f e r r e d  i n t o  and o u t  o f  a given sec t i on  
w i l l  be sumned and i t s  i n f l u e n c e  on the temperature o f  the sect ions w i l l  be 
calculated.  

Major Inputs :  

Major Outputs: 

Source Documentation: Singer  Company, S imula t ion  Products D iv i s ion ,  " S h u t t l e  
Mission S imula tor  Basel ine D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Thermal and ECLSS (TPS/TCS) 

Model Name: TPS S imula t ion  Name: SVDS 

Contact Person: E. M. Fridge, I 1 1  m: JSC - Tel : (713)483-3532 

F e s c r i p t i o n  o f  Model: The TPS model computes the  thermal p r o t e c t i o n  system 
weights f o r  the s h u t t l e  v e h i c l e  given t r a j e c t o r y  and c o n t r o l i ~ p r o f i l e .  A  
we igh t  summary based on a  20-panel c o n f i g u r a t i o n  o f  the MSC-040A base l i ne  o r b i t e r  
i s  computed a t  case te rm ina t i on  f o r  each o f  the  f o l l w i n g :  (1 )  the  reusable 
surface i n s u l t a t i v e  system, (2 )  the  m e t a l l i c  s k i n  r e r a d i a t i v e  system, and 
(3) the  a b l a t i v e  i n s u l a t i o n  weights. I n  add i t i on ,  the TPS model computes the  
i n d i v i d u a l  panel heat ing  ra tes ,  temperatures, and i n t e g r a t e d  heat  loads a t  
some use r -spec i f i ed  i n t e g e r  mu1 t i p l e  o f  t h e  i n t e g r a t i o n  s tep  s ize .  

Major I n p n t s :  TPS computation frequency i n t e r v a l ,  connect ive heat  r a t e  
c o e f f i c i e n t  f o r  the s h u t t l e  veh ic le ,  Apo l l o  hea t  s h i e l d  radius,  number o f  
panel areas, and a r ray  o f  panel areas. 

o r , O u u s :  Panel number, panel area, heat ing  ra te ,  temperature, t o t a l  
e a t  oa , i n s u l a t i o n  and support  weights. 

Source Documentation: Software Development Branch, Miss ion Planning and Analys is  
D iv i s ion ,  "User's Guide f o r  t h e  Space Vehic le Dynamics S imula t ion  (SVDS) Program", 
JSC I n t e r n a l  Note 73-FM-67, (JSC-07950), 20 A p r i l  1973. 

Development Schedule: Operat ional 



5.11 E lec t r i ca l -Mechan ica l  Power Systems 

This s e c t i o n  contains d e s c r i p t i v e  in fo rmat ion  about models of the  e l e c t r i c a l  
and rnechani cal  power systems. 



Category Name: Electrical-Mechanical Power Systems (Actuators and Servos) 

Model Name: Hydraulic Power Subsystem 

Contact Person: C. C .  Olasky a: JSC 

Simulation Name: SMS 

Tel : (713)483-2481 - 
"scription of Model : The Hydraulic Power Subsystem wi 11 be divided in to  
four blocks of generally re la ted equations f o r  simulation purposes. The 
mathematical equations used as representative of the real  world system could 
be derived engineering functions, however, the crew s t a t i on  controls and 
displays are minimal. A t  present, the crew displays are  limited t o  hydraulic 
f l u id  temperature and quanti ty.  Caution and Warning displays r e l a t e  to high 
and low f l u i d  temperature, low f lu id  quantity, and l w  pressure. Real is t ic  
functional equations wi l l  be writ ten to  generate the required display parameters 
without an excessive computer time requirement. 

The loading equations wi l l  calculate the summation of the f l u id  flow from the 
four main supply l ines .  The program wil l  also calculate  flow from the main 
supply l ines to the two accumulators. These f l u id  flow summations form load 
request parameters f o r  the pump-reservoir equations and the accumulator equa- 
t ions.  The load request parameters are t o  be generated by the using systems 
for  elevons, rudder-speed brake, main engine TVC, engine controls,  OMS TVC, 
SRM TVC, gear uplock, gear deploymentlretraction, wheel braking, s teer ing,  RCS 
door operation, and payload bay doors. 

The accumulator equations wi l l  simulate the stored power by calculating a load 
response fac tor  f o r  a l l  units  t ha t  use accumulator hydraulic pressure. This 
load response fac tor  i s  a function of the mass, temperature, and volume occupied 
by the entrapped gas. The volume occupied by the gas wil l  be calculated by 
a summation of hydraulic f l u id  usage and resupply f o r  the accumulator. Load 
requests will  be generated by the equations f o r  use in the loading equations 
as hydraulic f l u id  i s  used from the accumulator. 

The pump-reservoir equations are  t o  simulate the four sources of power to  each 
manifold supply pipe. The pumps are the two Auxiliary Power U n i t  gear pumps, 
the Air Breathing Propulsion System gear pump, and the AC driven circulation 
gear pump. Simulation logic  wi 11 be incorporated t o  prevent back flow in to  
these pumps where check valves ex is t .  Relief and by-pass valves wil l  be 
logical ly  represented for  equation usage. A summation of tota l  pump capabi- 
l i t y  wil l  be made t o  furnish a load response fac tor  f o r  using subsystems based 
on load request. Reservoir quantity wil l  be calculated from a summation of 
pump usage-return f lu ids  t o  the reservoir .  

A heat  load i s  t o  be calculated for  heat balance equation usage to  d e t e n i n e  
the temperature of the hydraulic f lu id .  The calculation of temperature of the 
hydraulic f l u i d  will  take in to  account coolant valve positions as the resu l t  
of crew switch, c i r c u i t  breaker, and e lec t r ica l  power conditions . Interface 
parameters of heat load on the water bo i le r  heat exchanger will  be calculated 
fo r  use by the Environmental Control Svstem'simulation. The Environmental 
Control system wi l l  calculate  a return f lu id  temperature for  use by the 
heat balance equations. 

From these groups of equations, parameters simulating the actual system s t a t e  
will be conditioned using sensor and display logic booleans from the Elec t r i -  
cal Power System f o r  crew s ta t ion  display, for  input t o  the Caution and Warning 



Hydrau l i c  Power Subsystem (Cont inued) 

Subsystem, o r  f o r  i n p u t  t o  t he  Telemetry Subsystem M u l t i p l e x e r  Program. The 
equations w i l l  be repeated f o r  each h y d r a u l i c  pump and man i fo ld  supply pipe, 
e i t h e r  by programmed loops o r  by r e p e t i t i v e  equations, whichever requ i res  
the  l e a s t  amount o f  computer t ime  and core. Required mal funct ions f o r t h e  
Hyd rau l i c  System a re  t o  be designed i n t o  the s imu la t i on  f o r  minimum computer 
impact. 

Major Inpu ts :  

Major Outputs: 

Source Documentation: S inger  Company, S imu la t ion  Products D i v i s i o n ,  "Shu t t l e  
Miss ion S imu la to r  Base l ine  D e f i n i t i o n  Report", Volume 11, 21 December 1973. 

Development Schedule: 



Category Name: Elect r ica l -Mechanical  Power Systems (Actuators and Servos) 

Hodel Name: GMDACT S imula t ion  Name: SVDS 

Contact Person: E. M. Fridge, 111 m: JSC - Tel : (713)483-3532 

Q e s c r i p t i o n  o f  Model: The f u n c t i o n  o f  GMDACT i s  t o  s imu la te  the  main engine 
servo ac tua tors  o f  the  movable main engines on each o f  the  t h r e e  vehic les 
u t i l i z e d  i n  t h e  MAENG model. C a p a b i l i t y  i s  prov ided f o r  s i m u l a t i n g  a maximum 
o f  f i v e  engine servo ac tua tors .  On the i n i t i a l i z a t i o n  pass, the i n i t i a l  main 
engine gimbal d e f l e c t i o n s  are  those s p e c i f i e d  by the  user.  On subsequent 
passes, t h e  d e f l e c t i o n s  are updated according t o  a computational a lgor i thm. The 
user  s p e c i f i e s  the  appropr ia te  main engine servo ac tua to r  t o  be used f o r  t h e  
engine under considerat ion.  

Major Inputs:  Gimbal d r i v e  r a t e  l i m i t s ,  i n i t i a l  main engine gimbal d e f l e c t i o n  
values, gimbal d e f l e c t i o n  l i m i t s ,  feedback loop gains, and forward loop gains 
about engine axes f o r  main engine servo actuator;  v a r i a b l e  o r  constant  gimbal 
d r i v e  r a t e  opt ion;  cu r ren t  t r a j e c t o r y  time; designat ion o f  main engine and 
main engine servo; t ime o f  l a s t  main engine model eva lua t ion .  

Major Outputs: Gimbal d r i v e  r a t e  l i m i t s ,  gimbal d e f l e c t i o n  l i m i t s ,  feedback 
loop gains, forward l oop  gains about engine axes f o r  from 1 t o  5 main engine 
servo actuators;  v a r i a b l e  o r  constant  d r i v e  r a t e  o p t i o n  f o r  from 1 t o  5 main 
engine servo actuators.  

Source Documentation: JSC/TRW, "Space Vehic le Dynamics S imu la t i  on", Program 
Descr ip t ion ,  Mi les tone 2, 27 A p r i l  1973. 

Software Development Branch, Miss ion Planning and Analys is  D iv i s ion ,  "User 's 
Guide f o r  the  Space Vehic le Dynamics S imula t ion  (SVDS) Program", JSC I n t e r n a l  
Note 73-FM-67, (JSC-07950), 20 A p r i l  1973. 

Software Development Branch, Miss ion Planning and Analys is  D iv i s ion ,  "Space 
Vehic le Dynamics S imula t ion  (SVDS) Program Subrout ine L ib ra ry " ,  Volume 11, 
D through H, JSC I n t e r n a l  Note 73-FM-110, (JSC-08065, Volume I I ) ,  20 J u l y  
1973. 

Development Schedule: Operat ional 



Category Name: Elect r ica l -Mechanical  Power Systems ( E l e c t r i c a l  Power Subsystem) 

Model Name : E l e c t r i c a l  Power Subsys tem 

Contact Person: C. C. Olasky 

Simulat ion Name: SMS 

k s z r i p t i o n  o f  Model : The E l e c t r i c a l  Power Subsystem may be genera l l y  d i v ided  
i n t o  s i x  problem areas r e q u i r i n g  math models. These are power i n t e r f a c e ,  
sw i tch ing  l o g i c ,  bus loading,  power generat ion and storage, power d i s t r i b u t i o n ,  
and c o n t r o l  and d isp lay .  For t h e  s h u t t l e  v e h i c l e  there  are th ree  types of 
e l e c t r i c a l  power having d i s t i n c t  requirements f o r  s imu la t ion .  These are the  
d i r e c t  c u r r e n t  (DC) subsystem, t h e  s i n g l e  phase a l t e r n a t i n g  cu r ren t  (AC) sub- 
system, and the  t h r e e  phase a l t e r n a t i n g  cu r ren t  subsystem. Each o f  these 
subsystems i n t e r f a c e  w i t h  t h e  others through e l e c t r i c a l  loads o r  by p rov id ing  
p m e r  sources. The concept presented here describes t h e  subsystems separate ly  
w i t h  i n t e r f a c i n g  parameters between subsystems. 

The d i r e c t  c u r r e n t  has f u e l  c e l l s ,  b a t t e r i e s ,  and t r a n s f o r m e r - r e c t i f i e r s  supply- 
i n g  power t o  th ree  main d i r e c t  cu r ren t  buses, Wo b a t t e r y  buses, Wo essen t i a l  
c o n t r o l  buses, and two sequencer buses. Because o f  ma l func t ion  considerat ion,  
the  t i e  bus must a l s o  be considered as a l oad  bus. 

The power sources f o r  the  s i n g l e  phase a l t e r n a t i n g  c u r r e n t  subsystem n e b o r k  
are  the A i r  Breath ing Engine generators, the  A u x i l i a r y  Power Uni t ,  and the Ground 
Support Equipment power. For t h e  purposes o f  s imu la t ion ,  the loads are  assumed 
t o  have an o v e r a l l  power f a c t o r  o f  1.0. I t  i s  a l s o  assumed t h a t  the  generators 
cannot be brought  i n t o  sync f o r  load shar ing  between u n i t s .  

The A i r  Breath ing  Engine generator  equations g i v e  the  output  frequency as a 
func t i on  o f  t h e  generator  revo lu t i ons  per  minuts. The vo l tage output  of the  
generator w i l l  be a f u n c t i o n  o f  bo th  revo lu t i ons  per  minute and the power load. 
Since the frequency i s  n o t  d isp layed b u t  i s  probably supp l ied  t o  Caution and 
Warning as an out  o f  to le rance c o n d i t i o n  w i l l  be generated. 

The th ree  phase AC subsystem s imu la t i on  i s  very s i m i l a r  t o  the  s i n g l e  phase sub- 
system w i t h  one s i g n i f i c a n t  d i f f e rence .  Loss o f  a s i n g l e  phase w i  11 n o t  cause 
shutdown o f  the  equipment i n  t h e  three phase subsystem as i t  would do i n  the 
s i n g l e  phase subsystem. Where one phase i s  o u t  i n  the  th ree  phase subsystem, 
the two suppor t ing  buses w i l l  r e f l e c t  increased loading.  

The s imu la t i on  purposes the  loads on each l o g  are  assumed t o  have an o v e r a l l  
power f a c t o r  o f  1.0. For the  th ree  phased subsystem, i t  i s  assumed t h a t  the 
u n i t s  sync immediately from the  master sync l i n e  of the se lec ted  u n i t .  

Major Inputs:  

Major Outputs: 

Source Documentation: Singer  Company, S imula t ion  Products D iv i s ion ,  
' "Shutt le Miss ion Simulator  Basel ine D e f i n i t i o n  Report", Volume 11, 
21 December 1973. 

Development Schedule: 



5.12 Other Models 

This sec t i on  contains d e s c r i p t i v e  i n fo rma t ion  about o the r  models 



Category Name: Other  (Eu ler  Angle Routines) 

P'lodel Name : EULERD Simulat ion Name: SSFS 

Contact Person: J. E. Vinson m: Lockheed - Tel : ( 713)333-4875 

Fesc r ip t i on  of Model : Th is  model ca l cu la tes  the  E u l e r  angle ra tes  and 
acce lera t ions .  Three se ts  o f  equations are conta ined i n  t h e  model t o  avo id  
indeterminancies. 

Ma'or I n  u t s :  Eu le r  angles r o l l ,  p i tch ,  and yaw; v e h i c l e  body angular ra tes ;  -kl+- ve i c  e o y angular  acce lera t ions .  

Major Outputs: Eu le r  angle ra tes  and acce lera t ions .  

Source Documentation: Engineering System Branch, Computation and Analysis 
D iv i s ion ,  " S p a c e x t t l e  Funct ional  Simulator" ,  Volume 111, Revis ion B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 111) , 
November 1973. 

Development Schedule: Operat ional 



Category Name: Other ( O r b i t a l  Elements) 

Model Name: Parameter EOM Simulat ion Name: OAS 

Contact Person: G. F. Prude m: JSC Tel  : (713)483-5104 

" s c r i p t i o n  of Model : The parameter equations o f  motion model ca lcu la tes  
add i t i ona l  var iab les  n o t  a v a i l a b l e  from the t r a n s l a t i o n a l  o r  r o t a t i o n a l  equat ion 
o f  motion. 

Major Inputs :  Outputs o f  r o t a t i o n a l  and t r a n s l a t i o n a l  equat ions of motion. 

Ma'or Out u ts :  Loss o f  s i g n a l  d is tance t o  a i r p o r t ,  magnitude o f  s h u t t l e  
-itude above the  a i r p o r t  and, above sea l eve l ,  a1 t i t u d e  ra te ,  
l a t i t u d e ,  and longi tude.  

Source Documentation: Singer-General Precis ion,  Inc., L ink  D iv i s ion ,  "Space 
S h u t t l e  Procedures Evaluator",  Working Papers. 

Development Schedule: Operat ional  



Category Name: Other ( O r b i t a l  Elements) 

Model Name: OWPl S imula t ion  Vame: SSFS 

Contact Person: J. E. Vinson m: JSC - Tel:  (713)333-4875 

k s c r i p t i o n  of Model: OWPl ca lcu la tes  the o r b i t a l  parameters associated 
w i t h  the o r b i t a l  miss ion phase. The equat ions contained i n  ORBPl de f i ne  the  
c h a r a c t e r i s t i c s  o f  a  v e h i c l e ' s  motion i n  i n e r t i a l  space us ing  the  bas i c  c e n t r a l  
mot ion t r a j e c t o r y  equat ions f o r  e l l i p t i c a l  o r b i t s .  No pe r tu rba t i ons  are con- 
sidered. A sphe r i ca l  ea r th  i s  assumed. 

Ma'or I n  u t s :  Time, i n e r t i a l  p o s i t i o n  and v e l o c i t y  vectors, e a r t h ' s  g rav i t a -  -L7-E- t i o n a  constant,  r o t a t i o n a l  r a t e  o f  ear th,  g r a v i t a t i o n a l  acce le ra t i on  vector .  

%jar i)utput:.: 5cmim:jor :xis, semilatus rectum, e c c e n t r i c i t y ,  s imiminor  ax is ,  
apogee radius,  e c c e n t r i c  anomaly, angular  momentum vector,  per igee radius,  
o r b i t a l  v e l o c i t y  a t  apogee and perigee, f l i g h t - p a t h  angle, o r b i t a l  cen t ra l  angle, 
r a d i a l  v e l o c i t y ,  r a d i a l  acce lera t ion ,  mean anomaly, o r b i t a l  period, mean 
motion, r i g h t  ascension o f  veh i c le  (geocent r ic  l ong i tude ) ,  geocent r ic  l a t i t u d e ,  
geographic longi tude,  t ime o f  per igee passage, l ong i tude  o f  the  ascending 
node, o r b i t a l  i n c l i n a t i o n ,  t r u e  anomaly, argument o f  perigee, angle between 
ascending node and p r o j e c t i o n  o f  veh i c le  on the  equa to r i a l  plane, azimuth 
angle, angle o f  e leva t i on .  

Source Documentation: Engineering System Branch, Computation and Analys is  
D iv is ion ,  "Space S h u t t l e  Funct ional  Simulator" ,  Volume 111, Revis ion B, 
Johnson Space Center, MSC I n t e r n a l  Note 72-FD-010, (MSC-06726, Volume 1111, 
November 1973. 

Development Schedule: Operat ional 



Category Name: Other (Transformation Generation Routines) 

Model Name: APIC Simulat ion Name: SSFS 

Contact Person: J. E. Vinson m: Lockheed - Tel : (713)333-4875 

Pesc r ip t i on  of Model: APIC converts a v e h i c l e  s t a t e  from a i r p o r t  coordinates 
t o  ear th  centered i n e r t i a l  coordinates. The a lgor i thms used by APIC f o r  
coord inate t rans format ion  produce an approximation o f  the ear th  centered 
i n e r t i a l  s t a t e .  

Ma'or I n  u t s :  Vehic le p o s i t i o n  vec tor  i n  a i r p o r t  coordinates, a i r p o r t  + geocent r ic  a t i t ude ,  a i r p o r t  longi tude,  and veh ic le  v e l o c i t y  vec to r  i n  a i r p o r t  
coordinates ( o r  v e l o c i t y  magnitude, f 1 igh t -pa th  angle, a i r p o r t  runway heading, 
and veh ic le  heading angle).  

Ma'or Out u t s :  Vehic le p o s i t i o n  and v e l o c i t y  vectors i n  ear th  centered i n e r t i a l  zshiixk 
Source Documentation: Engineering System Branch, Computation and Analys is  
Div is ion.  "Soace S h u t t l e  Funct ional  Simulator".  Volume 111. Revis ion B, 
Johnson space Center, K C  I n t e r n a l  Note 73-FD-010, (KC-06726, Volume 1111, 
November 1973. 

Development Schedule: Operat ional  



6.0 MODELS BY SIMULATION 

This sec t i on  conta ins l i s t i n g s  o f  a l l  math models t h a t  have been i d e n t i -  
f i e d  f o r  development f o r  the var ious s imu la t ions .  The model names used i n  
Tables I1 through X correspond t o  the  names used i n  the source documentation 
o f  t h e  i n d i v i d u a l  s imu la t ions .  The tab les  i nc lude  contac t  persons, f o rmu la t i on  
completion date, and a re ference number f o r  the  source documentation. For 
each s imu la t ion ,  the  math models a re  grouped under the  category names used 
throughout t h i s  document. 



Table 11. ADL Math Models 

FORMULATION 
COMPLETION 

CATEGORY NAME MODEL NAME DATE 
CONTACT PERSON, 

ORGANIZATION, PHONE 
REFERENCE 
NUMBER 

EqUATIONS OF Guidance & Nav iga t ion  A t t i t u d e  3/74 
MOT I ON and P o i n t i n g  OFP 

Guidance and Nav igat ion 3/75 
Propagat ion OFP 

D. W .  G i l b e r t ,  J:SC, 483-2381 

D. W .  G i l b e r t ,  J.SC, 483-2381 

COKFIMUI~iICATIONS/ Accelerometer Assembly TSP 
NAVIGATION/ A i r  Data Transducer Assembly 
TR'CKIVG TS P 
DEVICES Guidance and p!avigation Beacon 

Search and Xav iga t ion  Sensor 
P o i n t i n g  OFP 

I n e r t i a l  !!easclrel.ient U n i t  
A1 i gnment OFP 

I n e r t i a l  Measurement U n i t  
C a l i b r a t i o n  OFP 

I n e r t i  a1 Measurement U n i t  
Processing OFP 

I n t e r i  a1 Heasurement U n i t  TSP 
Microwave Scan Seam Landing 

Sys tem TSP 
Mu1 t ip lexer/Pemul t i p l e x e r  

Breadboard TSP 
Mu1 t i p lex~r !Denu l  ti p l e x e r  

P ro to typs  TSP 
Pulse Code Hodl;l a t i o n  Master TSP 
Rate Gyro Assembly TSP 
TACAN Processing OFP 
TACAN TSP 

D. W. G i l b e r t ,  JSC, 483-2381 
D. W .  G i l b e r t ,  JSC, 483-2381 

D. W .  G i l b e r t ,  JSC, 483-2381 

D. W. G i l b e r t ,  JSC, 483-2381 

D. W .  G i l b e r t ,  JSC, 483-2381 

D. id.  G i l b e r t ,  JSC, 483-2381 

D. W .  G i l b e r t ,  JSC, 483-2381 
D. ti. G i l b e r t ,  JSC, 483-2381 

D. W .  G i l b e r t ,  JSC, 483-2381 

D. W. G i l b e r t ,  JSC, 483-2381 

D. W. G i l b e r t ,  JSC, 483-2381 
D. W. G i l b e r t ,  JSC, 483-2381 
D. W .  G i l b e r t ,  JSC, 483-2381 
D. b!. G i  l b e r t ,  JSC, 483-2381 



Table 11. ADL Math Models (Continued) 

FORMULATION 
COMPLETION CONTACT PERSON, 

ORGANIZATION, PHONE 
REFERENCE 
NUMBER CATEGORY NAME MODEL NAME DATE 

OFIBOARD SOFTWARE Engine I n t e r f a c e  U n i t  TSP -- 
WDELS F l i g h t  Computer Operat ing 10/74 

System 9FP 
F l i g h t  Cont ro l  Cru ise OFP 3/75 
F l i g h t  Cont ro l  F a u l t  Tolerance 6/75 

OFP 

D. W. G i l b e r t ,  JSC, 483-2381 
D. W .  G i l b e r t ,  JSC, 483-2381 

D. W.  G i l b e r t ,  JSC, 483-2381 
D. W .  G i l b e r t ,  JSC, 483-2381 

F l i g h t  Cont ro l  Landing OFP 
F l i g h t  Cont ro l  TAEM OFP 
F l i g h t  Cont ro l  Takeof f  OFP 
Guidance 9.. .!lavi g a t i  on Approach/ 

Landing (Autoland) OFP 
Guidance h Navigat ion Area 

Nav igat ion OFP 
Guidance & Nav igat ion Cont ro l  

Processing 
Guidance L Navigat ion Cru ise 

(Hor i zon ta l  E Fer ry )  F l i g h t  OFP 
Guidance & Nav igat ion F a u l t  

Tolerance OFP 
Guidance & ? lav igat ion F i l t e r  OFP 
Guidance E Navigat ion Mult i-Phase 

O ~ e r a t i o n s  OFP 
Guidance & Xavi g a t i o n  P r e f l i g h t  

Software OFP 
Guidance & Yav igat ion P o s t f l i g h t  

Software OFP 
Input /Output  Sox (105) Breadboard 

TSP 

D. W. G i l b e r t ,  JSC, 483-2381 
D. W.. G i l b e r t ,  JSC, 483-2381 
D. W .  G i l b e r t ,  JSC, 483-2381 
D. W. G i l b e r t ,  JSC, 483-2381 

D. H. G i l b e r t ,  JSC, 483-2381 

D. W. G i l b e r t ,  JSC, 483-2381 

D. W. G i l b e r t ,  JSC, 483-2381 

0. W. G i l b e r t ,  JSC, 483-2381 

D. W .  G i l b e r t ,  JSC, 483-2381 
D. W .  G i l b e r t ,  JSC, 483-2381 

D; W .  G i l b e r t ,  JSC, 483-2381 

D. W .  G i l b e r t ,  JSC, 483-2381 

D. W .  G i l b e r t ,  JSC, 483-2381 

Mass Memory TSP 4/74 
Nav iga t ion  T i3 ing ,  Sequencing and 3/75 

Cont ro l  OFP 
TAEM OFP 5/75 

0. W .  G i l b e r t ,  JSC, 483-2381 
0. W .  G i l b e r t ,  JSC, 483-2381 

D. W .  G i l b e r t ,  JSC, 483-2381 



Table 11. ADL Math Models 

FORMULATI ON 
COMPLETION 

CATEGORY NAME MODEL NAME DATE 

COCKPIT AND Angle/Surface Gimbal I n d i c a t o r  -- 
SIMULATOR Annunciator  D r i v e r  U n i t  PM .. - -- 
ENVIRONMENT AP-101 TSP 2/74 

D isp lay  Decoder D r i v e r  TSP 10/74 
D isp lay  E l e c t r o n i c s  U n i t  TSP 4/74 
D isp lay  U n i t  TSP . 4/74 
F l i g h t  Log Recorder - - 
Guidance & Nav iga t ion  Crew 2/74 

S t a t i o n  D isp lay  Processing 
Guidance k nlavi g a t i  on Dedicated -- 

D isp lay  Processing OFP 
Keyboard TSP 4/74 
R o t a t i o n  Hand C o n t r o l l e r  TSP 7/74 
Rudder Pedal Transducer Assembly 7/74 

TS P 
Speed Brake Hand C o n t r o l l e r  TSP 7/74 

(Continued) 

CONTACT PERSON, 
ORGANIZATION, PHONE 

D. W. G i l b e r t ,  JSC, 483-2381 
D. W. G i l b e r t ,  JSC, 483-2381 
D. W .  G i l b e r t ,  JSC, 483-2381 
D. W. G i l b e r t ,  JSC, 483-2381 
D. W. G i l b e r t ,  JSC, 483-2381 
D. W. G i l b e r t ,  JSC, 483-2381 
D. U. G i l b e r t ,  JSC, 483-2381 
D. W .  G i l b e r t ,  JSC, 483-2381 

D. W. G i l b e r t ,  JSC, 483-2381 

D. W.  G i l b e r t ,  JSC, 483-2381 
D. W.  G i l b e r t ,  JSC, 483-2381 
D. W.  G i l b e r t ,  JSC, 483-2381 

D. W. G i l b e r t ,  JSC, 483-2381 

ELECTRICAL- Aerosurface Servo A m p l i f i e r  TSP 7/74 D. W.  G i l b e r t ,  JSC, 483-2381 
MECIIANICAL Dual Aerosurface Servo A m p l i f i e r  7/74 D. W. G i l b e r t ,  JSC, 483-2381 
POWER TSP 
SYSTEMS 

OTHER Guidance & Nav iga t ion  Environment 3/75 D. W .  G i l b e r t ,  JSC, 483-2381 
Models 

Guidance & Flavigat ion Landing 3/75 D. W. G i l b e r t ,  JSC, 483-2381 
S i t e  and/or Way P o i n t  OFP 

I n p u t  Output  Processor #1 TSP 5/74 D. W. G i l b e r t ,  JSC, 483-2381 
S t a t e  Vector  OFP 7/75 D. W. G i l b e r t ,  JSC, 483-2381 

REFERENCE 
NUMBER 



Table 111. CSDD Math Models 

CATEGORY NAME MODEL NAME 

N4TURP.L Atmospheric Densi ty and 
EN\lT "n!l?lrklT Acoust ic  Ve loc i  t y  

G r a v i t y  
Runway Surface* 
Wind and G ~ ~ s t s  

V ~ H T ~ I  F Aerodynamic C o e f f i c i e n t s  
D V M A M ! ~ ~  Landing Gear 

E ~ ! l ~ T ! O ? l ~  OF Phys ica l  C h a r a c t e r i s t i c s  
MnTI Ohl Ro ta t iona l  Equaticns o f  

Motion 
Trans1 a t i c c s ?  !;cations 

o f  Mot ion 

CO?!k?U',!ICP.TIONS/ Accel erometzr 
P4l"!I C.!.T IV4/ ILS 
TP.~.::" Pressure /??t i?- t?r  
DE1!I CcS Radar A 1 t i r : r t r r  

TACAFI 

o l j ~ n n p n  Cont ro l  Sy;?:::: 
S n p  ! f i ~ . r  

mF=l S 

CnCYPiT 4PID Aural  C h a r a c t e r i 5 t i c s  
SJYl'LflTn9 Cockpi t  Gag" ,-!!ffers, 
EFl!i;Cnrjy~FlT I n d i  catc-: , ::.:: -.:hes, 

and Levcr? 
Scene Char?:t?ris?ics 

FORMULATION 
COMPLETIOFI CONTACT PE RSOPI , 

DATE ORGANIZATION, PHONE 

D. W .  G i l b e r t ,  JSC, 483-2381 

D. W .  G i l b e r t ,  JSC, 483-2381 
D. W .  G i l b e r t ,  JSC, 483-2381 
0. W .  G i l b e r t ,  JSC, 483-2381 

D. W .  G i l b e r t ,  JSC, 483-2381 
D. W .  G i l b e r t ,  JSC, 483-2381 

D. W .  G i l b e r t ,  JSC, 483-2381 
D. W. G i l b e r t ,  JSC, 483-2381 

D. W. G i l b e r t ,  JSC, 483-2381 

0. W. G i l b e r t ,  JSC, 483-2381 
D. W.  G i l b e r t ,  JSC, 483-2381 
0. W. G i l b e r t ,  JSC, 483-2381 
D. W. G i l b e r t ,  JSC, 483-2381 
D. W .  G i l b e r t ,  JSC, 483-2381 

D. W. G i l b e r t ,  JSC, 483-2381 

D. W .  G i l b e r t ,  JSC, 483-2381 
0. W. G i l b e r t ,  JSC, 483-2381 

D. W .  G i l b e r t ,  JSC, 483-2381 

REFEREKE 
NUMBER 

10 



Table I V .  OAS Math Models 

FORMULATION 
COMPLETIOI4 

DATE 
CONTACT PERSON, 

ORGANIZATION, PHONE 
REFERENCE 
NUMBER CATEGORY NAME WDEL NAME 

Atmosphere(see ~erodynamics )  
G r a v i t y  
Wind and Gust(see Aerodynamics) 

NATURAL 
EYVI ROYYEYT 

Operat iona l  
Operat iona l  
Operat iona l  

G. F. Prude, JSC, 483-5104 
G. F. Prude, JSC, 483-5104 
G. F. Prude, JSC, 483-5104 

PROPVLSIC)?I 
SYSTEMS 

React ion Con t ro l  System* Operat iona l  G. F. Prude, JSC, 483-5104 

VEHICLE 
DYhlAMICS 

Aerodynani cs* 
Dece le ra t ion  Sys tem 
Landing Gear* 

Operat iona l  
Operat iona l  
Operat i  cnal  

G. F. Prude, JSC, 483-5104 
G. F. Prude, JSC, 483-5104 
G. F. Prude, JSC, 483-5104 

A t t i t u d e  
Ro ta t iona l  Equations o f  Mot ion 
T r a n s l a t i o n a l  Equations o f  

Operat iona l  
Operat iona l  
Operat iona l  

G. F. Prude, JSC, 483-5104 
G. F. Prude, JSC, 483-5104 
G. F. Prude, JSC, 483-5104 

Mot ion 
Weights and Balances Operat iona l  G. F. Prude, JSC, 483-5104 

Accelerometers 
Microwave Landing System 
Rate Gyrcs 
TACAN 

Operat iona l  
Operat iona l  
Operat iona l  
Operat iona l  

G. F. Prude, JSC, 483-5104 
G. F. Prude, JSC, 483-5104 
ti. F. Prude, JSC, 483-5104 
G. F. Prude, JSC, 483-5104 

G. F. Prude, JSC. 483-5104 Aerosurface Con t ro l  Surfaces 
f see Aerodvnami cs) 

ONBOARD 
SOFT!IP.I?E 
MODELS 

Operat iona l  

A U ~  F l i g h t  kodes* 
F l i g h t  Cont ro l  System* 
TAEM 

Operat iona l  
Operat iona l  
Operat iona l  

Oper? t i  onz l  

G. F. Prude, JSC, 483-5104 
G. F. Prude, JSC, 483-5104 
G. F. Prude, JSC, 483-5104 

COCKPIT RID System Di ;:l ays 
SIMULATOR 
E N V I  ROMMEYT 

G. F. Prude, JSC, 483-5104 

* A d d i t i o n a l  In fo rmat ion  A v a i l a b l e  i n  Sect ion 5 



Table I V .  OAS Math Models (Continued) 

FORMULATION 
COMPLETION CONTACT PERSON, REFERENCE 

CATEGORY NAME MODEL NAME DATE ORGANIZATION, PHONE NUMBER 

ELECTRICAL- Aerosurface Actuators Operat ional  G. F. Prude, JSC, 483-5104 
MECHANICAL 
POWER 
SYSTEMS 

OTHER Parameter EOM* Operat iona l  G. F. Prude, JSC, 483-5104 7 

* Add i t i ona l  In fo rmat ion  Ava i lab le  i n  Sect ion 5 



Table V. FDSC Math Models 

CATEGORY NAME 

NATURAL 
ENVIRONMENT 

VEHICLE 
DYNAMICS 

SPECIALIZED 
VEHICLE 
DY :IAIIICS 

EQUATIONS OF 
MOTION 

COMMUNICATIONS/ 
NAVIGATION/ 
TRACKING 
DEVICES 

COCKPIT AND 
SIMULATOR 
EYVI RONMENT 

MODEL NAME 

A i r  Data, Wind and Wind Gusts 
Atmosphere 
G r a v i t y  

Main Landing Gear & Nosewheel 
Veh ic le  Aerodynamics 

Bending 
Slosh 
Ta i  1-Wags-Dog 

Equations o f  Motion 
Mass Proper t i es  ( O r b i t e r )  

A i r  Data Sensor 
Body Mounted Rate Gyro 
I MU 
Microwave Scan Beam Landing 

Sys tem 
Navaids 
Normal /Latcra l  Accelerometer 
T AC AN 

Scene Generat ion 

FORMULATION 
COMPLETION 

DATE 
CONTACT PERSON, 

ORGANIZATION, PHONE 

M. Moul, LRC, (804)827-3777 
M. Moul, LRC, (804)827-3777 
M. Moul, LRC, (804)827-3777 

M. Moul, LRC, (804)827-3777 
M. Moul, LRC, (804)827-3777 

M. Moul , LRC, (804)827-3777 
M. Moul, LRC, (804)827-3777 
M. Moul, LRC, (804)827-3777 

M. Moul, LRC, (804)827-3777 
M. Moul, LRC, (804)827-3Z77 

M. Moul, LRC, (804)827-3777 
M. Moul, LRC, (804)827-3777 
M. Moul, LRC, (804)827-3777 
M. Moul, LRC, (804)827-3777 

M. I loul ,  LRC, (804)827-3777 
M. Moul, LRC, (804)827-3777 
M. Moul, LRC, (804)827-3777 

M. Moul, LRC, (804)827-3777 

REFERENCE 
NUMBER 



T a b l e  V I .  SDL Math Models 

FORMULATION 

CATEGORY NAME WDEL NAME 
COMPLETION 

DATE 

NATURAL A n a l y t i c a l  *Ephemeris Genera to r  - - 
ENVIRONMENT A t m o s ~ h e r e  12/73 

~ ~ h e m ' e r i s  
G r a v i t y  & Obla teness * 
Grav i  t v  G r a d i e n t  
S t a r  ~ B b l e s  - - 
Sun-Moon-Earth Ephemerides - - 
T e r r a i n  12/73 
Wind and Gus t *  12/73 

PROPULSION MPS Engines 
SYSTEMS OMS Engines 

RCS Engines 
SRB Engines 

VEHI CLE Aerodynamics* 
DYNAMICS Landing & D e c e l e r a t i o n  System* 

T a r g e t  Oynami cs 

SPECIALIZED E l a s t i c  Body Bending 
VEHICLE DYNAMICS S losh  

EQUATIONS OF Equat ions o f  M o t i o n - R o t a t i o n a l  * 
W W  

MOTION Equat ions o f  Mo t ion -T rans la -  - m t i o n a l *  
x 5. Mass P r o p e r t i e s  * 
u" 2. 

o Numer ica l  I n t e g r a t o r s  
d = 
w 
.4 - 

CONTACT PERSON, 
ORGANIZATION, PHONE 

-- 
J.  C. K i r k p a t r i c k ,  JSC, 483-3532 

- - 
B. F. C o c k r e l l ,  JSC, 483-6181 

- - 
- -  

E. W .  Henry, JSC, 483-6182 
R. T. Save ly ,  JSC 483-4366 
W .  M. B o l t ,  JSC, 483-6347 

0. H i  11, JSC, 483-4418 
J. V. West, JSC, 483-5944 

-- 

P. M is ra ,  TRW, 333-3133 
P. Misra ,  TRW, 333-3133 

T. J. Smith,  TRW, 333-3133 
- - 

REFERENCE 
NUMBER 

* A d d i t i o n a l  I n f o r m a t i o n  A v a i l a b l e  i n  S e c t i o n  5 



Tab le  V I .  SDL Math Models (Cont inued)  

CATEGORY NAME MODEL NAME 

COMMUNICATIONS/ A i r  Data Sensors 
NAVIGATION/ A i r  T r a f f i c  C o n t r o l  N a v i -  
TRACKING g a t i o n  A i d  
DEVICES B a r o n ~ e t r i c  A l t i m e t e r  

I n e r t i  a1 Measurement U n i t *  
Microwave Land ing  System 
Mu1 t i p l e x e r / D e m u l  t i p l e x e r  
Nor rna l /La te ra l  Acce l  eronieters* 
One-Way Dopp le r  
O p t i c a l  Sensor 
Radar A l t i ~ n e t e r  
Rate Gyros * 
Rendezvous Radar 
Sensor S i t e s / R e f e r e n c e  

E l  l i p s o i d  
Space Ground L i n k  System 
S t a r  T r a c k e r  
T a c t i c a l  A i r  INav iaat ion < 

T a r q e t  Sensor 
VH F"  
VHF Oinni -Range 

FORMULATI ON 
COMPLETION 

DATE 
CONTACT PERSON, 

ORGANIZATION, PHONE 

J. V. West, JSC,, 483-5944 
- -  

J .  V .  West, JSC, 483-5944 
J .  R. Thibodeau, JSC, 483-6182 
P .  T. P i x l e y ,  JSC, 483-4366 - -  
A. J .  Dordano, JSC, 483-4491 - - 

- - 
A. J .  Bordano, JSC, 483-4491 -- 

-- 
- - 

P. T. P i x l e y ,  JSC, 483-4366 
- -  
- - 
- -  

ONBOARD SOFTWARE Aerodynaii i ic C o n t r o l  Surfaces * 12/73 J. V .  West, JSC, 483-5944 
MODELS Co~i imunicat ions Antenna S w i t c h  -- - -  

L o g i c  
Data A c q u i s i t i o n  and C o n t r o l  1/74 

B u f f e r  
Engine In ter face/MPS Engine - - 

C o n t r o l l e r  
Events  C o n t r o l l e r  12/73 
I n p u t / O u t p u t  Bus 1 /74 

REFERENCE 
NUMBER 

* A d d i t i o n a l  I n f o r m a t i o n  A v a i l a b l e  i n  S e c t i o n  5 



CATEGORY NAME 

ONBOARD SOFTWARE 
MODELS (CONT. ) 

PAYLOAD 
ACCOMMODAT I ON 
AREA 

COCKPIT AND 
SIMULATOR 
ENVIRONMENT 

THERMAL AND 
ENVIRONMENTAL 
CONTROL 
AND LIFE 
SUP PORT 
SYSTEMS 

ELECTRICAL- 
MECHANICAL 
POWER SYSTEMS 

MODEL NAME 

Table V I .  SDL Math Models (Continued) 

Intercomputer I n t e r f a c e  
Channels 

Mass Memory 
Master Timing 
Performance Mon i to r ing  Sys tem 
React ion J e t  D r i v e r  
Th rus t  Vector  Cont ro l  D r i v e r  

Manipulator  

Cockp i t  Displays 
Crew Simula t ion 
Disp lay  E l e c t r o n i c s  U n i t /  

Cathode Ray Tube 
Keyboard 
Manual Cont ro ls  
Recorder Cont ro ls  

Environmental Cont ro l  and 
L i f e  Support System 

Thermal P r o t e c t i o n  System 

E l e c t r i c a l  Power System 
Pyrotechnics 

FORMULATION 
COMPLETION 

DATE 
CONTACT PERSON, 

ORGANIZATION, PHONE 

- - 
B. F. Cockre l l ,  JSC, 483-6181 -- 

REFERENCE 
NUMBER 



CATEGORY NAME MODEL NAME 

Table V I .  SDL Math Models (Continued) 

OTHER Conic Routines 
Coordinate Systems and Trans- 

format ions:  Non-Vehi c l e  
Dependent 

Coordinate S y s t e m  and Trans- 
format ions : Vehic le  Depen- 
dent 

Ear th  R e l a t i v e  Vector 
O r b i t a l  Parameters 
Re f rac t ion  Cor rec t ion  o f  

Electromagnet ic Waves 

FORMULATION 
COMPLETION 

DATE 
CONTACT PERSON , REFERENCE 

ORGANIZATION, PHONE NUMBER 

- - 2 
J. 0 .  Will iamson, JSC, 483-3278 2 

J. B. Wil l iamson, JSC, 483-3278 2 



Table V I I .  SDSS Math Models 

CATEGORY NAME MODEL NAME 

NPTURAL A i r  Densi ty 
EYVI RCNMENT A i r  Pressure 

Ear th  C h a r a c t e r i s t i c s  
G r a v i t a t i o n a l  Gradient  
G r a v i t y  P o t e n t i a l  
Runway Topography 
Speed o f  Sound 
Sun Angle 
Turbulence 
Winds 

PROPULS IOY O r b i t a l  Manexs r  System 
SYSTE'IS Reaction C z s t r c l  System 

S o l i d  Rocket 900s t e r s  
Space S h u t t l e  ? la in  Engine 

VEEICLE Body Dynamics Ro ta t iona l  
DYNAMICS Body Dynamics T r a n s l a t i o n a l  

R i g i d  Body Aerodynamics 
R o l l o u t  Forces 8 Moments 
T h i r d  Body Dynamics 

SPEC:ALIZED Bending 
VEHICLE F l e x i b l e  Eody P,erodynami cs 
DYNAMICS Separat ion I n f l u e n c e  C o e f f i c i e n t  

Slosh 
Ta i  1-Wags-Dog 

EQI.IFT!(\NS OF D i r e c t i o n  Ccrine: 
MOTIO?! Eu le r  Angle Generation 

I n t e g r a t i o n  \ Prcd i  c t o r s  
Mass Proper t i es  
Mass V a r i a t i o n  
Moments 

FORMULATION 
COMPLETION 

OAT E 
CONTACT PERSON , 

ORGANIZATION, PHONE 

D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 

D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 

D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 

D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 

D. G i l b e r t ,  JSC, 48312381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 

REFERENCE 
NUMBER 



SDSS Math Models (Continued) 

CATEGORY NAME MODEL NAME 

COMMUNICATION/ Accelerometer-Body Mounted 
NA\lIGATION/ Ins t rument  Landing System 
TRACVIYE DEVICES I n e r t i a l  Measurement U n i t  

P r e c i s i o n  Ranging 
Radio A1 t i m e t e r  
S t a r  Sensor/Tracker 
TACAN 

OFI?OP,RD SCFT- Approach and L x d i n g  
WAPF XO~E:S (Auto1 and) 

Atmospheric F l i g h t  Con t ro l  
System 

Boost 
Boost  Abor t  
DAP Execut ive  
DAP Librar.y 
D e o r b i t  Guidance and 

Nav iga t ion  
E n t r y  Cont ro l  System 
Guidance Execut ive  
Guidance L i b r a r y  
Main Engine Thrus t  Vector  

Con t ro l  
OMS-Thrust Vector  Cont ro l  
On-Orbi t RCS Con t ro l  
O r b i t a l  Powered F l i g h t  
Performanre ??or,i t o r i n g  

Sys tern 
Rendevous !ki dance and 

N a v i g a t i c n  
R o l l o u t  ( ? j ~ t o l  and) 
Terminal hr"a Enzrgy 

M a n a g e ~ m t  

FORMULATI OM 
COMPLETION CONTACT PERSON, 

DATE 0RGANIi:ATION , PHONE 

D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JljC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 

D. G i l b e r t ,  JSC, 483-2381 

D. G i l b e r t ,  JSC, 483-2381 

D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-23R1 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t .  JSC, 483-2381 

D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 

D. G i l b e r t .  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. ~ i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 

D. G i l b e r t ,  JSC, 483-2381 

D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 

REFERENCE 
NUMBER 



Table V I I .  SDSS Math Models (Continued) 

CATEGORY NAME 

PAYLOAD 
ACCOMNDATION 
AREA 

COCKPIT AND 
SIYIJLRT9R 
ENVI R'1NW.?IT 

ELECTRICAL- 
MECHAV I CAI. 
POWER SYSTEMS 

MODEL NAME 

Manipu la tor  A r m  Dynamics 
Manipu la tor  Motors 
Payload Handler 
Payload Handl ing (Manipu la tor )  
Payload Mon i to r  

C e l e s t i a l  Sphere D r i v e  Disp lay  
Ear th  Dr i vn  Disp lay  
Gimbal D r i v e  %:play 
Hor izon P isp lay  
Manipu la tor  Arms Disp lay  
Probe D r i v e  !l isplay 
S t a r  Tracker D isp lay  
Sun D isp lay  
V isua l  Scene Generator D r i v e  

E l e c t r o n i c  Exp los ive  Devices 
Elevons Ac tua to r  
Landing Gear Ac tua to r  
Nosewheel S t c c r i n g  Ac tua to r  
OMS Ac tua to r  
Payload Docr P.ctuator 
RCS J e t  Door Actuator  
Rudder Ac tua to r  
Speed Brake Ac tua to r  
SR8 A c t u a t c r  
SSME Ac tua to r  

FORMULATION 
COMPLETION 

DATE 
CONTACT PERSON 

ORGANIZATION, PHONE 

D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 

D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 

D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
0. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 
D. G i l b e r t ,  JSC, 483-2381 

REFERENCE 
NUMBER 



Table V I I I .  SMS Math Models 

CATEGORY NAME MODEL NAME 

NATURAL Atmosphere (see Aerodynamics) 
ENVIRONMENT Wind and Gust (see Aerodynamics) 

C e l e s t i a l  Body D i r e c t i o n *  
Ear th  O r i e n t a t i o n *  
T e r r a i n  (see Navaids Radar 

A1 t i m e t e r  Subsystem) 

PROPULSION Main Engine Subsystem* 
SYSTEMS O r b i t a l  Maneuvering 

Subsystem* 
React ion Control  Subsystem* 
S o l i d  Rocket Motors 

Subsystem* 

VEHICLE 
DYNAMICS 

Aerodynamics-Shutt le* 
A e r o f l  i g h t  Aerodynamics - 

Target  Vehic le* 
Drag Chute Subsystem* 
Landing Gear Subsystem* 
S p a c e f l i g h t  Aerodynamics- 

Target  Vehic le* 

SPECIALIZED Bending 
VEHICLE Docking Subsystem* 
DYNAMICS Slosh 

. - . . . . . - . . . . . . 
COI.1PLETION 

DATE 
CONTACT PERSON, 

ORGANIZATION, PHONE 

C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC. 483-2481 
C. C. Olasky, JSC, 483-2481 

C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 

C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 

C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 

C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 

- -  C. C. Olasky, JSC, 483-2481 -- C. C. Olasky, JSC, 483-2481 
- - C. C. Olasky, JSC, 483-2481 

REFERENCE 
NUMBER 

* A d d i t i o n a l  In fo rmat ion  A v a i l a b l e  i n  Sect ion 5 



SMS Math Models (Continued) 

CATEGORY NAME MODEL NAME 

EQUATIONS Mass Proper t i es -Shu t t l e *  
OF MOTION Mass Proper t ies-Target  Vehic le* 

Ro ta t iona l  EOM and A t t i t u d e  
Control  -Target  Vehic le* 

Ro ta t iona l  EOM-Shuttle* 
T r a n s l a t i o n a l  EOM & Propuls ion- 

Target  Vehic le* 
T r a n s l a t i o n a l  EOM-Shuttle* 

COMMUNICATION/ A i r  Data Subsystem* 
NAVIGATION/ Body Accelerometers Subsystem* 
TRACKING DCS Subsystem 
DEVICES IMU Subsystem* 

Ravaids ATC Transponder 
Subsystem 

Navaids ILS Subsystem 
Navai ds MLS Subsystem 
Navaids Radar A l t i m e t e r  

Subsystem* 
Rate Sensors Subsystem* 
Rendezvous Radar Subsystem* 
S-Band Communications 

Subsys tern 
S t a r  Tracker Subsystem* 
TLM Subsystem 
UHF Comunicat ions Subsystem 
VHF Comunicat ions Subsystem* 
Wide Band Data L i n k  Subsystem 

CONTACT PERSON, 
ORGANIZATION, PHONE 

C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 

C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 

C. C. Olasky, JSC, 483-2481 

C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 

C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, 'JSC, 483-2481 

C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 

C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 

REFERENCE 
NUMBER 

* A d d i t i o n a l  In fo rmat ion  A v a i l a b l e  i n  Sect ion 5 



Table V I I I .  SMS Math Models (Continued) 

FORMULATION 

CATEGORY NAME MODEL NAME 

ONBOARD Aerosurface Cont ro l  Subsystem* 
SOFTWARE Ex te rna l  Tank Subsystem 
MODELS MPS TVS Subsystem* 

OMS TVC Subsystem* 
SRM TVC Subsystem 
Target  Veh ic le  Guidance and 

Cont ro l  Subsystem* 

PAYLOAD Pay1 oad Attachment Subsystem 
ACCOMMODATION Payload Bay Doors Subsystem 
AREA Payload I l l u m i n a t i o n  Subsystem 

Payload Manipu la tor  Subsystem* 
Payload TV Subsystem 

COCKPIT AND Advanced T r a i n i n g  
SIMULATOR Aural  Cue 
ENVIRONMENT Caut ion & Warning Subsystem* 

CRT I n t e r a c t i v e  Processor 
CRT Pages 
Data Recording 
I n s t r u c t o r  Aids 
In tercom Swi tch ing  Subsystem 
Master Cont ro l  
Master Timing 
MCC I n t e r f a c e  TLM, DCS, 

T r a j e c t o r y  I n t e r f a c e  
Mot ion 
Operat iona l  Ins t rumentat ion*  
Real-Time Input /Output  
Recorder Cont ro l  Log ic  Subsystem 

COMPLETION 
DATE 

CONTACT PERSON, 
ORGANIZATION, PHONE 

C. C. Olasky,  JSC, 483-2481 
C. C. Olasky,  JSC, 483-2481 
C. C. Olasky,  JSC, 483-2481 
C. C. Olasky,  JSC, 483-2481 
C. C. Olasky,  JSC, 483-2481 
C. C. Olasky:, JSC, 483-2481 

C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 

C. C. Olasky, JSC. 483-2481 
C. C. Olasky. JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C .  C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C.  Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 

C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 
C. C. Olasky, JSC, 483-2481 

REFERENCE 
NUMBER 

* A d d i t i o n a l  In fo rmat ion  Ava i lab le  i n  Sec t ion  5 



SMS Math Models (Cont inued)  

CATEGORY NAME 

COCKPUT AND 
SIMULATOR 
ENVI ROtItIENT 
(CONTINUED) 

THERMAL AND 
ENVIRflYMEhlTAL 
CONTROL ?ID 
LIFE SUPPORT 
SYSTEM 

ELECTRICAL- 
MECuANICAL 
PWER 
SY STEPIS 

MODEL NAME 

Supplementary C o n t r o l  f o r  IOS 
Supplementsry D i s p l a y  f o r  IOS 
Synchronous S i m u l a t i o n  Program 

Processor  
V i s u a l  A f t  
V i s u a l  Fc~ : t s rd  
Vo ice  Recorder 

Env i ronmenta l  C o n t r o l  
Thermal C o n t r o l  Subsystem * 
Thermal P r o t e c t i o n  Subsystem* 

Aux i  1 i a r y  Power Subsystem 
E l e c t r i c a l  Power Subsystem* 
t l y d r a u l i c  Pm'rer Subsystem* 

FORMULATION 
COMPLETION CONTACT PERSON, 

DATE ORGANIZATION, PHONE 

-- C. C .  Olasky,  JSC, 483-2481 -- C. C. Olasky, JSC, 483-2481 
- - C. C. O lasky,  JSC, 483-2481 

- - C. C. Olasky, JSC, 483-2481 
- -  C. C. Olasky, JSC, 483-2481 
-- C. C. Olasky,  JSC, 483-2481 

-- C. C. Olasky,  JSC, 483-2481 
-- C. C. Olasky,  JSC, 483-2481 
-- C. C. Olasky,  JSC, 483-2481 

-- C .  C. Olasky, JSC, 483-2481 
-- C. C. Olasky, JSC, 483-2481 
-- C. C .  Olasky,  JSC, 483-2481 

REFERENCE 
NUMBER 

* A d d i t i o n a l  I n f o r m a t i o n  A v a i l a b l e  i n  S e c t i o n  5 



Tab le  I X .  SSFS Math Models 

CATEGORY I4AME 

NATURAL 
ELIVI RONMEIIT 

MODEL NAME 

ATM4* 
ATMS* 
GGT1 * 
GRAVZ* 
GRAV3* 
POSSUM* 
WItI03* 
IdIIdD4* 
WINDS* 
IiIFID6* 
llIIID7* 

RCS13* 
RCS 1 5* 
RCS 16* 

FORMULATION 
COMPLETION 

DATE 

Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Operat ional  

Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  

Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Ope ra t i ona l  

CONTACr PERSON, 
ORGANIZATION, PHONE 

J .  E .  Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 33304875 
J. E. Vinson, Lockheed, 333-4875 
J .  E. Vinson, L ~ ~ c k h e e d ,  333-4875 
J .  E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Locklieed, 333-4875 
J .  E. Vinson, Lockheed, 333-4875 
J .  E. Vinson, Lockiieed, 333-4875 
J. E .  Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 

J .  E. Vinson, Lockheed, 333-4875 
J .  E. Vinson, Lockheed, 333-4875 
J .  E.  Vinson, Lockheed, 333-4875 
J .  E. Vinson, Lockheed, 333-4875 
J .  E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J .  E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4.875 
J. E. Vinson, Lockheed, 333-4875 
J .  E.  Vinson, Lockheed, 333-4875 
J. E .  Vinson, Lockheed, 333-4875 

J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J .  E. Vinson, Lockheed, 333-4875 
J. E .  Vinson, Lockheed, 333-4875 

REFERENCE 
NUMBER 

11 
11 
11 

* A d d i t i o n a l  I n f o r f l a t i o n  A v a i l a b l e  i r :  S e c t i o n  5 



SSFS Math Models (Cont inued) 

CATEGORY NAME MODEL NAME 

SPECIALIZED VEHICLE BENDl* 
DYNAMICS SLSHl* 

Ta i  1-Wags-Dog 
(see TVC3) 

EQUATIONS ATERP 
OF MOTION AVEHl* 

AVEHZ* 
AVEHS* 
AVEHb* 
AVEHIZ* 
AVEH13* 
AVEH14* 

MASSS* 
MASS16* 
MASS1 7* 
MASS1 8* 
m s s 1  Y* 
MASS20* 
MASS21 * 
MASS23* 
MASS24* 
PVEHl* 
TRAJMT* 
TRJMTD* 

FORMULATIOH 
COMPLETION 

DATE 

Operat ional  
Opera t iona l  
Opera t iona l  

Opera t iona l  
Operat ional  
Operat ional  
Operat ional  
Operat ional  
Opera t iona l  
Operat ional  
Operat ional  
Opera t iona l  
Operat ional  
Opera t iona l  
Operat ional  
Opera t iona l  
Operat ional  
Opera t iona l  
Operat ional  
Operat ional  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Operat ional  

CONTRACT PERSON, 
ORGANIZATIOt4, PHONE 

J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 

J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J.  E. Vinson, Lockheed, 333-4875 
J .  E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J.  E. Vinson, Lockheed, 333-4675 
J.  E. Vinson, Lockheed, 333-4875 
J.  E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 

REFERENCE 
NUMBER 

* A d d i t i o n a l  I n f o r m a t i o n  A v a i l a b l e  i n  Sec t i on  5 



CATEGORY NAME MODEL NAME 

COMMUN ICATIO!.lS/ IMU3* 
NAVIGATIOI4/ 
TRACKING DEVICES 

IMUE* 
LNDAZ* 

ONBOARD 
SOFT\.IARE 
MODELS 

OTHCR 

ACSl l *  
ACSlZ* 
ACS 1 3* 
ACS 14* 
DELVTZ* 
ORBITR* 
TVCZ* 

APIC* 
CECIP,P 
EULER 
EULERD* 
EXTRCT 

Table  I X .  SSFS Math Models (Cont inued)  

FORMULATIOh 
COMPLETION 

DATE 

O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  

O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  

O p e r a t i o n a l  
O p e r a t i o n a l  
Opera t iona l  
O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  

CONTACT PERSON, 
ORGAI4IZPTIOI!, PHOIIE 

J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4G75 
J. E. Vinson, Lockheed, 333-4875 

J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, L.ockheed, 333-4875 
J. t .  Vinson, 1-ockheed, 553-SC7E 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, i.ockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4375 
J. E. Vinson, Lockheed, 333-4875 

J. E. Vinson, Lockheed, 333-4875 
J .  E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 
J .  E. Vinson, Lockheed, 333-4875 
J. E. Vinson, Lockheed, 333-4875 

REFERENCE 
NUMBER 

* A d d i t i o n a l  I n f o r m a t i o n  A v a i l a b l e  i n  S e c t i o n  5 



Table X. SVDS Math Models

FORMULATION
COMPLETION CONTACT PERSON, REFERENCE

CATEGORY NAME MODEL NAME DATE ORGANIZATION, PHONE NUMBER

NATURAL AROCAL* Operational Ernest M. Fridge,III, JSC, 483-3532 12
ENVIRONMENT ATMOS* Operational Ernest M. Fridge,III, JSC, 483-3532 12

ATMSPL* Operational Ernest M. Fridge,III, JSC, 483-3532 12
GRAVTY* Operational Ernest M. Fridge,III, JSC, 483-3532 13

PROPULSION MAENG* Operational Ernest M. Fridge,III, JSC, 483-3532 15
SYSTEMS RCSENG* Operational Ernest M. Fridge,III, JSC, 483-3532 16

THROTL* Operational Ernest M. Fridge,III, JSC, 483-3532 17

VEHICLE AERORD* Operational Ernest M. Fridge,III, JSC, 483-3532 12
DYNAMICS ARODYN* Operational Ernest M. Fridge,III, JSC, 483-3532 12

ARO3Sl* Operational Ernest M. Fridge,III, JSC, 483-3532 12
AR03S6* Operational Ernest M. Fridge,III, JSC, 483-3532 12
EQCOM* Operational Ernest M. Fridge,III, JSC, 483-3532 13

SPECIALIZED BEND* Operational Ernest M. Fridge,III, JSC, 483-3532 12
VEHICLE CONTAC* Operational Ernest M. Fridge,III, JSC, 483-3532 12
DYNAMICS GRSHOP* Operational Ernest M. Fridge,III, JSC, 483-3532 13

LINKS* Operational Ernest M. Fridge,III, JSC, 483-3532 14
PLUME* Operational Ernest M. Fridge,III, JSC, 483-3532 15
SLOSH* Operational Ernest M. Fridge,III, JSC, 483-3532 16

EQUATIONS OF INTEGR* Operational Ernest M. Fridge,III, JSC, 483-3532 14
MOTIONS ROTDER* Operational Ernest M. Fridge,III, JSC, 483-3532 16

TDER1* Operational Ernest M. Fridge,III, JSC, 483-3532 17
TRNDER* Operational Ernest M. Fridge,III, JSC, 483-3532 17
VARMAS* Operational Ernest M. Fridge,III, JSC, 483-3532 17

COMMUNICATIONS/ ALTIMB* Operational Ernest M. Fridge,III, JSC, 483-3532 24
NAVIGATION/ ALTIMR* Operational Ernest M. Fridge,III, JSC, 483-3532 24
TRACKING GLOAD* Operational Ernest M. Fridge,III, JSC, 483-3532 13
DEVICES PLATFM* Operational Ernest M. Fridge,III, JSC, 483-3532 24

RNDPLT* Operational Ernest M. Fridge,III, JSC, 483-3532 24
TVPLT* Operational Ernest M. Fridge,III, JSC, 483-3532 24
VSINSD* Operational Ernest M. Fridge,III, JSC, 483-3532 24

* Additional Information Available in Section 5



Table X. SVDS Math Models (Cont inued) 

CATEGORY NAME MODEL NAME 

OMP04RP SOFTWARE ACMEAS 
MODELS AZTTAR* 

BURN 
C I  R C  
CONGI D 
CONSTG 
DAP * 
DAP3D 
DAP509 
DEO RB 
FILTER 
GDALGN 
GDORI 
GIMBAL 
GTIIRN* 
GUID 
LAGS 
LANDAP 
NAV 
OBERR 
PHSPLN 
PHZPLN* 
RANGF 
SOBP 
SEPD 
STEER* 
SURCDN* 
VARG I D 

FORMULATION 
COMPLETION 

DATE 

Operat iona l  
Ooera t iana l  
Opera t i  on21 
Operat iona l  
Opera t iona l  
Opera t inna l  
Opera t iona l  
Opera t iona l  
Opera t iona l  
Opera t i  ?n? l  
Operatioo31 
Operat inna l  
Opera t i  ?ac l  
Onera t i  m a ?  
O ~ e r a t i a n a l  
Opera t i  m a 1  
Operat inna l  
O ~ e r a t i o n a l  
Opera t i  nn?.l 
Opera t iqna l  
O p e r ? t i  cqal  
Oper?.t i  c? 21 
Operat iona l  
Opera t iona l  
Ooera t i  :rial 
Opera t i ona l  
Opera t iona l  
Opera t iona l  

E rnes t  
E rnes t  
E rnes t  
E rnes t  
E rnes t  
E rnes t  
Ernest  
Ernest  
Ernest  
Ernest  
E rnes t  
E rnes t  
E rnes t  
E rnes t  
E rnes t  
E rnes t  
E rnes t  
Ernest  
Ernest  
Ernest  
E rnes t  
E rnes t  
E rnes t  
E rnes t  
E rnes t  
Ernest  
E rnes t  
Ernest  

Fr idne,  
F r i  c!,:e, 
Fr idne,  
Fr idge , 
Fr idge,  
Fr idge,  
Fr idge,  
F r idge ,  
F r i  c'ge , 
Fr idge ,  
Fr idge,  
F r idgc ,  
F r idse ,  
Fr idge,  
F r i  cige, 
Fr idge,  
F r idge ,  
Fr idge,  
Fr idge,  
F r i  tlqc, 
F r i  fige, 
F r i  d ~ e ,  
F r i  d q e ,  
Fr idge,  
F r i  dye, 
Fr idge,  
F r i  d p ,  
F r i d g e  , 

JSC , 
JSC, 
JSC, 
JSC, 
JSC, 
JSC, 
JSC, 
JSC, 
JSC, 
JSC, 
JSC. 

~ * 
JSC, 
JSC, 
JSC, 
JSC, 
JSC. 

JSC, 
JSC, 
JSC, 
LJSC, 
JSC, 
JSC. 
JSC, 
JSC, 
JSC, 
JSC, 
JSC, 

REFERENCE 
NUMBER 

* A d d i t i o n a l  I n f o r m a t i o n  A v a i l a b l e  i n  Sec t i on  5 



Tab le  X. SVDS Math Models (Cont inued) 

CATEGORY NAME 

TFERMAL AbID 
ENVI '9MME%!TAL 
CONTROL AND 
LIFE SUPPORT 
SYSTEMS 

ELECTRICAL- 
MZC!lAl!ICAL 
Pnl:!ER 
SYSTEMS 

MODEL NAME 

AELTPS 
HTRATE 
RE 
SUPORT 
T I  
TPS' 
I.JI I4SL 
WSKIN 

GMDACT * 
SUP.COFI 

FORMULATION 
COMPLETION 

DATE 

Opera t i cna l  
Operat ions1 
Opernt icn-1 
Opera t i caa l  
Operat icn3: 
O p e r a t i r n c l  
Opera t iona l  
Opera t iona l  

CONTACT PERSON, 
ORGANIZATION, PHONE 

E rnes t  M. F r idge ,  111, JSC, 483-3532 
Ernes t  M. F r idge ,  111, JSC, 483-3532 
E rnes t  M. F r idge ,  111, JSC, 483-3532 
E rnes t  M. F r idge ,  111, JSC, 483-3532 
E rnes t  M. F r idge ,  111, JSC, 483-3532 
E rnes t  M. Fr idge,  111, JSC, 483-3532 
E rnes t  M. F r idge ,  111, JSC, 483-3532 
E rnes t  M. F r idge ,  111, JSC, 483-3532 

REFERENCE 
NUMBER 

Opera t iona l  E rnes t  M. F r idge ,  111, JSC, 483-3532 13 
Opera t iona l  E r n e s t  M. Fr idge,  111, JSC, 483-3532 16 

* A d d i t i o n a l  I n f o r m a t i o n  A v a i l a b l e  i n  Sec t ion  5 



Tab le  X I .  SLS Math Models 

CATEGORY TJAT1E 

NATURAL 
ENVI RO!lMEFIT 

PROPULSIOII 
SYSTEFIS 

EOUATIOllS OF 
F;OTIOII 

COKMUIII CATIOiIS/ 
NAVIGATION 
TRACKIIIG DEVICES 

O>jCOARD SOFTilARL: 
MODELS 

MODEL NAME 

ELLPSOID 
OULTGRAV* 
OTH RE DY S 
REFTOFIX* 

ACPS* 
OMS THRUST* 

?$ASSPROP* 
TARGET* 

DOPPLER 
I?lU4GIM* 
RRADAR* 
STARTRAK* 

* A d d i t i o n a l  I n f o r m a t i o n  A v a i l a b l e  i n  S e c t i o n  5 

FORMULATI ON 
COMFLETIOII 

DATE 

O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  

O p e r a t i o n a l  
O p e r a t i o n a l  

O p e r a t i o n a l  
O p e r a t i o n a l  

O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  
O p e r a t i o n a l  

CONTACT PERSON, 
ORGANIZPTION, PHONE 

REFERENCE 
NUMBER 

Lance Drane, Draper  Lab, (617)258-1178 28 
Lance Drane, Draper  Lab, (61 7)258-1178 28 
Lance Drane, Draper  Lab, (617)258-1178 28 
Lance Drane, Draper  Lab, (617)258-1178 28 

Lance Drane, Draper  Lab, (617)258-1178 28 
Lance Drane, Draper  Lab, (617)258-1178 28 

Lance Drane, Draper  Lab, (617)258-1178 28 
Lance Drane, Draper  Lab, (61 71258-1178 28 

Lance Drane, Draper  Lab, (617)258-1178 28 
Lance Drane, Draper  Lab, (617)258-1178 28 
Lance Drane, Draper  Lab, (617)258-1178 28 
Lance Drane, Draper  Lab, (617)258-1178 28 

N 
N 

O p e r a t i o n a l  Lance Drane, Draper  Lab, (617)258-1178 28 TU 



7.0 SIMULATION SCHEDULE DATA 

The i n f o r m a t i o n  presented i n  t h i s  s e c t i o n  cons is ts  o f  model schedule 
data. The s e c t i o n  i s  arranged by s i m u l a t i o n ,  i n  a l p h a b e t i c a l  o rde r ,  then 
by categor.y, and f i n a l l y  by model name. The t ime i n t e r v a l s  a re  d i v i d e d  
i n t o  calendar year  quar ters .  Scheduled and completed model i n f o r m a t i o n  i s  
presented f o r  so f tware requirements, development, and models which a re  
opera t iona l .  

Rev is ion 1  
31 May 1974 



ADL MATH IIODELS 

E;)UATIOIIS OF I.1OTIO:I Guidance 2 : l a v i g a t i o ~ i  A t t i t u d e  and 
P o i n t i n g  ?FP 

Guida:~ce and l l a v i a a t i o n  Propaga t ion  
0  FP 

C311:IU.'IICfl,TICNS/ :\cceleromet.?r Assembly TSP 
:!AVIGATIO:I/TRAC':I'!~: A i r  Cata Transducer  Asembly TSP 
DZVICES Guidance C, i l a v i g a t i o n  Geacon 

Search and : l a v i g a t i o n  Sensor 
P o i n t i n g  OFP 

I n e r t i a l  : leasurenent U n i t  A l i gnment  
'1 FP 

I n e r t i a l  ;ieasurernent U n i t  C a l i b r a -  
t i o n  rJFP 

I n e r t i a l  : leasurenent  U n i t  P rocess ing  
0FP 

I n e r t i a l  ;leasurement U n i t  TSP 
'1icra:rave Scau Sean Landing System 

TS P . . . 

I l u l  t i p l e x e r / D e n u l  t i p l e x e r  Gread- 
board  TSP 

'lultiplexczr/Demultiplexer P r o t o t y p e  
TSP 

P i ~ l s e  Cod? ' l o d u l a t i o n  \ l as te r  TSP 
? a t e  Gyro i \ssembly TSP 

TACAl Process ing  OFP 
TACK4 T j P  



CATEGORY NAME 

OHBOARD SOFTWARE 

AOL MATH MODELS (Cont inued) 

MODEL NAME 

Engine I n t e r f a c e  U n i t  TSP 
E l i g h t  Computer Opera t ing  System Of  
F l i g h t  Con t ro l  Cru ise  OFP 

F l i g h t  Con t ro l  F a u l t  To lerance OFP 
F l i g h t  Con t ro l  Landing OFP 
F l i g h t  Con t ro l  TAEM OFP 
F l i g h t  Con t ro l  Takeo f f  OFP 
Guidance & i l a v i g a t i o n  Approach/ 

Landing (Auto land)  OFP 
Guidance & i j a v i g a t i o n  Area Naviga- 

t i o n  OFP 

Guidance & J a v i g a t i o n  Con t ro l  
Process ing 

Guidance & Nav iga t i on  C ru i se  
( H o r i z o n t a l  R Fe r r y )  F l i g h t  OFP 

Guidance & Yav i ga t i on  F a u l t  
To lerance OFP 

Guidance & l l a v i g a t i o n  F i  1  t e r  OFP 
Guidance & J a v i g a t i o n  Mul t i -Phase 

Operat ions OFP 
Guidance & ; l a v i ga t i on  P r s f l i g h t  

Sof tware OFP 

Guidance & i j a v i g a t i o n  P o s t f l i g h t  
Sof tware OFP 

Inpu t /Outpu t  Box (105) Breadboard 
TS P 

;lass Tlemory TSP 

Plav igat ion Timing, Sequencing and 
Con t ro l  OFP 

TAEM {IFP 

3-Requi rements , D-Devel opment, 0 -Opera t iona l  , A-Scheduled, A-Co:npleted 



ADL MATH MODELS (Cont inued)  

CATEGORY YAME I,lODEL NAME 

COCKPIT &VD SIMULATOR r \ng le /Sur face Gimbal I n d i c a t o r  
EY V I ROIMEHT A n n u n c i a t o r  D r i v e r  U n i t  PM 

AP-101 TSP 

D i s p l a y  Decoder D r i v e r  TSP 
D i s p l a y  E l e c t r o n i c s  U n i t  TSP 
D i s p l a y  U n i t  TSP 

F l i g h t  Log Recorder 
Guidance & l l a v i g a t i o n  Crew S t a t i o n  

D i s p l a y  P r o c e s s i n g  
Guidance 8 2 a v i g a t i o n  Ded ica ted  

D i s p l a y  P rocess ing  OFP 

Keyboard TSP 
n o t a t i o n  i iand C o n t r o l l e r  TSP 
?udder Pedal  T ransducer  Assemblv TSP 
Speed Brake i iand C o n t r o l l e r  T S P ~  

ELECTRICAL-IIECiIRI4ICAL i \ e rosu r face  Servo A m p l i f i e r  TSP 
P?,IER SYSTEMS Daal Aerosur face Servo A m p l i f i e r  

TSP 

Guidance L l l a v i g a t i o n  Env i ronment  
!lode1 s 

Guidance & J a v i g a t i o n  Land ing  S i t e  
and/or  day P o i n t  OFP 

I n p u t  Ou tpu t  P rocessor  #1 TSP 
S t a t e  V e c t o r  OFP 



CSDD MATH MODELS 

CATEGORY NAME 

NATURAL ENVIRONMENT 

VEHICLE DYNAMICS 

EQUATIOliS OF MOTION 

COMMUNI CATIOIIS/ 
PIAVIGATIO;I/TRACKIliG 
DEVICES 

COCKPIT AFID 
SIMULATOR ENVIR0NME;Il 

MODEL NAME 

Atmospher ic  Oensi t y  and A c o u s t i c  
V e l o c i t y  

G r a v i t y  
Runway Sur face  
A i n d  and Gusts 

Aerodynamic C o e f f i c i e n t s  
Landing Gear 

P h y s i c a l  C h a r a c t e r i s t i c s  
R o t a t i o n a l  Equat ions o f  F lo t ion 
T r a n s l a t i o n a l  Equat ions o f  M o t i o n  

Acce lerometer  
I LS 
PFessure A1 t i m e t e r  
Radar A l t i m e t e r  
TACAN 

C o n t r o l  System 

Aura l  C h a r a c t e r i s t i c s  
C o c k p i t  Gages, Meters,  I n d i c a t o r s ,  

Switches, and Levers  
Scene C h a r a c t e r i s t i c s  



FDSC MATil IKJOELS 

CATEGORY NAME MODEL XAME 

NATURAL ENVI RONI.1EiIT A i r  Data, Y i n d  and Wind Gusts 
Atmosphere 
G r a v i t y  

VEHICLE DYNAIIICS Main Landing Gear & PIosenheel 
V e h i c l e  Aerodynami cs 

SPECIALIZED VEHICLE 3end ing  
DYNAMICS S l o s h  .. 

T a i  1-Wags-Dog 

FIUATIOIIS OF MOTIO'I Equa t ions  o f  :. lot ion 
)lass P r o p e r t i e s  ( 9 r b i  t e r )  

C'JMMUU I CATIOilSI A i r  Data Sensor 
:lAVIGATIO,'4/TRACKING Body i4ounted Rate Gyro 
DEVICES I t lU 

l l i c rowave  Scan Seam L a n d i n a  Svstem " " 
: lavaids 
i l o r m a l / L a t e r a l  Acce le romete r  
TACAli 

COCKPIT A:iD SIiiULATOR Scene Genera t ion  
ENVI ROIIIEIIT 



OA5 MATH MODELS 

CATEGORY NAME MODEL NAME 

NATURAL ENVIRONI4ENT Atmosphere (see  Aerodynamics) 
Grav i  t y  
Wind and Gust (see Aerodynamics) 

PROPULSIO14 SYSTEMS Reac t ion  C o n t r o l  System 

VEHICLE DYNAMICS Aerodynami cs 
D e c e l e r a t i o n  Sys tem 
Landing Gear 

EqUATIONS OF MOTION A t t i t u d e  
R o t a t i o n a l  Equat ions o f  N o t i o n  
T r a n s l a t i o n a l  Equat ions o f  M o t i o n  
Weights and Balances 

COmUN ICATIONS/ Acce lerometers  
iJAVIGATION/TRACKIRG . F l ic ro~vave Landing System 
DEVICES Rate Gvros 

OXBOARD SOFTWARE MODELS Aerosur face  C o n t r o l  Su r faces  
(see Aerodynamics) 

Auto  F l i s h t  llodes 
F l i g h t  c o n t r o l  System 
TALI1 

COCKPIT NiD SII4ULATOR System D i s p l a y s  
E:(VI RONMENT 

ELECTRICAL-FIECiiAllICAL Aerosur face  A c t u a t o r s  
POilER SYSTEI-IS 

!ITHER Parameter EOM 



SOL MATH MODELS 

CATEGORY NAME MODEL 3AME 

NATURAL ENVIROIIMENT A n a l y t i c a l  Ephemeris Generator  
Atmosphere 
Ephemeris 

G r a v i t y  and Obl ateness 
G r a v i t y  G rad ien t  
S t a r  Tables 

Sun-!:loon-Earth Ephemerides 
T e r r a i n  
Wind and Gust 

PROPULSION SYSTEiiS MPS Engines 
OMS Engines 
RCS Engines 
St73 Engines 

VEHICLE DYNAMICS Aerodynamics 
Landing & Dece le ra t i on  System 
Ta rge t  Dynamics 

SPECIALIZED VEHICLE E l a s t i c  Body Bending 
DY FlAMICS Slosh 

EQUATIONS OF MOTION Equat ions o f  Mot ion  - R o t a t i o n a l  
Equat ions o f  Mot ion  - T r a n s l a t i o n a l  
ilass P r o p e r t i e s  
I lumeri c a l  I n t e g r a t o r s  



SDL MAT11 IlODELS (Con t inued)  

CATEG3RY NAME 

COI~11.1UII I CAT IOtIS / 
~IAVIGATI~N/TRA'C;:IIIG 
DEVICES 

OPIGOARD SOFTllAl<E IIODELS 

A i r  Data Sensors 
A i r  T r a f f i c  C o n t r o l  l l a v i g a t i o n  A i d  
D a r o m e t r i c  A l t i ~ n e t e r  

I n e r t i a l  r leasurement U n i t  
ili c r w a v e  Landing System 
i l u l  t i p i e x e r j D e m u 1  t i p l e x e r  

Elor~nal /Latera:  Acce lerometers  
Cne-ilay Doppler  
O p t i c a l  Sensor 

Radar A1 t i n e t e r  
Rate Gyros 
Rendezvous Ratlar 

Sensor S i  tes/Reference E l  l i p s o i d  
Space Ground L i n k  System 
S t a r  T r a c k e r  

T a c t i c a i  A i r  i i a v i g a t i o n  
T a r g e t  Sensor 
VilF 
V!IF Omni-l?ange 

Aerodynamic C o n t r o l  Sur faces 
Communications Antenna Sw i t ch  L o g i c  
Cata A c q u i s i t i o n  and C o n t r o l  G u f f e r  

Engine In ter face/ ! lPS Engine 
C o n t r o l  l e r  

Events C o n t r o l l e r  
I n p u t / O u t p u t  Bus 



CATEGORY NAME 

ONBOARD SOFTWARE MODELS 
(Cont inued)  

PAY LOAD ACCOMMODATION 
AREA 

COCKPIT AND SIEIULATOR 
ENVIRONMENT 

THERMAL AND ENVIROII- 
MENTAL CONTROL AND LIFE 
SUPPORT SYSTEMS 

ELECTRICAL-MECHAN ICAL 
POllER SYSTEMS 

MODEL NAME 

I n  tercomputer  I n t e r f a c e  Channels 
Mass Memory 
Master T iming 

Performance M o n i t o r i n g  System 
React ion J e t  D r i v e r  
Th rus t  Vec to r  C o n t r o l  D r i v e r  

Man ipu l a to r  

Cockp i t  D isp lays  
Crew S imu la t i on  
D i sp l ay  E l e c t r o n i c s  Unit /Cathode 

Ray Tube 

Keyboard 
Manual Con t ro ls  
Recorder Con t ro ls  

Environmental  Con t ro l  and L i f e  
Support  System 

Thermal P r o t e c t i o n  System 

E l e c t r i c a l  P w e r  System 
Pyro techn ics  



SDL MATll MODELS (Cont inued) 

CATEGORY NAME 

OTHER 

PKI'OEL NAME 

Conic Rout ines 
Coord inate Systems and Transforma- 

t i o n s :  Non-Vehicle Dependent 
Coord inate Systems and Transforma- 

t i o n s :  Veh i c l e  Dependent 

Ea r t h  R e l a t i v e  Vector  
O r b i t a l  Parameters 
R e f r a c t i o n  Co r rec t i on  o f  E l e c t r o -  

magnet ic  Waves 

R-Requirements, D-Development, 0-Operat ional ,  A-Scheduled, A-Completed 



CATEGORY NAME MODEL NAME 

NATURAL ENVIRONMENT 

PROPULSION SYSTEMS 

VEHICLE DYNAMICS 

SPECIAL1 ZED VEHICLE 
DYNAMICS 

EQUATIONS OF MOTION 

A i  r Densi t y  
A i r  Pressure 
E a r t h  C h a r a c t e r i s t i c s  

G r a v i t a t i o n a l  Grad ien t  
G r a v i t y  P o t e n t i  a1 
Runway Topography 

Speed o f  Sound 
Sun Angle 
Turbulence 
Winds 

O r b i t a l  Maneuver System 
React ion Cont ro l  Sys tern 
S o l i d  Rocket Boosters  
Space S h u t t l e  Main Engine 

Gody Dynamics Ro ta t i ona l  
Body Dynamics T r a n s l a t i o n a l  
R i g i d  Body Aerodynarni cs 

R o l l o u t  Forces and Moments 
T h i r d  Body Dynamics 

Bending 
F l e x i b l e  Body Aerodynamics 
Separa t ion  I n f l u e n c e  C o e f f i c i e n t  

S losh 
T a i  1-Wags-Dog 

D i r e c t i o n  Cosines 
E u l e r  Angle Generat ion 
I n t e g r a t i o n  and P r e d i c t o r s  

Mass P r o p e r t i e s  
Mass V a r i a t i o n  
!,lomen t s  



SDSS MATH WDELS (Continued) 

CATEGORY NAME MODEL NAME 

COMMUNICATION/ Accelerometer-Body Mounted 
NAVIGATION/TRACKING Instrument Landing System 
DEVICES I n e r t i a l  Measurement U n i t  

P r e c i s i o n  Ranging 
Radio A l t ime te r  
S t a r  Sensor/Tracker 
T AC AN 

ONBOARD SOFTWARE MODELS Approach and Landing (Autoland) 
Atmospheric F l i g h t  Control system 
Boost 

Boost Abort 
DAP Executive 
DAP L ib ra ry  

Deorbi t  Guidance and Navigat ion 
Engry Contro l  System 
Guidance Executive 

Guidance L i b r a r y  
Main Engine Thrust  Vector Control 
OMS-Thrust - Vector Control 

On-Orbi t RCS Control 
O r b i t a l  Powered F l i g h t  
Performance Moni to r ing  Sys tem 

Rendevous Guidance and Navigat ion 
Ro l l ou t  (Autoland) 
Terminal Area Energy Management 



CATEGORY NAME MODEL NAME 

PAYLOAD ACCOMMODATIOI4 Man ipu la to r  A n  Dynamics 
AREA I l a n i p u l a t o r  l l o to rs  

Payload Handler  

Payload Hand l ing  (Man ipu la to r )  
Payload idon i to r  

COCKPIT AND SIMULATOR C e l e s t i a l  Sphere D r i ve  D isp lay  
ENVIRONMENT Ea r th  D r i v e  D isp lay  

Gimbal D r i v e  D isp lay  

Hor izon  D isp lay  
' l an i pu la to r  Arms D isp lay  
Probe D r i ve  D isp lay  

S t a r  T racker  D isp lay  
Sun D isp lay  
Visual  Scene Generator D r i ve  

ELECTRICAL-MECHANICAL E l e c t r o n i c  Exp los ive  Devices 
POWER SYSTEMS Elevons Ac tua to r  

Landing Gear Ac tua to r  

ilosewheel S t e e r i n g  Ac tua to r  
81s Ac tua to r  
Payload Door Ac tua to r  

RCS J e t  Door Ac tua to r  
Rudder Ac tua to r  
Speed Brake Ac tua to r  

SUB Ac tua to r  
SSME Ac tua to r  



SMS MATH MODELS 

CATEGORY NAME 

NATURAL ENVIRONMENT 

PROPULSION SYSTEMS 

VEHICLE DYNAMICS 

SPECIALIZED VEHICLE 
DYNAMICS 

EQUATIONS OF MOTION 

MODEL NAME 

Atmosphere (see Aerodynamics) 
Wind and Gust (see Aerodynamics) 
C e l e s t i a l  Body D i r e c t i o n  

Ea r t h  O r i e n t a t i o n  
T e r r a i n  (see Navaids Radar 

A1 t i m e t e r  Subsystem) 

Main Engine Subsystem 
O r b i t a l  Maneuvering Subsystem 
React ion Con t ro l  Subsystem 
S o l i d  Rocket Motors Subsystem 

Aerodynamics - S h u t t l e  
A e r o f l  i g h t  Aerodynamics - Targe t  

~ e h i  c l e  
Drag Chute Subsystem 

Landing Gear Subsystem 
S p a c e f l i g h t  Aerodynamics - Targe t  

Veh i c l e  

Bending 
Docking Subsystem 
Slosh 

Mass P rope r t i e s  - S h u t t l e  
Mass P rope r t i e s  - Targe t  Veh ic le  
Ro ta t i ona l  EOM and A t t i t u d e  Contra 

Targe t  Veh i c l e  

Ro ta t i ona l  EOM - S h u t t l e  
T r a n s l a t i o n a l  EOM & P ropu l s i on  - 

Targe t  Veh ic le  
T r a n s l a t i o n a l  EOM - S h u t t l e  



CATEGORY XAME M3DEL NAME 

COW>!UNICATION/ A i r  Data Subsystem 
NAV:GATION/TRACKIi.lG Body Accelerometers Subsystem 
DEVICES DCS Subsystem 

IMU Subsystem 
Piavaids ATC Transponder Subsystem 
Navaids ILS Subsystem 

i java ids MLS Subsystem 
Navaids Radar A1 t i m e t e r  Subsystem 
Rate Sensors Subsystem 

Rendezvous Radar Subsystem 
S-Band Communications Subsystem 
S t a r  T racker  Subsystem 

TLM Subsys tern 
UHF Communications Subsys tem 
VHF Communications Subsystem 
U ide  Band Data L i n k  Subsystem 

ONBOARD SOFTWARE 
MODELS 

Aerosur face  C o n t r o l  Subsystem 
Ex te rna l  T i n k  Subsystem 
YPS TVS Subsystem 

OMS TVC Subsystem 
SRM TVC Subsystem 
Targe t  Veh i c l e  Guidance and Con t ro l  

Subsys tern 

R-Rccui r enen t s  , D-Devel opment, O-Operat ional , A-Scheduled, A-Conpleted 



SMS MATH MODELS (Continued) 

CATEGORY NAME MODEL NAME 

PAYLOAD ACCOMMODATION Payload Attachment Subsystem 
AREA Payload Bay Doors Subsystem 

Payload I 1  l um ina t i on  Subsystem 

Payload Man ipu la to r  Subsystem 
Payload TV Subsystem 

COCKPIT AND SIMULATOR Advanced T r a i n i n g  
ENVIRONMENT Aural Cue 

Caut ion & Warning Subsystem 

CRT I n t e r a c t i v e  Processor 
CRT Pages 
Data Recording 

I n s t r u c t o r  Aids 
In te rcom Swi tch ing  Subsystem 
Master Cont ro l  

f l as te r  Timing 
MCC I n t e r f a c e  TLM, DCS, T r a j e c t o r y  

I n te r f ace  
Mot ion 

Operat ional  I ns t r umen ta t i on  
Real-Time Inpu t /Outpu t  
Recorder Cont ro l  L o g i c  Subsystem 

Supplementary Cont ro l  f o r  IOS 
Supplementary D isp lay  f o r  IOS 
Synchronous S imu la t i on  Program 

Processor 

V isua l  A f t  
V isual  Forward 
Voice Recorder 



SI4S MATH I4tlDELS (Cont inued)  

CATEGORY ilAFlE NODFL iiAME 

THERMAL A:ID ENVIROII- Lnv i  ronlaerital C o n t r o l  
ME'iTAL CO:ITROL All0 T h e r i a l  C o n t r o l  Subsyste? 
LIFE SUPPORT SYSTEll Ther1:1a1 P r o t e c t i o n  Subsysteni 

ELECTRICAL-FIECiINiICAL h u x i  l i a r y  Power Subsys tern 
POWER SYSTEllS Electrical P o i ~ e r  Subsysterl 

L y d r a u l i c  Po$.!er Subsyste;.; 
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SSFS MATH MODELS (Continued) 

CATEGORY NANE MODEL NAIIE 

SPECIALIZED VEHICLE BEND1 
OYNA>lICS SLSHl 

Tail-Wags-Dog 
(see TVC3) 

EQUATIONS OF NTION ATERP 
AVEH 1 
AVEH2 

R-Requi rements , D-Devel opment, D-Operational . A-Scheduled, &-Completed 
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SVDS MATH IIODELS 

CATEGDRY NAME 

NATURAL EIiVIRONIIENT AROCAL 
ATMOS 
ATMSPL 
GRAVTY 

MODEL JAME 

PRDPULSIOFI SYSTEMS IlAENG 
RCSENG 
TI4 ROTL 

VEHICLE DYNAMICS AERORO 
AROOYN 

S P E C I A L I Z E D  VE i i ICLE  zE:.iD 
DY 'IAi.11 CS COi4TACT 

GRSHOP 

L I i l K S  
PLUME 
SLOSH 

EQUATIOi'IS OF E1OTIO:I INTEGR 
R O T M R  
TOE R1 

TRIIDER 
VARllAS 

COMIUN I CAT1 O U S I  ALT I FE 
; iAVIGRTIO:I/TRACKIIIG R L T I  FIR 
3EVICES GLOAD 

R l D P L T  
TVPLT  
VSI:ISD 



SVDS MATH MODELS (Continued) 

CATEGORY NAME 

0NL;OARD SOFTWARE MODELS 

BUN4 
C I R C  

CONGID 
COWSTG 
DAP 

DAP 3 D 
OAP 509 
DEORB 

F I L T E R  
GDALGN 
GDORI 

G I M B A L  
GTUPSl 
G U I D  

LAGS 
L M  DAP 
NAV 

W 4 G F  
SOBP 
SEPD 

STEER 
SilRCO!I 
V A R G I D  



SVUS ElATlI MODELS ( C o n t i n u e d )  

CATLGORY ;IF;I1E 

TLIF P,"IP.L AXD E IV IROI I -  III;:TPS 
"TUTI\I. CDITROL AVP !:-RATE 
L!FC SI'???RT SYST:I.:S i?E 



ACRONYMS AND ABBREVIATIONS 

ABPS 

AC 

ADL 

ARC 

ARFDS 

AT C 

CDU 

CG 

C RT 

CS DD 

CS DL 

DAP 

DC . 
DCS 

DDTS 

ECI 

ECLSS 

E CS 

EOM 

FCHL 

FCS 

FDSC 

FRC 

FSAA 

FSS 

f t 

G,g 
GN SC 

GSFC 

HSL 

HVSF 

I LS 

I MU 

IOB 

10s 

A i r  8 r e a t h i n g  Propu ls ion System 

A1 t e r n a t i n g  Current  

Av ion ics  Development Laboratory 

Ames Research Center 

Automat ic Reentry F l i g h t  Dynamics S imu la to r  

A i r  T r a f f i c  Cont ro l  

Coupl ing Data U n i t  

Center o f  G r a v i t y  

Cathod Ray Tube 

Con t ro l  Syster~is Development D i v i s i o n  

Charles S t a r k  Draper Laboratory  

D i g i t a l  A u t o p i l o t  

D i  r e c t  Cur rent  

D i g i t a l  Command Subsysteni 

Dynamic Docking Tes t  System 

Earth-Centered I n e r t i  a1 

Environmental Cont ro l  and L i f e  Support  System 

Environmental Cont ro l  System 

Equations o f  Motion 

F l  i g l i t  Cont ro l  Hydrau l i cs  Laboratory 

F l i g h t  Cont ro l  System 

F l i g h t  ~ ~ n a m i c s  S imu la t ion  Complex 

F l i g h t  Research Center 

F l i g h t  S imu la to r  f o r  Advanced A i r c r a f t  

F l i g h t  Systems Simutors 

Feet 

G r a v i t y  

Guidance, Nav igat ion,  and Control  

Goddard Space F l i g h t  Center 

Hardware S imu la t ion  Laboratory  

Honeywell V e r i f i c a t i o n  S imu la t ion  F a c i l i t y  

Ins t rument  Landing Syste~a 

I n e r t i a l  Measurement U n i t  

Input /Output  Box 

I n s t r u c t o r  Operator  S t a t i o n  
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JPL 

JSC 

J2 3J3sJ4,C22.S22 

K 

KS C 

LAGS 

1 bs 

LPS 

MCC 

MCCS 

MDAC 

ME 

MLS 

MPS 

MPTF 
MS C 

MSFC 

NAP 

OAS 

0 FP 

OMS 

RCS 

RDS 

RHS 

R I  

SAIL 

S M 
S DL 

SDSS 

sec 

SGOS 

SLS 

SMES 

SMS 

J e t  P ropu ls ion  Laboratory 

Johnson Space Center 

Zonal , Tesseral  , and S e c t o r i  a1 Harmonics account ing 
f o r  d e v i a t i o n  i n  t h e  shapes o f  t h e  e a r t h ' s  e q u i p o t e n t i a l  
sur faces f rom p e r f e c t  spheres. 

Thousand 

Kennedy Space Center 

Launch Abor t  Guidance S imu la t ion  

Pounds 

Launch Processing Syste~n 

Miss ion Control  Center 
~ ; ~ ~ i ~ ~  ,,,,,,,,, Con t ro l  Center S i i n i i l a t i on  

NcDonnell Douglas As t ronau t i cs  Company 

Main Engine 

Flicrowave Landing System 

Main Propu ls ion  System 

Main Propu ls ion Test  F a c i l i t y  

Manned Spacecraf t  Center 

Marsha l l  Space F l i g h t  Center 

Nav iga t ion  Analys is  Program 

O r b i t a l  A e r o f l i g h t  S imu la to r  

Operat iona l  F l i g h t  Programs 

O r b i t a l  Maneuvering System 

React ion Cont ro l  System 

Rocketdyne D i g i t a l  S imu la to r  

Rocketdyne H y b r i d  S imu la to r  

Rockwell I n t e r n a t i o n a l  

S h u t t l e  Av ion ics  I n t e g r a t i o n  Laboratory 

Space D i v i s i o n  Eva luator  

Sof tware Development Lab0rator.y 

Space D i v i s i o n  S h u t t l e  S imu la to r  

Second 

S h u t t l e  Ground Operations S imu la to r  

Statement Level S i n ~ u l a t o r  

S h u t t l e  Ground Operations S imu la to r  

S h u t t l e  Miss ion S in iu la t ion  



SPS 

S  RB 

S  RM 
SSFS 

SSME 

STA 

SVDS 

T  AC AN 

TAEM 

T  CS 

TLM 

TPS 

TS P 

TV 

TVC 

UHF 

US 

VF 

VH F  

VORTAC 

S h u t t l e  Procedures Simulator  

S o l i d  Rocket Booster 

S o l i d  Rocket Motor 

Space S h u t t l e  Funct ional Simulator  

Space S h u t t l e  Main Engine 

S h u t t l e  T ra in ing  A i r c r a f t  

Space Vehic le Dynamic Simulat ion 

Tac t i  ca l  A i r  Navigat ion 

Terminal Area Energy Management 

Thermal Contro l  System 

Telemetry 

Thermal P r o t e c t i o n  System 

Test  Software Program 

Te lev i s ion  

.Th rus t  Vector Cont ro l  

U l t r a  High Frequency 

Uni ted States 

V e r t i c a l  F l i g h t  

Very High Frequency 

S i t e  w i t h  v a r i a b l e  omni -ranging and t a c t i c a l  a i r  
nav iga t i on  equipment, 

Vector components i n  an orthogonal coord inate s y s t f  

Three Dimensional 

S ix  Dimensional 
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