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ABSTRACT 

T h i s  s t u d y  emphasized a  two s t a g e  t o  o r b i t  r e u s a b l e  s p a c e c r a f t  sys tem f o r  use  

i n  t r a n s p o r t i n g  c a r g o  and passengers  t o  and from a  n e a r  e a r t h  o r b i t a l  s p a c e  s t a t i o n .  

A s i n g l e  c o n c e p t u a l  " p o i n t "  d e s i g n  was t r e a t e d  i n  d e t a i l  and s e v e r a l  a l t e r n a t e  

sys tems ,  co r respond ing  t o  a l t e r n a t e  pay loads  ( s i z e  and w e i g h t ) ,  were examined based 

on p a r a m e t r i c  e x c u r s i o n s  from t h e  "po in t "  d e s i g n .  The o v e r a l l  d e s i g n  g o a l  was t o  

c o n f i g u r e  t h e  c a r r i e r  and o r b i t e r  v e h i c l e s  t o  minimize o p e r a t i o n a l  and program 

r e c u r r i n g  c o s t s .  T h i s  g o a l  was ach ieved  th rough  h i g h  sys tem r e l i a b i l i t y ,  v e h i c l e  

r e c o v e r a b i l i t y , a n d  r a p i d  ground tu rna round  c a p a b i l i t y  made p o s s i b l e  th rough  modular 

r e p l a c e a b l e  component d e s i g n  and u s e  of a n  i n t e g r a t e d  onboard s e l f  t e s t  and check- 

o u t  sys tem.  Launch and l a n d  l a n d i n g  of b o t h  s t a g e s  a t  t h e  ETR l aunch  s i t e  was a  

s t u d y  g r o u n d r u l e  a s  was t h e  nominal  25,000 l b  payload d e l i v e r e d  t o  and r e t u r n e d  

from o r b i t  and packaged i n  a 1 5  f t .  d i amete r  by 30 f t .  l ong  c y l i n d r i c a l  c a n i s t e r .  

The r e s u l t i n g  sys tem h a s  a  g r o s s  l i f t - o f f  we igh t  of 3 . 4  m i l l i o n  pounds. 

The O r b i t e r  i s  a  107 f t .  HL-10 c o n f i g u r a t i o n ,  modi f i ed  s l i g h t l y  i n  t h e  b a s e  

a r e a  t o  accommodate t h e  two b o o s t  e n g i n e s .  The l aunch  p r o p e l l a n t  t a n k s  a r e  i n t e g r a l  

w i t h  t h e  p r imary  body s t r u c t u r e  t o  maximize volume a v a i l a b l e  f o r  p r o p e l l a n t .  

The C a r r i e r  i s  a  195 f t .  c l i p p e d  d e l t a  c o n f i g u r a t i o n  w i t h  t e n  l aunch  e n g i n e s  

i d e n t i c a l  t o  t h o s e  of t h e  o r b i t e r .  A d u a l  lobed c y l i n d r i c a l  l aunch  p r o p e l l a n t  

t a n k  forms t h e  p r imary  body s t r u c t u r e .  A 15% t h i c k  d e l t a  wing i s  i n c o r p o r a t e d  

which c o n t a i n s  t h e  l a n d i n g  g e a r ,  a i r b r e a t h i n g  e n g i n e s  and p r o p e l l a n t .  

A broad range  of w e i g h t ,  c o s t  and performance s e n s i t i v i t y  d a t a  were g e n e r a t e d  

f o r  t h e  b a s e l i n e  and a l t e r n a t e  sys tem d e s i g n s .  P e r t i n e n t  development and r e s o u r c e  

requ i rements  were  i d e n t i f i e d ,  development and o p e r a t i o n a l  s c h e d u l e s  were p r e p a r e d  

and cor respond ing  r e c u r r i n g  and non- recur r ing  c o s t  d a t a  were e s t i m a t e d .  Program 

p l a n s  were  o u t l i n e d  f o r  t h e  d e s i g n ,  manufacture  and t e s t i n g  of t h e  O r b i t e r  and 

C a r r i e r  v e h i c l e s  and f o r  t h e  p u r s u i t  of c r i t i c a l  t e c h n o l o g i e s  pac ing  v e h i c l e  

development.  

S t a g e  and a  h a l f  and r e u s a b l e  sys tems employing expendable  launch v e h i c l e s  

were cons ide red  i n i t i a l l y ,  b u t ,  t h e s e  e f f o r t s  were s u b s e q u e n t l y  t e rmina ted  p r i o r  

t o  comple t ion .  The expendable  launch v e h i c l e  d a t a  a r e  r e p o r t e d  s e p a r a t e l y .  The 

s t a g e  and a  h a l f  e f f o r t  employed a  v e r s i o n  of t h e  McDonnell Douglas Model 176 

w i t h  f o u r  drop t a n k s .  

MCDOWNEBPL. DOUGLAS ASTRONAUTIC= COMPAIVV 



PARAGRAPH 

R E P O R T  NO . 
Integral Launch and MDC E0049 

NOVEMBER 1969 
e n  PTehiclr S y s ~ e m  

TABLE OF CONTENTS 

TITLE PAGE 

INTRODUCTION . DESIGN CONFIGURATION AND SUBSYSTEMS 

GUIDELINES AND CRITERIA . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  CONFIGURATION ANALYSIS 

. . . . . . . . . . . . .  Configuration Evolution 

Two Stage Concepts . . . . . . . . . . . . . . . .  
Candidate Carrier Configuration . . . . . . . . .  
Carrier Development . . . . . . . . . . . . . . .  
Candidate Launch Configurations . . . . . . . . .  

. . . . . . . . . . . . .  Vehicle Sizing Analysis 

. . . . . . . . . . . . . .  Carrier Sizing Analysis 

Orbiter Sizing . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  Baseline Configuration 

. . . . . . . . . . . . . . .  Carrier Configuration 

. . . . . . . . . . . . . .  Orbiter Configuration 

. . . . . . . . . . . . . . .  Launch Configuration 

SUBSYSTEM ANALYSIS . . . . . . . . . . . . . . . .  
Structure . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  Structural Design Criteria 

Loads . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . .  Structural Analysis 

. . . .  Integral Cryogenic Tank/Structure Concepts 

Reentry ~eatin~l~hermal Protection System Analysis 

. . . . . . . . . . . . . . . .  Trajectory Analysis 

. . . . . . . . . . . . . .  Thermodynamics Analysis 

. . . . . . .  Material Distribution of TPS Shingles 

Integrated Avionics . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  System Definition 

. . . . . . . . . . .  Data Management System (DMS) 

Self-Test and Warning . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  Displays and Controls 

. . .  Guidance Navigation and Control Requirements 

. . . . . . . . . .  Telecommunications Subsystems 



Volume I 
Book I 

PARAGRAPH 

Untegral Launch and 

meentry vehicle zystem 

REPORT NO . 
MDC E0049 

NOVEMBER 1969 

TITLE PAGE 

. . . . . . . . . . . . .  I n t e g r a t e d  Avionics  R e l i a b i l i t y  

. . . . . . . . . . . . . . . . . . . . .  E l e c t r i c a l  Power 

. . . . . . . . . . . . . .  E l e c t r i c a l  Power Requirements 

. . . . . . . .  E l e c t r i c a l  Power Subsystem (EPS) B a s e l i n e  

. . . . . . . . . . . . . . . . . . .  A l t e r n a t e  Concepts 

R e l i a b i l i t y  . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  Environmental  Cont ro l  System 

C a r r i e r  . . . . . . . . . . . . . . . . . . . . . . . . .  
O r b i t e r  ECS . . . . . . . . . . . . . . . . . . . . . . .  
WEIGHT ANALYSIS . . . . . . . . . . . . . . . . . . . . .  
Weight D e r i v a t i o n s  . . . . . . . . . . . . . . . . . . .  
C a r r i e r  Weights . . . . . . . . . . . . . . . . . . . . .  
O r b i t e r  Weights . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  Launch C o n f i g u r a t i o n  

S e n s i t i v i t i e s  . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  RELIABILITY AND SAFETY ANALYSIS 

. . . . . . . . . . . . .  R e l i a b i l i t y  C r i t e r i a  and Goals 

. . . . . . . . . . . . . . . . . .  R e l i a b i l i t y  Ana lys i s  

. . . . . . . . . . . . . . . .  Subsystem Apportionments 

Subsystem Es t imates  . . . . . . . . . . . . . . . . . . .  
S a f e t y  A n a l y s i s  . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  Goals and Guide l ines  

. . . . . . . . . . . . . .  Design E v a l u a t i o n  f o r  S a f e t y  

. . . . . . . . . . . . . . .  C r i t i c a l  Subsystem A n a l y s i s  

. . . . . . . . . . . . . . .  BASELINE DESIGN DEFINITION 

. . . . . . . . . . . . . . .  C a r r i e r  Design D e f i n i t i o n  

. . . . . . . . . . . . . . .  Genera l  Arrangement C a r r i e r  

. . . . . . . . . . . . . . .  C a r r i e r  P r o p u l s i o n  Systems 

C a r r i e r  Equipment . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  O r b i t e r  Design D e f i n i t i o n  

I n t e r i m  Arrangement . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . .  O r b i t e r  General  Arrangement 



Volume I 
Book I 

PARAGRAPH 

Integral Launch and 
hl ,:deentry '"lehicle sys tem 

TABLE OF CONTENTS (CONTINUED) 

TITLE 

REPORT NO. 
MDC E0049 

NOVEMBER 1969 

PAGE 

O r b i t e r  P r o p u l s i o n  Sys tems . . . . . . . . . . . . . . . 7-17 

O r b i t e r  Equipment . . . . . . . . . . . . . . . . . . . 7-23 

F e r r y  C o n f i g u r a t i o n  . . . . . . . . . . . . . . . . . . 7-26 

V e h i c l e  I n t e r f a c e .  . . . . . . . . . . . . . . . . . . . 7-30 

R e f e r e n c e s . . . . . . . . . . .  . . . . . . . . . . . .  8-1 

L i s t  o f  E f f e c t i v e  Pages  

T i t l e  Page 

i t h r o u g h  x i i i  

1- 1 

2-1 and 2-2 

3-1 t h r o u g h  3-47 

4-1 t h r o u g h  4-183 

5-1 t h r o u g h  5-78 

6-1 t h r o u g h  6-21 

7-1 t h r o u g h  7-33 

8-1 



Volume I 
Book 1 

REPORT NO . 
Integral Launch and MDC ~00.1-'3 

NOVEMBER 1969 
3eentr-y vehicle gystem 

L I S T  OF ILLUSTRATIONS 

T i t l e  

Two-Stage Concepts . . . . . . . . . . . . . . . . .  
. . . . . . . . .  Candidate  . C a r r i e r  (Cl ipped D e l t a )  

Candidate  . C a r r i e r  (Wing.Tai1) . . . . . . . . . . .  
. . . . . . . . .  C a r r i e r  S t r u c t u r a l  Core E v a l u a t i o n  

. . . . . . . . . . .  Candidate  Launch C o n f i g u r a t i o n s  

. . . . . . . . . . . . . . . . .  C a r r i e r  D e f i n i t i o n  

. . . . . . .  D e r i v a t i o n  of Wetted Area (SW) C a r r i e r  

. . . . . . . . . .  D e r i v a t i o n  Of Volume (V) C a r r i e r  

C a r r i e r  Areas (Vehic le )  . . . . . . . . . . . . . .  
C a r r i e r  Areas (Aero Surfaces)  . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  C a r r i e r  Volumes 

. . . . . . . . . .  D e r i v a t i o n  Of Wing Volume C a r r i e r  

. . . . . . . . . . . . . . . . .  O r b i t e r  D e f i n i t i o n  

. . . . . . .  D e r i v a t i o n  Of Wetted Area (SW) O r b i t e r  

. . . . . . . . . .  D e r i v a t i o n  Of Volume (V) O r b i t e r  

. . . . . . . . . . . . . . .  O r b i t e r  Areas (Vehic le )  

. . . . . . . . . . . .  O r b i t e r  Areas (Aero S u r f a c e s )  

. . . . . . . . . . . . . . . . . . .  O r b i t e r  Volumes 

. . . . . . . . . . . . . . . .  O r b i t e r  S i z i n g  Model 

. . . . . . . . . . . . . . .  O r b i t e r  Minimum Lengths 

O r b i t e r  Boost P r o p e l l a n t  Volume(Pre1iminary) . . . .  
. . . . . .  O r b i t e r  Multi-Lobe Boost P r o p e l l a n t  Tanks 

O r b i t e r  Tank Concepts Volume U t i l i z a t i o n  Comparison . 
. . . . . . . . . . . . . .  F i r s t  S tage  C o n f i g u r a t i o n  

. . . . . . . . . . . . . . . . . .  O r b i t e r  B a s e l i n e  

. . . . . . . . . . . . . .  O r b i t e r  Base M o d i f i c a t i o n  

. . . . . . . . . . . .  B a s e l i n e  Launch C o n f i g u r a t i o n  

. . . . . . . .  C a r r i e r / O r b i t e r  I n t e r f a c e  Arrangement 

. . . . . . . . . . . . .  C a r r i e r  General  Arrangement 

. . . . . . . . . .  I n t e g r a l  Tank S t r u c t u r a l  Concept 

Page No . 



Volume I 
Book 1 

Integral Launch and 
ro deentry \Ylehicle sys tem 

LIST OF ILLUSTRATIONS (Con t inued)  

REPORT NO . 
MDG E0049 

NOVEMBER 1969 

T i t l e  

Carrier Suppor t  S t r u c t u r e  . . . . . . . . . . . . . .  4-6 

Wing C a r r y  Through S t r u c t u r e  . . . . . . . . . . . . .  4-7 

S u r f a c e  Hea t  P r o t e c t i o n  Arrangement . C a r r i e r  Body . . 4-9 

O r b i t e r  I n t e g r a l  Tank Concept  . . . . . . . . . . . .  4-10 

S t r u c t u r a l  C o n f i g u r a t i o n  O r b i t e r  I n t e g r a l  'Yank . . . .  4-11 

O r b i t e r  S u p p o r t  S t r u c t u r e  . . . . . . . . . . . . . .  4-12 

S u r f a c e  Heat  P r o t e c t i o n  Arrangement . O r b i t e r  15ody . . 4-14 

Des ign  Ascen t  T r a j e c t o r y  . . . . . . . . . . . . . . .  4-20 

C a r r i e r  Des ign  E n t r y  T r a j e c t o r i e s  . . . . . . . . . .  4-21 

O r b i t e r  Des ign  E n t r y  T r a j e c t o r y  . . . . . . . . . . .  4-22 

C a r r i e r  A i r p l a n e  F l i g h t  Enve lopes  . . . . . . . . . .  4-23 

O r b i t e r  A i r p l a n e  F l i g h t  Enve lopes  . . . . . . . . . .  4-24 

Carrier Des ign  Loads . Ground Wind . . . . . . . . .  4-26 

C a r r i e r  Des ign  Loads . L i f t  Off . . . . . . . . . . .  4-27 

C a r r i e r  Des ign  Loads . Maximum aq = +2100 deg  . . p s f  . 4-28 

C a r r i e r  Des ign  Loads . Maximum aq = -2100 deg  . . ps f  . 4-29 

C a r r i e r  Des ign  Loads . Burnout  . . . . . . . . . . .  4-31 

O r b i t e r  Des ign  Loads C a r r i e r  Burnout  . . . . . . . . .  4-32 

. . . . . . . . . . .  C a r r i e r  Des ign  Loads . Landing 4-33 

O r b i t e r  Des ign  Loads . Landing . . . . . . . . . . .  4-34 

O r b i t e r  Des ign  E n t r y  C o n d i t i o n s  . . . . . . . . . . .  4-37 

S t r e n g t h  A n a l y s i s  . I n t e g r a l  Tank S t r u c t u r e  . C a r r i e r  4-39 

C a r r i e r  I n t e g r a l  Tank S t r u c t u r e  Reqd i r ed  E q u i v a l e n t  

T h i c k n e s s  VS . Body S t a t i o n  . . . . . . . . . . . . . .  4-40 

S t r e n g t h  A n a l y s i s  . T h r u s t  S t r u c t u r e  S t r i n g e r s  . . . .  4-42 

Heat  P r o t e c t i o n  S t r u c t u r e  Weight . C a r r i e r  . . . . . .  4-43 

S t r e n g t h  A n a l y s i s  . TPS S h i n g l e  . S i n g l e  Faced C o r r u g a t i o n  4-44 

S t r e n g t h  A n a l y s i s  . TPS S h i n g l e  . Beaded P a n e l  . . .  4-45 

S t r e n g c h  A n a l y s i s  . I n t e g r a l  Tank S t r u c t u r e  . O r b i t e r  4-46 

Geomet r i c  S e c t i o n  P r o p e r t i e s  o f  O r b i t e r  S i d e w a l l  

S t r u c t u r e  . . . . . . . . . . . . . . . . . . . . . .  4-49 

E q u i v a l e n t  T h i c k n e s s e s  of  O r b i t e r  S i d e w a l l  S t r u c t u r e  

. . . . . . . . . . . . . . . . . . . .  U p p e r s u r f a c e  4-50 



Volume I 
Book 1 

untegral Launch and 

Weentry \!/chicle 8 ys~ern  

LIST OF ILLUSTRATIONS (Continued) 

T i t l e  
-- 

REPORT NO. 
MDC E0049 

NOVEMBER 196!1 

Optimum Frame Spacing For O r b i t e r  Once/Day Return 4-51 

Entry (Bottom a t  X / L  = 0.25) .  . . . . . . . . . . . 4-51 

Optimum Frame Spacing For Orb i t e r  Once/Day Return 

Entry (Bottom a t  X /L  = 0.50) . . . . . . . , . . . 4-52 

S t rength  Analysis  - TD N I C R  Shingle  a t  X/L  = .25, 

Bottom G . . . . . . . . . . . . . . . . . . . . , , 4-54 
Strength Analysis  - TD-NiCr Shingle  A t  X / L  = 0.50, 

Bottom . . . . . . . . . . . . . . . . . . . . . . 
TD-Nickel Chrome - Design Allowable Tens i l e  S t r eng th  

VS Temperature. . . . . . . . . . . . . . . . . . . . 
Strength  Analysis  - Rene' 41 Shingle  On Upper Sur face  

I n t e g r a l  Cryogenic TankISt ruc ture  Concepts . . . . . 
O r b i t e r  Reentry Heat P r o f i l e s  . . . . . . . . . . . , 
O r b i t e r  Reentry Temperatures. . . . . . . . . . . . . 
O r b i t e r  Maximum Temperatures Nominal Once/Day Reentry 

O r b i t e r  Maximum Temperatures Minimum Time (2600 '~ )  

Reentry . . . . . . . . . . . . . . . . . . . . . . . 
O r b i t e r  Maximum Temperatures Nominal Twice/Day Reentry 

Ful ly  Developed Turbulent  Flow. . . . . . . . . . . . 
T r a n s i t i o n  E f f e c t s  On O r b i t e r  Temperatures . . . . . 
O r b i t e r  Microquartz I n s u l a t i o n  Requirements Nominal 

Once/Day . . . . . . . . . . . . . . . . . . . . . . . 
O r b i t e r  Microquartz I n s u l a t i o n  Requirements Twice/Day 

Reentry . . . . . . . . . . . . . . . . . . . . . . . 
HCF Thermal Conduct ivi ty .  . . . . . . . . . . . . . . 
E f f e c t  Of Thermal Conduct ivi ty  On HCF Unit  Weights. . 
O r b i t e r  HCF Requirements. . . . . . . . . . . . . . . 
Maximum C a r r i e r  Temperatures,  : . = = . . . . . . . . 
C a r r i e r  Experimental Heat ing,  . . . . , . . . . . . . 
C a r r i e r  - Turbulent  Heating E f f e c t s  . . . . . . . , . 
C a r r i e r  S t r u c t u r e  & TPS Arrangement . . . . . . . . . 
M e t a l l i c  Shingle  TPS Arrangement, . . . , . . . . . . 
M e t a l l i c  Shingle  TPS Arrangement (Beaded Pane l s ) .  . . 
HCF Shingle  TPS Arrangement . . . . . . . . . . . . . 



Volume I 
Book 1 

untegral [launch and 

meentry iyehicle 8 ystern 

LIST OF ILLUSTRATIONS (Con t inued)  

T i t l e  

. . . .  M a t e r i a l  D i s t r i b u t i o n  o f  TPS S h i n g l e s  C a r r i e r  

. . . .  M a t e r i a l  D i s t r i b u t i o n  o f  TPS S h i n g l e s .  O r b i t e r  

M a t e r i a l  D i s t r i b u t i o n  o f  TPS S h i n g l e s  O r b i t e r  

. . . . . . . . . . . . . . .  A l t e r n a t e  C o n f i g i l r a t i o n  

A v i o n i c s  . Pfissioll 12u1lc t i o n s  . . . . . . . . . . . .  
B a s e l i n e  O r b i t e r  I n t e g r a t e d  A v i o n i c s  Systcbrll . . . . .  
Data  Management S y s t e u ~  I l lock Diagrarr~ . . . . . . . .  
Data  Bus hlarlage~llent . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  B u i l t  I n  T e s t  Systeill Concept  

F u n c t i o n a l  C i r c u i t  H i t  I n t e g r a t i o n  . . . . . . . . .  
blulti-blode D i s p l a y s  . . . . . . . . . . . . . . . . .  
D i s p l a y  System Concept . . . . . . . . . . . . . . .  
D i s p l a y  Arrangements  . . . . . . . . . . . . . . . .  
Schemat i c  of C o n t r o l  & D i s p l a y  S i m u l a t i o n  . . . . . .  
L o c a l i z e r  and E l e v a t i o n  Antenna P a t t e r n s  & O ~ e r a t i o n s  

. . . . . . . . . . . . . . .  AILS Combined O p e r a t i o n  

Telecommunica t ions  L inks  . . . . . . . . . . . . . .  
O r b i t e r  blain Bus Average Power . . . . . . . . . . .  
C a r r i e r  Main Bus Average Power . . . . . . . . . . .  
O r b i t e r  E l e c t r i c a l  Power Subsystem . . . . . . . . .  
C a r r i e r  E l e c t r i c a l  Power Subsystem . . . . . . . . .  
C a r r i e r  Env i ronmen ta l  C o n t r o l  System Schemat i c  . . .  
O r b i t e r  Env i ronmen ta l  C o n t r o l  System Schemat i c  . . .  

. . . . . . . . . . . . .  E f f e c t  of  Nontapered  S h e e t  

Wing Torque  Box Weight . . . . . . . . . . . . . . .  
Bulkhead Weighr . . . . . . . . . . . . . . . . . . .  
S e l e c t e d  Tank I n s u l a t i m  . . . . . . . . . . . . . .  
T y p i c a l  Body Cross  S e c t i o n  . . . . . . . . . . . . .  
Forward Bulkhead LOX Tank . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  A f t  Bulkhead LOX Tank 

H o r i z o n t a l  Landing  Gear Weight . . . . . . . . . . .  
TD-Nickel Ciiroiile S h i n g l e  F a n e i  l J e igh t  . . . . . . . .  
Lead ing  Edge Weight E s t i m a t i o n  . . . . . . . . . . .  

REPORT NO . 
MDC I30049 

NOVEMBER 1969 



Volume I 
Book 1 

F i g u r e  No. 

5-11 

5-12 

5-13 

5-14 

5-15 

5-16 

5-17 

5-18 

5-19 

5-20 

5-21 

5-22 

5-23 

5-24 

5-25 

5-26 

6-1 

7-1 

7-2 

7-3 

7-4 

7-5 

7-6 

7-7 

7-8 

7-9 

7-10 

7-11 

Integral Launch and 

8eentry Vehicle S p t e m  

LIST OF ILLUSTRATIONS (Cont inued)  

IZEPOIZT N O  . 
MDC E0049 

IVOVEMRER 1969 

T i t l e  .. Page No . .. 
Gimbal System Weight . . . . . . . . a . S . . . . . . .  5-25 

I n t e g r a l  Boost  M i s c e l l a n e o u s  P r o p u l s i o n  Weight . . . . .  5-26 

. . . . . . . . . . . . . . . .  T h r u s t  S t r u c t u r e  Weight 5-27 

S u r f a c e  C o n t r o l  Group . . . . . . . . . . . . . . . . .  5-37 

. . . . . . . . . . .  H y d r a u l i c  & Pneumatic Group Weight 5-38 

. . . . .  Weight D i s t r i b u t i o n  C a r r i e r  Reen t ry  Cond i t ion  5-43 

. . . . .  Weight D i s t r i b u t i o n  O r b i t e r  Reen t ry  C o n d i t i o n  5-44 

Dry Weight D i s t r i b u t i o n  . . . . . . . . . . . . . . . .  5-47 

. . . . . . .  C e n t e r  of  G r a v i t y  L o c a t i o n  B a l l a s t  E f f e c t  5-57 

. . . .  . E f f e c t s  of L o c a l i z e d  Weight Inc rement s  O r b i t e r  5-58 

. . . . . . . . . . . .  Launch C o n f i g u r a t i o n  C.G. T r a v e l  5-61 

. . . . . . . . . . . . . . . .  "Swap-lt" Block Diagram. 5-62 

. . . . . . . . . .  E f f e c t  of  Re tu rn  Payload C a p a b i l i t y  5-72 

. . . . . . . . . . .  E f f e c t  of  Payload Weight and S i z e  5-73 

. . . . . . . . . . . . . .  V e l o c i t y  S p l i t  D e t e r m i n a t i o n  5-75 

. . . . . . . . . . . . .  P r o p e l l a n t  volume u t i l i z a t i o n  5-76 

R e l i a b i l i t y  Diagram. O r b i t e r  . E l e c t r i c a l  Power Subsystem 6-11 

. . . . . . . . . . . . . .  C a r r i e r  G e n e r a l  Arrangement 7-2 

. . . . . . . . . . . . . . .  C a r r i e r  P r o p u l s i o n  Systems 7-4 

. . . . . . . . . . . . .  Feed Duct Gimbal Requirements 7-7 

. . . . . . . . . . . . . . . . . . .  C a r r i e r  Equipment 7-11 

. . . . . . . . . . . . . . . .  Crewman S p a t i a l  Envelope 7-12 

. . . . . . . . . . . . . .  O r b i t e r  I n t e r i m  Arrangement 7-16 

. . . . . . . . . . . . . .  O r b i t e r  G e n e r a l  Arrangement 7-18 

. . . . . . . . . . . . . . .  O r b i t e r  P r o p u l s i o n  Systems 7-19 

O r b i t e r  Equipment . . . . . . . . . . . . . . . . . . .  7-24 

. . . . . . . . . . . . . .  O r b i t e r  F e r r y  C o n f i g u r a t i o n  7-27 

O r b i t e r  F e r r y  C o n f i g u r a t i o n  Subsonic  T e s t  Data  . Trim 

. . . . . . . . . . . . . . . . . . .  L i f t  C o e f f i c i e n t  7-28 

O r b i t e r  F e r r y  C o n f i g u r a t i o n  Subsonic  T e s t  Data .. Trim 

. . . . . . . . . . . . . . . . . . . .  Li f t -Drag  R a t i o  7-29 

. . . . . . . . . . . . . . . . . . .  V e h i c l e  l n t e r f  a c e  7-31 

. . . . . . . . . . . . .  V e h i c l e  I n t e r f a c e  ( A l t e r n a t e )  7-32 



Volume I 
Bcok I 

Table  N o .  

3- 1 

3-2 

4- 1 

4-2 

4- 3 

4-4 

4-5 

4-6 

4-7 

4- 8 

4-9 

4-10 

4-11 

4-12 

4-13 

4-14 

4-15 

4- 16 

Integral Launch and 

8 eentry Vehicle 8 stem 

LIST OF TABLES 

REPORT NO . 
MDC E0049 

NOVEMBER 1969 

T i t l e  .. 

Q u a l i t a t i v e  Concept E v a l u a t i o n  . . . . . . . . . . . .  
Required O r b i t e r  S i z e  . . . . . . . . . . . . . . . . .  
Design Mass P r o p e r t i e s  . . . . . . . . . . . . . . . .  
Design F a c t o r s  . . . . . . . . . . . . . . . . . . . .  
C a r r i e r  Landing Gear Design Loads . . . . . . . . . . .  
O r b i t e r  Landing Gear Design Loads . . . . . . . . . . .  

. . . . .  Summary Of Design P r e s s u r e s  And Tempcrnt~lres  

O r b i t e r  Reentry  Hea t ing  Comparison . . . . . . . . . .  
E f f e c t  Of Turbu len t  Hea t ing  On O r b i t e r  . . . . . . . .  
Key Concepts And T r a d e o f f s  . . . . . . . . . . . . . .  
O r b i t e r  I n t e g r a t e d  Avionics  P h y s i c a l  C h a r a c t e r i s t i c s  . 

. . . . . . . . . . . . . .  Computat ional  Requirements 

Da ta  Bus C o n s i d e r a t i o n s  . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  DMS Computer D i s t r i b u t i o n  

. . . . . . . . . . . . .  DMS I n t e r f a c e  Implementat ion 

. . . . . . . . . . .  Multimode Disp lays  Study Summary 

. . . . . . . . . . . . . . . .  C o n t r o l s  Study Summary 

P o s s i b l e  Uses For Space S h u t t l e  C o n t r o l  And Disp lay  

S i m u l a t o r  . . . . . . . . . . . . . . . . . . . . . .  
. . . . . .  Guidance. Naviga t ion  & Cont ro l  Requirements 

. . . . . . . . . . . . . . . . .  Landing System Survey 

. . . . . . . . . . . .  Telecommunication Requirements 

. . . . . . . . . . . . .  SHF Communications Relay Link 

. . . . . . . .  Antenna System ~ e q u i r e m e n t s / S e l e c t i o n  

. . . . . . . . . . . . .  . UHF VS C-Band For Relay Link 

P a r a b o l i c  Dish Antenna VS A c t i v e  E l e c t r o n i c a l l y  

S t e e r e d  Array For Relay Communications Via  I n t e l s a t  I V  

S e p a r a t e  VS Common Antennas For  Communications And 

. . . . . . . . . . . . . . . . . .  Rendezvous Tracking 

Use of A Mechanical  Scan P a r a b o l i c  Dish Antenna Versus 

. . . .  A Mechanical  Scan P a s s i v e  P l a n a r  Array Antenna 

Fuse lage  Mount Versus Dorsa l  F i n  Mount For High Gain 

. . . . . . . . . . . . . . . . . . . . . . . .  Antenna 



Volume I 
Book 1 

Table No . 
4-27 

4-28 

4-29 

4-30 

4-31 

4-32 

4-33 

4-34 

4-35 

4-36 

4-37 

5- 1 

5-2 

5-3 

5-4 

5- 5 

5- 6 

5- 7 

5-8 

5-9 

Integral Launch and 

meentry Vehicle System 

LIST OF TABLES (Continued) 

Title 

REPOlLT NO . 
MDC E0049 

NOVEMBER 1969 

. . . . .  . Radar Mounted in Nose vs a Deployable Radar 

Reliability Goals . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . .  Typical Redundancy Applications 

. . . . . . . . . . .  Orbiter Electrical Load Summary 

. . . . . . . . . . .  Carrier Electrical Load Summary 

Orbiter EPS Weight . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  Carrier EPS Weight 

Page No . 
4-159 

4-162 

4-163 

4-165 

4-167 

4-172 

4-174 

. . . . . . . . . .  Candidate Electrical Power Sources 4-175 

. . .  Environmental Control System Functional Concept 4-177 

. . . . .  Environmental Control System Characteristics 4-178 

. . . . .  Environmental Control System Weight Summary 4-179 

. . . . . . . . . . . . .  Aerodynamic Surface Weights 5-5 

. . . . . . . . . . . . . . . .  Structural Components 5-19 

. . . . . . . . . . .  Total Thermal Protection Weight 5-21 

. . . . . . . . . . . .  Boost Propulsion System Weight 5-29 

. . . .  Attitude Control and Maneuvering System Weight 5-30 

. . . . . . . .  Airbreathing Propulsion System Weight 5-31 

. . . . . . . . . . . . . . .  Personnel and Provisions 5-32 

. . . . . . . . .  Environmental Control System Weight 5-33 

. . . . . . . . . . . . . .  Prime Power Weight Summary 5-34 

. . . . . . . . . . . . . . . . . .  APU Weight Summary 5-36 

Aerodynamic Controls and Hydraulic System Weights . . 5-40 

. . . . . . . . . .  Integrated Avionics System Weight 5-42 

. . . . . . . . . . . . . . .  Two Stage Weight Summary 5-45 

Baseline Design and Operations Characteristics . . . .  5-46 

. . . . . . . . . .  Sequenced Mass Properties Carrier 5-48 

Spacecraft Detailed Summary Weight Statement . Carrj-er 5-4 9 

. . . . . . . . . .  Sequenced Mass Properties Orbiter 5-52 

Spacecraft Detailed Summary Weight Statement . Orbiter 5-53 

Combined Sequenced Mass Properties . Orbiter 6 Carrier 5-60 

SWAP-IT Output . . a , . . . . . . . . . . . . . . . .  5-63 

. . . . . . . . . . . . . . . .  Orbiter Weight Summary 5-64 



Volume I 
Book 1 

Table No. 

Gntegral Launch and 
m l d  

? eent. ry '7ehicle w y atem 

LIST OF TABLES (Con t inued)  

T i t l e  

REPORT YO . 
MDC EOO 49 

NOVEIlBER 1969 

C a r r i e r  Weight Summary . . . . . . . . . . . . . . . .  
S e n s i t i v i t i e s  . 25. 000 Lb . Pay load  . . . . . . . . . .  
S e n s i t i v i t i e s  . 50. 000 Lb . Pay load  . . . . . . . . . .  
Incremen.  r i  E f f e c t s  . 25. 000 Lb . Pay load  . . . . . . .  

. . . . . . . .  I n c r e m e n t a l  E f f e c t s  . 5d. 000 Lb Pay load  

. . . .  . S p a c e c r a f t  Summary Weight S t a t e m e n t  C a r r i e r  

. . . . .  S p a c e c r a f t  Summary Weight  S t a t e m e n t  O r b i t e r  

Groqs F a i l u r e  A n a l y s i s  . . . . . . . . . . . . . . . .  
. . . . . . . .  ILRV M i s s i o n  R e l i a b i l t y  Appor t ionment  

R e l i a b i l i t y  Appor t ionmen t s  by Subsystem C a r r i e r  

= . . . . . . . . . .  R e l i a b i l i t y  Requ i r emen t s  0.9870 

R e l i a b i l i t y  Appor t ionmen t s  by Subsystem O r b i t e r  

= . . . . . . . . . . .  R e l i a b i l i t y  Requ i r emen t s  0.969 

. . . . . . . . . . . . . .  Component R e l i a b i l i t y  Da ta  

A p p l i c a t i o n  F a c t o r s  (KApp) . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  E l e m e n t q d l i a b i l i t y  

. . . . .  A i r l i n e  vs S p a c e c r a f t  S 2 f e t y  C o n s i d e r a t i o n s  

. . . . . . . . . .  C r i t i c a l  Components I d e n t i f i c a t i o n  

C o r r e c t i v e  A c t i o n  O p t i o n s  f o r  EPS F a i l u r e s  on  O r b i t e r  

V e h i c l e  . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . .  . 195 F t  C a r r i e r  Aero C o n t r o l  S u r f a c e  System 

. . . . .  . 107 Ft O r b i t e r  Aero C o n t r o l  S u r f a c e  System 

Page  No. 

5-65 

5-67 

5-68 

5-69 

5-70 

5-77 

5-78 

6-3 

6-6 



Volume I 
Book 1 

REPORT NO. 
Lntegral Launch and MD(' GOO $9 

XOVEXZBEH 1969 
:'een%ry 'lehicle ystexn 

1, O INTRODUCTION - DESIGN CONFIGURATION AND SUBSYSTEMS 

This  volume i s  s e p a r a t e d  i n t o  two books .  Book I c o n t a i n s  t h e  c o n f i g u r a t i o n  

a n a l y s i s ,  subsys tems e x c l u s i v e  of  p r o p u l s i o n  sys tem,  w e i g h t s  and r e l i a b i l i t y  

a n a l y s e s ,  and a d e f i n i t i o n  o f  t h e  b a s e l i n e  d e s i g n s .  Book I1 c o n t a i n s  t h e  pro- 

p u l s i o n  subsys tems .  These a r e  t r e a t e d  s e p a r a t e l y  due t o  t l ie  c l a s s i f i e d  n a t u r e  o f  

much o f  t h e  d a t a  p r e s e n t e d ,  and b e c a u s e  a  ma jo r  p o r t i o n  o f  t h e  s t u d y  was d i r e c t e d  

t o  t h e  l a u n c h  p r o p u l s i o n  a s p e c t s  o f  t h e  c o n f i g u r a t i o n .  

Two s p e c i a l  emphasis  a r e a s  a r e  i n c l u d e d  i n  t h i s  book: "Re-entry H e a t i n g  and 

Thermal P r o t e c t i o n  System Ana lys i s "  and " I n t e g r a t e d  Avionics" .  
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2 , 0  GUIDELINES AND C R I T E R I A  

The genera l  g u i d e l i n e s ,  c r i t e r i a  and ground r u l e s  a p p l i e d  t o  t h e  d e s i g n  o f  

t he  two s t a g e  reusable spacecraf t  are l i s t e d  belorn.ri Addi t iona l  spec i f i c  ground 

r u l e s  a r e  included i n  t h e i r  app l i cab le  s ec t ions .  

o The HL-10 shape def ined  by the  NASA-LRC w i l l  be used f o r  t h e  o r b i t e r .  

Modif icat ions t o  v e h i c l e  l i n e s  w i l l  be  wi th  NASA-LRC approval.  Separa te  

upper and lower elevons w i l l  be  used. 

o The c a r r i e r  w i l l  b e  developed and defined by MDAC during t h e  s tudy.  The 

b a s e l i n e  shape w i l l  b e  s e l e c t e d  wi th  NASA-LRC approval.  

o Base l ine  payload f o r  po in t  des ign  and comparison purposes w i l l  b e  

25,000 l b .  contained i n  a 15  f t .  diameter ,  30 f t .  long con ta ine r .  

A l t e r n a t e  payloads a r e  def ined as :  

50,000 l b .  i n  a 15  f t .  d i a . ,  60 i t .  long envelope 

25,000 l b .  i n  a 15  it. d i a .  , 60 it. long envelope 

10,000 lb .  i n  a 15  f t .  d i a . ,  3,000 cu. i t .  envelope 

50,000 l b .  i n  a 22 it. d i a . ,  60 f t .  long envelope 

o The conf igura t ion  w i l l  have t h e  c a p a b i l i t y  of exchanging payload weight 

and volume f o r  up t o  10 passengers .  

o The conf igu ra t ion  w i l l  have t h e  c a p a b i l i t y  of ca r ry ing  t h e  s p e c i f i e d  

cargo t o  o r b i t ,  and r e tu rn ing  t h e  cargo. 

o Boost p rope l l an t s  w i l l  b e  LOX/LH2 

o High chamber p re s su re  b e l l  nozz le  engines w i l l  b e  used f o r  boost  a s  a 

base l ine .  

o Boost engines w i l l  be  t h e  same s i z e  f o r  both s t ages  i f  poss ib l e .  

o Capabi l i ty  of boost  engine burn on both s t a g e s  a t  launch is  p re fe r r ed .  

o A l t e r n a t e  boost  engine conf igu ra t ions  w i l l  be  i n v e s t i g a t e d  and recom- 

mended i f  app l i cab le .  

o Both s t a g e s  w i l l  have a i r  b rea th ing  engine powered landing  wi th  once around 

go-around c a p a b i l i t y .  

o Landing w i l l  b e  a t  a prepared h o r i z o n t a l  runway. 

o Ferry c a p a b i l i t y  w i l l  b e  i n v e s t i g a t e d ,  

o Both s t ages  w i l l  have a 2 man crew. 
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o  Cre~s w i l l  o p e r a t e  i n  a  s h i r t s l e e v e  env i ronment .  

o EVA w i l l  n o t  b e  r e q u i r e d  f o r  o r b i t a l  t r a n s f e r  of  crew a n d  c a r g o .  

o  L o n g i t u n d i n a l  a c c e l e r a t i o n  l o a d s  w i l l  b e  3g maximum with p a s s e n g e r ,  

4g maximum f o r  crew on ly .  

o  Miss ion w i l l  b e  completed w i t h  one e n g i n e  o u t  i n  e i t h e r  s t a g e .  

o  P r o p e l l a n t  w i l l  n o t  be  t r a n s f e r r e d  between s t a g e s  ( d e s i r a b i l i t y  of 

p r o p e l l a n t  t r a n s f e r  w i l l  b e  i n v e s t i g a t e d ) .  
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3,O CONFIGURATION ANALYSIS 

A major p o r t i o n  of t h e  two s t a g e  r e c o v e r a b l e  s p a c e c r a f t  s t u d y  was devoted t o  

c o n f i g u r a t i o n  development and a n a l y s i s .  The HL-10 shape d e f i n e d  by t h e  NASA-LRC 

was d e s i g n a t e d  a s  t h e  second,  o r  o r b i t i n g ,  s t a g e .  The f i r s t ,  o r  c a r r i e r ,  s t a g e  

was developed by MDAC. The c o n f i g u r a t i o n  a n a l y s i s  was an  e v o l u t i o n a r y  p r o c e s s  t o  

d e f i n e  t h e  o r b i t e r ,  c a r r i e r  and t h e  launch c o n f i g u r a ~  ion.  ' I ' l ~ c !  two s t a g e s  were  

op t imized  i n  terms of g r o s s  launch performance,  ni iss i o n  interfaces , and f i r s t  

s t a g e  c o n f i g u r a t i o n .  The r e s u l t s  of t h e  s t u d y  a r c  i l l t l s  t r;rtc!d a s  b a s e l i n e  c a r r i e r ,  

o r b i t e r  and launch c o n f i g u r a t i o n s .  

3 . 1  C o n f i g u r a t i o n  Evolu t ion  - The e v o l u t i o n  of t t ~ c  two s Lagc rerlsab l e  s p a c e c r a f t  

concept  from t h e  i n c e p t i o n  of i t s  s t u d y  t o  s e l e c t i o n  o f  c a n d i d a t e s ,  p l u s  t h e  

r a t i o n a l e  f o r  t h e i r  s e l e c t i o n ,  i s  p r e s e n t e d  i n  t h i s  s e c t i o n .  The s t u d y  p r o g r e s s e d  

from a  m a t r i x  of p o s s i b l e  c o n f i g u r a t i o n s  t o  a  s e l e c t i o n  o f  two c a n d i d a t e s  and 

re f inement  of c o n f i g u r a t i o n  d e t a i l s .  

3 . 1 . 1  Two S tage  Concepts - The c o n f i g u r a t i o n  a n a l y s i s  of t h e  two s t a g e  r e u s a b l e  

s p a c e c r a f t  s t u d y  was i n i t i a t e d  w i t h  a  s t u d y  of many c a n d i d a t e  launch conf igura -  

t i o n s .  R e s u l t s  of t h e  major p r e l i m i n a r y  concep t s  which were i n v e s t i g a t e d  a r e  

shown i n  F igure  3-1. The HL-10 c o n f i g u r a t i o n ,  shown a s  t h e  o r b i t e r ,  and t h e  

c a r r i e r  have a  n e g a t i v e  camber body i n  each c o n c e p t ,  which was a  d e s i r e d  f e a t u r e  

t o  o b t a i n  f a v o r a b l e  hyperson ic  t r i m  c h a r a c t e r i s t i c s  a s  a  r e s u l t  of  

p o s i t i v e  z e r o - l i f t  p i t c h i n g  moment c o e f f i c i e n t s .  Another d e s i r e d  arrangement 

p e r m i t s  f i r i n g  of b o o s t  e n g i n e s  i n  bo th  s t a g e s  p r i o r  t o  o r  a t  l i f t - o f f .  Hence, 

t h e  b a s e  of b o t h  s t a g e s  shou ld  b e  n e a r l y  in -p lane .  

Concepts A and B s h o ~ " ~  HL-10 c o n f i g u r a t i o n s  a l s o  f o r  t h e  c a r r i e r  s t a g e .  

Concept A i s  a  twin arrangement ,  w i t h  bo th  v e h i c l e s  t h e  same s i z e ,  w h i l e  

Concept B shows a  c a r r i e r  l a r g e r  than  t h e  o r b i t e r .  The twin concept  produces  

a  h i g h e r  g r o s s  launch weigh t .  However, some c o s t  sav ings  might be r e a l i z e d  due 

t o  s i m i l a r i t y  of v e h i c l e s .  Concept C d e p i c t s  an end-to-end arrangement .  T h i s  

produces a  g r e a t e r  o v e r a l l  l e n g t h ,  and degrades  t h e  c a p a b i l i t y  f o r  u s i n g  t h e  

o r b i t e r  b o o s t  eng ines  d u r i n g  c a r r i e r  burn .  Concept D shows t h e  o r b i t e r  n e s t e d  

i n  a  V-tank c a r r i e r  ar rangement ,  The upper s u r f a c e  of t h i s  c a r r i e r  i s  c l o s e d  

w i t h  a  web between tanks  t o  p r e s e n t  a  d e l t a  planform shape.  Concepts E and F 

p r e s e n t  c a r r i e r s  which u t i l i z e  p a r a l l e l  launch p r o p e l l a n t  t a n k s  t o  form t h e  b a s i c  
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body c r o s s  s e c t i o n ,  These t a n k s  a r e  forward of and underneath  t h e  o r b i t e r ,  Con- 

c e p t  E u s e s  a  V - t a i l  w i t h  v a r i a b l e  geometry wings f o r  l a n d i n g ,  and Concept F u s e s  

a  f i x e d  d e l t a  wing w i t h  v e r t i c a l  c o n t r o l  s u r f a c e s  n e a r  t h e  wing t i p s  ( n o t  shown i n  

t h e  f i g u r e ) .  The p a r a l l e l  t a n k  arrangement provided t h e  b a s i s  f o r  subsequen t  

shapes ,  and development of t h e  b a s e l i n e  c o n f i g u r a t i o n  was a  p r o c e s s  of e v o l u t i o n  

from t h i s  p o i n t .  Concept G d e p i c t s  a n  arrangement where t h e  upper s u r f a c e s  of b o t h  

s t a g e s  a r e  mated. T h i s  concept  p r e s e n t s  a  s e p a r a t i o n  problem r e q u i r i n g  a c c u r a t e l y  

c o n t r o l l e d  t r a n s l a t i o n  of v e h i c l e s  t o  e f f e c t  removal of t h e  o r b i t e r  v e r t i c a l  t a i l  

from t h e  b o o s t e r .  Concept H shows t h e  o r b i t e r  n e s t e d  i n  t h e  c a r r i e r ,  w i t h  t h e  

c a r r i e r  p r o p e l l a n t  l o c a t e d  forward of t h e  o r b i t e r .  T h i s  arrangement a l s o  r e s u l t s  

i n  a l o n g  launch c o n f i g u r a t i o n  because  t h e  a f t  end of t h e  b o o s t e r  i s  a  s t r u c t u r a l  

s u p p o r t  f o r  t h e  o r b i t e r  and does  n o t  c o n t r i b u t e  t o  e f f i c i e n t  p r o p e l l a n t  u t i l i z a t i o n .  

Concepts J and K have t h e  upper s u r f a c e  of t h e  o r b i t e r  i n t e r f a c i n g  w i t h  t h e  lower 

s u r f a c e  o f  t h e  c a r r i e r .  The v e r t i c a l  c e n t e r l i n e  f i n  of t h e  o r b i t e r  i s  n e s t e d  i n  

a  c a v i t y  on t h e  c a r r i e r .  The c a r r i e r  f o r  Concept J h a s  a  c l i p p e d  d e l t a  f i x e d  wing 

and a v e r t i c a l  c e n t e r l i n e  f i n .  The c a r r i e r  f o r  Concept K h a s  a  V - t a i l  n e s t e d  

between t h e  o r b i t e r  s i d e  f i n s ,  a  v e r t i c a l  c e n t e r l i n e  f i n ,  and b d i l a t l l e  geometry wings 

f o r  l a n d i n g .  Both of t h e s e  concep t s  a l s o  p r e s e n t  a  s e p a r a t i o n  problem s i m i l a r  t o  

Concept G .  Concepts L and M employ t h e  same b a s i c  c h a r a c t e r i s t i c s  a s  Concepts J 

and K. The c a r r i e r  b o d i e s  have a  s m a l l e r  c r o s s  s e c t i o n ,  p r o v i d i n g  a  h i g h e r  f i n e -  

n e s s  r a t i o  f o r  a  g i v e n  p r o p e l l a n t  volume. The t ank  w a l l s  i n  t h e s e  two c o n c e p t s  

p r o v i d e  t h e  s t r u c t u r a l  s k i n  f o r  t h e  c a r r i e r  body. 

Concepts D ,  E, L ,  and M a r e  e v a l u a t e d  i n  terms of t h e  pa ramete rs  i n d i c a t e d  i n  

T a b l e  3-1. These f o u r  concep t s  r e p r e s e n t  t h e  most d e s i r a b l e  arrangements  from t h e  

m a t r i x  of 12.  
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Q u a l i t a t i v e  Concept E v a l u a t i o n  

Paramete r s  

L/D - Subsonic  

I LID - Hypersonic 

S t a b i l i t y  Margin 

Flow S e p a r a t i o n  

S t r u c t u r a l  E f f i c i e n c y  

A d a p t a b i l i t y  t o  o t h e r  

S t a g e  s e p a r a t i o n  

Growth p o t e n t i a l  

Concept D 
Nested,  
V-Tank 

Poor 

Poor 

Poor 

Yes 

Poor 

Poor 

Poor 

Poor 

Good 

Concept E 
Nested,  
L i f t  Body 

Acceptable  

Acceptable  

Accep tab le  

Yes 

Poor 

Poor 

Poor 

Poor 

Good 

Concept L  
P a r a l l e l  
Tank, FG 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Acceptable  
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Concept M 

P a r a l l e l  
Tank, VG 

Concept D i s  expec ted  t o  have a  poor  s u b s o n i c  LID a s  a  r e s u l t  of a  low a s p e c t  

r a t i o  p lanform and a  poor  h y p e r s o n i c  L/D a s  a  r e s u l t  of a  l a r g e  l e a d i n g  edge 

r a d i u s .  The s t a b i l i t y  margin i s  c o n s i d e r e d  poor  a s  a  r e s u l t  of t h e  low a s p e c t  

r a t i o  p lanform and t h e  l i k e l y  a f t  c . g .  p o s i t i o n .  Because of  t h e  l a r g e  l e a d i n g  

edge r a d i u s  a t  i n t e r m e d i a t e  a n g l e s  of  a t t a c k ,  a  s u p e r s o n i c  Mach number f low 

s e p a r a t i o n  on t h e  lower  s u r f a c e  i s  a  l i k e l y  phenomenon, The r e g i o n  between t h e  

two t a n k s  s u p p o r t i n g  t h e  o r b i t e r  i s  l i k e l y  t o  b e  heavy and s t r u c t u r a l l y  i n e f f i c i e n t  

because  of t h e  p e c u l i a r  c r o s s - s e c t i o n a l  shape .  Fur thermore ,  t h e  shape  w i l l  l i m i t  

t h e  c a r r i e r  a p p l i c a t i o n  t o  t h e  HL-10 v e h i c l e .  Thus i t  i s  n o t  e a s i l y  a d a p t a b l e  t o  

o t h e r  o r b i t e r  v e h i c l e s .  The n e s t e d  o r b i t e r  i n  t h e  c a r r i e r  i n c r e a s e s  s e p a r a t i o n  

complexi ty  and r e d u c e s  system r e l i a b i l i t y .  The V-tank does  n o t  a l l o w  f o r  i n c r e a s e  

i n  payload c a p a b i l i t y  through c a r r i e r  growth.  The o n l y  p o i n t  i n  f a v o r  of t h e  

concept  i s  i t s  mat ing  w i t h  t h e  HL-10 which could  b e  t a i l o r e d  t o  f i t  t h e  HL-10 

v e h i c l e .  

Concept E w i l l  d i s p l a y  a l l  t h e  c h a r a c t e r i s t i c s  a t t r i b u t e d  t o  Concept D.  

However, a s  a  r e s u l t  of c o n f i g u r a t i o n a l  improvements,  h i g h e r  s u b s o n i c  and hyper-  

s o n i c  L/D and s t a b i l i t y  margins a r e  p r e d i c t e d ,  
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With p a r a l l e l  t a n k s  and f i x e d  geometry a s  shown i n  Concept L, good low and 

h igh  speed c h a r a c t e r i s t i c s  a r e  a t t a i n e d ,  The p a r a l l e l  t a n k s  r e s u l t  i n  good 

s t r u c t u r a l  e f f i c i e n c y ,  and a d a p t a b i l i t y  t o  o t h e r  o r b i t e r  c o n f i g u r a t i o n s ,  S t a g e  

s e p a r a t i o n  i s  eased  because  of e l i m i n a t i o n  of t h e  n e s t i n g  concept .  The p a r a l l e l  

t a n k s  a l l o w  c a r r i e r  growth i f  i t  i s  deemed n e c e s s a r y .  Mating i s  cons idered  

a c c e p t a b l e ,  a l though  t h e  s t a g e  is  n o t  t a i l o r e d  t o  t h e  HL-10 shape.  

Concept M ,  w i t h  p a r a l l e l  t a n k s  and v a r i a b l e  geometry wing combines a l l  t h e  

f e a t u r e s  of Concept L  w i t h  improved s u b s o n i c  c h a r a c t e r i s t i c s  a t  some i n c r e a s e  i n  

v e h i c l e  s t r u c t u r a l  we igh t .  

3.1.2 Candida te  C a r r i e r  C o n f i g u r a t i o n s  - Two c a r r i e r  concep t s  were s e l e c t e d  and 

d e f i n e d  f o r  f u r t h e r  i n v e s t i g a t i o n  and re f inement  a s  p o t e n t i a l  b a s e l i n e  s h a p e s .  

These were evolved from Concept L shown i n  S e c t i o n  3 .1 .1 .  T h i s  b a s i c  concep t  

was s e l e c t e d  because  of t h e  good aerodynamic performance,  s t r u c t u r a l  e f f i c i e n c y ,  

v e r s a t i l i t y  of s t a g e  mat ing  and s i z i n g  p o t e n t i a l ,  and s i m p l i c i t y  of d e s i g n .  

These shapes  a r e  shown i n  F i g u r e s  3-2 and 3-3. F i g u r e  3-2 h a s  a  c l i p p e d  

d e l t a  wing planform s h a p e ,  and F i g u r e  3-3 h a s  a  swept wing w i t h  a  s e p a r a t e  hor izon-  

t a l  t a i l .  The v e h i c l e  s t r u c t u r a l  s k i n  f o r  b o t h  concep t s  i s  formed by t h e  l aunch  

p r o p e l l a n t  t ank  w a l l s .  Th i s  p r o v i d e s  p a r a l l e l  s i d e s  f o r  most of t h e  v e h i c l e  

l e n g t h .  The lower s u r f a c e  a t  t h e  a f t  end h a s  a  b o a t - t a i l  arrangement p r o v i d i n g  

a  n e g a t i v e  camber. The forward body i s  f a i r e d  from t h e  p r o p e l l a n t  t ank  c r o s s  

s e c t i o n  t o  t h e  nose  r a d i u s  on b o t h  upper and lower s u r f a c e s .  

C r e w  compartment and s p a c e c r a f t  sys tems such a s  e l e c t r o n i c s  and power s u p p l y  

a r e  l o c a t e d  i n  t h e  s e c t i o n  forward o f  t h e  p r o p e l l a n t  t a n k s .  Launch e n g i n e s ,  f e e d  

and p r e s s u r i z a t i o n  systems a r e  i n  t h e  s e c t i o n  a t  t h e  b a s e  of t h e  v e h i c l e .  The 

c l i p p e d  d e l t a  c o n f i g u r a t i o n  h a s  a  t h i c k  wing which p r o v i d e s  stowage of t h e  c r u i s e  

and l a n d i n g  e n g i n e s  d u r i n g  l aunch .  These eng ines  a r e  deployed f o r  c r u i s e  f l i g h t  

and l a n d i n g .  C r u i s e  and l a n d i n g  e n g i n e s  f o r  t h e  w i n g l t a i l  c o n f i g u r a t i o n  a r e  

shown stowed i n  t h e  forward f u s e l a g e .  These a r e  a l s o  extended f o r  o p e r a t i o n .  
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3 , 1 , 3  C a r r i e r  Development - - The two c a n d i d a t e  c a r r i e r  s h a p e s  s e l e c t e d  i n  S e c t i o n  

3,1,2 were  i n v e s t i g a t e d  i n  d e p t h  f o r  t h e  p u r p o s e s  o f  a r r i v i n g  a t  d e t a i l e d  d e f i n i -  

t i o n  o f  a  b a s e l i n e  v e h i c l e .  The b a s i c  v e h i c l e  body i s  common t o  b o t h  t h e  c l i p p e d  

d e l t a  and  w i n g l t a i l  c o n f i g u r a t i o n s .  R e s u l t s  o f  a n a l y s i s  o f  t h e  p r o p e l l a n t  

t a n k  and body f a i r i n g  s e c t i o n s  were  t h e n  a p p l i c a b l e  f o r  e i t h e r  c o n f i g u r a t i o n .  

D e f i n i t i o n  of  t h e  aerodynamic  s u r f a c e s  r e q u i r e m e n t s  was s imi lar  f o r  b o t h  v e h i c l e s ,  

a l t h o u g h  t h i s  w a s  t h e  ma jo r  d e v i a t i o n  be tween t h e  two. 

Body C r o s s  S e c t i o n  - I n  t h e  i n t e r e s t  o f  min imiz ing  t h e  w e i g h t  o f  t h e  f i r s t  

s t a g e  c o n f i g u r a t i o n ,  i t  was d e c i d e d  t h a t  t h e  p r o p e l l a n t  t a n k s  s h o u l d  serve as 

t h e  p r i m a r y  l o a d  c a r r y i n g  s t r u c t u r e .  S e v e r a l  c o n f i g u r a t i o n s  o f  t h e  " t ank-  

s t r u c t u r a l  co re"  were  c o n s i d e r e d ,  and from these ,  t h r e e  b a s i c  c a n d i d a t e s  w e r e  

s e l e c t e d  as shown i n  F i g u r e  3-4. These  c a n d i d a t e  t a n k  c o n f i g u r a t i o n s  w e r e  

e v a l u a t e d  on  t h e  b a s i s  o f  s t r u c t u r a l  p r o p e r t i e s ,  c o s t ,  aero- thermo c o n s i d e r a t i o n  

and d e s i g n  c o m p l e x i t y .  Tank w e i g h t  f o r  t h e  t h r e e  c o n f i g u r a t i o n s  i s  e q u a l .  

Weight p e r  u n i t  volume i s  i n d e p e n d e n t  o f  t h e  number of  l o b e s  and r e d u c e s  t o  a 
w t  = 2 p c  

f u n c t i o n  o f  i n t e r n a l  p r e s s u r e ,  m a t e r i a l  d e n s i t y ,  and a l l o w a b l e  stress (- Val ) .  

For e q u a l  l e n g t h  t a n k s ,  t h e  c r o s s  s e c t i o n a l  a r e a s  a r e  e q u a l  and t h e  c a p a b i l i t y  

f o r  c a r r y i n g  body a x i a l  l o a d s  i s  e s s e n t i a l l y  e q u a l .  The c y l i n d r i c a l  s e c t i o n ,  w i t h  

a h i g h e r  moment of  i n e r t i a ,  i s  s l i g h t l y  more e f f i c i e n t  f o r  r e a c t i n g  body bend ing  

moments, and i s  o n l y  s l i g h t l y  l e s s  c o s t l y  t h a n  t h e  s i a m e s e  c o n f i g u r a t i o n .  The 

"s iamese"  d e s i g n  a l s o  p r o v i d e s  r e l a t i v e l y  more l i f t  ( C  ) t h a n  t h e  o t h e r  c o c f F g u r a t i o n s  
L 

and t h u s  a  s m a l l e r  W / S C ~ .  The d e s i g n  c o m p l e x i t y  of  t h e  s i a m e s e  d e s i g n  i s  somewhat 

h i g h e r  t h a n  t h e  s i m p l e r  c y l i n d e r  s h a p e  f o r  t h e  a t t a c h m e n t  of  t h r u s t  s t r u c t u r e  and 

t h e  g e n e r a l  i n t e g r a t i o n  of  s u p p o r t i n g  and s e c o n d a r y  s t r u c t u r e s  a round  t h e  p r i m a r y  

c o r e .  I n s t a l l a t i o n  of equipment s u c h  a s  aerodynamic  s u r f a c e s ,  c o n t r o l  l i n e s ,  

p r o p e l l a n t  f e e d  d u c t s ,  e t c .  may b e  accompl i shed  i n  t h e  "Vee" be tween t a n k  l o b e s  on 

t h e  siamese t a n k  body,  whereas  t h e  c i r c u l a r  t a n k  r e q u i r e s  s p e c i a l  e x t e r n a l  body 

f a i r i n g s  t o  p r o v i d e  f o r  t h i s  equ ipmen t .  

The s i a m e s e  d e s i g n  was s e l e c t e d  a s  t h e  b a s e l i n e  approach  b e c a u s e  of  t h e  lower  

W/SC and t h e  s e c o n d a r y  equipment i n s t a l l a t i o n  c a p a b i l i t y .  The b a s i c  body i s  1, 
symmetr ic  i n  p r o f i l e  t o  accommodate p a r a l l e l  t a n k s .  A s l i g h t  f o r ~ ~ a r d  ramp and a f t  

b o a t t a i l  would impac t  some p o s i t i v e  z e r o  l i f t  p i t c h i n g  moment which i s  d e s i r a b l e  



Volume I 
Book 1 

[ntegral Launch and 
17 teent ry  lehicle " yatem 

C A R R I E R  STRUCTURAL CORE EVALUATION 

IZEPORT NO. 
klDC I30049 

SOYEMBER 1!iG9 



Volume t 
Book a [integral Launch and 

Beentry Vehicle System 

REPORT NO. 
MDC E0049 

NOVEMBER 1969 

from trim c o n s i d e r a t i o n s ,  The body nose  r a d i u s  was t h e r e f o r e  r a i s e d  above t h e  

p o s i t i o n  shown i n  F i g u r e  3-2 .  

Clipped De l ta  Wine C h a r a c t e r i s t i c s  - A t h i c k  wing p r o v i d e s  u s e f u l  volume 

f o r  c r u i s e  e n g i n e  i n s t a l l a t i o n s ,  l a n d i n g  g e a r s  and c r u i s e  f u e l .  Fur thermore ,  i t  

y i e l d s  f a i r l y  l a r g e  l e a d i n g  edge r a d i i  and cor respond ing ly  lower l e a d i n g  edge 

t e m p e r a t u r e s .  A wing w i t h  15% t h i c k n e s s  was s e l e c t e d ,  i n f l u e n c e d  by i n s t a l l a t i o n  

r e q u i r e m e n t s  f o r  turbo-fan c r u i s e  e n g i n e s .  

Hypersonic  d i r e c t i o n a l  s t a b i l i t y  was i n i t i a l l y  be ing  p rov ided  w i t h  aft-body 

f l a r e ,  and h i g h  wing l o c a t i o n  was t h e n  s e l e c t e d  a s  t h e  b a s e l i n e  approach.  Subse- 

quen t  c o n f i g u r a t i o n  a n a l y s i s  e l i m i n a t e d  t h e  use  o f  a f t  body f l a r e .  I t  t h e n  appeared 

t h a t  a  low wing i n s t a l l a t i o n  had c o n s i d e r a b l e  m e r i t  w i t h  d e p l o y a b l e  equipment 

i n s t a l l e d  i n  t h e  wing. The l a n d i n g  g e a r  s t r u t s  do n o t  have t o  b e  a s  l o n g ,  f o r  

example,  and l a n d i n g  l o a d  induced moments can  be reduced.  Ttie s e l e c t e d  wing t h e n  

had a  low p o s i t i o n  and i n c o r p o r a t e d  a  15' d i h e d r a l  t o  p rov ide  t h e  r e q u i r e d  

h y p e r s o n i c  d i r e c t i o n a l  s t a b i l i t y  a t  h igh  a n g l e s  of  a t t a c k .  I t  i n c l u d e s  l a r g e  

l e a d i n g  edge r a d i u s  t o  p r o v i d e  hyperson ic  d i r e c t i o n a l  s t a b i l i t y  a t  low a n g l e s  of 

a t t a c k  and reduced h e a t i n g  r a t e s .  

A n e g a t i v e  camber wing would improve t h e  ze ro  l i f t  p i t c h i n g  moment c h a r a c t e r -  

i s t i c s  and was shown i n  F i g u r e  3-2 f o r  t h e  c l i p p e d  d e l t a  concep t .  The n e g a t i v e  

camber low wing,  however, i n t r o d u c e s  shock wave h e a t i n g  due t o  t h e  d i s c o n t i n u i t y  

between wing and body. The wing was t h e n  r e p l a c e d  w i t h  a  p o s i t i v e  camber a i r f o i l  

t o  p r o v i d e  a  smoother wing-to-body t r a n s i t i o n .  A f a i r i n g  was a l s o  i n c o r p o r a t e d  t o  

p r o v i d e  a  l a r g e  f i l l e t  r a d i u s  between wing l e a d i n g  edge and bo2.1. 

The d o r s a l  f i n  sweep a n g l e  was i n c r e a s e d  t o  enhance s u b s o n i c  and s u p e r s o n i c  

d i r e c t i o n a l  s t a b i l i t y  by moving t h e  c e n t e r  of p r e s s u r e  a f t  and t o  improve l a u n c h  

h e a t i n g  c h a r a c t e r i s t i c s .  These m o d i f i c a t i o n s  were i n c o r p o r a t e d  on t h e  c a n d i d a t e  

c a r r i e r  t o  p r o v i d e  a  b a s e l i n e  f o r  subsequen t  a n a l y s i s .  

Wing/Tail  C h a r a c t e r i s t i c s  - The c o n s i d e r a t i o n s  t h a t  r e s u l t e d  i n  t h e  s e l e c t i o n  

of t h e  wing f o r  t h e  c l i p p e d  d e l t a  concep t  a r e  b a s i c a l l y  a p p l i c a b l e  t o  t h e  w i n g / t a i l  

concep t .  One e x c e p t i o n  was t h a t  t h e  w i n g l t a i l  concept  r educes  t h e  need f o r  p o s i -  

t i v e  z e r o - l i f t  p i t c h i n g  moment c h a r a c t e r i s t i c s  i n  t h e  wing. The e l i m i n a t i o n  of 

body f l a r e ,  however, n e c e s s i t a t e s  n e g a t i v e  camber o r  o t h e r  m o d i f i c a t i o n  t o  o b t a i n  
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t h e  r e q u i r e d  c o n t r o l  c h a r a c t e r i s t i c s  improvement, The f l a r e d  body a t  t h e  a f t  end 

might a l s o  have been used f o r  eng ine  and l a n d i n g  gear  i r ~ s t a l l a t i o n  s o  a  t h i c k  wing 

might be  i n c o r p o r a t e d  f o r  t h e s e  p r o v i s i o n s .  

A low wing w i t h  a 15% t h i c k  chord p r o v i d e s  l e s s  t r u e  t h i c k n e s s  t h a n  t h e  c l i p p e d  

d e l t a  wing due t o  t h e  s h o r t e r  chord.  Landing eng ines  con ta ined  i n  t h e  wing mold- 

l i n e  t h e n  have a  s m a l l e r  d i a m e t e r ,  t h u s  lower t h r u s t  p e r  eng ine  and more e n g i n e s  

would be r e q u i r e d .  A p o s i t i v e  camber low wing w i l l  m a i n t a i n  a  smooth wing-to-body 

t r a n s i t i o n ,  and hyperson ic  c o n t r o l  c a p a b i l i t y  may be  provided w i t h  a t a i l  s u r f a c e  

d i h e d r a l .  These m o d i f i c a t i o n s  were a l s o  t o  b e  i n c o r p o r a t e d  t o  p rov ide  a n  a l t e r n a t e  

b a s e l i n e ,  however, t h e  s e l e c t e d  b a s e l i n e  i n c l u d e d  on ly  t h e  c l i p p e d  d e l t a  c o n f i g u r a t i o n  

a s  d e s c r i b e d  i n  S e c t i o n  3 .2 .1 .  
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3 ,  I ,  4 Gandidat  t i o n s  - V a r i o u s  c a n d i d a t e s  f o r  a l a u n c h  c o n f i g u -  -- 

r a t i o n  are d e p i c t e d  i n  F i g u r e  3-5, The c a r r i e r  i n c l u d e s  t h e  m o d i f i c a t i o n s  d i s c u s s e d  

i n  t h e  p r e v i o u s  p a r a g r a p h s .  The nominal  c o n d i t i o n  u t i l i z e d  d u r i n g  t h e  e a r l y  p a r t  

of t h e  s t u d y  i s  r e p r e s e n t e d  by t h e  f i r s t  c o n f i g u r a t i o n  (on  t h e  l e f t ) .  The s t a g e  

m a t i n g  i s  m o d i f i e d  f rom t h e  c o n c e p t  s e l e c t e d  e a r l i e r  i n  o r d e r  t o  min imize  t h e  

s e p a r a t i o n  problems and c a r r i e r  s t r u c t u r a l  complex i ty .  The a f t  l o c a t i o n  o f  t h e  

o r b i t e r  was b a s i c a l l y  r e q u i r e d  b e c a u s e  t h e  o r b i t e r  e n g i n e s  were t o  b e  o p e r a t i n g  a t  

r e d u c e d  t h r u s t  t h r o u g h o u t  t h e  l a u n c h  p h a s e  and a t  f u l l  t h r u s t  f o r  checkou t  p r i o r  

t o  l a u n c h .  T h i s  r e q u i r e m e n t  was s u b s e q u e n t l y  removeti, s o  a r r a n g e m e n t s  s u c h  a s  t h e  

o t h e r  two migh t  b e  c o n s i d e r e d .  The second c o n f i g u r a t i o n  may a l s o  p e r m i t  o r b i t e r  

e n g i n e  i d l e  o p e r a t i o n ,  however,  a plume impingement s t u d y  would b e  r e q u i r e d  t o  

d e t e r m i n e  d e t r i m e n t a l  e f f e c t s .  The t h i r d  c o n f i g u r a t i o n  e l i m i n a t e s  t h e  c a p a b i l i t y  o f  

o p e r a t i n g  o r b i t e r  e n g i n e s ,  w i t h  t h e  e n g i n e s  n e a r  v e l ~ i c l e  c e n t e r l i n e .  

The e n g i n e  g i m b a l  r e q u i r e m e n t  o f  t h e  c a r r i e r  i s  a  f u n c t i o n  of  c , g .  o f f s e t  

be tween t h e  two v e h i c l e s .  T o t a l  e n g i n e  g imba l  i s  r e f e r e n c e d  from t h e  l o n g i t u d i n a l  

a x i s  of  t h e  c a r r i e r  and c o n s i s t s  of  a  combina t ion  of  c .g .  t r a v e l  and l a u n c h  

d i s p e r s i o n s .  T h i s  r e q u i r e m e n t  r e p r e s e n t s  t h e  h i g h e s t  p e n a l t y  f o r  t h e  f i r s t  

c o n f i g u r a t i o n ,  and r e d u c e s  i n  magn i tude  a c r o s s  t h e  s p e c t r u m  of c o n f i g u r a t i o n s .  

S e p a r a t i o n  c o m p l e x i t y  is  g r e a t e s t  f o r  t h e  c o n f i g u r a t i o n  where  one  v e h i c l e  

lower  s u r f a c e  t r a n s l a t e s  l o n g i t u d i n a l l y  w i t h  r e s p e c t  t o  t h e  o t h e r .  T h i s  e f f e c t  

i s  o f f s e t ,  however ,  b y  t h e  i n c r e a s i n g  o v e r - a l l  l e n g t h  as t h e  l a u n c h  c o n f i g u r a t i o n  

a p p r o a c h e s  t h e  p u r e  tandem a r r a n g e m e n t .  The g r e a t e r  l e n g t h s  r e p r e s e n t  p e n a l  t ies  

i n  t e r m s  o f  ground s u p p o r t  and s e r v i c i n g  equ ipmen t .  The l o w e s t  l o c a t i o n  f o r  t h e  

o r b i t e r  p e r m i t s  a more a c c e s s i b l e  c a r g o  bay f o r  l o a d i n g  and s e r v i c i n g .  It 

a l s o  r e p r e s e n t s  t h e  maximum p o t e n t i a l  f o r  p e r s o n n e l  a c c e s s i b i l i t y .  Launch pad 

e s c a p e  from an  emergency c o n d i t i o n  f o r  i n s t a n c e ,  migh t  b e  more r e a d i l y  accom- 

p l i s h e d  w i t h  t h e  c rew and p a s s e n g e r s  l o c a t e d  c l o s e r  t o  t h e  ground.  

3 .2  V e h i c l e  S i z i n g  A n a l y s i s  - V e h i c l e  s i z i n g  f o r  b o t h  s t a g e s  c o n s i s t e d  of  d e f i n i -  

t i o n  o f  t h e  v e h i c l e  g e o m e t r i c  p r o p e r t i e s  and d e t e r m i n a t i o n  o f  t h e  l e n g t h s  r e q u i r e d  

t o  p e r f o r m  s p e c i f i e d  m i s s i o n s ,  The t a s k  o f  d e f i n i n g  g e o m e t r i c  p r o p e r t i e s  w a s  

i n i t i a l l y  per formed on a  non-d imens iona l  b a s i s .  The f a c t o r s  d e f i n i n g  v e h i c l e  
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p r o p e r t i e s  were then conver ted  t o  v a l u e s  a s  a  f u n c t i o n  of  l e n g t h ,  The c a p a b i l i t y  

of  v a r i o u s  v e h i c l e s  f o r  c o n t a i n i n g  cons t r a i n e d  cargo and l aunch  p r o p e l l a n t  was 

de te rmined .  These v a l u e s  were a l s o  conver ted  t o  a  g r a p h i c  form t o  p r o v i d c  a  r ange  

of  payload and performance c a p a b i l i t i e s .  Th i s  a n a l y s i s  was conducted t o  p r o v i d e  a  

t o o l  f o r  r a p i d  i n p u t s  t o  a  computer program. The o u t p u t s  o f  t h i s  program t h e n  

p rov ided  a n  optimum v e h i c l e  s i z e  f o r  each payload of  i n t e r e s t ,  and a  c o n f i g u r a t i o n  

f o r  which t h e  d e t a i l  d e s i g n  a n a l y s i s  was conducted.  

3 . 2 . 1  C a r r i e r  S i z i n g  A n a l y s i s  - The f i r s t  s t a g e  v e h i c l e  s e l e c t e d  a s  a  b a s e l i n e  

f o r  t h e  s i z i n g  a n a l y s i s  i s  i l l u s t r a t e d  i n  F i g u r e  3-6. The c l i p p e d  d e l t a  c o n f i g u r a -  

t i o n  shown was s e l e c t e d ,  w i t h  NASA-LRC concur rence .  The s e l e c t i o n  o f  one  c a r r i e r  

c o n f i g u r a t i o n  a t  t h i s  p o i n t  p e r m i t t e d  a  more d e t a i l e d  a n a l y s i s  f o r  s i z i n g  and 

d e s i g n  d e f i n i t i o n .  A c o n t i n u a t i o n  o f  b o t h  t h e  c l i p p e d  d e l t a  and w i n g l t a i l  con- 

c e p t s  would have d i l u t e d  t h e  l e v e l  of  e f f o r t  on bo th  v e h i c l e  s t a g e s .  The two 

c a r r i e r  concep t s  a l s o  a r e  v z r y  s i m i l a r ,  and t h e  s i z i n g  r e s u l t s  would b e  n e a r l y  t h e  

same. A major p o r t i o n  of  t h e  d e t a i l  d e s i g n  d e f i n i t i o n  would a d d i t i o n a l l y  b e  

d i r e c t l y  a p p l i c a b l e  t o  e i t h e r  of  t h e  f i r s t  s t a g e  c o n f i g u r a t i o n s .  

The v e h i c l e  a r e a  r a t i o s  shown i n  F i g u r e  3-6 were  determined from a  l a y o u t  f o r  

an  i n t e r i m  205 f t .  l o n g  v e h i c l e .  The s c a l e d  a r e a s  were non-dimensional ized by d i v i d i n g  

by t h e  s q u a r e  o f  t h e  l e n g t h  t o  a r r i v e  a t  t h e  v a l u e s  p r e s e n t e d .  Wetted a r e a  o f  t h e  

body was c a l c u l a t e d  by t h e  method r e p r e s e n t e d  i n  F i g u r e  3-7. The s c a l e d  p e r i m e t e r  

a t  v a r i o u s  body s t a t i o n s  was d i v i d e d  by s c a l e  l e n g t h  t o  d e r i v e  t h e  P/L pa ramete r .  

These v a l u e s  were then p l o t t e d  t o  p rov ide  a  g r a p h i c  p r e s e n t a t i o n  of  t h e  e q u a t i o n  

f o r  p e r i m e t e r  a s  a  f u n c t i o n  o f  l e n g t h .  The a r e a  under t h i s  cu rve  was then  i n t e -  

g r a t e d  t o  produce a  v a l u e  f o r  t o t a l  body w e t t e d  a r e a .  

Wetted a r e a s  f o r  aerodynamic s u r f a c e s  were  assumed t o  be  two t imes  t h e  v a l u e  

f o r  p r o j e c t e d  a r e a .  This  i n t r o d u c e s  a  v e r y  s m a l l  e r r o r  ( < I % )  f o r  t h i n  s e c t i o n s  

such  a s  t h e  v e r t i c a l  t a i l ,  and an e r r o r  o f  approx imate ly  1% f o r  t h e  t h i c k e r  wing 

s e c t i o n .  The v a l u e  f o r  v ~ l l l m e  was determined i n  a  manner s i m i l a r  t o  body w e t t e d  

a r e a  by p l o t t i n g  c r o s s - s e c t i o n a l  a r e a  v s .  l e n g t h  a s  shown i n  F i g u r e  3-8 and i n t e -  

g r a t i n g  t h e  a r e a  under t h e  curve .  
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The f a c t o r s  deLerrnined by t h e  analysis d e s c r i b e d  above were conver ted  t o  t r u e  

v a l u e s  f o r  v e h i c l e  Length from 200 t o  250 ft, These were then p r e s e n t e d  

oranhirally a s  seen  i n  F i g u r e s  3-9, 3-10 and 3-11. The t o t a l  we t ted  a r e a  shown 0--r 

i n  F i g u r e  3-9 i n c l u d e s  exposed body, wing and v e r t i c a l  t a i l  b u t  exc ludes  b a s e  

a r e a .  The wet ted  a r e a  f o r  body i n c l u d e s  t h a t  a r e a  r e p r e s e n t e d  by t h e  wing and 

f a i r i n g  r o o t  chord.  Planform a r e a  i n c l u d e s  bo th  wings and body. The v a l u e s  

shown i n  F igure  3-10 r e p r e s e n t  t h e  t r u e  p r o j e c t e d  a r e a  o f  each aerodynamic s u r -  

f a c e .  The v a l u e  shown f o r  wing i s  t h u s  f o r  one wing o n l y .  

The volumes shown i n  F i g u r e  3-11 i n c l u d e  on ly  t h e  v e h i c l e  body. Launch 

p r o p e l l a n t  volume (concep t )  was determined on t h e  b a s i s  of t h e  t a n k  arrangement 

shown i n  F i g u r e  3-6. Th is  volume t h e r e f o r e  i n c l u d e s  a  t ank  o n l y  i n  t h a t  p o r t i o n  

of t h e  v e h i c l e  where body s i d e s  a r e  p a r a l l e l .  The p r o p e l l a n t  volume f o r  b a s e l i n e  

was i n c r e a s e d  over  t h e  concept  shown, a s  d e s c r i b e d  i n  S e c t i o n  3 .3 .  The v a l u e s  

f o r  t h i s  improvement a r e  d e f i n e d  as  B a s e l i n e  Launch P r o p e l l a n t .  

Wing volume was a l s o  d e r i v e d  t o  de te rmine  t h e  p o t e n t i a l  c a p a b i l i t y  f o r  equip-  

ment o r  p r o p e l l a n t  i n s  t a l l a t i o n .  Th is  volume was de te rmined ,  f o r  one wing,  f o r  

t h e  i n t e r i m  205 f t .  c a r r i e r  and i s  i l l u s t r a t e d  i n  F igure  3-12. Usefu l  volume i s  

l i m i t e d  t o  t h e  f i x e d  wing and is  shown a s  f u n c t i o n s  o f  span and v e h i c l e  l e n g t h .  

The t o t a l  u s e f u l  volume of b o t h  wings r e p r e s e n t s  approximately  27% o f  body o u t e r  

mold l i n e  volume. 
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3 . 2 , 2  - O r b i t e r  S i z i n g  - The o r b i t e r  i s  sliown i n  Figure 3-13. T h i s  c o n f i g u r a t i o n  i s  

shown a s  a  non-dimensional  shape L ike  t h e  c l i p p e d  d e l t a  c a r r i e r .  D e r i v a t i o n s  f o r  

w e t t e d  a r e a  and volume a r e  a l s o  s i m i l a r  and a r e  p r e s e n t e d  i n  F i g u r e s  3-14 and 3-15 

r e s p e c t i v e l y .  Veh ic le  a r e a s  and volumes were c a l c u l a t e d  f o r  t h e  spec t rum of  

l e n g t h s  from 100  t o  150 f t .  The r e s u l t s  were p l o t t e d  a s  shown i n  F i g u r e s  3-16, 

3-17 and 3-18. 

The body w e t t e d  a r e a s  shown i n  F igure  3-16 i n c l u d e  b o t h  upper  and lower  e l e -  

vons p l u s  t h e  a r e a  covered by t h e  r o o t  chords  of  t i p  f i n s  and c e n t e r l i n e  f i n .  

These v a l u e s  do n o t  i n c l u d e  tile wetLcd a r e a  o f  t h e s e  f i n s .  The planform a r e a  i s  

t o t a l  p r o j e c t e d  a r e a ,  i n c l u d i n g  t l ~ n t  porLion o f  t h e  t i p  f i n s  which i s  v i s i b l e  i n  

t h e  p l a n  view. Areas f o r  the  aerodynamic s u r f a c e s  sho~.m i n  F i g u r e  3-17 a r e  t r u e  

view p r o j e c t e d  a r e a  o f  each s p e c i f i e d  s u r f a c e .  The body volumes shown i n  F i g u r e  

3-18 i n c l u d e  t h e  t o t a l  v e h i c l e  body,  e x c l u d i n g  f i n s .  D e r i v a t i o n  o f  l a u n c h  p r c p e l -  

l a n t  volume i s  d e s c r i b e d  i n  t h e  s u c c e e d i n g  pa ragraphs .  

A s i z i n g  model was e s t a b l i s h e d  t o  p rov ide  a  means f o r  s a t i s f y i n g  t h e  r e q u i r e -  

ments imposed by payload geomet r i c  c o n s t r a i n t s .  This  model i s  i l l u s t r a t e d  i n  

F i g u r e  3-19. The geomet r i c  c e n t e r  of  t h e  payload c o n t a i n e r  was l o c a t e d  l o n g i t u d i -  

n a l l y  a t  t h e  v e h i c l e  c . g .  One f o o t  was added a t  e i t h e r  end and t o  t h e  diam- 

e t e r  o f  t h e  payload c o n t a i n e r .  Th i s  envelope w a s  used t o  d e f i n e  a  payload bay 

which i n c l u d e d  p r o v i s i o n s  f o r  s t r u c t u r a l  s u p p o r t  arid deployment mechanisms p l u s  i n -  

s t a l l a t i o n  and deployment c l e a r a n c e s .  The o r b i t e r  shape was s c a l e d  a s  r e q u i r e d  and 

superimposed on t h i s  enve lope  s o  t h a t  t h e  i n n e r  mold l i n e  became c o i n c i d e n t  w i t h  

t h e  a f t  end of t h e  payload bay.  A check f o r  i n s t a l l a t i o n  c l e a r a n c e  i n  t h e  l a t e r a l  

d i r e c t i o n  r e v e a l e d  t h a t  t h e  l o n g i t u d i n a l  c o n s t r a i n t  was t h e  c r i t i c a l  f a c t o r .  The 

p r o p e r  s c a l i n g  of t h e  o r b i t e r  then  y i e l d e d  t h e  r e q u i r e d  minimum l e n g t h  v e h i c l e .  

T h i s  a n a l y s i s  was performed f o r  t h e  b a s e l i n e  payload (15 f t .  d i a .  x 50 f t .  

l o n g )  a s  w e l l  a s  f o r  s e v e r a l  d i s p e r s i o n s  from t h e  b a s e l i n e .  The payload d e f i n i -  

t i o n s  a s  w e l l  a s  t h e  r e q u i r e d  o r b i t e r  l e n g t h s  a r e  l i s t e d  i n  Tab le  3-2. 
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O r b i t e r  S i z e  1 

The v a l u e s  from Tab le  3-2 were then  p l o t t e d  w i t h  p a r a m e t e r s  o f  payload diam- 

e t e r ,  payload l e n g t h  and o r b i t e r  l e n g t h .  Th i s  i s  shown i n  F igure  3-20 and p r o v i d e s  

a method o f  d e t e r m i n i n g  o r b i t e r  s i z e  f o r  any i n t e r m e d i a t e  payload c o n f i g u r a t i o n s  o f  

i n t e r e s t  . 
The volume a v a i l a b l e  i n  t h e  o r b i t e r  f o r  s t o r i n g  b o o s t  p r o p e l l a n t  was d e t e r -  

mined f o r  t h e  b a s e l i n e  pay load .  A p r e l i m i n a r y  c o n f i g u r a t i o n  l a y o u t ,  shown i n  

F i g u r e  3-21 was made f o r  t h i s  purpose .  T h i s  ar rangement  c o n s i d e r e d  t h e  a p p l i c a t i o n  

of  p r o p e l l a n t  t a n k s  independen t  of  v e h i c l e  s t r u c t u r e .  Th i s  l a y o u t  i s  i n t e n d e d  t o  

show o n l y  t h e  maximum amount o f  p r e s s u r e  t ank  volume a t t a i n a b l e  f o r  t h e  107 f t .  

l o n g  o r b i t e r .  The forward p o r t i o n  of t h e  v e h i c l e  was r e s e r v e d  f o r  crew, s p a c e c r a f t  

sys tems and l a n d i n g  p r o p u l s i o n .  The payload was i n s t a l l e d  a s  p r e v i o u s l y  d e s c r i b e d  

and t h e  remainder  of t h e  i n t e r n a l  volume was a l l o t t e d  t o  b o o s t  p r o p e l l a n t s .  The 

r e s u l t s  o f  t h i s  l a y o u t  de te rmined  t h a t  a  t o t a l  volume o f  approx imate ly  17 ,000  c u - f t  

may b e  p rov ided .  

An a n a l y t i c a l  model was d e v i s e d  t o  p e r m i t  e x t r a p o l a t i o n  of  t h i s  d a t a  p o i n t  f o r  

a  r ange  of  v e h i c l e  l e n g t h s .  This  model assumed a  c o n s t a n t  s p a c e c r a f t  volume f o r  

crew and subsystems o f  1050 c u - f t .  Th i s  v a l u e  was e x t r a c t e d  from p r e v i o u s  p a r a -  

m e t r i c  s t u d i e s .  Boost e n g i n e  volume was assumed t o  approximate  1% o f  s p a c e c r a f t  

volume. The s p a c e c r a f t  volume was d e r i v e d  f o r  pay load ,  a n  a l lowance  f o r  i n s t a l l -  

a t i o n  and deployment,  l a n d i n g  g e a r ,  maneuvering p r o p e l l a n t  and m i s c e l l a n e o u s  

equipment r e q u i r e d  i n  t h e  a f t  p o r t i o n  of t h e  s p a c e c r a f t .  The mathemat ica l  model 

t r l e i r  t u o r  t h e  s i m p l l i i c d  Lur111: 
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Vs/c 
= V + V + VC + Vpg where;  

I< E 

v 
SIC 

= s p a c e c r a f t  i n t e r n a l  volume 

v~ = c o n s t a n t  (1050 cu-f t )  

VE = s p a c e c r a f t  e n g i n e  volume 

c = s p a c e c r a f t  payload volume 

v~ = s p a c e c r a f t  p r o p e l l a n t  volume 

The above e q u a t i o n  was s o l v e d  f o r  V The a c t u a l  p r o p e l l a n t  volume p r e v i o u s l y  de- 
P  ' 

r i v e d  (17,000 c u - f t )  was d i v i d e d  by V t o  d e f i n e  a  packaging e f f i c i e n c y  of  55%. 
P 

This  e f f i c i e n c y  was a p p l i e d  t o  v e h i c l e  l e n g t h s  up t o  150 f t .  and t h e  r e s u l t s  

p l o t t e d  on F i g u r e  3-18 t o  produce t h e  l aunch  p r o p e l l a n t  volume curve .  

The independent  p r o p e l l a n t  t a n k s  concept  was u t i l i z e d  u n t i l  mid-way th rough  

t h e  two s t a g e  r e c o v e r a b l e  v e h i c l e  s t u d y .  The e f f o r t  a t  t h a t  t ime was r e d i r e c t e d  

toward development of a  concept  t o  u s e  more o f  t h e  i n t e r n a l  o r b i t e r  volume f o r  

p r o p e l l a n t .  The f i n a l  r e s u l t  was a  method o f  employing i n t e g r a l  t a n k s ,  formed t o  

t h e  s h a p e  o f  t h e  o r b i t e r  i n n e r  mold l i n e .  The a t t a i n a b l e  p r o p e l l a n t  volume, u s i n g  

i n t e g r a l  t a n k s ,  was de te rmined .  T h i s  volume was provided a s  a n  i n p u t  t o  t h e  

p r e v i o u s l y  d e s c r i b e d  a n a l y t i c a l  model t o  p r o v i d e  a  packaging e f f i c i e n c y  of 80%. 

The l aunch  p r o p e l l a n t  f o r  o r b i t e r s  c o n t a i n i n g  t h e  b a s e l i n e  payload and i n t e g r a l  

t a n k s  is  a l s o  shown i n  F i g u r e  3-18. 

An i n t e r m e d i a t e  p r o p e l l a n t  t ank  concept  employs m u l t i - l o b e  p r e s s u r e  v e s s e l s .  

A r e p r e s e n t a t i v e  arrangement i s  shown i n  F i g u r e  3-22 .  The t a n k s  h e r e  r e t a i n  a  

more optimum p r e s s u r e  v e s s e l  c r o s s - s e c t i o n  t h a n  t h e  i n t e g r a l  t a n k s ,  w h i l e  a t t a i n i n g  

a  b e t t e r  packaging e f f i c i e n c y  t h a n  t h e  independent  t a n k s .  T h i s  concep t  cou ld  

e a s i l y  use  t h e  t ank  w a l l s  a s  t h e  v e h i c l e  pr imary s k i n ,  l i k e  t h e  i n t e g r a l  t a n k s .  

The packaging e f f i c i e n c y  f o r  t h e  m u l t i - l o b e  t a n k s  i s  68%, and t h e  r e s u l t i n g  pro-  

p e l l a n t  volumes a r e  p r e s e n t e d  i n  F i g u r e  3-18. 

A t y p i c a l  c r o s s - s e c t i o n  through t h e  o r b i t e r ,  i n  t h e  payload bay a r e a ,  i s  

shown i n  F i g u r e  3-23 ,  This  s e c t i o n  summarizes t h e  packaging e f f i c i e n c i e s  of  t h e  

t h r e e  c o n c e p t s  and i l l u s t r a t e s  t h e  c r o s s - s e c t i o n a l  a r e a  u t i l i z a t i o n .  The s e l e c t e d  

concept  f o r  b a s e l i n e  d e f i n i t i o n  employed t h e  i n t e g r a l  t a n k s .  
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3.3 B a s e z n e  Conf igura t ion  - The b a s e l i n e  l e n g t h s  were determined from a  computer 

program which provided weigh t s ,  performance and v e h i c l e  s i z e ,  The requ i rements  

f o r  s i z e  were based on v e h i c l e  c a p a b i l i t i e s  determined i n  t h e  s i z i n g  a n a l y s i s  o f  

S e c t i o n  5 .  The r e s u l t i n g  c o n f i g u r a t i o n s  and l e n g t h s  were used d u r i n g  t h e  r e -  

mainder o f  t h e  s t u d y  f o r  d e t a i l  d e s i g n  d e f i n i t i o n .  

3 .3 .1  C a r r i e r  Conf igura t ion  - The b a s e l i n e  195 f t .  l o n g  c a r r i e r  c o n f i g u r a t i o n  is  

shown i n  F igure  3-24. Th is  con£ i g u r a t i o n  i n c o r p o r a t e s  a  few m o d i f i c a t i o n s  from 

t h a t  shown i n  F igure  3-6. The bulkhead between oxygen and hydrogen t a n k s  was 

r e v e r s e d  f o r  p r o p e l l a n t  f eed  c o n s i d e r a t i o n s  a s  d e s c r i b e d  i n  S e c t i o n  7 .1 .2 .  The 

o x i d i z e r  forward dome was a l s o  extended f a r t h e r  forward i n  t h e  v e h i c l e .  I t  was 

recognized  t h a t  t h e  maximum p r o p e l l a n t  c a p a b i l i t y  r e d u c e s  v e h i c l e  l e n g t h ,  t h u s  

w e i g h t ,  and r e p r e s e n t s  improved performance.  The o x i d i z e r  t a n k  forward end was 

t h e r e f o r e  l o c a t e d  j u s t  a f t  of  t h e  crew and equipment compartment, s i n c e  l a n d i n g  

eng ines  and p r o p e l l a n t  were t o  be  l o c a t e d  i n  t h e  wing. The v e h i c l e  e x t e r n a l  

shape  was n o t  modif ied a s  t h e  o x i d i z e r  t ank  e x t e n s i o n  i s  formed by two i n t e r -  

s e c t i n g  cones  des igned t o  f i t  i n s i d e  moldl ine .  

The NACA 4415 wing s e c t i o n  was modif ied i n  t h e  l e a d i n g  edge r e g i o n  n e a r  t h e  

wing r o o t .  A 3" i n c i d e n c e  w a s  used and t h e  l e a d i n g  edge r a d i u s  and lower s u r f a c e  

forward ramp were modif ied t o  p rov ide  t h e  wing-to-body f a i r i n g .  The t r a n s i t i o n  

between wing and body t h e n  r e p r e s e n t s  i n t e r s e c t i n g  p l a n e s  t o  p rov ide  " f l a t "  lower  

s u r f a c e s .  The 15% chord t h i c k n e s s  was r e t a i n e d  f o r  c r u i s e  eng ine  and equipment 

i n s t a l l a t i o n .  The end view on F i g u r e  3-24 c o n s i s t s  of a  s e r i e s  of body s t a t i o n  

c u t s  and d e f i n e s  t h e  forward body t r a n s i t i o n  and body-to-wing f a i r i n g .  The a f t  

end b o a t - t a i l  was reduced s l i g h t l y  a s  a  r e s u l t  of subsequent  boos t  eng ine  i n s t a l l -  

a t i o n  requ i rements ,  Th i s  change,  however, d i d  n o t  r e p r e s e n t  an  a p p r e c i a b l e  

c o n f i g u r a t i o n  m o d i f i c a t i o n .  

3 .3 .2  O r b i t e r  Conf igura t ion  - The 107 f t .  long o r b i t e r  b a s e l i n e  c o n f i g u r a t i o n  i s  

shown i n  F i g u r e  3-25. The l i n e s  d e f i n i n g  v e h i c l e  body and aerodynamic s u r f a c e  

a r e  unchanged from those  shown i n  F igure  3-13 a s  they were r i g i d l y  c o n s t r a i n e d .  

Boost eng ine  i n s t a l l a t i o n  requ i rements  d i c t a t e d  a  s l i g h t  m o d i f i c a t i o n  t o  

t h e  upper s u r f a c e  f a i r i n g  a t  t h e  b a s e  of t h e  v e h i c l e .  The r e l a t i v e l y  s m a l l  b a s e  

a r e a  between e levons  imposed a  r a t h e r  s e v e r e  l i m i t a t i o n  on a v a i l a b l e  t h r u s t .  The 

r e q u i r e d  eng ine  d i a m e t e r s ,  from t h e  performance c a l c u l a t i o n s ,  were superimposed 

on t h e  b a s e  of rrhe v e h i c l e  a s  shown i n  F igure  1-26. This  i l l u s t r a t e d  t h e  need 
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f o r  some b a s e  a r e a  m o d i f i c a t i o n ,  However, i t  a l s o  showed t h a t  w i t h  p roper  eng ine  

o r i e n t a t i o n  and c a r e f u l  packaging t h e  e levons  would probably  r e q u i r e  no changes ,  

T h e  b a s e  r e v i s i o n  sho-m was t h e r e f o r e  i n c o r p o r a t e d  as a  p a s t  o f  t h e  b a s e l i n e  

c o n f i g u r a t i o n .  

3.3.3 Launch Conf igura t ion  - The b a s e l i n e  l a u n c h  c o n f i g u r a t i o n  is shown i n  

F igure  3-27. This  arrangement shown h a s  lower s u r f a c e s  of b o t h  v e h i c l e s  mated,  

w i t h  t h e  b a s e s  o f  b o t h  v e h i c l e s  in-plane.  The problems d i s c u s s e d  i n  S e c t i o n  

3 .1 .4 ,  a s s o c i a t e d  w i t h  t h i s  c o n f i g u r a t i o n ,  a r e  shown i n  succeeding s e c t i o n s  t o  

be  so lved  w i t h  r e l a t i v e l y  minor p e n a l t i e s .  

The v e h i c l e  i n t e r f a c e ,  i n t e r n a l  s t r u c t u r e  and s e p a r a t i o n  a n a l y s e s  were 

t h e r e f o r e  performed f o r  t h e  c o n f i g u r a t i o n  shown. Th is  c o n f i g u r a t i o n  was u l t i m a t e l y  

chosen because  i t  p r o v i d e s  low s e n s i t i v i t y  t o  ground winds,  lowes t  a c c e s s  h e i g h t  

t o  payload and o r b i t e r ,  and r e t a i n s  t h e  o p t i o n  of f i r i n g  second s t a g e  e n g i n e s  w h i l e  

mated. 
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4-0 SUBSYSTEM ANALYSIS 

This  s e c t i o n  i n c l u d e s  a n a l y s e s  of s t r u c t u r e ,  thermal  p r o t e c t i o n  system,  

a v i o n i c s ,  e l e c t r i c a l  power and environmental  c o n t r o l  systems. The a n a l y s e s  of 

the rmal  p r o t e c t i o n  system and a v i o n i c s  r e p r e s e n t  s p e c i a l  emphasis a r e a s .  

S p e c i f i c  c r i t e r i a  and g u i d e l i n e s  a r e  p r e s e n t e d  i n  t h e  a p p l i c a b l e  s u b s e c t i o n s .  

A b a s e l i n e  d e s c r i p t i o n  i s  p r e s e n t e d  a long  w i t h  d e t a i l  a n a l y s e s ,  a p p l i c a b l e  t r a d e  

s t u d i e s  and c o n s l u s i o n s .  

4 .1  S t r u c t u r e  - Inc luded  i n  t h i s  s e c t i o n  a r e  a  d e s c r i p t i o n  of t h e  s t r u c t u r a l  

d e s i g n  c r i t e r i a ,  s t r u c t u r a l  l o a d s  and t y p i c a l  s t r e n g t h  a n a l y s e s .  The system is  

a  two s t a g e  v e h i c l e  w i t h  t h e  o r b i t e r  be ing  suppor ted  from t h e  c a r r i e r  l i f t i n g  

body s u r f a c e  (Reference F igure  4-1). A s t a t i c a l l y  d e t e r m i n a t e  t h r e e  p o i n t  a t t a c h  

arrangement i s  used f o r  mating t h e  two v e h i c l e s .  The l i n k  a t  t h e  a f t  a t t a c h  

p o i n t  c a r r i e s  o n l y  d i r e c t  t e n s i o n  o r  compression l o a d s ,  a l l  o t h e r  l o a d s  a r e  

c a r r i e d  a t  t h e  two forward a t t a c h  p o i n t s .  

C a r r i e r  S t r u c t u r e  - The g e n e r a l  arrangement of t h e  c a r r i e r  a i r f r a m e  i s  

shown i n  F i g u r e  4-2. The a i r f r a m e  c o n t a i n s  a n  i n s u l a t e d  aluminum body s h e l l  

s t r u c t u r e  w i t h  a  t i t a n i u m  and Rene1 41 wing and v e r t i c a l  t a i l  s t r u c t u r e .  

The body c o n s i s t s  of an i n t e g r a l  t a n k  s t r u c t u r e  w i t h  bo th  t h e  forward p o r t i o n  

of t h e  a i r f r a m e  and t h r u s t  s t r u c t u r e  be ing  u n p r e s s u r i z e d  e x t e n s i o n s  of t h i s  

i n t e g r a l  s t r u c t u r e .  The s h e l l  s t r u c t u r e  c o n t a i n s  i n t e g r a l  l o n g i t u d i n a l  s t i f f e n e r s  

and l a t e r a l  f l a n g e s  f o r  a t tachment  of frames (Reference F i g u r e  4-3). The p i t c h ,  

dep th  and gauge of t h e  l o n g i t u d i n a l  s t i f f e n e r s  and gauge of t h e  s k i n  a r e  v a r i e d  

t o  meet l o c a l  s t r e n g t h  requ i rements .  The s t r u c t u r a l  mold l i n e  is  twelve i n c h e s  

inboard  t h e  e x t e r n a l  s u r f a c e .  Heat s h i e l d  p a n e l s  on t h e  e x t e r n a l  s u r f a c e  a r e  

n o n - s t r u c t u r a l  excep t  f o r  dynamic p r e s s u r e  l o a d s  and a r e  a t t a c h e d  s o  a s  t o  a l l o w  

u n r e s t r a i n e d  the rmal  expansion.  Frames s u p p o r t i n g  t h e  h e a t  s h i e l d  p a n e l s  and 

s t i f f e n i n g  t h e  s h e l l  a r e  on twenty i n c h  c e n t e r s  and a r e  made of t i t a n i u m  t o  

minimize conductance of h e a t  t o  t h e  i n n e r  s t r u c t u r e .  Space between t h e  i n n e r  

and o u t e r  s u r f a c e  c o n t a i n s  f i b r o u s  i n s u l a t i o n  w i t h  a  minimum two i n c h  v o i d  main- 

t a i n e d  f o r  purg ing  t h i s  space.  

The t h r u s t  s t r u c t u r e  c o n s i s t s  of a  semi-monocoque s k i r t ,  w i t h  a  v e r t i c a l  

k e e l  web, extended from t h e  i n t e g r a l  t a n k  s t r u c t u r e ,  i n t e r c o s t a l s  f o r  l o c a l  

eng ine  suppor t  and t w o  major frames t o  s u p p o r t  t h e  i n t e r c o s t a l s ,  (Refe rence  

F i g u r e  4 - 2 ) .  Th i s  arrangement l e a v e s  t h e  c e n t e r  a r e a  open and e a s i l y  a c c e s s i b l e  
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f o r  i n i s t a l L a t i o n  of  t h e  p r o p u l s i o n  sys t em.  Engine  l o a d s  a r e  r e a c t e d  l o c a l l y  by 

t h e  i n b o a r d  i n t e r c o s t a l  cap and aft f r ame ,  Loads a r e  s h e a r e d  i n t o  t h e  skirt and 

r e s u l t i n g  o v e r t u r n i n g  l o a d s  a r e  c a r r i e d  by t h e  two ma jo r  f r a m e s .  Loads a r e  t h e n  

r e d i s t r i b u t e d  by t h e  s l t i r t  and i n t r o d u c e d  i n t o  t h e  i n t e g r a l  t a n k  s t r u c t u r e  as d i s -  

t r i b u t e d  l o a d s .  The b a s i c  s t r u c t u r e  as d e s i g n e d  f o r  t h r u s t  l o a d s  p r o v i d e s  a 

c a p a b i l i t y  f o r  l a u n c h  pad t i e  down l o a d s .  Launch pad a t t a c h  p o i n t s  c o i n c i d e  w i t h  

t h e  i n t e r c o s t a l s  a t  t h e  lower  f rame.  T i e  down l o a d s  are r e a c t e d  l o c a l l y  by  t h e  

o u t b o a r d  i n t e r c o s t a l  c a p s  and f r ame  and are i n  t u r n  d i s t r i b u t e d  t o  t h e  s h e l l  

s t r u c t u r e .  

S t r u c t u r e  p r o v i d e d  f o r  t h e  v e h i c l e / v e h i c l e  a t t a c h  l o a d s  i n c l u d e  a t t a c h  f i t -  

t i n g s ,  ma jo r  f r ames  t o  r e a c t  t h e  n o r m a l  l o a d s  and l o n g e r o n s  t o  r e a c t  t h e  d r a g  

l o a d s .  ( R e f e r e n c e  F i g u r e  4-4). At t h e  f o r w a r d  a t t a c h  p o i n t s ,  an  a t t a c h  f i t t i n g  

e x t e n d s  o u t b o a r d  of  t h e  o u t e r  s u r f a c e  m o l d l i n e  w i t h  t h e  i n t e r c o n n e c t  i n b o a r d  o f  

t h e  o r b i t e r  m o l d l i n e .  T h i s  e x t e r n a l  s t r u c t u r e  i s  f i x e d  and made f rom Renet 4 1  

a l l o y  material b e c a u s e  o f  r e e n t r y  h e a t i n g .  Loads on t h e  f i t t i n g s  are r e a c t e d  by 

t h e  f r ames  and l o n g e r o n s .  Normal l o a d s  on t h e  f r ames  a r e  r e a c t e d  by s h e a r s  

i n  t h e  o u t e r  s h e l l  a~lci c e n t e r l i n e  web. The r e q u i r e d  f rame bend ing  s t r e n g t h  

n e c e s s i t a t e s  t h e  a d d i t i o n  o f  a  beam cap  i n b o a r d  o f  t h e  t a n k  w a l l .  Two 

t i t a n i u m  l o n g e r o n s  are used  t o  d i s t r i b u t e  d r a g  l o a d s  t o  t h e  i n t e g r a l  body 

s t r u c t u r e .  The t h r u s t  s t r u c t u r e  i s  u s e d  t o  r e a c t  t h e  a f t  a t t a c h  p o i n t  

l o a d s .  

The wing and t a i l  a r e  d e s i g n e d  as h o t  s t r u c t u r e s .  Des ign  t e m p e r a t u r e s  are  

s u c h  t h a t  Rene' 4 1  and t i t a n i u m  a l l o y  materials can  b e  used  f o r  t h e  s t r u c t u r e .  

I n  g e n e r a l ,  Rene '41  m a t e r i a l  i s  u s e d  a l o n g  t h e  l e a d i n g  edges  and fo rward  p o r t i o n  

of  t h e  lower  wing s u r f a c e  w i t h  t i t a n i u m  m a t e r i a l  used  o v e r  t h e  r ema inde r  o f  t h e  

s u r f a c e s .  C o n v e n t i o n a l  m u l t i - s p a r  a r r a n g e m e n t s  a r e  u s e d  f o r  b o t h  s t r u c t u r e s .  

S p a r s  i n  t h e  v e r t i c a l  t a i l  have  been  l o c a t e d  t o  c o i n c i d e  w i t h  wing c a r r y  t h r o u g h  

s t r u c t u r e  and t h e r e b y  e l i m i n a t e  need  f o r  a d d i t i o n a l  s t r u c t u r a l  s u p p o r t  members. 

Wing c a r r y  t h r o u g h  s t r u c t u r e  a t  t h e  r e a r  s p a r  i s  c o n t i n u o u s  th rough  t h e  t h r u s t  

s t r u c t u r e .  C a r r y  th rough  s t r u c t u r e  a t  t h e  i n t e r m e d i a t e  and f r o n t  s p a r s  i s  e x t e r n a l  

t o  t h e  i n t e g r a l  t a n k  s t r u c t u r e  ( R e f e r e n c e  F i g u r e  4-5). The w i n g l f u s e l a g e  i n t e r -  

s e c t i o n  i s  f a i r e d  i n  t h e  r o o t  area t o  p r o v i d e  e f f i c i e n t  l o a d  p a t h  c o n t i n u i t y  

between t h e  two s t r u c t u r e s .  S t r e s s e s  r e s u l t i n g  from d i f f e r e n c e s  i n  wing and body 

s t r a i n s  due  t o  p r e s s u r e  o r  t e m p e r a t u r e  do  n o t  a p p e a r  t o  b e  e x c e s s i v e  and do  n o t  add 

t o  rn%xinurn s t r e s s e s  from mechan ica l  Loads.  The i n b o a r d  f r ame  cap  i s  an  i n t e g r a l  
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p a r t  of t h e  body s t r u c t u r e .  Ti tanium i s  used f o r  t h e  frame web and ou tboard  cap 

because  of i t s  f a v o r a b l e  s t r e n g t h  weight  r a t i o  and t o  minimize conductance  of h e a t  

t o  t h e  i n n e r  s t r u c t u r e .  

Heat s h i e l d  pane1.s ( s h i n g l e s )  b l o c k  t n e  b u l k  of  t h e  h e a t  from t h e  aluminum 

body s h e l l  s t r u c t u r e  (Refe rence  F i g u r e  4-6). S u r f a c e  t empera tu res  p e r m i t  t h e  u s e  

of r a d i s t i o n  cooled s h i n g l e s  of t i t a n i u m  and Rene' 41  a l l o y  m a t e r i a l s .  The p a n e l s  

a r e  twenty i n c h e s  long  and on t h e  lower s u r f a c e  and s i d e s  of t h e  body a r e  composed 

of an  e x t e r n a l  smooth s k i n  s t i f f e n e d  by l o n g i t u d i n a l  c o r r u g a t i o n s .  S i n g l e  t h i c k -  

n e s s  beaded p a n e l s  a r e  used on t h e  upper shadowed s u r f a c e  i n  a r e a s  of  low h e a t i n g .  

P a n e l s  d i s t r i b u t e  p o s i t i v e  p r e s s u r e  l o a d s  d i r e c t l y  t o  t h e  f rames by b e a r i n g  

on s u p p o r t  channe l s .  A p i  shaped r e t a i n e r  r e a c t s  n e g a t i v e  p r e s s u r e  l o a d s  from t h e  

c o r r u g a t e d  p a n e l s  and p r o v i d e s  a gap f o r  t h e r m a l  expansion.  Beaded p a n e l s  a r e  

r e t a i n e d  by round head screws w i t h  clamp up bush ings .  Overs ize  h o l e s  p r o v i d e  f o r  

the rmal  expansion.  

O r b i t e r  S t r u c t u r e  - The g e n e r a l  ar rangement  of t h e  o r b i t e r  a i r f r a m e  i s  shown 

i n  F i g u r e  4-7. The body c o n s i s t s  of a n  i n s u l a t e d  aluminum s h e l l  s t r u c t u r e  w i t h  

e x t e r n a l  m o l d l i n e  h e a t  s h i e l d  p a n e l s .  C l o s u r e  bulkheads  a r e  provided a t  t h e  f o r -  

ward end of t h e  payload bay and a f t  end of t h e  body s t r u c t u r e .  The s r r u c t u r a l  

m o l d l i n e  is  twe lve  i n c h e s  inboard  t h e  e x t e r n a l  s u r f a c e .  For e f f i c i e n t  u t i l i z a t i o n  

of a v a i l a b l e  volume, t h e  main p r o p e l l a n t  t a n k s  a r e  i n t e g r a t e d  w i t h  t h e  s h e l l  

s t r u c t u r e  t o  form i r r e g u l a r  shaped p r e s s u r e  v e s s e l s .  Th i s  i n t e g r a l  t a n k  s t r u c t u r e  

p r o v i d e s  l o a d  p a t h s  f o r  c a r r y i n g  bo th  body bending,  a x i a l  and s h e a r  l o a d s  s imul-  

t a n e o u s l y  w i t h  t a n k  p r e s s u r e  l o a d s .  With t h e  i r r e g u l a r  shaped p r e s s u r e  v e s s e l ,  

p r e s s u r e  l o a d s  a r e  d i s t r i b u t e d  t o  b i - a x i a l l y  loaded  i n t e r n a l  b a f f l e l w e b s  by bend ing  

t h e  s i d e w a l l  s t r i n g e r s .  The s h e l l  c o n t a i n s  i n t e g r a l  l o n g i t u d i n a l  s t i f f e n e r s  and 

l a t e r a l  f l a n g e s  f o r  a t t achment  of e x t e r n a l  frames (Refe rence  F i g u r e  4-8). The 

 itch, d e p t h  and gauge o f  t h e  l o n g i t u d i n a l  s t i f f e n e r s  and gauge of t h e  s k i n  a r e  

v a r i e d  t o  meet l o c a l  s t r e n g t h  requ i rements .  Spac ing  of frames s u p p o r t i n g  t h e  non- 

s t r u c u t r a l  h e a t  s h i e l d  p a n e l s  and s t i f f e n i n g  t h e  s h e l l  v a r i e s  from 12 t o  1 5  i n c h e s .  

Frame ou tboard  caps  a r e  made of t i t a n i u m  o r  Rene' 41 depending on t h e  l o c a l  s u r f a c e  

t e m p e r a t u r e s .  Thermal s t r e s s e s  due t o  frame t e m p e r a t u r e  g r a d i e n t s  1,~ould t e n d  t o  

r e l i e v e  s t r e s s e s  due t o  mechanical  l o a d s  a t  maximum bending and do n o t  a p p e a r  t o  

b e  a problem. A d e t a i l e d  a n a l y s i s  i s  r e q u i r e d  t o  de te rmine  a c t u a l  v a l u e s  through-  

o u t  t h e  f rames .  S p ~ ~ c e  between t h e  i n n e r  and o u t e r  s u r f a c e  c o n t a i n s  f i b r o u s  i n s u l a -  

t i o n  w i t h  a minimum two i n c h  vo id  main ta ined  f o r  purg ing  t h i s  s p a c e .  
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The c l o s u r e  bulkheads  a t  t h e  forward end of t h e  payload bay and a i t  end of 

t h e  body s h e l l  s t r u c t u r e  a r e  u t i l i z e d  t o  r e d i s t r i b u t e  v e h i c l e / v e h i c i e  a t t a c h  l o a d s .  

(Reference  F i g u r e  4-9). Normal l o a d s  on t h e  bulkheads  a r e  r e a c t e d  by s h e a r s  i n  t h e  

s h e l l  s t r u c t u r e .  Two t i t a n i u m  longerons  a r e  p rov ided  t o  d i s t r i b u t e  d r a g  l o a d s  t o  

t h e  body s t r u c t u r e .  The upper  a t t a c h  p o i n t s  a r e  l o c a t e d  a t  t h e  i n t e r s e c t i o n  of 

t h e  payload bay s i d e  web and i n n e r  mold l ine  web t o  t a k e  advantage of  t h e  m u l t i p l e  

s h e a r  p a t h s .  The t i p  f i n s ,  e l e v o n s ,  and t h r u s t  s t r u c t u r e  a r e  suppor ted  by t h e  

body s h e l l  and a f t  c l o s u r e  bulkhead.  Torque boxes e x t e n d i n g  from t h e  bulkhead 

s u p p o r t  t h e  t i p  f i n s .  T h r u s t  s t r u c t u r e  is extended from t h e  two i n t e r n a l  v e r t i c a l  

web and enc losed  m o l d l i n e  p a n e l s .  The e l e v o n s  a r e  suppor ted  d i r e c t l y  by t h e  bulk- 

head and s h e l l  s t r u c t u r e .  

Heat  s h i e l d  p a n e l s  ( s h i n g l e s )  b l o c k  t h e  b u l k  of  t h e  h e a t  from t h e  aluminum 

body s h e l l  s t r u c t u r e  (Refe rence  F i g u r e  4-10). S u r f a c e  t empera tu res  r e q u i r e  t h e  

u s e  of r a d i a t i o n  coo led  s h i n g l e s  of t i t a n i u m ,  Rene' 41, TD N i  C r  and columbium 

a l l o y  m a t e r i a l s .  P a n e l  l e n g h t s  v a r y  from twe lve  t o  f i f t e e n  i n c h e s .  S i n g l e  t h i c k -  

n e s s  beaded p a n e l s  a r e  used on t h e  upper shadowed s u r f a c e  i n  r e g i o n s  which exper-  

i e n c e  low h e a t i n g  r a t e s .  P a n e l s  used on o t h e r  a r e a s  of t h e  body a r e  composed 

of an e x t e r n a l  smooth s k i n  s t i f f e n e d  by l o n g i t u d i n a l  c o r r u g a t i o n s .  A p i  shaped 

r e t a i n e r  r e a c t s  n e g a t i v e  p r e s s u r e  l o a d s  from t h e  c o r r u g a t e d  p a n e l s  and p r o v i d e s  a  

g,ap f o r  the rmal  expans ion .  P o s i t i v e  p r e s s u r e  l o a d s  a r e  r e a c t e d  by s u p p o r t  channels.  

3eaded p a n e l s  a r e  r e t a i n e d  by round head sc rews  w i t h  clamp-up bush ings .  O v e r s i z e  
h o l e s  p r o v i d e  f o r  the rmal  expansion.  

4 . 1 . 1  S t r u c t u r a l  Design C r i t e r i a  - The c r i t e r i a  summarized h e r e  were  f o r m u l a t e d  

t o  e s t a b l i s h  a  b a s i s  f o r  t h e  s t u d y  s t r u c t u r a l  a n a l y s i s  t a s k s .  I tems u s u a l l y  found 

i n  a  c o n t r a c t  d e f i n i t i o n  o r  a c q u i s i t i o n  phase  s t r u c t u r a l  d e s i g n  c r i t e r i a  were  

i n c l u d e d  on ly  i f  n e c e s s a r y  f o r  t h e  a n a l y s i s  p lanned f o r  t h i s  s t a g e  of  t h e  develop-  

ment c y c l e .  The scope  and l e v e l  of d e t a i l  of t h e  s t r u c t u r a l  d e s i g n  c r i t e r i a  must 

be  expanded a s  t h e  ILRVS development c y c l e  p r o g r e s s e s .  

D e f i n i t i o n s  

a  > - S t r u c t u r a l  r equ i rements  a r e  v a l u e s  of s p e c i f i c  

d e s i g n  c o n d i t i o n  pa ramete r s  such a s  l o a d s  and t empera tu res  which s a t i s f y  

c o n d i t i o n s  d e r i v e d  from t h e  s t r u c t u r a l  d e s i g n  c r i t e r i a ,  

b) - The d e f i n i t i o n s  of t h e  combinat ions  of n a t u r a l  and 

induced env i ronments ,  based on t h e  s t r u c t u r a l  d e s i g n  c r i t e r i a ,  which 

un ique ly  e s t a b l i s h  t h e  s t r u c t u r a l  d e s i g n  requ i rements .  
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c > - R a t i o  of a l l o w a b l e  l o a d  ( o r  s t r e s s )  t o  l i m i t  l o a d  

( o r  s t r e s s )  a t  t h e  ternpesature which d e f i n e s  t h e  a l l o w a b l e  and i s  used 

t o  account  f o r  u n c e r t a i n t i e s  and v a r i a t i o n s  from i t e m  t o  i t e m  i n  m a t e r i a l  

p r o p e r t i e s ,  f a b r i c a t i o n  q u a l i t y  and d e t a i l s  and i n t e r n a l  and e x t e r n a l  

load  d i s t r i b u t i o n s .  

d )  Temperature U n c e r t a i n t y  F a c t o r  - The tempera tu re  u n c e r t a i n t y  f a c t o r  i s  

an a r b i t r a r y  f a c t o r  a p p l i e d  t o  p r e d i c t e d  t empera tu re  t o  account  f o r  

u n c e r t a i n t i e s  i n  t h e  thermal  a n a l y s i s .  

e )  Limit  Load - Limit  l o a d  i s  t h e  maximum l o a d  o r  combination of l o a d s  t h e  

s t r u c t u r e  is  expected t o  e x p e r i e n c e  i n  a  s p e c i f i c  c o n d i t i o n .  

f )  U l t i m a t e  Load - The product  of t h e  f a c t o r  of s a f e t y  t imes  l i m i t  l o a d .  

g )  Nominal Hea t ing  E f f e c t s  - Nominal h e a t i n g  e f f e c t s  a r e  t empera tu res  o r  

h e a t i n g  r a t e s  t h e  s t r u c t u r e  i s  expected t o  exper ience  based on nominal  

environments ,  performance and t r a j e c t o r i e s .  

h )  P r e d i c t e d  Heat inv E f f e c t s  - P r e d i c t e d  h e a t i n g  e f f e c t s  a r e  t empera tu res  

o r  h e a t i n g  r a t e s  which t h e  s t r u c t u r e  is  expected t o  e x p e r i e n c e  d u r i n g  

a  d e s i g n  miss ion .  P r e d i c t e d  t empera tu res  a r e  analogous t o  l i m i t  l o a d s  

and a r e  assumed t o  i n c l u d e  t h e  e f f e c t s  of d i s p e r s i o n s .  

i )  Design Hea t ing  E f f e c t s  - Design h e a t i n g  e f f e c t s  a r e  p r e d i c t e d  h e a t i n g  

e f f e c t s  w i t h  a d d i t i o n a l  h e a t i n g  r a t e  o r  t empera tu re  f a c t o r s  t o  account  

f o r  a n a l y t i c a l  u n c e r t a i n t i e s .  

Design Mass P r o p e r t i e s  - Design w e i g h t s  and c e n t e r s  of g r a v i t y  used i n  t h e  

s t r u c t u r a l  a n a l y s i s  a r e  t a b u l a t e d  i n  Tab le  4-1 f o r  b o t h  t h e  c a r r i e r  v e h i c l e  and 

t h e  o r b i t e r  v e h i c l e .  D e t a i l e d  weigh t s  d a t a  f o r  each v e h i c l e  a r e  p r e s e n t e d  i n  

S e c t i o n  5. 

Design Environments - Design atmosphere,  s u r f a c e  winds,  and winds a l o f t  f o r  

launch and a s c e n t  a r e  based on t h e  d e s i g n  environmental  d a t a  i n  Reference 5.  

Ground winds f o r  p re launch  c o n d i t i o n s  a r e  f o r  t h e  wors t  month winds w i t h  a  99% 

p r o b a b i l i t y  of n o t  be ing  exceeded. Wind environment f o r  t h e  launch and a s c e n t  

i s  95% p r o b a b i l i t y  winds w i t h  99 p e r c e n t i l e  wind s h e a r s .  

Fundamental C r i t e r i a  - The FAA ( p a r t  2 5 ) ,  t h e  a p p l i c a b l e  p o r t i o n s  of t h e  

M i l i t a r y  S p e c i f i c a t i o n s  (8860 S e r i e s )  and s u p e r s o n i c  t r a n s p o r t  s p e c i f i c a t i o n s  a r e  

used a s  g u i d e l i n e s  i n  e s t a b l i s h i n g  c r i t e r i a  f o r  t h e  v e h i c l e .  The i n t e n t  i s  t o  

merge t h e  a p p r o p r i a t e  i t ems  of s p a c e c r a f t  c r i t e r i a  w i t h  w e l l  e s t a b l i s h e d  a i r  

t r a n s p o r t  c r i t e r i a ,  modif ied i f  n e c e s s a r y  t o  r e f l e c t  t h e  ILRVS miss ion  r e q u i r e -  

ments. The f o l l o w i n g  s u b s e c t i o n s  d e f i n e  s p e c i f i c  c r i t e r i a  r e l a t e d  t o  t h e  a r e a s  
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of s t r e n g t h ,  s t i f f n e s s ,  f a c t o r s  of s a f e t y  and p r e s s u r i z a t i o n  f a c t o r s ,  These dara  

a r e  t h e  minimum requ i rements  f o r  t h e  d e s i g n  and s t r u c t u r a l  analysis of t h e  vehicle, 

- S p a c e c r a f t  d e s i g n  is  based on maximum r e u s a b i l i t y  e x c e p t  

f o r  emergency c o n d i t i o n s  where on ly  crew s a f e t y  is c o n s i d e r e d  t o  be  mandatory.  

The d e s i g n  f a c t o r s  used i n  t h e  s t r u c t u r a l  a n a l y s e s  a r e  summarized i n  Tab le  4-2. 

The f a c t o r  of s a f e t y  is  a p p l i e d  t o  l i m i t  l o a d  t o  o b t a i n  u l t i m a t e  load .  The 

p r e s s u r i z a t i o n  f a c t o r s  a r e  a p p l i e d  t o  t h e  maximum o p e r a t i n g  p r e s s u r e  t o  d e t e r m i n e  

proof and b u r s t  p r e s s u r e .  Design h e a t i n g  e f f e c t s  a r e  o b t a i n e d  by m u l t i p l y i n g  

t h e  t e m p e r a t u r e  r e s u l t i n g  from t h e  d e s i g n  t r a j e c t o r i e s  by t h e  d e s p e r s i o n  and 

u n c e r t a i n t y  f a c t o r .  A e r o e l a s t i c  and b u f f e t  e f f e c t s  a r e  accounted f o r  by m u l t i p l y -  

i n g  normal l o a d s  by t h e  a e r o e l a s t i c  and b u f f e t  f a c t o r .  The dynamic a m p l i f i c a t i o n  

f a c t o r s  a r e  a p p l i e d  t o  r i g i d  body l o a d s  t o  accoun t  f o r  t h e  dynamic e f f e c t s ,  

S t r e n g t h  - The s t r u c t u r e  i s  des igned  t o  w i t h s t a n d  l i m i t  l o a d  combined w i t h  

p r e d i c t e d  h e a t i n g  e f f e c t s ,  w i t h o u t  e x p e r i e n c i n g  d e t r i m e n t a l  d e f l e c t i o n s .  The 

s t r u c t u r e  i s  des igned  t o  w i t h s t a n d  t h e  f o l l o w i n g  u l t i m a t e  c o n d i t i o n s  w i t h o u t  

f a i l u r e :  l i m i t  l o a d  combined w i t h  d e s i g n  h e a t i n g  e f f e c t s  o r  u l t i m a t e  l o a d  

combined w i t h  p r e d i c t e d  h e a t i n g  e f f e c t s ,  whichever  i s  more c r i t i c a l ,  S t r u c t u r a l  

r e - u s a b i l i t y  i s  based upon l o a d s ,  t e m p e r a t u r e s  and o t h e r  environments  r e s u l t i n g  

from nominal  f l i g h t  t r a j e c t o r i e s .  

The mechanical  combinat ions  a r e  a s  f o l l o w s :  

a )  U l t i m a t e  mechan ica l  l o a d s  a r e  combined w i t h  l o a d s  r e s u l t i n g  from u l t i m a t e  

compartment p r e s s u r e  excep t  t h a t  where compartment p r e s s u r e  l o a d s  r e l i e v e  

mechanical  l o a d s ,  l i m i t  p r e s s u r e  l o a d s  a r e  used w i t h  u l t i m a t e  mechan ica l  

l o a d s .  Compartment p r e s s u r e s  a r e  based  on maximum v e n t  p r e s s u r e  o r  min- 

imum r e g u l a t o r  p r e s s u r e  whichever  i s  most s e v e r e .  

b)  The t a n k  p r e s s u r e s  a r e  combined a s  i n d i c a t e d  i n  ( a )  f o r  m i s s i o n  p h a s e s  

i n  which t h e  pr imary p r o p u l s i o n  sys tem i s  a c t i v a t e d .  For m i s s i o n  p h a s e s  

f o l l o w i n g  a s c e n t  i n  which t h e  pr imary p r o p u l s i o n  sys tem is  n o t  used t h e  

t a n k s  a r e  cons ide red  t o  b e  p r e s s u r i z e d  t o  t h e  stand-by o p e r a t i n g  p r e s s u r e  

o r  d e - p r e s s u r i z e d ,  whichever r e s u l t s  i n  maximum l o a d i n g s .  

c )  I n  a d d i t i o n  t o  w i t h s t a n d i n g  p r e s s u r e  d i f f e r e n t i a l s  r e s u l t i n g  from normal 

o p e r a t i o n s ,  common bulkheads  s h a l l  b e  capab le  of w i t h s t a n d i n g  l o a d s  

r e s u l t i n g  from a  l o s s  of 50 p e r c e n t  of t h e  normal o p e r a t i n g  p r e s s u r e  i n  

e i t h e r  t a n k ,  combined w i t h  i n e r t i a  l o a d s .  

- S t r u c t u r a l  d e s i g n  c r i t e r i a  f o r  s p e c i f i c  m i s s i o n  

phases  a r e  d e f i n e d  i n  t h e  f o l l o w i n g  p a r a g r a p h s ,  

4-17 
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Pre-1,aunt 11  - The s r r r fac l i  w i n c i s  a n a  gust< l o r  $e.;ign of t h e  a e r o s p a c e  v e h i c l e  - --- -- 
o r  t h e  b o o s t  v e h i c l e  and o r b i t e r  v e h r c l e  s e n a r a t e l y  a r e  t h e  99 p e r c e n t  p r o b a b i l i t y  

o f  non-exceedance v a l u e s  for t h e  ETR l a t ~ n c l ~  sbte, The v e h i c l e s  a r e  mounted i n  

a  v e r t i c a l  pos i t i c ln  with ppropellant  onboard. Refe rence  5 w a s  used a s  a  g i i ide  i n  

d e f i n i n g  t h e  ground phase  env i ronments ,  

Ascent  - The a e r o s p a c e  v e h i c l e  r e q u i r e s  v e r t i c a l  l i f t - o f f  a s  t h e  p r imary  

a s c e n t  mode. H o r i z o n t a l  take-off  a t  c r u i s e  d e s i g n  g r o s s  we igh t  i s  a  secondary  

a s c e n t  mode f o r  u s e  i n  t h e  development t e s t i n g ,  f e r r y ,  and t r a i n i n g  o p e r a t i o n s .  

The d e s i g n  winds  a l o f t  a r e  95% p r o b a b i l i t y  of  non-exceedance f o r  t h e  ETR launch  

s i t e .  

The d e s i g n  winds a r e  assumed t o  induce  a  maximum i n s t a n t a n e o u s  a n g l e  of  

a t t a c k  of 5  d e g r e e s  a t  maximum dynamic p r e s s u r e .  T h i s  a n g l e  of a t t a c k  i s  based 

on e s t i m a t e s  o f  r i g i d  body t r a n s l a t i o n  r e s p o n s e s  o n l y  (no p i t c h )  which a r e  t h e n  

reduced by 50% t o  accoun t  f o r  t h e  e f f e c t s  o f  a  l o a d  r e l i e f  c o n t r o l  sys tem loop .  

The d e s i g n  l aunch  t r a j e c t o r y  used i s  shown i n  F i g u r e  4-11. Although t h i s  t r a -  

j e c t o r y  shows a  maximum l o n g i t u d i n a l  l o a d  f a c t o r  of 3.0, a  maximum d e s i g n  long- 

i t u d i n a l  l o a d  f a c t o r  of  4.0 was assumed f o r  s t r u c t u r a l  a n a l y s i s  t o  p r o v i d e  f o r  

m i s s i o n  w i t h  an a l l  c a r g o  pay load  where t h e  e n g i n e s  may n o t  b e  t h r o t t l e d .  The 

f a c t o r s  a p p l i e d  t o  r i g i d  body l o a d s  t o  accoun t  f o r  a e r o e l a s t i c i t y ,  b u f f e t ,  and 

dynamic e f f e c t s  a r e  d e f i n e d  i n  T a b l e  4-2. 

E n t r y  - S t r u c t u r a l  r equ i rement s  a r e  based  on t h e  b a s e l i n e  d e s i g n  t r a j e c t o r i e s  

shown i n  F i g u r e s  4-12 and 4-13. Loads and s t r u c t u r a l  t e m p e r a t u r e s  based  on t h e s e  

t r a j e c t o r i e s  a r e  l i m i t  and p r e d i c t e d ,  r e s p e c t i v e l y .  E n t r y  v e h i c l e s  a r e  a n a l y z e d  

f o r  a  maximum normal  l o a d  f a c t o r  of  3.0.  

T r a n s i t i o n  - T r a n s i t i o n  from t h e  e n t r y  a t t i t u d e  t o  t h e  a i r p l a n e  c r u i s e  

a t t i t u d e  i s  made a t  a Mach Number of  . 8  o r  l e s s .  The d e s i g n  l o a d  f a c t o r  f o r  t h i s  

phase  i s  3 .0 .  

C r u i s e  - The V-n and Design Speed diagrams f o r  b o t h  v e h i c l e s  a r e  d e f i n e d  i n  

F i g u r e s  4-14 and 4-15, The 2.5 l o a d  f a c t o r  i s  common t o  b o t h  v e h i c l e s  b u t  s t a l l  

l i n e s  and d i v e  speeds  a r e  c o n f i g u r a t i o n  dependen t ,  Types of maneuvers r e q u i r e d  

a r e  based  on a p p l i c a b l e  t r a n s p o r t  a i r c r a f t  s p e c i f i c a t i o n s .  

- Both v e h i c l e s  a r e  ana lyzed  f o r  l a n d i n g  s i n k  speeds  of 10  f p s .  

S t r u c t u r a l  l o a d s  r e s u l t i n g  from t h e  l a n d i n g  c o n d i t i o n s  a r e  n e i t h e r  l i m i t  o r  

u l t i m a t e  b u t  a r e  t r e a t e d  a s  "des ign"  v a l u e s .  Landing g e a r  y i e l d i n g  o r  minor  
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damage i s  a c c e p t a b l e  a t  design l e v e l s  provided " t h e  gear  i s  functionally capable 

of one o r  more Landings, The dynamic a m p l i f i c a t i o n  f a c t o r s  which a p p l y  t o  t h e  

r i g i d  body land ing  l o a d s  a r e  d e f i n e d  i n  Table  4-2. 

4.1.2 Loads - The s t r u c t u r a l  l o a d s  p r e s e n t e d  h e r e i n  a r e  based on t h e  s t r u c t u r a l  

d e s i g n  c r i t e r i a  of S e c t i o n  4.1.1 and t h e  b a s e l i n e  geometry d e s c r i b e d  i n  S e c t i o n  3 .  

It i s  judged t h a t  t h e  o v e r a l l  s t r u c t u r a l  requirements  p r e s e n t e d  a r e  more t h a n  

adequa te  t o  suppor t  t h e  s t r u c t u r a l  a n a l y s e s  n e c e s s a r y  a t  t h i s  s t a g e  of t h e  v e h i c l e  

f o r m u l a t i o n  cyc le .  These d a t a  a l s o  p r o v i d e  a b a s i s  f o r  judgements r e l a t i v e  t o  

c o n d i t i o n s  t h a t  should  b e  emphasized i n  t h e  c o n t r a c t  d e f i n i t i o n  p r e l i m i n a r y  d e s i g n  

phase.  

The s i g n i f i c a n t  l o a d i n g  c o n d i t i o n s  which occur  d u r i n g  t h e  miss ion  c y c l e  a r e  

p r e s e n t e d  i n  t h i s  s e c t i o n .  A l l  l o a d s  a r e  u l t i m a t e  r i g i d  body d e s i g n  v a l u e s  

u n l e s s  o t h e r w i s e  noted.  Where f a c t o r s  o t h e r  t h a n  f a c t o r  of s a f e t y  a r e  used ,  i t  

i s  n o t e d  on t h e  f i g u r e s .  

Ground Phase  - The ground wind c o n d i t i o n  r e s u l t s  i n  s e v e r e  l o a d s  on t h e  a f t  

p o r t i o n  of t h e  c a r r i e r .  The E a s t e r n  T e s t  Range 99% ground winds a r e  used.  The 

v e h i c l e  is  can ted  2 .75  degrees  i n  p i t c h  f o r  t h e  l i f t - o f f  weight  l o a d i n g  c o n d i t i o n .  

Only winds i n  t h e  p i t c h  p l a n e  a r e  cons idered .  The r e s u l t i n g  l o a d s  a r e  p r e s e n t e d  

i n  F i g u r e  4-16. 

L i f t - o f f  - The l i f t - o f f  c o n d i t i o n  produces t h e  most s e v e r e  a x i a l  l o a d s  f o r  

most of t h e  c a r r i e r  v e h i c l e .  The r e a s o n  i s  t h e  l i f t - o f f  l o a d  f a c t o r  of 1.317 

combined w i t h  a  "pogo" e f f e c t  of 1.1 and t h e  f a c t  t h a t  a l a r g e  mass i t e m  (LOX) i s  

h i g h  i n  t h e  s t r u c t u r e .  The l o a d s  d i s t r i b u t i o n  f o r  t h i s  c o n d i t i o n  is shown i n  

F i g u r e  4-17. 

Ascent - The maximum aerodynamic l o a d i n g  d u r i n g  a s c e n t  u s u a l l y  o c c u r s  j u s t  

p r i o r  t o  maximum dynamic p r e s s u r e .  I n  l i e u  of runn ing  wind s h e a r  response  t ime  

h i s t o r i e s ,  i t  was assumed t h a t  t h e  maximum increment a n g l e  of a t t a c k  exper ienced  

was 5 degrees .  This  a n g l e  i s  t h e  r e s u l t  of an  examinat ion of t h e  response  of o t h e r  

v e h i c l e s  t o  wind s h e a r  i n  c o n j u n c t i o n  w i t h  a  l o a d  a l l e v i a t i n g  c o n t r o l  sys tems .  

Th is  a n g l e  i s  c o n s e r v a t i v e l y  assumed t o  occur  a t  maximum dynamic p r e s s u r e .  The 

r e s u l t i n g  l o a d s  a r e  shown i n  F i g u r e s  4-18 and 4-19 f o r  c o n d i t i o n s  where t h e  wind 

induces  a  p o s i t i v e  and a n e g a t i v e  increment of a n g l e  of a t t a c k .  

Burnout - The maximum l o n g i t u d i n a l  a c c e l e r a t i o n  o c c u r s  j u s t  p r i o r  t o  c a r r i e r  

burnou t .  A t  t h i s  t ime t h e  o r b i t e r  i s  a t  maxjmum g r o s s  weight  and most of t h e  
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p r o p e l l a n t  iias bzen expendedi i iz  t h e  c a r r i e r ,  The t h r u s t  f o r c e  i s  d i r e c t e d  t o  p a s s  

t h rough  t h e  r e s u l t a n t  c e n t e r  of g r a v i t y  of  t h e  two v e h i c l e s  r e q u i r i n g  a t h r u s t  

v e c t o r  a n g l e  o f  13 ,L d e g r e e s ,  The l o a d s  r e s u l t i n g  f rom t h i s  c o n d i t i o n  on b o t h  

t h e  c a r r i e r  and t h e  o r b i t e r  a r e  shown i n  F i g u r e s  4-20 and 4-21 r e s p e c t i v e l y .  

O r b i t e r  body s h e l l  l o a d s  s h o r n  by  t h e  s h e a r  l a g  c u r v e  i n  F i g u r e  4-21 are c o r r e c t e d  

f o r  c o n c e n t r a t e d  l o a d s  a p p l i e d  t o  l ower  l o n g e r o n s .  Longeron l o a d s  a r e  assumed t o  

v a r y  l i n e a r l y  from peak l o a d  a t  s t a t i o n  4 1  t o  z e r o  a t  s t a t i o n  73. 

Land ing  - The d e s i g n  s i n k  s p e e d  f o r  b o t h  t h e  c a r r i e r  and o r b i t e r  i s  1 0  f e e t  

p e r  s econd .  The d e s i g n  l o a d s  on t h e  f u s e l a g e  d u r i n g  l a n d i n g  r e s u l t  f rom a 2  p o i n t  

l a n d i n g  w i t h  each  main g e a r  d e s i g n  l o a d  e q u a l l i n g  t h e  l a n d i n g  w e i g h t .  T h i s  

r e s u l t s  i n  a normal  l o a d  f a c t o r  o f  3.0 ( i n c l u d i n g  l i f t ) .  The d i s t r i b u t e d  l o a d s  

f o r  t h i s  c o n d i t i o n  are shown i n  F i g u r e s  4-22 and 4-23 f o r  t h e  c a r r i e r  and o r b i t e r ,  

r e s p e c t i v e l y .  

Landing  Gear Loads - Landing g e a r  d e s i g n  l o a d s  f o r  t h e  main g e a r  and n o s e  

g e a r  o f  b o t h  t h e  c a r r i e r  and o r b i t e r  a r e  summarized i n  T a b l e s  4-3 and 4-4. 

P r e s s u r e s  and Tempera tu re s  - The p r e s s u r e  and t e m p e r a t u r e  h i s t o r y  o c c u r r i n g  

on t h e  bo t tom of t h e  o r b i t e r  d u r i n g  e n t r y  are shown i n  F i g u r e  4-24. A  summary o f  

p r e s s u r e / t e m p e r a t u r e  p o i n t s  on t h e  c a r r i e r  and o r b i t e r  a r e  p r e s e n t e d  i n  T a b l e  4-5. 

4 .1 .3  S t r u c t u r a l  A n a l y s i s  - Summaries of  d e s i g n  c o n d i t i o n s ,  s e l e c t e d  m a t e r i a l s  

and stress a n a l y s i s  o f  t y p i c a l  components o f  t h e  body s t r u c t u r e  and h e a t  p r o t e c -  

t i o n  s h i n g l e s  a r e  p r e s e n t e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  

Carrier S t r u c t u r a l  A n a l y s i s ,  I n t e g r a l  Tank S t r u c t u r e  - The s t r u c t u r e  i s  a  

r i n g  s t i f f e n e d  s h e l l  w i t h  i n t e g r a l  l o n g i t u d i n a l  s t i f f e n e r s  and  i s  d e s i g n e d  t o  

c a r r y  b o t h  body l o a d s  and p r o p e l l a n t  t a n k  p r e s s u r e  l o a d s .  Aluminum a l l o y  2021-T81 

i s  s e l e c t e d  f o r  t h i s  a p p l i c a t i o n  b e c a u s e  o f  i t s  e x c e l l e n t  weld c h a r a c t e r i s t i c s  and  

good m e c h a n i c a l  p r o p e r t i e s  a t  c r y o g e n i c ,  room and e l e v a t e d  t e m p e r a t u r e s .  The 

two l o a d i n g  c o n d i t i o n s  which d e s i g n  t h e  s h e l l  a r e  i n t e r n a l  t a n k  p r e s s u r e  f o r w a r d  

o f  Body S t a t i o n  70 f e e t  and t h e  l a u n c h  maximum aq c o n d i t i o n  f o r  p o r t i o n s  o f  t h e  

body a f t  of B.S. 70 f e e t .  Loads a t  B.S. 130  f e e t  a r e  u s e d  t o  i l l u s t r a t e  a  t y p i c a l  

s h e l l  a n a l y s i s  a s  shown i n  F i g u r e  4-25. F i g u r e  4-26 shows t h e  r e q u i r e d  e q u i v a l e n t  

s idewal .1  th i cknr  ss f o r  o t h e r  body s t a t i o n s .  

- The s i d e w a l l  s t r u c t u r e  i s  a 

r i n g  s t i f f e n e d  s h e l l  w i t h  l o n g i t u d i n a l  h a t  s t i f f e n e r r s .  Aluminum a l l o y  7178-T6 

i s  s e l e c t e d  f o r  t h i s  a p p l i c a t i o n  b e c a u s e  o f  i t s  h i g h  s t r e n g t h l w e i g h t  r a t i o  a t  
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Table 4-3 

CARRIER LANDING GEAR DESIGN LOADS 

MAIN GEAR 

NOSE GEAR 
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T a b l e  4-5 

SUMMARY OF DESIGN PRESSURES AND TEMPERATURES 

TANK PRESSURES 
LOX 

LH2 

EXTERNAL PRESSURES 
ASCENT 

BETWEEN VEHICLES 
TOP SURFACE 

ENTRY 
X/L =0.25 
X/L = 0.5 

CARRIER 

ULTIMATE 
PRESSURE 

PSI 

56 

42 

4.4 
2.2 

1.0 
1 .O 

ORBITER 

PREDICTED 
TEMPERATURE 

DEG F 

- 
- 

100 
100 

8 20 
800 

ULTIMATE 
PRESSURE 

PSI 

56 

42 

4.4 
2.2 

2.75 
1.50 

PREDICTED 
TEMPERATURE 

DEG F 

- 
- 

100 
100 

1940 
1560 
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STRENGTH ANALYSIS - INEEGRA T A N K  STRUCTURE 
Carrier 

LOADS FOR B.S. 130 FROM FIGURE 4-19 FOR THE ASCENT MAXIMUM n q CONDITION ARE: 

ULTIMATE BENDING MOMENT M=  650 x l o 6  IN.-LB 
ULTIMATE AXIAL LOAD P = - 3 . 4 ~  10 6 L B  

NOMINAL TANK PRESSURE p - 30 LB/IN.~ 
TEMPERATURE: ROOM 

MATL: 2021-T81 ALUMINUM ALLOY 
FTY = 66,000 LB/IN.~ 
FCY = 59,000 LB/IN. 2 

E = 10.5 x 106 LB/IN.~ 

SECTION MODULUS= 0.985 x l o 5 ?  
SECTION AREA - 1220 f 

SHELL M P - -650 x l o 6  3.4 x l o 6  
MAXIMUM RUNNING LOAD/INCH P' - (-+ -) t = - -= -9430 LB/IN. 

Z A .985 x 105 1220 

Pr 
LIMIT PRESSURE RELIEF LOAD= j-= -- 30 133 - 2000 LB/IN. 

2 

DESIGN RUNNING LOADIN PD= -9430 + 2000= -7430 LB/IN. 

EQUIVALENT THICKNESS T =  0.160 IN. 
4 MOMENT OF INERTIA I = 0.023 IN. /IN. 

'D 7430 
- 46,500 LB/ IN.~ 

-16 f c =  T = -- 

VIEW A CRIPPLING CHECK 

(REFERENCE 1) 

= 2 b x t X Fcc/'X b X t =  46,500 LB/IN. 2 
F ~ ~ A v G  
SHELL BUCKLING CHECK 

2E 2 x 10.5 x l o 6  
F~~ = \ = -- --- \ 0.100 x 0.023 = 47,200 LB,'IN.~ 

R t 133 x 0.160 

ITEM 

F igure  4-25 

4-39 

b 
IN. 

t 
IN. 

b x t 
IN? 

FCC 
LB/IN? 

b x t x FCC 
LB 



CARRIER INTEGRAL TANK STRUCTURE 
REQUIRED EQUIVALENT THICKNESS VS. BODY STATION 
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room and moderate ly  e l e v a t e d  t empera tu res ,  The s h e l l  s t r u c t u r e  i s  designed by 

t h e  a s c e n t  maximum a c c e l e r a t i o n  l o a d i n g  c o n d i t i o n ,  Each s t i f f e n e r  w i t h  e f f e c t i v e  

s k i n  i s  assumed t o  a c t  a s  a  s h o r t  column suppor ted  a t  each r i n g .  Loads a t  Body 

S t a t i o n  170 f e e t  a r e  used t o  i l l u s t r a t e  a  t y p i c a l  s t r i n g e r  a n a l y s i s  a s  shown 

i n  F i g u r e  4-27. 

C a r r i e r  S t r u c t u r a l  Analyses ,  4 e a t  P r o t e c t i o n  - The p a n e l  and s u p p o r t  d e s i g n  must 

p r o v i d e  adequa te  s t r e n g t h  t o  r e a c t  s u r f a c e  p r e s s u r e  l a o d s .  Trade s t u d i e s  were 

conducted t o  determine an e f f i c i e n t  p a n e l  c o n f i g u r a t i o n .  These s t u d i e s  r e s u l t e d  i n  

u s e  of a  smooth s k i n  s t i f f e n e d  w i t h  t r a p e z o i d a l  shaped c o r r u g a t i o n s .  

S t u d i e s  were conducted t o  de te rmine  t h e  optimum suppor t  frame spac ing .  A 

r a d i a t i v e  t i t a n i u m  pane l  (8AL-1Mo-1V a l l o y )  l o c a t e d  on t h e  bottom c e n t e r l i n e  n e a r  

B.S. 70 f e e t  i s  used t o  i l l u s t r a t e  t h e  o p t i m i z a t i o n .  The d e s i g n  c o n d i t i o n  o c c u r s  

d u r i n g  t h e  l aunch  maximum aq c o n d i t i o n  when t h e  e x t e r n a l  s u r f a c e  p r e s s u r e  i s  

2.2 p s i  u l t i m a t e  and t h e  s u r f a c e  t empera tu re  is  100°F. The c o r r u g a t e d  p a n e l  

does  n o t  have any r e s t r a i n t  i n  t h e  d i r e c t i o n  t r a n s v e r s e  t o  t h e  c o r r u g a t i o n  and i s  

t h e r e f o r e  assumed t o  a c t  a s  a  beam s imply suppor ted  a t  t h e  frames.  The lower 

p o r t i o n  of t h e  frames a r e  assumed t o  a c t  as f i x e d  end beams w i t h  a  c e n t e r  s u p p o r t .  

The r e s u l t s  of t h e  s t u d y  a r e  shown i n  F i g u r e  4-28. Twenty i n c h  frame s p a c i n g  i s  

s e l e c t e d  f o r  des ign .  Th is  i s  s l i g h t l y  l e s s  t h a n  optimum, however, t h i s  s p a c i n g  

i s  more advantageous from t h e  s t a n d p o i n t  of p a n e l  d e f l e c t i o n s  and r e q u i r e s  s m a l l e r  

the rmal  expansion j o i n t s .  A t i t a n i u m  p a n e l  w i t h  s u p p o r t s  a t  twenty inch  s p a c i n g  

i s  used t o  i l l u s t r a t e  a  t y p i c a l  s i z i n g  a n a l y s i s  shown i n  F i g u r e  4-29. P a s t  s t u d i e s  

have i n d i c a t e d  t h a t  i n t e r n a l  p r e s s u r e  i s  n o t  t h e  d e s i g n  c o n d i t i o n  w i t h  t h i s  p a n e l  

conf i g u r a t  i o n .  

S i n g l e  t h i c k n e s s  beaded t i t a n i u m  pane l s  a r e  used on t h e  shadowed upper s u r f a c e  

i n  r e g i o n s  which exper ience  low h e a t i n g  r a t e s .  Ana lys i s  of a  beaded p a n e l  i s  

shown i n  F i g u r e  4-30. 

O r b i t e r  S t r u c t u r a l  A n a l y s i s ,  I n t e g r a l  Tank S t r u c t u r e  - The s t r u c t u r e  is  a 

f r a m e - s t i f f e n e d ,  i r r e g u l a r - s h a p e d  s h e l l  w i t h  i n t e g r a l  l j n g i t u d i n a l  s t i f f e n e r s  and 

i s  des igned  t o  c a r r y  body l o a d s  and p r o p e l l a n t  t a n k  p r e s s u r e  l o a d s  s i m u l t a n e o u s l y .  

P r e s s u r e  l o a d s  a r e  beamed t o  b i - a x i a l l y  loaded t e n s i o n  w e b l b a f f l e s .  S i m i l a r  t o  t h e  

c a r r i e r  t a n k s ,  aluminum a l l o y  2021-T81 i s  s e l e c t e d  f o r  t h i s  a p p l i c a t i o n .  The 

l o a d i n g  c o n d i t i o n  which d e s i g n s  t h e  i n t e g r a l  t a n k  s t r u c t u r e  i s  maximum a c c e l e r a -  

t i o n  d u r i n g  a s c e n t  combined w i t h  t ank  p r e s s u r e s ,  O r b i t e r  S t a t i o n  720,OO i n c h e s  i s  

used t o  p r e s e n t  a  t y p i c a l  s h e l l  s t r e n g t h  a n a l y s i s  a s  shown i n  F i g u r e  4-31. 
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STRENGTH ANALYSIS - T H R U S n S T R U C T U R E  SmRINGERS 
Carrier 

LOADS FOR B.S. I70 FROM FIGURE 4-20 F O R T H E  ASCENT MAXIMUM ACCELERATION CONDITIONS ARE: 

ULTIMATE BENDING MOMENT M =  -190 x 10' IN.-LB 
ULTIMATE AXIAL LQAD P = -6.1 X 10 6 L B  

TEMPERATURE ROOM: 

MATERIAL: 717 8-T6 ALUMINUM ALLOY 
FTU - 80,ooo LBIIN.~ 
F C Y  71.000 LB/IN.~ 
EC - 10.5 x lo6  

(REFERENCE 3) 

SECTION MODULUS Z -  0.985 x l o 5  1 
. . 

SHELL GEOMETRY SECTION AREA A= 1220 7 

1 M P - -190 x l o 6  
6.1 x lo6) = -6930 LB/IN. RUNNING LOAD/INCH P = (-i -) t - ( - - - - 

Z A .985 x 105 1220 

STRINGER AREA- 0.92  IN.^ 
(WITH EFFECTIVE SKIN) 

RADIUS OF GYRATION - 0.81 IN. 

VIEW A 

AVERAGE CRIPPLING STRESS F C C  57.600 LB / IN .~  
(REFERENCE 1) 

SUPPORT SPACING L - 20 IN. 

APPLIED LOAD P d X S- 6930 X 7 . 0 1  48,500 L B  

'cr 48,500 M.S. - -  1:- 
P 48,500 

- 1 i 0.0 

F i g u r e  4-27 
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I' / I' 
p =  2.2 PSI 

I s - I 
SECTION A-A 

FRAME SPACING ( S )  INCHES 

Figure 4-28 

4-43 
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STRENGTH ANALYSIS - TPS SHINGLE 
Single Faced Corrugation 

(Carrier) 

SURFACE TEMPERATURE AND PRESSURE FROM TABLE 4-5 FORTHE ASCENT MAXlMUMa g CONDITION AT 
B.S. 70 FEET ARE: 

ULTIMATE SURFACE PRESSURE P =  2.2 PSI 
SURFACE TEMPERATURE T -  IOO'F 

1 I MATERIAL: 8AI-1V-1Mo TITANIUM ALLOY 

AJ P = 2.2 PSI 

BENDING CHECK OF SECTION A-A 

FTU = 142,000 LB/IN.' 
FCY - 141.000 LB/IN.~ AT 1 0 0 ' ~  
E = 17.8 x lo6 LB/IN.~ 
(REFERENCE 3) 

COMPRESSION CAP CRITICAL 

F igure  4-29 
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STRENGTH ANALYSIS - TPS SHINGLE 
Beaded Panei 

(Carrier) 
SURFACE TEMPERATURE AND PRESSURE FROM T A B L E  4 5  FOR T H E  ASCENT MAXIMUM a q CONDITION 
A T  B.S. 70 ARE: 

ULTIMATE SURFACE PRESSURE P = 2.2 PSI 
SURFACE TEMPERATURE T=  1 0 0 ~ ~  

2.2 PSI 

MATERIAL: 8 AL-1V-1Mo TITANIUM ALLOY 
FTU = 142,000 PSI 
FCY = 141,000 PSI AT  IOOOF 

F .0054" (0.006 STOCK) E = 1 7 . 8 ~ 1 0 6 P S I  

(REFERENCE 3) 

SECTION MODULUS Z = 6.25 x lod4 IN.~/BEAD 

-1.25"- 

0.3 Et 0:3 x 17.8 X l o 6  X 0.0054 
F ~ ~ ~ = F ~ ~ = ~  - - = 64,000 PSI 

0.45 

F igure  4-30 

4-45 
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STWENGW ANALYSIS - INTEGRAL T A N K  STRUCTURE 
Orb i teu 

LOADS AT ORBITER BODY STATION 720.0 INCHES FROM FIGURE 4-21 
FOR ASCENT, MAXIMUM ACCELERATION CONDITIONS ARE: 

ULTIMATE BENDING MOMENT-----M= 220(10)~ IN.-LB 
ULTIMATE AXIAL LOAD ---------- P = -0.8(10)~ LB  

ULTIMATE OPERATING PRESSURE P = 42 PSI 
ULTIMATE HEAD PRESSURE-----.Ph= 3.0 PSI 

MATERIAL: 2021-T81 ALUMINUM AT 8 0 ' ~  
FTU = 66,000 PSI 
FCY = 59,000 PSI 
E = 10.5(10)~ PSI 

SECTION PROPERTIES: (REFERENCE FIGURE 4-32) 
SECTION MODULUS. zT = 6.9(10)4 111.3 

e SECTION AREA, ACS = 1510 f  IN.^ 
e TANK PERIMETER (1  SIDE), S = 655 IN. 
0 TANK CROSS-SECTIONAL AREA (1 SIDE), AT = 25,700 IN. 2 

MAX.RUNNING LOAD PER INCH, P '=  

' o A ~  30(25,700) 
LIMIT PRESSURE RELIEF LOAD, P'  - 

R = S  - 
= 1175 LB/IN. 

6 55 

DESIGN RUNNING LOAD PER INCH, P '  D = P' + P 'R=  -2545 LB/IN. 

VIEW A 
SECTION PROPERTIES OF INTEGRAL STIFFENER 

e EQUIVALENT THICKNESS, f = 0.090 IN. 
0 EFFECTIVE SKIN WORKING WITH STRlN GER, 

2 We = 24 t, = 1.20 IN. 
e MOMENT OF INERTIA OF INTEGRAL STRINGER 

0.074" (SHADED AREA), I = 0.044  IN.^ 
e INTEGRAL STRINGER AREA (SHADED AREA) A = 0.18 IN. 

)- L =  15.0'~ FRAME SPACING --I 0 RADIUS OF GYRATION, PR = 0.495 IN. 

F i g u r e  4-31 
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REAM COLUMN ANALYSIS THE FOLLOWING BEAM - COLUMN EQUATION (REFERENCE 1 ) IS UTILIZED TO 
DETERINE THE ALLOWABLE COLUMN LOAD, PALL: 

THE CRIPPLING STRESS, IS: FCC= 66,000 PSI 

THE CRITICAL COLUMN LOAD IS OBTAINED FROM JOHNSON'S FORMULAS 

F,r2 ( L ' ) ~ A ~  

1 wL4 
DEFLECTION AT THE BEAM-COLUMN'S CENTER IS Y - - - = 0.028 IN. 

'-384 E l  

THE BENDING MOMENT AT THE BEAM-COLUMN'S CENTER IS. M - WLL = 1265 IN.-LB 
O -  24 

THE ALLOWABLE BENDING MOMENT IS: MALL= 6100 IN--LB 

SUBSTITUTING INTO THE GENERAL BEAM- COLUMN EQUATION AND SOLVING: 

PALL/Pc, = 0.71, PALL = 0.71 (11,035) = 7850 L B  

PRLL=  pAL4/ j ' '  = 2610 LB/IN. 

'ALL 2610 
THE MARGIN OF SAFETY IS, M.S. = - -1 = - -1 = i- .025 

'D 2545 

Figure 4-31 Cont) 

4-47 
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F i g u r e  4-32 p r e s e n t s  t h e  o r b i t e r  geometr ic  s e c t i o n  p r o p e r t i e s  u t i l i z e d  

throughout  t h e  s t r e n g t h  a n a l y s i s ,  Maximum s e c t i o n  modulus based on t h e  d i s t a n c e s  

from t h e  h o r i z o n t a l  c e n t r o i d i a l  a x i s  (x-axis)  t o  t h e  t o p  and bottom extreme f i b e r s  
a r e  r e p r e s e n t e d  by ZT and Z r e s p e c t i v e l y ,  Decreased v a l u e s  a t  o r b i t e r  S t a t i o n  B - 
500.00 i n c h e s  account f o r  t h e  s t r u c t u r a l  s h e l l  becoming i n e f f e c t i v e  i n  t h e  

v i c i n i t y  of payload bay doors .  Pr imary body l o a d s  must b e  t r a n s f e r r e d  around t h e  

c u t o u t  by s h e a r  l a g g i n g  t h e  l o a d s  t o  t h e  s i d e s  o f t h e  c u t o u t .  

Summarizing t h e  r e s u l t s  of s t r e n g t h  a n a l y s e s  on i n t e g r a l  t a n k  s i d e  w a l l  

s t r u c t u r e ,  F i g u r e  4-33 shows t h e  r e q u i r e d  s i d e w a l l  e q u i v a l e n t  t h i c k n e s s  f o r  o t h e r  

body s t a t i o n s .  

A  s i d e w a l l  c o n f i g u r a t i o n  o t h e r  t h a n  t h e  i n t e g r a l  s k i n - s t r i n g e r  concept  used 

could  p rove  t o  be  a t t r a c t i v e .  An aluminum honeycomb sandwich was s i z e d ,  u s i n g  

t h e  l o a d s  and suppor t  s p a c i n g  a t  O r b i t e r  B.S. 720 i n c h e s  (Reference F i g u r e  4-31], 

f o r  comparat ive  purposes .  Sandwich w e i g h t s  a r e  n e a r l y  t y p i c a l  f o r  o t h e r  t y p e s  o f  

c o n s t r u c t i o n  such a s  t u b u l a r  o r  beaded p a n e l s  and a r e  used a s  a n  i n d i c a t o r  f o r  t h e  

group. A sandwich p a n e l  s i z e d  f o r  B.S. 720 l o a d s  c o n t a i n s  a one i n c h ,  6 . 1  pounds 

p e r  c u b i c  f o o t  honeycomb c o r e  (5052 a l l o y )  w i t h  .033 i n c h  f a c e  p l a t e s .  P a n e l  

weight  exc lud ing  edging members i s  1.62 pounds p e r  s q u a r e  f o o t .  The e q u i v a l e n t  

t h i c k n e s s  of t h e  i n t e g r a l  s k i n - s t r i n g e r  arrangement is  .090 i n c h e s  (Refe rence  

F i g u r e  4-31) and t h e  weight  i s  1.30 pounds p e r  s q u a r e  f o o t .  The i n c r e m e n t a l  

w e i g h t ,  .32 pounds p e r  s q u a r e  f o o t ,  would v a r y  f o r  o t h e r  l o a d  combinat ions  

however t h e  v a l u e  shown i s  cons idered  i n d i c a t i v e  of t h e  t r e n d .  

O r b i t e r  S t r u c t u r a l  A n a l y s i s ,  Heat P r o t e c t i o n  - S f m i l a r  t o  t h e  c a r r i e r  

a n a l y s i s ,  s t u d i e s  were conducted t o  d e f i n e  t h e  optimum s u p p o r t  f rame s p a c i n g .  

M e t a l l i c  s h i n g l e s  of TD-NiCr a l l o y  m a t e r i a l  l o c a t e d  on t h e  bottom c e n t e r l i n e  a t  

25 and 50 p e r c e n t  of t h e  v e h i c l e  l e n g t h  (X/L = .25;  .50) a r e  used t o  i l l u s t r a t e  

t h e  o p t i m i z a t i o n .  The c o r r u g a t e d  p a n e l s  a r e  assumed t o  a c t  as beams s imply 

suppor ted  a t  t h e  frames.  The lower p o r t i o n  of t h e  frames a r e  ana lyzed  as f i x e d  

end beams. The des ign  c o n d i t i o n  f o r  b o t h  s t a t i o n s  o c c u r s  d u r i n g  e n t r y  40 seconds  

b e f o r e  maximum dynamic p r e s s u r e .  A t  X/L  = .25 t h e  e x t e r n a l  s u r f a c e  p r e s s u r e  i s  

2.75 p s i  u l t i m a t e  and t h e  s u r f a c e  t empera tu re  i s  1940°F. E x t e r n a l  s u r f a c e  

p r e s s u r e  and t empera tu re  a t  X / L  = .50 a r e  1 .5  p s i  and 1560°F r e s p e c t i v e l y .  R e s u l t s  

of t h e  s t u d y  a r e  shown i n  F i g u r e s  4-34 and 4 -35 ,  Optimum frame s p a c i n g  v a r i e s  from 

12 i n c h e s  a t  X/L  = .25 t o  15 i n c h e s  a t  X/L = .5. A v a r i a b l e  s p a c i n g  i s  used 

between t h e  two s t a t i o n s .  A c o n s t a n t  s p a c i n g  of 1% i n c h e s  and 1 5  i n c h e s  i s  used 

on t h e  forward and a f t  s e c t i o n s  of t h e  body r e s p e c t i v e l y .  
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S t r e n g t h  a n a l y s i s  of t h e  lower s u r f a c e  s h i n g l e s  are shown i n  F i g u r e s  4-36 

and 4-37. A v a i l a b l e  s t r e n g t h  d a t a  f o r  t h e  T D - N i C r  a l l o y  were reviewed d u r i n g  

t h e  s t u d y  f o r  d e t e r m i n a t i o n  of a l lowable  s t r e s s  l e v e l s  through t h e  expec ted  

t empera tu re  range  of room tempera tu re  t o  2200°F. Design a l l o w a b l e s  used a r e  t h o s e  

proposed i n  Reference (2)  and a r e  shown i n  F igure  4-38. These a l l o w a b l e s  are based 

on no d e g r a d a t i o n  of t h e  b a s e  m a t e r i a l  mechanical  p r o p e r t i e s  a f t e r  exposure  t o  t h e  

given t empera tu re .  For t h e  s h i n g l e  geometry used,  l o c a l  c r i p p l i n g  of i n d i v i d u a l  

e lements  does  n o t  o c c u r .  S i n g l e  t h i c k n e s s  beaded p a n e l s  a r e  used on t h e  shadowed 
upper s u r f a c e  i n  r e g i o n s  which e x p e r i e n c e  low h e a t i n g  r a t e s .  Ana lys i s  of a beaded 

p a n e l  i s  shown i n  F i g u r e  4-39. 

4.1.4 I n t e g r a l  Cryogenic T a n k I S t r u c t u r e  Concepts - A comparison of s t r u c t u r a l  

and c ryogen ic  i n s u l a t i o n  arrangements  was made t o  de te rmine  t h e  r e l a t i v e  m e r i t s  

of t h e  v a r i o u s  concep t s  and i s  shown i n  F i g u r e  4-40. Th is  s t u d y  c o n s i d e r e d  b o t h  

i n t e r n a l  and e x t e r n a l  i n s u l a t i o n  of t h e  l i q u i d  hydrogen t a n k ,  p l u s  pr imary 

s t r u c t u r e  e x t e r n a l  t o ,  i n t e r n a l  t o ,  and on b o t h  s i d e s  of t h e  c ry0  t a n k  w a l l .  Th i s  

comparison was made f o r  t h e  b a s e l i n e  c o n d i t i o n  where t h e  p r o p e l l a n t  t a n k  w a l l  

a l s o  p r o v i d e s  t h e  v e h i c l e  body primary l o a d  c a r r y i n g  s k i n .  The c o n s t r u c t i o n  

concept  o f  t h e  p r o p e l l a n t  t a n k  w a l l  i s  s k i n - s t r i n g e r  and t h i s  is h e l d  c o n s t a n t ;  

o t h e r  b a s i c  concep t s  such as s i n g l e - f a c e d  c o r r u g a t i o n s ,  double  f a c e d  c o r r u g a t i o n s  

and honeycomb would have similar s t r u c t u r a l  ar rangements .  The o u t e r  m o l d l i n e  

s t r u c t u r e  and the rmal  p r o t e c t i o n  system was a l s o  assumed c o n s t a n t  f o r  each 

concept  t o  avo id  i n t r o d u c i n g  a n o t h e r  v a r i a b l e .  

The s t r u c t u r a l  arrangement w i t h  b o t h  r i n g s  and s t r i n g e r s  o u t s i d e  t h e  t a n k  

w a l l  p r o v i d e  t h e  maximum c a p a b i l i t y  f o r  s u p p o r t  of wing, f i n s ,  l a n d i n g  g e a r  and 

o t h e r  e x t e r n a l  s t r u c t u r a l  requirements .  The i n t e r n a l  r i n g s  and s t r i n g e r s  however, 

p r o v i d e  t h e  maximum a b i l i t y  f o r  a t t a c h i n g  i n t e r n a l  s t r u c t u r a l  webs, b a f f l e s ,  and 

r e q u i r e d  hardware. 

I n t e r n a l  c ryogen ic  i n s u l a t i o n  p r o v i d e s  g e n e r a l l y  t h e  minimum h e a t  l e a k  p a t h s  

i n t o  t h e  c ryogen ic  f l u i d .  Th i s  ar rangement ,  w i t h  t h e  r i n g s  and s t r i n g e r s  

e x t e r n a l ,  p r e s e n t s  t h e  smoothest  i n s u l a t i o n  s u r f a c e ,  w i t h  t h e  i n s u l a t i o n  d i s -  

c o n t i n u i t i e s  i n c r e a s i n g  a s  more s t r u c t u r e  is  l o c a t e d  i n s i d e  t h e  t ank .  A c r y o g e n i c  

foam i n s u l a t i o n  on t h e  i n s i d e  of t h e  t a n k  p e r m i t s  a  h i g h e r  t a n k  w a l l  t empera tu re .  

The e x t e r n a l  c ryogen ic  i n s u l a t i o n  r e q u i r e s  a  t ank  s k i n  t empera tu re  of - 4 2 3 ' ~ .  The 

i n s u l a t i o n  which might be  of a  f i b r o u s  t y p e  t h e n  r e q u i r e s  a  mechanical  a t t achment  
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STRENGTH ANALYSIS - TD NlCR SHINGLE AT X/L = .25, BOTTOM 
(ORBITER) 

CRITICAL DESIGN PRESSURE LOAD AND TEMPERATURE 
OCCURING 40. SECONDS BEFORE MAXIMUM DYNAMIC PRESSURE 
DURING ONCE/DAY RETURN ENTRY ARE (REFERENCE T A B L E  4-5) 

. . . . . . . . . . . . . . . . . . . . . .  ULTIMATE PRESSURE p =  2.75 PSI, COLLAPSE 
PREDICTED TEMPERATURE . . . . . . . . . . . . . . . .  T= 1940.oF 

P 

_J-- T D e  NiCr SHINGLE 

- - - A- - INTERMEDIATE SUPPORT FRAME 

-1- FRAME SPACING, L =  12." - 

MATERIAL: T D e  NiCr (Ni - 20 Cr - 2Th02) G 1940. '~ 
Fa l l  = 6,000, psi (REFERENCE FIGURE 4-38) 
DENSITY = .306 pc i  

DESIGN BENDING MOMENT PER INCH: Mo= E~ = 1 j 8  [(2.75)(12)21 
8 

I 

A 

SECTION PROPERTIES: 
SECTION AREA, A =  .0552  IN^ 

1.49" MOMENT O F  INERTIA, I= ,0145 lN.4 
MINIMUM SECTION MODULUS, ZMIN= ,0133 I N  
CORRUGATION PITCH, P =  1.6 IN .  

1 

-1 1- 2 6 ' '  

VIEW A-A 
F~~~ 'MIN 6000 (.0133) ALLOWABLE BENDING MOMENT PER INCH: MALL= ,, = 

MALL 50 MARGIN OF SAFETY: M A = -  - -1.-----1. =, .01 
Mo 49.5 

F igure  4-36 
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SnRENGTH ANALYSIS -- TD-Mica SHBNGLE AW/L - 0.50, BOTTOM Q 
Orbiter 

CRITICAL DESIGN PRESSURE LOAD AND TEMPERATURE OCCURRING 40 SECONDS BEFORE MAXIMUM 
DYNAMIC PRESSURE DURING ONCE/DAY RETURN ENTRY ARE (REFERENCE TABLE 4-51 

ULTIMATE PRESSURE P = 1.5 PSI, COLLAPSE 
PREDICTED TEMPERATURE T = 1560 '~  

TD-NiCr SHINGLE 

FIBROUS INSULATION 

INTERMEDIATE SUPPORT FRAME 

-FRAME SPACING, L =  15" INTEGRAL TANK SIDEWALL 

MATERIAL: TD-NiCr (Ni-MCr- 2 Tho2) AT 1560 '~  
FALL= 11,500 PSI (REFERENCE FIGURE 4-38) 
DENSITY = 0.306 PSI 

1 1 
DESIGN BENDING MOMENT PER INCH: M -- pL2=-(1.5)(15)' 

- O -  8 8 

M, = 42 IN.-LB/IN. 
- . " 

.28" 
SECT1 ON PROPERTIES: 

SECTION AREA, A= 0.0313  IN.^ 
MOMENT OF INERTIA, I = 0.005 lNU4 
MINIMUM SECTION MODULUS, ZMIN = 0.0058 IN. 3 

CORRUGATION PITCH, P =  1.6 IN. 

VIEW A-A 

Figure 4-39 

4-55 
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STRENGTH ANALYSIS - RENE' 41 SHlNGLE ON UPPER SURFACE 
Orbiter 

PRESSURE LOAD AND TEMPERATURE ON TYPICAL, TOP SURFACE SHINGLE FROM TABLE 4-5 
FOR ASCENT AT MAXIMUM DYNAMIC PRESSURE ARE: 

ULTIMATE PRESSURE - - - - - P =  2.2 PSI 
CALCULATED TEMPERATURE - T =  1 0 0 ' ~  

,FIBROUS INSULATION 

TITANIUM SHINGLE 

INTERMEDIATE SUPPORT 
INTEGRAL TANK SIDEWAI 

I FRAME SPACING, L= 15" ----+- 

MATERIAL: RENE' 41 AT 1 0 0 ' ~  
FTU = 169,000 PSI 
FCY = 129,500 PSI 

6 EC = 31.3 (10) PSI 
(REFERENCE 3) 

1 1 
DESIGN BENDING MOMENT PER INCH: M -- ~ ~ ~ = - ( 2 . 2 ) ( 1 5 ) ~  

'-8 8 

FRAME 
_L 

SECTION PROPERTIES: 
BEAD PITCH, P = 1.25 IN. 
SECTION MODULUS, Z =  7.65(10)-~ 

VIEW A-A 

- F ~ ~ ~ *  0.3 Et 0.3(31.3)(10)~(.0068) 
ALLOWABLE BENDING MOMENT PER INCH: MALL=--; FALL = - = 

P R 0.45 
- 1.42(i0)~(7.65)(io)-~ 
MALL = 

68 IN.-LB/IN. FALL= 142,000 PSI 
1.6 

MALL . M 
MARGIN OF SAFETY: M.S. =-z I=------ - I =  + 0.10 

62 

F i g u r e  4-39 

4-57 
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f o r  s u p p o r t ,  The c ryogen ic  i n s u l a t i o n  a l s o  r e q u i r e s  a vapor b a r r i e r  t o  p reven t  

f r o s t  and m o i s t u r e  b u i l d u p  between the s t r u c t u r e  and i n s u l a t i o n ,  A n i t r o g e n  purge 

may be used w i t h  t h e  i n t e r n a l  i n s u l a t i o n ,  and a  helium purge w i l l  probably  b e  

r e q u i r e d  w i t h  t h e  e x t e r n a l  i n s u l a t i o n  s i n c e  t h e  a r e a  between c o l d  t a n k  s k i n  and 

m o l d l i n e  p a n e l s  i s  n o t  p r e s s u r e  t i g h t .  The helium purge sys tem i s  more complex 

and expens ive  t h a n  t h e  n i t r o g e n  system. 

The s t r u c t u r a l  f a b r i c a t i o n  becomes most complex f o r  t h e  concep t s  where a l l  

t h e  pr imary s u p p o r t  s t r u c t u r e  i s  on one s i d e  of t h e  t a n k  w a l l .  The major e f f e c t  

h e r e  i s  t h a t  a d d i t i o n a l  s t r u c t u r e  must a l s o  b e  p rov ided ,  e i t h e r  f o r  e x t e r n a l  

m o l d l i n e  s t r u c t u r e  s u p p o r t ,  o r  f o r  i n t e r n a l  webs and b a f f l e s .  F a b r i c a t i o n  of t h e  

c ryogen ic  i n s u l a t i o n  i n s t a l l a t i o n  i s  more d i f f i c u l t  f o r  t h e  mechan ica l ly  suppor ted  

e x t e r n a l  i n s u l a t i o n .  It becomes s i m p l e s t  f o r  t h e  i n t e r n a l  i n s u l a t i o n  w i t h  a  

r e l a t i v e l y  smooth s u r f a c e  p r e s e n t  where a l l  t h e  primary s t r u c t u r e  i s  e x t e r n a l .  

I n s p e c t i o n  and r e p a i r  of i n s u l a t i o n  and s t r u c t u r e  i s  most complex w i t h  t h e  e x t e r n a l  

i n s u l a t i o n  because  t h e  the rmal  p r o t e c t i o n  p a n e l s  must b e  removed t o  p r o v i d e  acces-  

s i b i l i t y .  The i n t e r n a l  i n s u l a t i o n  may b e  main ta ined  from w i t h i n  t h e  t a n k  by open- 

i n g  an a c c e s s  h a t c h .  S t r u c t u r e  e x t e r n a l  t o  t h e  t a n k ,  w i t h  i n t e r n a l  i n s u l a t i o n ,  

must s t i l l  be  i n s p e c t e d  by removing mold l ine  p a n e l s .  The f requency of t h i s  s e r v i c e  

however, i s  l e s s  t h a n  t h a t  r e q u i r e d  f o r  t h e  i n s u l a t i o n  and t h e  concept  employing 

s t r u c t u r e  e x t e r n a l  and i n s u l a t i o n  i n t e r n a l  i s  r a t e d  a s  t h e  most optimum u s i n g  

t h i s  c r i t e r i a .  

An o v e r a l l  summation of r e l a t i v e  m e r i t s  of t h e  v a r i o u s  concep t s  i n d i c a t e s  

t h e  f i r s t  two c a s e s  as be ing  most e f f e c t i v e  i n  terms of reduc ing  t h e  v a r i o u s  

p e n a l t i e s  d i s c u s s e d .  The c h o i c e  between a l l  e x t e r n a l  s t r u c t u r e  and d i v i d e d  

s t r u c t u r e ,  w i t h  i n t e r n a l  i n s u l a t i o n ,  then  becomes a  f u n c t i o n  of t h e  amount of 

i n t e r n a l  hardware r e q u i r e d .  



Volume I 
Book 1 

iZEPORT 50. 
Integral Launch and MDC E00.69 

YO& EMBER 1969 
'$eentrv 'iehicle \? ystern 

4 . 2  Reentry Heating/Thermal-Protection - System Analysis - This analysis represents 

a special emphasis area as a part of the overall study. Entry trajectories are 

defined in Volume I1 and the heating rates for 3 trajectories, together with 

temperature distributions are presented in this section. Thermal protection sys- 

tems and material distributions are shown for the heating and temperature data of 

a nominal once-a-day return trajectory. Both meta1li.c radiative and hardened com- 

pacted fiber outer surface thermal protection systems are shown, with support and 

attachment methods. 

4.2.1 Trajectory Analysis - Trajectory simulations were performed to define the 
aerothermal environment for carrier reentry and orbiter reentry. Parametric 

studies were used to gain insight to principal variables for trajectory shaping. 

Subsequently, nominal mission parameters were defined for the final design con- 

figuration utilizing the flight commands derived from the parametric studies. 

Discussion of the results is contained in Volume 11, Section 3.3. These sections 

also contain time histories of pertinent trajectory parameters. 

4.2.2 Thermodynamics Analysis - This section presents the orbiter and carrier 
entry heating analysis and the thermal protection requirements during entry. The 

methods used in predicting orbiter heating are present in Volume 11, Section 2.3. 

Orbiter Entry Heating Analysis - Reentry heat pulses for the orbiter are 

shown in Figure 4-41 for the nominal oncelday, minimum time (2600°F), and twicelday 

reentries. The trajectories were shaped such that the maximum surface temperature 

at 12-112 percent body length would be 2600°F for the minimum time and 2200°F for 

the once/day and twice/day reentries. The twicelday reentry incurs the largest 
L stagnation point total heat load (46,200 B T U / ~ ~  ) and the minimum time (2600°F) 

2 
reentry incurs the smallest (13,200 BTU/ft ) .  The minimum time (2600°F) reentry 

has the highest stagnation point heating rate (59 ~ ~ ~ l f t ~ s e c )  and the twicelday 
2 

reentry the lowest (41 BTU/ft see). 

The heating rates are calculated values based on the Fay and Riddell stagna- 

tion point theory for a nose radius of 62 inches and do not include an uncertainty 

factor. 

Reentry temperatures on the orbiter lower surface centerline at 25% of 

vehicle length are shown in Figure 4-42 for the three reentries. These tempera- 

tures are radiation equilibrium values based on laminar flow and a surface 



Volume I 
Book % 

REPORT NO. 
integral Launch and MDC E0049 

NOVEMBER 1969 
Reentry vehicle system 

ORBITER REENTRY HEAT PROFILES 

" 0 200 400 600 800 1000 1200 1400 1600 1800 2000 
REENTRY TIME FROM 400 K FT- SECONDS 

F i g u r e  4-41 

4-6 1 



Volume I 
Book % 

Integral Launch and 

meentry vehicle sys tem 

ORBITER REEN"%"RY TEMPERATURES 
bower Surface Ceherline 
25Wf Vehicle Length 

REPORT NO. 
MDC E0049 

NOVEMBER 1969 

REENTRY TIME FROM 400 KFT - SECONDS 

F i g u r e  4-42 

4-62 

MCDOMNELL DOUGLAS WSTRONAUTRCS C 4 ) M P A M W  



Volume 
Book 

REPORT NO. 
Cntegral Launch and ME)C E0049 

NOVEMBER 1969 
$ e n t r y  byehicle s?ystem 

emittance equal to 0-85, Peak temperatures during reentry are 2325°F for the 

minimum time (2600°F), 2100°F for the nominal once/day, and 1725°F for the twice/ 

day. 

Maximum laminar radiation equilibrium orbiter surface temperature distribu- 

tions during reentry are shown in Figures 4-43 through 4-45 for the three re- 

entries at four orbiter body stations. 

Figure 4-43 shows that maximum surface temperatures for the nominal oncelday 

reentry range from 680°F on the upper surface to 2200°F on the lower surface. 

Maximum surface temperatures for the minimum time (2600°F) reentry, Figure 4-44, 

range from 780°F on the upper surface to 2600°F on the lower surface. Maximum 

surface temperatures for the twicelday reentry, Figure 4-45, range from 700°F on 

the upper surface to 2200°F on the lower surface. 

An orbiter reentry heating comparison summary is presented in Table 4-6. 

The table shows the maximum stagnation point heating rate, the total stagnation 

point heat load and the range of maximum surface temperatures for the three re- 

entries. It is apparent that the maximum temperature of 2200°F can be maintained 

by proper trajectory shaping during reentry at both high and low angles of attack. 

Reentry can be accomplished, however, in minimum time with the penalty of higher 

temperatures. 
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The c r i t e r i o n  used f o r  p r e d i c t i o n  of t u r b u l e n t  lieairing raLes i s  lrhe onset of 

t r a n s i t i o n  a t  a l o c a l  Reynolds number of lo6 and f u l l y  developed t u r b u l e n t  f low 
6 

a t  2 x 10 . V e l o c i t i e s  a t  which f u l l y  developed t u r b u l e n t  f low occurs  a l o n g  t h e  

o r b i t e r  lower s u r f a c e  c e n t e r l i n e  a r e  shown f o r  t h e  t h r e e  r e e n t r i e s  i n  Fig-  

u r e  4-46. With excep t ion  of t h e  a f t  t e n  p e r c e n t  of t h e  v e h i c l e  t r a n s i t i o n  

o c c u r s  a t  h i g h e r  v e l o c i t i e s  f o r  t h e  twice lday  r e e n t r y  than f o r  e i t h e r  of t h e  o t h e r  

two. Complete t r a n s i t i o n  t o  t u r b u l e n t  f low occurs  a t  550,770 and 1410 seconds  

a f t e r  i n i t i a t i o n  of r e e n t r y  f o r  t h e  minimum t ime  (2600°F),  once/day and twice/day 

r e e n t r i e s ,  r e s p e c t i v e l y .  The methods used t o  p r e d i c t  t u r b u l e n t  h e a t i n g  a r e  d i s -  

cussed  more f u l l y  i n  Volume 11, S e c t i o n  2 .3 .  

Tab le  4-7 shows t h a t  t h e  e f f e c t  of t u r b u l e n t  h e a t i n g  on t o t a l  h e a t  (Qt )  

ranges  from 7  p e r c e n t  i n c r e a s e  f o r  t h e  once/day r e e n t r y  t o  17  p e r c e n t  i n c r e a s e  

f o r  t h e  twice lday  r e e n t r y .  Maximum s u r f a c e  t empera tu res  a r e  i n c r e a s e d  from 

1225°F t o  1440°F f o r  t h e  twice lday  r e e n t r y  and a r e  n o t  a f f e c t e d  f o r  t h e  o t h e r  two 

r e e n t r i e s .  A t empera tu re  h i s t o r y  of t h e  lower s u r f a c e  c e n t e r l i n e  a t  50% l e n g t h  i s  

shown f o r  t h e  nominal once/day r e e n t r y  i s  F igure  4-47. 

O r b i t e r  Thermal P r o t e c t i o n  - Thermal p r o t e c t i o n  systems (TPS) f o r  t h e  once/ 

day and twice/day o r b i t e r  r e e n t r i e s  have been s i z e d  f o r  t h e  u s e  o f  m e t a l l i c  

s h i n g l e s .  The minimum t ime (2600°F) r e e n t r y  t empera tu res  exceed t h e  Td-NiCr 

l i m i t a t i o n s  on some a r e a s  o f  t h e  o r b i t e r  and a  hardened compacted f i b r o u s  i n s u l a -  

t i o n  (HCF) thermal  p r o t e c t i o n  system h a s  been s i z e d  f o r  t h i s  r e e n t r y .  TPS r e q u i r e -  

ments p r e s e n t e d  w i l l  l i m i t  t h e  c ryogen ic  t ank  w a l l  t empera tu re  t o  a  maximum o f  

200°F u n t i l  l a n d i n g .  Ground c o o l i n g  i s  r e q u i r e d  a f t e r  l a n d i n g .  

I n s u l a t i o n  w i l l  b e  r e q u i r e d  underneath  t h e  o r b i t e r  m e t a l l i c  s h i n g l e s  t o  re- 

duce t h e  h e a t  t r a n s f e r  t o  t h e  c ryogen ic  t ank  w a l l  i n  o r d e r  t h a t  t h e  t empera tu re  

does n o t  exceed 200°F. I n s u l a t i o n  requirements  a r e  shown i n  F i g u r e s  4-48 and 4-49 

f o r  t h e  nominal oncelday and twice lday  r e e n t r i e s .  Average i n s u l a t i o n  u n i t  w e i g h t s  

a r e  shown as a  f u n c t i o n  of body s t a t i o n  f o r  t h e  lower s u r f a c e ,  l e a d i n g  edge,  s i d e  

and upper  s u r f a c e .  Tile u n i t  we igh t s  shown a r e  f o r  mic roquar tz  i n s u l a t i o n  h a v i n g  
3  

a  3 . 5  l b / f t  d e n s i t y .  A s k e t c h  o f  t h e  the rmal  model used i s  shown on t h e  

f i g u r e s  t o  i l l u s t r a t e  t h e  modes o f  h e a t  t r a n s f e r  c o n s i d e r e d .  Microquar tz  u n i t  
2  

we igh t  requirements  f o r  t h e  oncelday e n t r y  va ry  from - 7 2  l b / f t  on t h e  lower s u r -  
2 2 2 

f a c e  t o  . 1 8  l b / f t  on t h e  upper s u r f a c e  and from . I 2 3  l b / f t  t o  . 4 2  l b / f t  f o r  t h e  

twice /day  e n t r y .  R e s t r i c t i o n  of t h e  t ank  w a l l  t o  a  maximum tempera tu re  o f  200°F 

w i t h o u t  ground c o o l i n g  would r e q u i r e  i n s u l a t i o n  u n i t  we igh t s  approximately  70% 

h i g h e r  t h a n  those  shown. 

4-68 
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HCF thermal  p r o t e c t i o n  requirements  a r e  h i g h l y  s e n s i t i v e  t o  t h e  thermal  pro- 

p e r t i e s  of t h e  m a t e r i a l ,  e s p e c i a l l y  t h e  the rmal  c o n d u c t i v i t y s  F igure  4-50 shows 

t h e  HCF thermal  c o n d u c t i v i t y  used f o r  p r e l i m i n a r y  d e s i g n  compared t o  t h a t  more 

r e c e n t l y  o b t a i n e d  from d a t a .  F igure  4-51 shows t h e  v a r i a t i o n  of IICF u n i t  w e i g h t  

requirements  based  on t h e  two thermal  c o n d u c t i v i t y  curves .  T h i s  f i g u r e  shows t h a t  

t h e  u n i t  weight  requ i rements  d i f f e r  c o n s i d e r a b l y ,  e s p e c i a l l y  a t  t h e  h i g h e r  l o c a l  

h e a t i n g  r a t e s .  For example,  a t  a  maximum l o c a l  l aminar  h e a t i n g  r a t e  o f  10 B T U / ~ ~  
2  

s e c  ( T  = 1750°F) t h e  p r e l i m i n a r y  requirements  a r e  39% h i g h e r  than  t h e  requ i rements  
EQ 

o b t a i n e d  w i t h  t h e  b e n e f i t  o f  d a t a .  F u r t h e r  t e s t s  a r e  n e c e s s a r y  t o  b e t t e r  e s t a b l i s h  

t h e  m a t e r i a l  p r o p e r t i e s  o f  HCF. 

Average HCF requ i rements  f o r  t h e  minimum time (2600°F),  based  on t h e  p r e l i m i n a r y  

c o n d u c t i v i t y  v a l u e s  a r e  p r e s e n t e d  i n  F igure  4-52. The u n i t  we igh t s  a r e  b a s e d  on 
3 l aminar  h e a t i n g ,  a  15 l b / f t  d e n s i t y  HCF, and a  maximum b o n d l i n e  t empera tu re  o f  

500°F. The the rmal  model used i s  shown on F i g u r e  4-52 t o  i l l u s t r a t e  t h e  modes o f  

h e a t  t r a n s f e r  c o n s i d e r e d .  
2 

The HCF u n i t  w e i g h t  requirements  va ry  from 2.6 l b / f t  on t h e  lower s u r f a c e  t o  
2  

0 . 7  l b / f t  on t h e  upper  s u r f a c e .  Based on t h e  more r e c e n t  d a t a  t h e s e  would be  
2  

reduced t o  1 . 8  and .47 l b / f t  . 
The the rmal  p r o t e c t i o n  requirements  shown i n  F i g u r e s  4-48, 4-49 and 4-52 would 

b e  i n c r e a s e d  by only  a  s m a l l  amount f o r  f u l l y  developed t u r b u l e n t  f low a t  R e  = 2  x  
6 

L 
10 s i n c e  thermal  p r o t e c t i o n  requirements  a r e  more s t r o n g l y  i n f l u e n c e d  by h e a t i n g  

t ime t h a n  by t o t a l  h e a t .  
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C a r r i e r  Heat ing A n a l y s i s  - Maximum tempera tu res  exper ienced  by t h e  c a r r i e r  

d u r i n g  a  nominal l aunch  and r e e n t r y  f o r  an impuls ive  v e l o c i t y  of 14 ,500  f t / s e c  

( a c t u a l  AV = 9170 f t / s e c )  a r e  shown i n  F i g u r e  4-53. 
These t e m p e r a t u r e s  a r e  f o r  l aminar  f low and,  excep t  f o r  t h e  l e a d i n g  edge of 

t h e  v e r t i c a l  s t a b i l i z e r ,  a r e  based on h e a t  t r a n s f e r  t e s t  d a t a  o b t a i n e d  from 

NASA-LRC. Exper imental  h e a t  t r a n s f e r  t e s t s  were conducted on a  low wing c l i p p e d  

d e l t a  c o n f i g u r a t i o n  a t  a  Mach number of 1 0 . 4  and a  Reynolds number of 0 .5  x  1 0  6  

based on model l e n g t h .  The model was coa ted  w i t h  a  phase  change m a t e r i a l  and 

l o c a l  h e a t i n g  r a t e s  were determined by i n t e r p r e t a t i o n  o f  pho tograph ic  d a t a .  L i n e s  

of c o n s t a n t  h e a t i n g  r a t e s  a s  i n t e r p r e t e d  from t h e  pho tograph ic  d a t a  a r e  shown i n  

F igure  4-54. Values shown a r e  r a t i o s  of l o c a l  h e a t i n g  r a t e s  t o  a  c a l c u l a t e d  

s t a g n a t i o n  p o i n t  h e a t i n g  r a t e  on a hemisphere hav ing  a  d iamete r  e q u a l  t o  t h e  

v e r t i c a l  t h i c k n e s s  of t h e  model. T e s t  r e s u l t s  i n d i c a t e  t h a t  t h e  h i g h  h e a t i n g  

r a t e s  a t  t h e  wing root-body j u n c t u r e  a r e  reduced by t h e  f a i r i n g  i n c o r p o r a t e d  i n  

t h e  b a s e l i n e  shape.  

The d o r s a l  f i n  i s  s h i e l d e d  a t  an a n g l e  o f  a t t a c k  o f  50' dur ing r e e n t r y .  

Consequently,  t empera tu res  f o r  t h e  d o r s a l  f i n  l e a d i n g  edge were determined from 

swept c y l i n d e r  t h e o r y  f o r  a s c e n t  f l i g h t  c o n d i t i o n s  a t  an a n g l e  of a t t a c k  o f  z e r o  

degrees .  Although t h e  1eadi.ng edge r a d i u s  d e c r e a s e s  w i t h  t h e  d i s t a n c e  from t h e  

b a s e  on t h e  d o r s a l  f i n ,  e s t i m a t e d  t empera tu res  n e a r  t h e  b a s e  a r e  h i g h e r  because  of 

a l lowance f o r  bow shock wave impingement. 

A s  shown i n  F i g u r e  4-53, t empera tu res  f o r  l aminar  f low a long  t h e  bot tom s u r -  

f a c e  a r e  i n  t h e  range o f  800 t o  900°F. However, peak h e a t i n g  d u r i n g  r e e n t r y  o c c u r s  

a t  r e l a t i v e l y  low a l t i t u d e s  ( i . e . ,  less t h a n  160,000 f t . )  and t h e  f low w i l l  b e  t u r -  

b u l e n t  based on t h e  c r i t e r i o n  of o n s e t  a t  a  l o c a l  Reynolds number of l o 6  and f u l l y  
6  

t u r b u l e n t  f low a t  2 .0  x 1 0  . 
I n  o r d e r  t o  i n v e s t i g a t e  t h e  i n f l u e n c e  o f  t u r b u l e n t  f low on maximum t e m p e r a t u r e s ,  

l a c k i n g  test d a t a ,  b l u n t  body modi f i ed  Newtonian f low was assumed t o  d e f i n e  l o c a l  f low 

p r o p e r t i e s .  It was a l s o  assumed t h a t  s t r e a m l i n e  d ivergence  o r  ou t f low h a s  l i t t l e  

i n f l u e n c e  on t u r b u l e n t  h e a t i n g  r a t e s  and e q u i l i b r i u m  tempera tu res .  Based on t h e s e  

assumpt ions ,  t h e  v a r i a t i o n s  of l o c a l  Reynolds number and t u r b u l e n t  t e m p e r a t u r e s  f o r  

a  we t ted  l e n g t h  o f  50 f e e t  on t h e  lower s u r f a c e  c e n t e r l i n e  a r e  i l l u s t r a t e d  f o r  

c a r r i e r  r e e n t r y  f l i g h t  c o n d i t i o n s  i n  F igure  4-55. It i s  s e e n  t h a t  maximum tempera- 

t u r e s  a l o n g  t h e  bot tom s u r f a c e  could  approach 1100°F f o r  a  s h o r t  rime i n t e r v a l  

which i s  300 d e g r e e s  h i g h e r  rhan t h e  maximum laminar  t empera tu res  of approx imate ly  

800°F shown i n  F i g u r e  4-53. 
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CARRIER - TURBULENT HEATING EFFECTS 

NOTES: 
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C a r r i e r  Thermal P r o t e c t i o n  - The s t r u c t u r e  and thermal  p r o t e c t i o n  arrangement 

f o r  t h e  c a r r i e r  i s  shown i n  F igure  4-56, Heat t r a n s f e r  between t h e  s h i n g l e  and 

t a n k  w a l l  i s  minimized by i n s u l a t i o n  and a  r a d i a t i o n  gap t o  l i m i t  t h e  maximum tank  

w a l l  t empera tu re  t o  200°F. It i s  n e c e s s a r y  t o  l i m i t  t h e  maximum t a n k  w a l l  tempera- 

t u r e  t o  200°F s o  t h a t  t h e  f r e o n  blown po lyure thane  foam i n s u l a t i o n  and NARMCO 7343 

a d h e s i v e  (foam t o  t ank)  t empera tu re  l i m i t  o f  200°F i s  n o t  exceeded. 

TPS S h i n g l e  Arrangements 

Corrugated P a n e l s  - Methods used f o r  a t t achment  and s u p p o r t  of t h e  c o r r u g a t e d  -- 

p a n e l s  a r e  shown i n  F i g u r e  4-57. A p i  shaped r e t a i n e r  e n t r a p s  t h e  s h i n g l e s  and 

p r o v i d e s  a gap f o r  the rmal  expans ion .  The arrangement a l l o w s  removal o f  

i n d i v i d u a l  p a n e l s .  

P r e s s u r e  l o a d s  a r e  beamed by t h e  c o r r u g a t i o n s  t o  s u p p o r t s  a t  t h e  forward and 

a f t  edges  of t h e  p a n e l s .  The s u p p o r t s  a r e  a t t a c h e d  t o  body f rames.  The a t t achment  
? 

and s u p p o r t  concept  a r e  s i m i l a r  f o r  r a d i a t i o n  cooled s h i n g l e s  of t i t a n i u m ,  Rene 4 1  

and T D - N i C r  a l l o y s  w i t h  t h e  e x c e p t i o n  a  s u p p o r t  beam, i s o l a t e d  from frame caps  by 

b r a c k e t s ,  i s  used t o  r e a c t  p o s i t i v e  p r e s s u r e  l o a d s  from TD-NiCr pane l s  whereas  
1 

t i t a n i u m  and Rene 41 p a n e l s  a r e  used i n  lower t empera tu re  zones and b e a r  d i r e c t l y  

on frame c a p s  through s u p p o r t  channe l s .  The p i  shaped r e t a i n e r  r e a c t s  n e g a t i v e  

p r e s s u r e  l o a d s  on t h e  p a n e l s .  These l o a d s  a r e  in t roduced  i n t o  t h e  f rames through 

suppor t  b r a c k e t s .  The s t a n d o f f  s u p p o r t  b r a c k e t s  a r e  used t o  minimize t h e  conduc- 

t i v e  h e a t  p a t h  from s h i n g l e  t o  pr imary s t r u c t u r e .  

Beaded P a n e l s  - A t y p i c a l  beaded p a n e l  i n s t a l l a t i o n  i s  shown i n  F i g u r e  4-58. 

These p a n e l s  a r e  used on t h e  shadowed s u r f a c e  i n  r e g i o n s  which e x p e r i e n c e  low 

h e a t i n g  r a t e s .  I n  t h e s e  a r e a s  t h e  s u r f a c e  i r r e g u l a r i t i e s  due t o  t h e  beads  do n o t  

s i g n i f i c a n t l y  a l t e r  t h e  h e a t  i n p u t s  o r  aerodynamic c h a r a c t e r i s t i c s .  P a n e l s  a r e  

r e t a i n e d  by round head screws w i t h  clampup bush ings .  Overs ize  h o l e s  p r o v i d e  f o r  

the rmal  expans ion .  

HCF P a n e l s  - This  arrangement (Reference F igure  4-59) i s  an a l t e r n a t e  t o  t h e  

m e t a l l i c  s h i n g l e  and c o n s i s t s  of a  hardened compacted f i b e r  (HCF) ( I n s u l a t i o n )  

bonded t o  a  f i b e r g l a s s  honeycomb s u b s t r u c t u r e .  The a t tachment  concept  i s  s i m i l a r  

t o  t h a t  employed f o r  t h e  c o r r u g a t e d  p a n e l s  w i t h  t h e  e x c e p t i o n  t h e  p a n e l  i s  a l lowed 

t o  b e a r  d i r e c t l y  on t h e  frame cap .  
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4 . 2 - 3  F I a t e r i a l  D i s t r i b u t i o n  o f  TPS S h i n g l e s  - M a t e r i a l  d i s t r i b u t i o n s  o f  TPS 

s h i n g l e s  f o r  t h e  c a r r k e r  and  o r b i t e r  a r e  p r e s e n t e d  i n  F i g u r e s  4-60 and 4-61. The 

m a t e r i a l  d i s t r i b u t i o n s  shown a r e  d e r i v e d  from t h e  t e m p e r a t u r e  d i s t r i b u t i o n s  shown 

i n  F i g u r e s  4-53 and 4-43 f o r  l a m i n a r  f l o w .  A more d e t a i l e d  i n v e s t i g a t i o n  i n c l u d i n g  

t u r b u l e n t  f l o w  e f f e c t s  o v e r  t h e  lower  s u r f a c e  may r e q u i r e  some d e v i a t i o n s  f rom t h e  

d i s t r i b u t i o n s  shown i n  F i g u r e  4-60. M a t e r i a l  s e l e c t i o n  i s  based  on  t h e  f o l l o w i n g  

t e m p e r a t u r e  u s e  r a n g e s :  

T i t a n i u m  (8A1-1Mo-1V) 400 - 1000°F 

Rene' 4 1  1000  - 1600°F 

T D - N i C r  1600  - 2200°F 

Columbium 2200 - 2800°F 

The t e m p e r a t u r e  u s e  r a n g e  uppe r  bounds a r e  b a s e d  on m a t e r i a l  s t r e n g t h l d e n s i t y  

r a t i o s ,  m a t e r i a l  m e t a l l u r g i c a l  s t a b i l i t y  t e m p e r a t u r e  l i m i t s  and  c o a t i n g  l i f e .  The 

m e t a l l u r g i c a l  s t a b i l i t y  t e m p e r a t u r e  l i m i t  i s  t h e  t e m p e r a t u r e  where  a n o t a b l e  

change i n  t h e  m e t a l l u r g i c a l  s t r u c t u r e  o r  s i g n i f i c a n t  r e d u c t i o n  i n  m e c h a n i c a l  

p r o p e r t i e s  o c c u r s .  I f  t h e  t e m p e r a t u r e  f o r  m e t a l l u r g i c a l  s t a b i l i t y  i s  e x c e e d e d ,  

i t  i s  i m p o r t a n t  t o  c o n s i d e r  t i m e  dependen t  p o s t  h e a t i n g  e f f e c t s .  Exposure  t o  

h i g h e r  t e m p e r a t u r e s  f o r  s i g n i f i c a n t  p e r i o d s  o f  t i m e  may r e s u l t  i n  s u b s e q u e n t  r e -  

d u c t i o n  i n  b o t h  room and e l e v a t e d  t e m p e r a t u r e  mechan ica l  p r o p e r t i e s  and m a t e r i a l  

d u c t i l i t y .  However, t es t  d a t a  f o r  some m a t e r i a l s  h a s  i n d i c a t e d  t h a t  a c c u m u l a t e d  

t e m p e r a t u r e  e f f e c t s  o f  r e c y c l i n g  from room t o  peak  t e m p e r a t u r e  h a v e  c o n s i d e r a b l y  

less d e g r a d i n g  e f f e c t  on mechan ica l  p r o p e r t i e s  t h a n  c o n t i n u o u s  e x p o s u r e  f o r  t h e  

same t o t a l  t i m e  a t  peak  t e m p e r a t u r e .  

The t e m p e r a t u r e  l i m i t  o f  1000°F employed f o r  t i t a n i u m  a l l o y  8A1-1Mo-1V i s  

b a s e d  p r i m a r i l y  on  t h e  r e d u c t i o n  i n  m e c h a n i c a l  p r o p e r t i e s  above t h i s  l i m i t .  Accu- 

m u l a t i v e  e x p o s u r e s  t o  1000°F f o r  s h o r t  p e r i o d s  o f  t i m e  w i l l  n o t  p roduce  s u b s e q u e n t  

r e d u c t i o n  i n  room and e l e v a t e d  t e m p e r a t u r e  m e c h a n i c a l  p r o p e r t i e s .  C o n t i n u o u s  ex- 

p o s u r e  (10 h r s )  o f  Rene '  4 1  above  1400°F h a s  r e s u l t e d  i n  d e g r a d a t i o n  o f  s u b s e q u e n t  

room and e l e v a t e d  t e m p e r a t u r e  mechan ica l  p r o p e r t i e s ;  however ,  i t  is  f e l t  t h a t  

s h o r t  t i m e  e x p o s u r e s  t o  1600°F can  b e  t o l e r a t e d  w i t h  n e g l i g i b l e  e f f e c t  on mechan- 

i c a l  p r o p e r t i e s .  Ten h o u r s  o f  a c c u m u l a t i v e  6 m i n u t e  e x p o s u r e s  t o  peak  t e m p e r a t u r e  

p e r  f l i g h t  i s  r e p r e s e n t a t i v e  o f  a n  o r b i t e r  w i t h  a  1 0 0 - f l i g h t  l i f e .  The tempera-  

t u r e  l i m i t  of  2200°F u t i l i z e d  f o r  t h o r i u m - d i s p e r s e d ,  n i c k e l  chrome (TD-NiCr) i s  

based  on t h e  m e t a l l u r g i c a l  s t a b i l i t y  l i m i t .  Columbium a l l o y  uppe r  bound i s  b a s e d  

on c o a t i n g  l i f e  f o r  100 f l i g h t s .  
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TPS s h i n g l e  m a t e r i a l  d i s t r i b u t i o n  f o r  an  a l t e r n a t e  o r b i t e r  c o n f i g u r a t i o n  i s  

shown i n  F i g u r e  4-62. The a r r angemen t  i s  a n  a l t e r n a t i v e  t o  t h e  m e t a l l i c  s h i n g l e  

i n  r e g i o n s  be tween 1600°F and 2600°F: C o r r u g a t e d  p a n e l s  are r e p l a c e d  by  HCF 

bonded t o  a  f i b e r g l a s s  honeycomb s u b s t r u c t u r e .  
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4 .3  - The emphasis of t h e  IERV program i s  t o  ach ieve  a h i g h  

l e v e l  of operational economy, %is requ i rement ,  in con junc t ion  w i t h  v e h i c l e  opera- 

t i o n  i n  t h e  b o o s t e r ,  s p a c e c r a f t  and a i r c r a f t  f l i g h t  regimes r e q u i r e s  a  new l o o k  a t  

t h e  des ign  and implementat ion of t h e  Avionics System. The new approach i s  c a l l e d  

an " I n t e g r a t e d  Avionics  System". It c o n s i d e r s  a l l  known f u n c t i o n a l  r equ i rements  

of t h e  miss ion d u r i n g  i n i t i a l  v e h i c l e  sys tem des ign .  

The b a s i c  r a t i o n a l e  f o r  t h e  use  of I n t e g r a t e d  Avionics is  d e r i v e d  from t h e  

measures r e q u i r e d  t o  ach ieve  economy of o p e r a t i o n .  These measures a r e  a  s e l f -  

con ta ined ,  crew c o n t r o l l e d ,  p re launch  checkout c a p a b i l i t y ,  r a p i d  t u r n  a r o u n d l r e u s e  

c a p a b i l i t y  and a  h i g h e r  degree  of miss ion  s u c c e s s .  Avionic c a p a b i l i t i e s  must i n -  

c lude  s e l f  checkout ,  b lock  and f u n c t i o n a l  redundancy, and maintenance t o  a  l i n e  

, r e p l a c e a b l e  u n i t  (LRU). These c a p a b i l i t i e s  produce a  l a r g e  amount of sys tem s t a t u s  

d a t a .  This d a t a  i n  conj t inct ion w i t h  t h e  sys tem complexi ty  due t o  t h e  v e h i c l e  

mul t i regime o p e r a t i o n ,  r e q u i r e s  an  advanced I n t e g r a t e d  Avionics c a p a b i l i t y .  To 

ensure  c o m p a t i b i l i t y  w i t h  manned c o n t r o l ,  t h e  I n t e g r a t e d  Avionics sys tem w i l l  

p rov ide  a  h i g h l y  e f f i c i e n t  d a t a  management and d i s p l a y / c o n t r o l  c a p a b i l i t y  f o r  

c o m p a t i b i l i t y  w i t h  manned crew command and c o n t r o l .  It w i l l  r e l i e v e  t h e  crew of 

e x c e s s i v e  workload b y  a u t o m a t i c a l l y  performing t ime c r i t i c a l  f u n c t i o n s  and provid-  

i n g  p r i o r i t y  s o r t i n g  and d a t a  compression of t h a t  i n f o r m a t i o n  needed by t h e  crew. 

The g e n e r a l  Avionic  f u n c t i o n s  a r e :  

o  Vehicle  S e l f  T e s t  and Warning 

o  Data P r o c e s s i n g  and T r a n s f e r  

o  Crew Command and I n t e g r a t e d  Disp lays  

o  Targe t  Tracking 

o  Autonomous Naviga t ion  and F l i g h t  C o n t r o l  

o  S a t e l l i t e  Communications 

o  Support ing Energy Conditi.onfng 

More s p e c i f i c  f u n c t i o n s  by miss ion  phase a r e  d e s c r i b e d  i n  F i g u r e  4-63. 

The key q u e s t i o n s  t o  b e  answered i n  o r d e r  t o  d e f i n e  t h e  I n t e g r a t e d  Avionics  

System a r e  t h e  means of implementing Data Management; On-Board Checkout; Disp lay  

and Cont ro l ;  and R e l i a b i l i t y  a s  w e l l  a s  Reuse. The f e a t u r e s  t h a t  were e v a l u a t e d  

i n  p r e l i m i n a r y  t r a d e o f f s  i n  t h i s  s t u d y  a r e  i n d i c a t e d  i n  Table  4-8. These t r a d e o f f s  

w i l l  be d e s c r i b e d  and p r e l i m i n a r y  r e s u l t s  i n d i c a t e d  a f t e r  t h e  summary b a s e l i n e  

system d e f i n i t i o n  and d e s c r i p t i o n ,  

The i n t e g r a t e d  a v i o n i c s  s t u d y  d e s c r i b e d  i n  t h i s  s e c t i o n  r e p r e s e n t s  a  s p e c i a l  

emphasis a r e a .  The au tomat ic  l and ing  system d i s c u s s i o n  i n  S e c t i o n  4 . 3 . 5  a l s o  

c o n s t i t u t e s  a  p o r t i o n  o f  ehe approach and l and ing  s p e c i a l  emphasis s t u d y .  That  

s t u d y  is  d e s c r i b e d  i n  S e c t i o n  3.4.7  of Volume 11. 

4-92 MGDONMLELL, L)OL/G&BS ASTRONAUTICS COMPACIJY 
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4 . 3 , l  System D e f i n i t i o n  -- - The e lements  of t h e  I n t e g r a t e d  Avionics System are 

shown i n  F igure  4-64, Equipment and c o n f i g u r a t i o n  s e l e c t i o n  was made on the b a s i s  

o f :  (1 )  an e s t i m a t e  of t h e  1972 technology s t a t u s  and ( 2 )  use  o f  concep t s  which 

p rov ide  s m a l l  development r i s k s .  

I n e r t i a l  s e n s o r s  a r e  used a s  t h e  prime s o u r c e  of n a v i g a t i o n  d a t a  through a l l  

a c t i v e  m i s s i o n  phases .  Choice of i n e r t i a l  sys tems i n  b o t h  t h e  c a r r i e r  and t h e  

o r b i t e r  were p r i m a r i l y  d i c t a t e d  by t h e  a s c e n t  guidance,  e n t r y  t o  a  p rede te rmined  

l a n d i n g  s i t e  and a u t o m a t i c  l a n d i n g  r e q u i r e m e n t s .  S t a r  t r a c k e r s  and h o r i z o n  s e n s o r s  

p rov ide  autonomous on-orb i t  a t t i t u d e  and n a v i g a t i o n a l  u p d a t e s .  The multi-mode 

rendezvous r a d a r  p rov ides  f o r  rendezvous w i t h  e i t h e r  c o o p e r a t i v e  o r  non-cooperat ive  

v e h i c l e s .  A d e d i c a t e d  n a v i g a t i o n  computer s u p p l i e s  t h e  unique requ i rements  of 

i n d i v i d u a l  sys tem s e n s o r s  w h i l e  p e r m i t t i n g  t h e  c e n t r a l  s o f t w a r e  programming t a s k s  

t o  be  main ta ined  a t  a  manageable complexi ty  l e v e l .  Th i s  keeps  s e n s o r  unique 

computa t iona l  r equ i rements  from impac t ing  t h e  c e n t r a l  computa t iona l  r equ i rements .  

The UHF communication l i n k  i s  u t i l i z e d  f o r  EVA, i n t e r - v e h i c l e  v o i c e  o r  d a t a  

and a i r p o r t  communication d u r i n g  t h e  approach and l a n d i n g  phase .  The Comsat-l ink 

p r o v i d e s  n e a r l y  con t inuous  communication c a p a b i l i t y  between any ground s t a t i o n  and 

t h e  o r b i t e r  d u r i n g  t h e  o r b i t a l  phase  of f l i g h t .  

The d i s p l a y  concept  u t i l i z i n g  cathode r a y  t u b e s  f o r  multimode d a t a  p r e s e n t a -  

t i o n ,  p e r m i t s  crew d e c i s i o n s  on impor tan t  t a s k s  whi le  r e l i e v i n g  them of t h e  need 

t o  moni to r  a  l a r g e  number o f  d i s p l a y s  and m e t e r s .  

A common m u l t i p l e x e d  d a t a  bus was s e l e c t e d  t o  p r o v i d e  s t a n d a r d i z a t i o n  o f  

d i g i t a l  i n t e r f a c e s ,  and t o  reduce t h e  complexi ty  and weight  o f  i n t e r c o n n e c t i n g  

sys tems .  The i n t e r m i x  of computers,  c o n s i s t s  of a  c e n t r a l  d a t a  p r o c e s s o r  perform- 

i n g  miss ion  o r i e n t e d  f u n c t i o n s  and p e r i p h e r a l  d e d i c a t e d  computers f o r  s e n s o r  

f u n c t i o n s ,  n a v i g a t i o n ,  f l i g h t  c o n t r o l ,  and p r o p u l s i o n  computat ions .  Th i s  a r range-  

ment was chosen on t h e  b a s i s  of commonality of requ i rements  w h i l e  m a i n t a i n i n g  

equipment and s o f t w a r e  a t  manageable complexi ty  l e v e l s .  Thus, s e n s o r  o r i e n t e d  

computa t iona l  r equ i rements  b o t h  hardware  and s o f t w a r e ,  do n o t  impact t h e  c e n t r a l  

computer. 

On-Board Checkout minimizes ground s u p p o r t  and e x p e d i t e s  maintenance and 

r e u s e .  D e c e n t r a l i z e d  b u i l t - i n - t e s t  (BIT) was s e l e c t e d  o v e r  a  s e p a r a t e  c e n t r a l i z e d  

t e s t  sys tem t o  minimize i n t e r f a c e  complexi ty  and p rov ide  subsystem f u n c t i o n a l  

autonomy, BIT p r o v i d e s  s e l f - t e s t  a t  a l l  maintenance l e v e l s  and p e r m i t s  
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i d e n t i f i c a t i o n  of f a i l u r e s  t o  t h e  l i n e  r e p l a c e a b l e  u n i t s ,  S e l e c t i v e  computer 

c o n t r o l l e d  a c c e s s  p e r m i t s  t ransmiss ion of d a t a  p e r t i n e n t  t o  a  p a r t i c u l a r  miss ion  

phase ,  whether  i t  be  f o r  f l i g h t  c a u t i o n  and warning,  o r  ground b a s e  checkou t .  

Tab le  4-9 shows s i z e ,  power, and we igh t  of t h e  s e l e c t e d  equipment.  C a r r i e r  

equipment is  i d e n t i c a l  t o  t h a t  o f  t h e  o r b i t e r  excep t  t h a t  equipment u t i l i z e d  o n l y  

f o r  o r b i t a l  o p e r a t i o n s  i s  d e l e t e d .  Such equipment i s  i d e n t i f i e d  i n  F i g u r e  4-64  

a s  w e l l  a s  t h e  l e v e l  of  equipment redundancy.  

A more d e t a i l e d  sys tem d e f i n i t i o n ,  i n c l u d i n g  t r a d e o f f s ,  recommendation, and 

c o n c l u s i o n ,  i s  c o n t a i n e d  i n  t h e  f o l l o w i n g  pa ragraphs .  
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4 . 3 . 2  Data 

- The Space S h u t t l e  w i l l  u t i l i z e  an onboard computerized d a t a  manage- 

ment svs tem t o  p rov ide  t h e  i n f o r m a t i o n  p r o c e s s i n g  and sys tem c o n t r o l  r e q u i r e d  f o r  

autonomous v e h i c l e  o p e r a t i o n .  A b a s e l i n e  sys tem was s e l e c t e d  a f t e r  a  c o n c e p t u a l  

s t u d y  of  promis ing c a n d i d a t e  approaches .  Th i s  sys tem d i v i d e s  t h e  c o m p u t a t i o n a l  

r e q u i r e m e n t s  between a  g e n e r a l  purpose  c e n t r a l  computer f o r  miss ion  o r i e n t e d  

f u n c t i o n s  and s p e c i a l  purpose  d e d i c a t e d  p e r i p h e r a l  computers f o r  s e n s o r  o r i e n t e d  

f u n c t i o n s .  A redundant  m u l t i p l e x e d  d a t a  bus i s  employed t o  reduce  t h e  w e i g h t  and 

i n s t a l l a t i o n  complexi ty  of  w i r e  b u n d l e s .  S tandard  d i g i t a l  i n t e r f a c e  c i r c u i t r y  was 

s e l e c t e d  t o  p r o v i d e  f l e x i b i l i t y  and s i m p l i f y  t h e  i n t e r f a c e  d e s i g n  and management 

problem. 

Requirements - The m u l t i t u d e  of  computa t iona l  t a s k s  t h a t  must b e  performed 

a c c u r a t e l y  and r a p i d l y  is  beyond crew manual c a p a b i l i t y ,  and r e l i a n c e  on ground- 

based-computers i s  n o t  compat ib le  w i t h  t h e  autonomous n a t u r e  of t h e  s p a c e  s h u t t l e .  

For t h e s e  r e a s o n s  a n  onboard d a t a  management sys tem (DMS) i s  r e q u i r e d .  The DMS 

w i l l  p r o v i d e  t h e  f o l l o w i n g  f u n c t i o n a l  r equ i rements :  

a )  Computational  c a p a b i l i t y  r e q u i r e d  by o t h e r  subsystems d u r i n g  a l l  p h a s e s  

of t h e  m i s s i o n .  

b )  S tandard  e l e c t r o n i c  c i r c u i t r y  t o  i n t e r f a c e  w i t h  a  redundant  m u l t i p l e x e d  

d a t a  bus .  

System D e s c r i p t i o n  - The d a t a  management sys tem is  invo lved  w i t h  t h e  t o t a l  

complement of  hardware and s o f t w a r e  r e q u i r e d  f o r  d a t a  a c q u i s i t i o n ,  p r o c e s s i n g ,  

a n a l y s i s  and d i s t r i b u t i o n  of  i n f o r m a t i o n  t o  t h e  s p a c e  s h u t t l e s  crew and o t h e r  

u s i n g  subsys tems .  The two major a s p e c t s  of t h e  DMS t a s k  a r e  t h e  c o m p u t a t i o n a l  

r e q u i r e m e n t s  and t h e  d a t a  bus  implementa t ion  t e c h n i q u e s .  

Computat ional  Requirements and A l l o c a t i o n s  - Table  4-10 p r e s e n t s  a  l i s t  of  

subsystems and t h e i r  information/computational r e q u i r e m e n t s .  This  f i g u r e  p r o v i d e s  

a n  i n s i g h t  t o  t h e  magnitude of  t h e  computa t iona l  t a s k .  I n  a d d i t i o n  t o  conven- 

t i o n a l  s p a c e c r a f t  computat ions  such  a s  g u i d a n c e / n a v i g a t i o n  we have un ique  r e q u i r e -  

ments such a s  p r o p u l s i o n  t r e n d  d a t a  a n a l y s i s  which w i l l  b e  used t o  e x p e d i t e  ground 

maintenance.  

The m a j o r i t y  of  t h e s e  c a l c u l a t i o n s  a r e  performed i n  t h e  c e n t r a l  computer 

complex (CCC). However, some subsystems u t i l i z e  d e d i c a t e d  s p e c i a l  purpose  compu- 

t a t i o n a l  d e v i c e s  t o  s a t i s f y  un ique  computa t iona l  r e q u i r e m e n t s .  F i g u r e  4 - 6 5  shows 
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t h e  i n t e r - r e l a t i o n s h i p  of t h e  assembl ies  and i d e n t i f i e s  t h e  major s i g n a l  i n t e r -  

f a c e s  w i t h  o t h e r  v e h i c l e  subsys  terns. 

o  The c e n t r a l  computer performs t h e  m i s s i o n  o r i e n t e d  c a l c u l a t i o n s  such a s  

t h o s e  r e q u i r e d  f o r  guidance and onboard miss ion  p lann ing .  I n  g e n e r a l  

t h e s e  a r e  s i m i l a r  t y p e  computat ions  and by grouping them i n  t h i s  same 

computer, s o f t w a r e  may b e  s h a r e d .  

o  The onboard checkout  sys tem u t i l i z e s  b u i l t - i n  t e s t  (BIT).  Th is  r e q u i r e s  

t h a t  s p e c i a l  l o g i c  and s t i m u l u s  g e n e r a t i o n  c i r c u i t s  be  b u i l t  i n t o  each 

l i n e  r e p l a c e a b l e  u n i t  (LRU). The c e n t r a l  computer c o n t i n u o u s l y  moni to r s  t h e  

B I T  c o n t r o l  p a n e l  t o  de te rmine  t h e  s t a t u s  o f  each LRU. The r e s u l t s  of t h i s  

r o u t i n e  a r e  e v a l u a t e d  by CCC and d i s p l a y  i n s t r u c t i o n s  a r e  s e n t  t o  t h e  

symbology g e n e r a t o r  f o r  i n i t i a t i o n  of s t a t u s  d i s p l a y s  t o  t h e  crew. 

o  A s p e c i a l  purpose  d e d i c a t e d  computer w i l l  perform t h e  c a l c u l a t i o n s  

n e c e s s a r y  f o r  c o n t r o l  of t h e  p r o p u l s i o n  subsystem. The p r o p u l s i o n  sub- 

sys tem main e lements  a r e  j e t  e n g i n e s ,  main p r o p u l s i o n  b o o s t  e n g i n e s ,  

and ACS r e a c t i o n  j e t  eng ines .  These engines  a r e  d i s t r i b u t e d  throughout  

t h e  v e h i c l e  and remotely  l o c a t e d  from t h e  c e n t r a l  computer.  The l a r g e  

amount of d a t a  a s s o c i a t e d  w i t h  p r o p u l s i o n  c a l c u l a t i o n s  such  as p r o p e l l a n t  

u t i l i z a t i o n  and t h e  r e l a t i v e l y  remote l o c a t i o n  of p r o p u l s i o n  equipment 

de te rmines  t h e  need f o r  a d e d i c a t e d  computer. 

o  The s e n s o r  and n a v i g a t i o n  subsystem h a s  a  number of h i g h  i t e r a t i o n  r a t e  

and unique t y p e  computa t iona l  r equ i rements  such a s  strapdown IMU coord i -  

n a t e  d e t e r m i n a t i o n s .  A d e d i c a t e d  computer hand les  t h e s e  requ i rements  

w i t h o u t  impact ing t h e  c e n t r a l  computer. 

o  A s p e c i a l  purpose  computer i s  a s s i g n e d  t o  t h e  f l i g h t  c o n t r o l  subsystem.  

Th is  subsystem prov ides  h igh  i t e r a t i o n  r a t e  c o n t r o l  s i g n a l s  o v e r  a  m u l t i -  

t u d e  of m i s s i o n  modes t o  a  l a r g e  number of c o n t r o l  e lements  such a s  

aerodynamic s u r f a c e s ,  t h r u s t e r s ,  and b r a k e s .  The r e s u l t a n t  l a r g e  amount 

of d a t a  and d i v e r s e  d a t a  t r a f f i c  f low p a t t e r n s  j u s t i f i e s  a  d e d i c a t e d  

computer. 

o  Cathode ray  tubes  were  s e l e c t e d  a s  t h e  prime method f o r  p r o v i d i n g  t h e  crew 

w i t h  i n f o r m a t i o n  d i s p l a y s  because  of t h e i r  multimode c a p a b i l i t y .  The 

implementat ion t echn ique  chosen f o r  g e n e r a t i o n  o f  ca thode ray t u b e  (CRT) 

d i s p l a y s  r e q u i r e s  e x t e n s i v e  symbology memoly c a p a b i l i t y  and h i g h  speed  

c a l c u l a t i o n s  r e l a t e d  t o  CRT beam d e f l e c t i o n  and b l a n k i n g .  A s p e c i a l  d a t a  

p r o c e s s o r  i s  a s s i g n e d  t o  t h e  crew d i s p l a y  subsystem f o r  t h i s  purpose .  
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- Curren t  spa .cecraf t  and a i r c r a f t  u t i l i z e  

i n d i v i d u a l  h a r d  w i r e s  a s  t h e  t r a n s m i s s i o n  medium between b l a c k  boxes and from sub- 

sys tem t o  subsystem. The s i g n a l  t r a n s m i s s i o n  system chosen f o r  t h e  space  s h u t t l e  

is a  m u l t i p l e x e d  d a t a  bus  system. Equipments "share"  t h i s  p a r t y  l i n e  by u s e  o f  

s t a n d a r d  i n t e r f a c e  c i r c u i t r y  and m u l t i p l e x i n g  t e c h n i q u e s .  Th is  e l i m i n a t e s  l a r g e ,  

heavy and i n f l e x i b l e  w i r e  bundles .  The r e s u l t a n t  weight  and space  s a v i n g s  a l l o w  

f o r  t h e  u s e  of redundant  b u s e s  t o  improve r e l i a b i l i t y .  Data and s i g n a l  i n t e r -  

connec t ions  between b l a c k  boxes and between subsystems a r e  v i a  a  two-wire t w i s t e d  

p a i r  s h i e l d e d  c a b l e .  S e l e c t e d  ana log  s i g n a l s  and power w i l l  be rou ted  by i n d i v i d -  

u a l  w i r e s .  

F i g u r e  4-65 shows t h e  n a v i g a t i o n  s e n s o r s  connected t o  t h e  n a v i g a t i o n  subsys -  

tem d e d i c a t e d  computer by means o f  a  s e p a r a t e  d a t a  bus .  A t iming bus i s  a l s o  shown 

f o r  completeness .  From p r e l i m i n a r y  e s t i m a t e s  of d a t a  r a t e s  and d a t a  f low t r a f f i c  

p a t t e r n s ,  i t  appears  t h a t  s e p a r a t e  buses  w i l l  a l s o  b e  r e q u i r e d  f o r  t h e  f l i g h t  con- 

t r o l  sys tem and t h e  p r o p u l s i o n  subsystem. I n t r a  subsystem i n f o r m a t i o n  s u c h  a s  

computa t iona l  d a t a ,  s t a t u s  i n f o r m a t i o n  and c o n t r o l  commands w i l l  b e  m u l t i p l e x e d  

on each subsystem bus .  The p e r i p h e r a l  computers w i l l  b e  connected t o  t h e  c e n t r a l  

computer w i t h  t h e  i n d i v i d u a l  w i r e s  a s  opposed t o  a  m u l t i p l e x e d  bus .  The r e a s o n  

f o r  t h i s  is  because  computer-to-computer d a t a  r a t e s  a r e  i n  excess  of a  s i n g l e  bus 

c a p a c i t y .  Simul taneous  t r a n s m i s s i o n s  from computer-to-computer i s  a l s o  a  r e q u i r e -  

ment and t h i s  is n o t  compat ib le  w i t h  a  "shared"  p a r t y  l i n e  bus concep t .  

The system employs s e r i a l  d i g i t a l  t i m e  d i v i s i o n  m u l t i p l e x i n g  (TDM) and i s  

computer c o n t r o l l e d  u s i n g  a  r e q u e s t l r e p l y  d a t a  f low c o n t r o l  t echn ique .  Bi-phase 

( ~ a n c h e s t e r )  d i g i t a l  cod ing  and a l t e r n a t i n g  c u r r e n t  coup l ing  methods were s e l e c t e d .  

The system t i m i n g  r e f e r e n c e  (c lock)  r e q u i r e d  f o r  s y n c h r o n i z a t i o n  i s  t r a n s m i t t e d  

o v e r  a  s e p a r a t e  bus .  

Management of t h e  i n t e r f a c e  can be  g r e a t l y  s i m p l i f i e d  i f  t h e  d a t a  bus sys tem 

i n c l u d e s  s t a n d a r d  d i g i t a l  i n t e r f a c e  c i r c u i t r y  (SDIC) i n  a d d i t i o n  t o  t h e  t r a n s -  

m i s s i o n  bus i t s e l f .  F i g u r e  4-66 d e p i c t s  t h i s ,  With one s t a n d a r d  d e s i g n  each 

subsystem vendor does n o t  have t o  i n v e n t  t h e  same c i r c u i t .  Development of S D I C  

w i l l  p rov ide  i s o l a t i o n  and f a c i l i t a t e  i n t e r f a c e  management. Table  4-11 expands 

t h e s e  thoughts .  
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EQUIPMENT CM?V CAUSE ON DATA BUS 
r ELIMINATES MAJOR REDESIGN LATE IN PROGRAM CAUSED BY DISCOVERING OF 

PROBLEMS AT THE SYSTEM LEVEL TEST 
e ALLOWS PARALLEL DEVELOPMENT OF CEl EQUIPMENT WITH BUILD-AS-YOU-GO 

SYSTEM LEVEL TEST 

INTERFACE 
MANAGEMENT 

e ADDITIONAL INTERFACE SPEC (COMPAREDTO CASE OF BOUNDARY AT THE WIRES), 
BUT I T  IS EASY BECAUSE IT IS STANDARDIZED. 

e STANDARD DIGITAL INTERFACE REQUIREMENTS EASILY MET BY EACH CEI VENDOR 
USING WELL DEVELOPED ELECTRONIC TECHNOLOGY. 

e MAXIMUM EXPLORATION OF BUS WIRE CAPACITY 
e ASSURANCE THAT ALLTERMINALS PATCHING INTO BUS WIRES WILL LOOK EXACTLY 

ALIKE AND WILL THEREFORE PLAY TOGETHER. 
GOOD FLEXIBILITY AND GROWTH CAPABILITY 
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A d a t a  r a t e  of one m i l l i o n  b i t s  p e r  second was s e l e c t e d  because:  

o  Most computation and c o n t r o l  f u n c t i o n s  must b e  accomplished on a  r e a l  t ime  

b a s i s .  This  r a t e  is f a s t  enough s o  t h a t  t h e  t ime  between d a t a  samples o r  

c o n t r o l  f u n c t i o n s  i s  s h o r t  enough n o t  t o  a f f e c t  sys tem o p e r a t i o n  o r  t o  

i n t r o d u c e  sys tem dynamic e r r o r s .  

o  Th is  r a t e  i s  t h e  upper l i m i t  f o r  u s i n g  s i m p l e  d a t a  t r a n s m i s s i o n  t e c h n i q u e s  

and s t a t e - o f - t h e - a r t  q u a l i f i e d  e l e c t r o n i c s .  

o  Data f low r a t e s  a r e  e s t i m a t e d  t o  b e  much lower t h a n  bus c a p a c i t y .  Thus, 

growth c a p a b i l i t y  e x i s t s  s i n c e  a d d i t i o n a l  b l a c k  boxes o r  subsystems cou ld  

b e  added a t  a  l a t e r  d a t e .  

The d a t a  bus  t r a n s m i s s i o n  system d e s c r i b e d  above w i l l  p r o v i d e  f l e x i b i l i t y ,  

s i m p l i f y  t h e  i n t e r f a c e s ,  reduce t h e  we igh t  and i n s t a l l a t i o n  complexi ty  of w i r e  

b u n d l e s ,  reduce t h e  t ime  and complexi ty  o f  t h e  manufactur ing and checkout opera-  

t i o n s ,  and s i m p l i f y  t h e  i n s t a l l a t i o n  and removal o f  equipment.  

A l t e r n a t e  Concept E v a l u a t i o n  - The c e n t r a l i z a t i o n  v e r s u s  d e c e n t r a l i z a t i o n  of 

computa t iona l  equipment is  a  major c o n s i d e r a t i o n  i n  de te rmin ing  t h e  d e s i g n  p h i l o s -  

ophy and subsequen t  d e s i g n  c o n f i g u r a t i o n  of t h e  d a t a  management sys tem.  F ive  

a l t e r n a t e  computa t iona l  approaches were  e v a l u a t e d .  Tab le  4-12 p r e s e n t s  t h e  

r e s u l t s  of t h i s  c o n c e p t u a l  t r a d e  s t u d y .  The s e l e c t e d  a l l o c a t i o n  of computers 

c o n s i s t s  o f  a  c e n t r a l  computer complex performing miss ion  o r i e n t e d  f u n c t i o n s  and 

p e r i p h e r a l  d e d i c a t e d  computers f o r  s e n s o r  o r i e n t e d  f u n c t i o n s  and was chosen on t h e  

b a s i s  of commonality of requ i rements  and p h y s i c a l  l o c a t i o n .  A s  an example o f  t h e  

advan tage  of grouping l i k e  computat ions  i n  t h e  c e n t r a l  computer, t h e  guidance 

a l g o r i t h m s  may b e  used f o r  b o t h  guidance and miss ion  t r a j e c t o r y  p l a n n i n g .  I n  

a d d i t i o n ,  t h e  s o f t w a r e  can b e  modular ized t o  reduce  c o s t s  and p r o v i d e  redundancy. 

T h i s  approach m a i n t a i n s  t h e  hardware  and s o f t w a r e  a t  manageable complexity l e v e l s .  

Th i s  a l s o  p rov ides  f l e x i b i l i t y  by f a c i l i t a t i n g  changes s i n c e  t h e  s e n s o r  o r i e n t e d  

computa t iona l  r e q u i r e m e n t s ,  b o t h  hardware  and s o f t w a r e ,  do n o t  impact t h e  c e n t r a l  

computer. 

Var ious  i n t e r f a c e  implementat ion t echn iques  were c o n s i d e r e d .  Tab le  4-13 

i d e n t i f i e s  t h e  c a n d i d a t e  approaches ,  b a s e l i n e  sys tem s e l e c t i o n s  and r a t i o n a l e .  

D i g i t a l  t ime d i v i s i o n  m u l t i p l e x i n g  r e q u i r e s  p r e c i s e  s y n c h r o n i z a t i o n  of t r a n s -  

m i t t e r  and r e c e i v e r  s o  t h a t  r e c e i v e d  d a t a  can b e  d e t e c t e d  and decoded a c c u r a t e l y .  

S y n c h r o n i z a t i o n  can be  o b t a i n e d  by use of a n  a c c u r a t e  t iming  r e f e r e n c e  ( c l o c k )  
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0 ;MAXIMIZES DATA TRANSFER AND BUS REQUIREMENTS 

e iMANY DIFFERENT SPECIAL PURPOSE COMPUTER DESIGNS DUE TO DIFFERENT 
SPEED, WORD LENGTH, STORAGE, AND SOFTWARE. REQUIRES DIFFERENT 

LAY & CONTROL COMPUTER, 
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o MULTIPLEXED DATA BUS e IMPLEMENTED WITH PARTY L INE  OPERATION ANDSTANDARD DIGITAL 
e NONMULTIPLEXED HARD WIRE INTERFACE CIRCUITRY 

e REDUCES WIRING 

c MULTIPLEX MODULATION o EFFICIENT TECHNIQUE FOR LARGE NUMBER OF LOW FREQUENCY 
TECHNIQUES 

e SIMPLE DIGITAL CIRCUITRY 
o INHERENTLY NOISE-IMMUNE 

o HIGH NOISE IMMUNITY 
e COAXIAL CABLE e ALLOWS BALANCED WilVE 

e GOOD HANDLING CHARACTERISTICS 

e COUPLING METHODS 

o ELE CTRO-OPTICAL 

e LOW AND HlGH FREQUENCY NOISE REJECTION 
0 PROVIDES DC ISOLATION 

o CODING METHODS 
e RZ 

+ : : F L s E  
o DIPHASE 
e FTC. 

(ARROWS INDICAT 

COMPATIBLE WlTH OTHER SYSTEM PARAMETERS (e.g. AC COUPLING) 
o WIDELY USED TECHNIQUES AND CIRCUITS AVAILABLE 

i SELECTED MEf  HOD) 
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e x t r a c t e d  f rom t h e  d a t a  i t s e l f  o r  t r a n s m i t t e d  over  a  s e p a r a t e  l i n e ,  A s e p a r a t e  

c l o c k  l i n e  was s e l e c t e d  because  its weigh t  and c o s t  p e n a l t i e s  a r e  o f f s e t  by t h e  

s a v i n g  i n  s e p a r a t e  c l o c k  g e n e r a t i n g  equipment r e q u i r e d  i f  t h e  t i m i n g  is  e x t r a c t e d  

from t h e  d a t a .  

Conclusions  and Recommendations - The d a t a  management sys tem d e s c r i b e d  i s  

t h e  r e s u l t  of c o n c e p t u a l  s t u d i e s  c o n s i s t e n t  w i t h  a  Phase  A e f f o r t .  The b a s e l i n e  

sys tem s e l e c t e d  s a t i s f i e s  t h e  d a t a  management requ i rements  of t h e  s p a c e  s h u t t l e .  

I n  t h e  c o u r s e  of t h i s  s tudy  s e v e r a l  a r e a s  r e q u i r i n g  f u r t h e r  d e t a i l e d  in-depth  

i n v e s t i g a t i o n  were  uncovered.  These s t u d y  recommendations a r e  d e s c r i b e d  below. 

o  Computer O r g a n i z a t i o n  - The c e n t r a l i z a t i o n  v e r s u s  d e c e n t r a l i z a t i o n  a s p e c t  

of t h e  computa t iona l  t a s k  must b e  f u r t h e r  e v a l u a t e d .  The amount o f  d a t a ,  

d a t a  r a t e s ,  equipment l o c a t i o n s ,  and d a t a  f low t r a f f i c  p a t t e r n s  must b e  

i d e n t i f i e d .  Th is  impacts b o t h  hardware  and s o f t w a r e  c o n f i g u r a t i o n s .  

o  Computer C o n f i g u r a t i o n  - E x i s t i n g  and proposed computer sys tems i n c l u d i n g  

m u l t i p r o c e s s o r s  shou ld  b e  examined f o r  a p p l i c a b i l i t y  t o  t h e  s p a c e  s h u t t l e .  

I f  t h e  c e n t r a l i z e d  v e r s u s  d e c e n t r a l i z e d  s t u d y  de te rmines  t h e  need f o r  

m u l t i p l e  computers,  then most probably  d i f f e r e n t  g e n e r i c  types  of com- 

p u t e r s  w i l l  b e  r e q u i r e d .  

o  D i g i t a l  I n t e r f a c e  Techniques - Both mul t ip lexed  d a t a  bus and non-multi- 

p lexed i n t e r c o n n e c t i o n  t echn iques  shou ld  b e  s t u d i e d .  Equipment l o c a t i o n  

and d e n s i t y  of d a t a  f low between equipment a r e  impor tan t  c o n s i d e r a t i o n s  i n  

de te rmin ing  t h e  f e a s i b i l i t y  of m u l t i p l e x i n g .  S i g n a l s  which may b e  

m u l t i p l e x e d  and which may n o t  b e  mul t ip lexed  must b e  i d e n t i f i e d .  

o  M u l t i p l e x i n g  Implementation - Assuming t h e r e  w i l l  b e  some d e g r e e  of m u l t i -  

p l e x i n g  on t h e  s p a c e  s h u t t l e  t h e  f o l l o w i n g  paramete rs  must b e  s t u d i e d .  

- Modulat ion techniques  

- Coding/Decoding schemes 

- Word and message formats  

- Transmiss ion l i n e s  

- S i g n a l  coding and wave shapes  

- Coupl ing methods 

- EM1 c o n s i d e r a t i o n s  
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4 .3 .3  Self-Tes  t and Warning 

Summary - I n  p a s t  s p a c e c r a f t  programs, s i g n i f i c a n t .  expense has  been a s s o c i a t e d  

w i t h  p re launch  t e s t  complexes and  a s s o c i a t e d  o p e r a t i o n s  s u p p o r t  p e r s o n n e l .  S i g n i -  

f i c a n t  t ime h a s  been r e q u i r e d  f o r  t h e  planned s e r i e s  of p re launch  test a c t i v i t i e s .  

For t h e  ILRVS v e h i c l e ,  t h e  o b j e c t i v e  i s  t o  accomplish t h i s  p r e f l i g h t  t e s t i n g  on 

board t h e  v e h i c l e  i n  o r d e r  t o  reduce  c o s t  and minimize t e s t  t ime,  which i s  es -  

p e c i a l l y  impor tan t  f o r  a  r e u s a b l e  v e h i c l e .  The on-board checkout  approach and 

a s s o c i a t e d  maintenance phi losophy w i l l  b e  p a t t e r n e d  a f t e r  t h e  approach fol lowed 

f o r  a i r l i n e r s  and m i l i t a r y  a i r c r a f t .  Some degree  of on-board checkout i s  r e q u i r e d  

i n  a l l  a i r c r a f t  and s p a c e c r a f t  t o  pe rmi t  e v a l u a t i o n  of v e h i c l e  performance d u r i n g  

f l i g h t .  P o s t - f l i g h t  maintenance a c t i v i t y  can be  e x p e d i t e d  and s i m p l i f i e d  by making 

t h e  i n - f l i g h t  on-board checkout  c a p a b i l i t y  s u f f i c i e n t l y  thorough f o r  f a u l t  i s o l a -  

t i o n  t o  l i n e  r e p l a c e a b l e  u n i t s .  The p r e v a i l i n g  ph i losophy  f o r  advanced m i l i t a r y  

a i r c r a f t  i s  t o  p r o v i d e  a  comprehensive on-board checkout  c a p a b i l i t y  which i s  

e q u a l l y  thorough f o r  p r e f l i g h t  t e s t i n g ,  i n - f l i g h t  performance assessment ,  and i n -  

f l i g h t  t e s t i n g  f o r  t h e  purpose  of e x p e d i t i n g  p o s t - f l i g h t  maintenance.  The concep t  

t o  be  followed i n  t h e  ILRVS v e h i c l e  w i l l  b e n e f i t  from t h i s  p r e v i o u s  s p a c e c r a f t  and 

a i r c r a f t  exper ience .  Two fundamental ly  d i f f e r e n t  approaches  t o  on-board a u t o m a t i c  

checkout  have been u t i l i z e d  on m i l i t a r y  a i r c r a f t .  I n  one approach,  each subsystem 

i n c o r p o r a t e s  t h e  a b i l i t y  t o  perform a  s e l f - t e s t .  I n  t h e  o t h e r  approach,  a  c e n t r a l  

u n i t  r e q u e s t s  and o b t a i n s  d a t a  from a l l  subsystems and compares t h i s  d a t a  w i t h  

e s t a b l i s h e d  c r i t e r i a  i n  o r d e r  t o  e v a l u a t e  system performance.  Varying d e g r e e s  of 

combinat ion of t h e s e  two approaches  a r e  p o s s i b l e .  For example, t h e  i n h e r e n t  p r e s -  

ence of c e r t a i n  s t i m u l i  w i t h i n  a  g iven  subsystem would make i t  u n d e s i r a b l e  t o  

g e n e r a t e  d u p l i c a t e  s t i m u l i  e x t e r n a l l y ,  even i f  a  c e n t r a l  u n i t  was used f o r  d a t a  

a c q u i s i t i o n  and comparison.  I n  some c a s e s ,  o n l y  minor sys tem a d d i t i o n s  a r e  neces-  

s a r y  t o  p rov ide  meaningful  b u i l t - i n  s e l f - t e s t  c a p a b i l i t y .  I t  seems l i k e l y  t h a t  

a n  optimum system w i l l  u t i l i z e  a  l a r g e  d e g r e e  of b u i l t - i n  t e s t  c a p a b i l i t y  i n  

i n d i v i d u a l  sys tems ,  b u t  w i l l  a l s o  u t i l i z e  some d e g r e e  of c e n t r a l i z a t i o n ,  a t  l e a s t  

f o r  assembling,  r e c o r d i n g ,  and d i s p l a y i n g  t e s t  r e s u l t s .  

F u n c t i o n a l  Requirements and Goa1.s - On-board checkout  i s  a  group of s t a t u s  

checks  and t e s t s  which a r e  conducted t o  a s s u r e  o p e r a t i o n a l  r e a d i n e s s  of t h e  v a r i o u s  

subsystems of t h e  v e h i c l e  w i t h o u t  ground f a c i l i t y  s u p p o r t .  I n  t h i s  c o n t e x t ,  
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on-board checkout  does  n o t  imply a  subsystem s p e c i f i c a l l y  i n c o r p o r a t e d  t o  perform 

t h e  checkout  f u n c t i o n ,  s i n c e  a  l i m i t e d  amount of o p e r a t i o n a l  r e a d i n e s s  da t a  w i l l .  

i n h e r e n t l y  b e  d i s p l a y e d  o r  b u i l t  i n t o  t h e  v a r i o u s  subsystems.  

The c h o i c e  of t h e  system t o  b e  used f o r  on-board checkout  i s  dependent  on 

many f a c t o r s ,  b u t  t h e  g e n e r a l  g o a l s  t o  be  met can be  summarized a s  f o l l o w s :  

o  P r o v i d e  crew c o n t r o l l e d  p re launch  and launch c a p a b i l i t y .  

o  P r o v i d e  r a p i d  turnaround c a p a b i l i t y .  

o  Improve p r o b a b i l i t y  of m i s s i o n  s u c c e s s .  

The g o a l s  a r e  most r e a d i l y  ach ieved  by a n  on-board checkout  system. A w e l l  

des igned on-board checkout sys tem shou ld  c o n s i d e r  t h e  f o l l o w i n g  d e s i r e d  c h a r a c t e r -  

i s t i c s  : 

o  Automatic con t inuous  moni to r .  

o  C a p a b i l i t y  f o r  crew i n i t i a t i o n  of supplemental  t e s t s .  

o  A l l  f a i l u r e  d a t a  a v a i l a b l e  f o r  crew d i s p l a y .  

o  P r o v i s i o n s  f o r  permanent r e c o r d  of m a l f u n c t i o n s .  

o  C a p a b i l i t y  f o r  moni to r ing  t r e n d  d a t a  i n  a p p r o p r i a t e  c a s e s .  

o  Monitor a l l  v e h i c l e  subsystems.  

o  E s s e n t i a l l y  a l l  p r e f l i g h t  test c a p a b i l i t y  a v a i l a b l e  d u r i n g  f l i g h t .  

o  P r o v i s i o n s  i n c o r p o r a t e d  f o r  r e c o g n i z i n g  t e s t  sys tem m a l f u n c t i o n s .  

System Concept - An e v a l u a t i o n  of onboard checkout  t e c h n i q u e s  between t h e  u s e  

of a  c e n t r a l i z e d  system v e r s u s  d i s t r i b u t e d  b u i l t - i n  test (BIT) i n d i c a t e s  t h e  de- 

s i r a b i l i t y  of u s i n g  s e l f - c o n t a i n e d  b u i l t - i n  t e s t  c i r c u i t r y  i n  o r d e r  t o :  

o  Minimize I n t e r f a c e  Complexity 

o  Prov ide  Subsystem Autonomy 

o  More e a s i l y  f a u l t  i s o l a t e  t o  a  l i n e  r e p l a c e a b l e  u n i t .  

The BIT sys tem c o n f i g u r a t i o n  i s  shown i n  F igure  4-67. The BIT c o n t r o l  p a n e l  

l o c a t e d  i n  t h e  p i l o t ' s  compartment p r e s e n t s  an i n d i c a t i o n  of a  f a u l t y  sys tem by 

l i g h t i n g  t h e  a p p r o p r i a t e  BIT c o n t r o l  b u t t o n  and d i s p l a y i n g  on t h e  s t a t u s  ca thode  r a y  

tube  (CRT), f a u l t y  equipment d e s i g n a t i o n .  For more d e t a i l e d  d i a g n o s t i c  d a t a ,  t h e  

p i l o t  p r e s s e s  t h e  i l l u m i n a t e d  b u t t o n  t o  i n i t i a t e  a  d e t a i l e d  d i a g n o s t i c  o r  f a u l t  

i s o l a t i o n  t e s t  w i t h i n  t h e  f a u l t y  subsystem. The t e s t  r e s u l t s  a r e  f e d  t o  t h e  c e n t r a l  

computer v i a  m u l t i p l e x e d  d a t a  l i n e  t o  be  formated and accessed  t o  t h e  d i s p l a y  system. 

Th is  p r o v i d e s  t h e  crew d e t a i l e d  s t a t u s  a n a l y s i s  and a l lows  an i n  f l i g h t  d e c i s i o n  how 
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CRT DISPLAY I 
MESSAGE 

I 

LRU STATUS PANELS 
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F i g u r e  4-67 
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best Proceed,  whether t o  c o n t i n u e  w i t h  a degraded mode c a p a b i l i t y  or  swi tch to 

a redundant  sys tem,  

To e x p e d i t e  t h e  ground maintenznce t h e r e  is  i n c l u d e d  a  l i n e  r e p l a c e a b l e  u n i t  

(LRU) s t a t u s  p a n e l  which i d e n t i f i e s  t h e  compartment i n  which t h e  f a u l t y  LRU i s  

l o c a t e d .  Each LRU h a s  i t s  own l a t c h i n g  i n d i c a t o r  t o  i d e n t i f y  t h e  f a i l e d  LRU. I n  

a d d i t i o n ,  LRU d i a g n o s t i c  d a t a  i s  s t o r e d  i n  an i n - f l i g h t  t r e n d  r e c o r d e r  t o  e x p e d i t e  

r e p a i r .  

S p e c i a l  f e a t u r e s  of t h e  b u i l t - i n  t e s t  system a r e  t h e  fo l lowing :  

o  The g r e a t e s t  p r a c t i c a l  amount of f a u l t  d e t e c t i o n  and f a u l t  i s o l a t i o n  

w i l l  b e  performed i n  f l i g h t ;  t h e r e f o r e  a i r c r a f t  mean t ime t o  r e t u r n  

t o  s e r v i c e  and maintenance c o s t s  a r e  s i g n i f i c a n t l y  and e f f e c t i v e l y  

reduced.  

o  BIT c o n t r o l s  and d i s p l a y s  c o n s i s t  of a  c o n t r o l  p a n e l  o f  s w i t c h  l i g h t s  

and u s e  of a  s t a t u s  d i s p l a y  CRT. 

o  Performance d e g r a d a t i o n  i s  d i s p l a y e d  t o  t h e  p i l o t  on t h e  s t a t u s  CRT. 

o  BIT o p e r a t i o n  i s  p a r t  con t inuous  and p a r t  i n i t i a t e d  t o  reduce  p i l o t  t a s k s .  

o  BIT d i s p l a y  messages have a  s i g n i f i c a n t  impact on computer memory r e q u i r e -  

ments .  The s e l e c t e d  approach minimizes memory requ i rements .  

o  The BIT i n t e r f a c e  i s  a  ha rdwi re  and m u l t i p l e x  combination which h a s  minimum 

w e i g h t ,  good m a i n t a i n a b i l i t y ,  and maximum independence from t h e  c e n t r a l  

computer complex (CCC) . 
B u i l t - i n  T e s t  Implementation - The ILRVS f e a t u r e s  t h r e e  l e v e l s  of s e l f - t e s t :  

o  Continuous moni tor  

o  I n i t i a t e d  f a u l t  d e t e c t i o n / i s o l a t i o n  

o  D i a g n o s t i c  performance v e r i f i c a t i o n  

A l l  t h r e e  l e v e l s  can be  employed i n  f l i g h t  by t h e  crew o r  on t h e  ground by 

l aunch  o p e r a t i o n s  maintenance p e r s o n n e l .  Th i s  d e s i g n  e n a b l e s  t h e  f l i g h t  crew t o  

i g n o r e  d e t e c t e d  f a u l t s  i n  n o n v i t a l  u n i t s  ( e . g . ,  Ins t rument  Landing System ( ILS) ,  

a n t i s k i d ,  e t c . )  i f  he  chooses ,  o r  t o  i n i t i a t e  f u r t h e r  t e s t i n g  t o  de te rmine  t h e  

e x t e n t  of f a i l u r e  i n  v i t a l  u n i t s  such a s  r a d a r ,  o r  t h e  I n e r t i a l  Nav iga t ion  S e t .  

The c a p a b i l i t y  t o  i n i t i a t e  f a u l t  d e t e c t i o n  b u i l d s  p i l o t  conf idence  t h a t  e s s e n t i a l  

u n i t s  w i l l  o p e r a t e  d u r i n g  a c r i t i c a l  phase  such a s  e n t r y .  

To t h e  g r e a t e s t  e x t e n t  p r a c t i c a l ,  a l l  a v i o n i c s  a r e  des igned so  t h a t  f u n c t i o n -  

a l l y  a s s o c i a t e d  components a r e  con ta ined  w i t h i n  t h e  same LRU. This  f e a t u r e  v a s t l y  

s i m p l i f i e s  t h e  B I T  r e q u i r e d  f o r  i s o l a t i o n  t o  a  f a u l t y  LRU. 
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Continuous Monitor T e s t  - The con t inuous  moni tor  BIT mode o p e r a t e s  t o t a l b y  

independent  o f  o p e r a t o r  o r  CCC c o n t r o l .  On a  con t inuous  o r  p e r i o d i c  b a s i s ,  t e s t  

c i r c u i t r y  w i t h i n  each LRU moni tors  v o l t a g e s ,  c u r r e n t s ,  impedance, v o l t a g e  s t a n d i n g  

wave r a t i o  e t c .  , t o  de te rmine  t h a t  measured v a l u e s  are w i t h i n  p r e s e t  t o l e r a n c e s .  

F a u l t s  a r e  i n d i c a t e d  on a  c o c k p i t  BIT c o n t r o l  p a n e l .  S i n c e  f u n c t i o n a l  c i r c u i t s  a r e  

con ta ined  w i t h i n  a  s i n g l e  LRU ( f o r  t h e  m a j o r i t y  o f  LRU's) , d e t e c t i o n  o f  an  o u t  o f  

t o l e r a n c e  c o n d i t i o n  a l s o  i s o l a t e s  t h e  f a u l t  t o  t h e  corresponding LRU. Independence 

from CCC c o n t r o l  p r o v i d e s  a  t e s t  c a p a b i l i t y  r e g a r d l e s s  of t h e  CCC s t a t u s ;  whether  

o p e r a t i n g ,  i n o p e r a t i v e ,  o r  removed from t h e  v e h i c l e .  Depending on t h e  complexi ty  

of s p e c i f i c  u n i t s ,  cont inuous  moni tor  f a u l t  d e f e c t i o n / i s o l a t i o n  c a p a b i l i t y  w i l l  

p r o v i d e  g r e a t e r  than  80 p e r c e n t  f a u l t  d e t e c t i o n .  

I n i t i a t e d  F a u l t  D e t e c t i o n / I s o l a t i o n  T e s t  - The i n i t i a t e d  f a u l t  d e t e c t i o n l i s o -  

l a t i o n  test i n c r e a s e s  p i l o t  conf idence  t h a t  a  s e t  i s  f u n c t i o n i n g  p r o p e r l y ,  o r  

de te rmines  what f u n c t i o n a l  c a p a b i l i t y  h a s  been l o s t  i n  f a i l e d  sets. The t e s t  may 

b e  i n i t i a t e d  w i t h  a  c o c k p i t  BIT c o n t r o l  a t  any t i m e ,  e i t h e r  i n  f l i g h t  o r  on t h e  

ground. The CCC is  r e q u i r e d  t o  b e  o p e r a t i n g  on ly  i f  t e s t  r e s u l t s  a r e  d e s i r e d  t o  

b e  d i s p l a y e d  t o  t h e  o p e r a t o r  on t h e  s t a t u s  d i s p l a y  ( l a t c h i n g  f a u l t  i s o l a t i o n  i s  

made independent  of t h e  CCC). The f a u l t  d e t e c t i o n / i s o l a t i o n  c a p a b i l i t y  is  i n -  

c reased  i n  t h i s  t e s t  mode t o  a n  average  of 98 p e r c e n t  of a l l  f a u l t s .  

D i a g n o s t i c  Performance V e r i f i c a t i o n  T e s t  - The d i a g n o s t i c  t e s t  p r o v i d e s  a  

v i r t u a l l y  complete  q u a n t i t a t i v e  e v a l u a t i o n  of t h e  performance c a p a b i l i t y  of t h e  

ILRVS i n d i v i d u a l  s e t s ,  and p rov ides  f a u l t  i s o l a t i o n  t o  a f a u l t y  LRU f o r  98 per-  

c e n t  of a l l  f a i l u r e s .  I n  c o n t r a s t  t o  t h e  con t inuous  moni tor  and i n i t i a t e d  f a u l t  

d e t e c t i o n / i s o l a t i o n  t e s t s ,  t h e  d i a g n o s t i c  t e s t  u t i l i z e s  t h e  p i l o t  o r  maintenance 

t e c h n i c i a n  t o  e x e r c i s e  a l l  modes of o p e r a t i o n  of t h e  s e t ,  and i s  n o t  l i m i t e d  t o  

mode-in-use t e s t i n g .  

BIT Mechanizat ion - BIT i s  implemented i n  t h r e e  ways: ( a )  BIT c o n t r o l s  and 

d i s p l a y s ,  (b)  f u n c t i o n a l  t e s t  c i r c u i t r y  w i t h i n  t h e  LRU's of each s e t ,  and ( c )  s o f t -  

ware w i t h i n  t h e  C C C .  Human e n g i n e e r i n g  p r i n c i p l e s  have been employed t o  p r o v i d e  

e a s i l y  c o n t r o l l e d  t e s t i n g ,  r a p i d l y  comprehended d i s p l a y s ,  and c l e a r l y  i n d i c a t e d  

maintenance a c t i o n s .  
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BIT C o n t r o l s  and Disp lays  - BIT c o n t r o l s  and d i s p l a y s  a r e  made up of t h r e e  

u n i t s  whose s o l e  f u n c t i o n  is  BET o r i e n t e d ,  t h r e e  d i s p l a y  u n i t s  f u n c t i o n a l l y  shared  

w i t h  o t h e r  e l e c t r o n i c s  o p e r a t i o n s  and a  t r e n d  d a t a  r e c o r d e r .  A c o c k p i t  i n s t a l l e d  

b u i l t - i n - t e s t  c o n t r o l  pane l  d i s p l a y s  t h e  go/no-go s t a t u s  of each e l e c t r o n i c  equip-  

ment s e t  i n  t h e  o r b i t e r ,  (bo th  a v i o n i c  and n o n a v i o n i c ) ,  and c o n t r o l s  s t a r t l s t o p  

of a l l  i n i t i a t e d  tests, e i t h e r  i n  f l i g h t  o r  on t h e  ground. One s t a t u s  p a n e l  i n -  

s t a l l e d  i n  t h e  equipment compartment p r o v i d e s  a m a g n e t i c a l l y  l a t c h i n g  f a u l t  

i n d i c a t i o n  t o  i n d i c a t e  compartment l o c a t i o n  f o r  each o f  about  100 LRU's which 

have s e l f - t e s t  c a p a b i l i t y .  

The d i s p l a y  u n i t s  shared  w i t h  o t h e r  f u n c t i o n s  a r e  t h e  mas te r  c a u t i o n  l i g h t s ,  

used t o  i n d i c a t e  t h a t  a  f a u l t  h a s  been d e t e c t e d  i n  e s s e n t i a l  s e t s ;  t h e  warning/  

c a u t i o n  p a n e l ,  used t o  d i s p l a y  s a f e t y  of f l i g h t  f a u l t s ;  and t h e  equipment s t a t u s  

d i s p l a y ,  used t o  d i s p l a y  a v i o n i c  s e t  no-go, f u n c t i o n a l  c a p a b i l i t y  l o s s ,  and d iag-  

n o s t i c  t e s t  o p e r a t o r  i n s t r u c t i o n  r e a d o u t  and f a u l t  i s o l a t i o n  d a t a  d i s p l a y .  Audi- 

b l e  a la rms  a r e  a l s o  g e n e r a t e d  f o r  s a f e t y  of f l i g h t  f a u l t s  and emergency c o n d i t i o n s  

t o  immediately a l e r t  t h e  crew t o  t h e s e  c o n d i t i o n s .  

BIT C o n t r o l  Pane l  - The BIT c o n t r o l  p a n e l  c o n s i s t s  of l i g h t e d ,  a l t e r n a t e  ac-  

t i o n ,  pushbut ton  s w i t c h e s  which s e r v e  a  d u a l  f u n c t i o n .  When i l l u m i n a t e d ,  t h e  

l i g h t e d  p o r t i o n s  of t h e  s w i t c h e s  s e r v e  a s  s e t  f a i l u r e  i n d i c a t o r s .  Also t h e  

s w i t c h e s  c a n  be  a c t i v a t e d  by an  o p e r a t o r  t o  a l t e r n a t e l y  s t a r t  and s t o p  i n i t i a t e d  

f a u l t  d e t e c t i o n / i s o l a t i o n  o r  d i a g n o s t i c  t e s t i n g .  By means of a  m u l t i p l e x  t e r m i n a l ,  

t h e  BIT c o n t r o l  p a n e l  i s  a b l e  t o  communicate d i g i t a l l y  w i t h  t h e  C C C .  The CCC r e -  

q u e s t s  d a t a  from t h e  BIT c o n t r o l  p a n e l  on t h e  t e s t  s t a t u s  of each s e t .  When a 

s e t  d i a g n o s t i c  t e s t  i s  d e s i r e d ,  t h e  t e s t  i n i t i a t e  s i g n a l  from t h e  BIT c o n t r o l  

p a n e l  i s  i n h i b i t e d  by t h e  computer u n t i l  t h e  b u l k  s t o r a g e  t a p e  i s  c o r r e c t l y  pos i -  

t i o n e d  f o r  t h e  s e l e c t e d  t e s t .  

S t a t u s  Pane l s  - One c e n t r a l l y  l o c a t e d  s t a t u s  pane l  p rov ides  a  l a t c h i n g  i n d i -  

c a t i o n  of f a i l e d  LRU's compartment l o c a t i o n  f o r  p o s t - f l i g h t  launch o p e r a t i o n  

maintenance a c t i o n .  The i n d i c a t o r s  a r e  a c t i v a t e d  by e i t h e r  a  con t inuous  o r  pu l sed  

28 VDC s i g n a l  and a r e  i n  p a r a l l e l  w i t h  t h e  i n d i v i d u a l  i n d i c a t o r s  mounted on each 

LRU c o n t a i n i n g  B I T .  The l a t c h i n g  i n d i c a t o r s  a r e  manually r e s e t t a b l e  a f t e r  a f a u l t y  

LRU h a s  been r e p l a c e d  . 
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Trend Recorde r  - A l l  BIT mean ingfu l  d a t a  i s  a l s o  r o u t e d  t o  t h e  t r e n d  d a t a  

r e c o r d e r  f o r  l a t e r  e v a l u a t i o n  and u s e  by t h e  l a u n c h  o p e r a t i o n s  ma in tenance  c rew,  

The d a t a  w i l l  e n a b l e  f l i g h t  a n a l y s i s  o f  a l l  f a u l t s ,  f a i l u r e  p r e d i c t i o n  on t h e  

r e ~ u r n e d  s p a c e c r a f t ,  and c o n t r i b u t e  s i g n i f l c a n t l y  t o  r e d u c i n g  £ a l l u r e s  on f u t u r e  

f l i g h t s .  

BIT - Shared  C o c k p i t  D i s p l a y s  - C o c k p i t  d i s p l a y s  which s h a r e  BIT w i t h  

o t h e r  d i s p l a y  f u n c t i o n s  s u c h  a s  p i l o t  a l e r t  o r  a d v i s o r y  d i s p l a y s  a re  t h e  f o l l o w i n g :  

( a )  m a s t e r  c a u t i o n  l i g h t s ,  ( b )  w a r n i n g l c a u t i o n  l i g h t s  p a n e l ,  and ( c )  equipment  

s t a t u s  d i s p l a y .  

The m a s t e r  c a u t i o n  l i g h t s  a l e r t  t h e  p i l o t  t o  v i t a l  equipment  f a i l u r e ,  and  

d i r e c t  h i s  a t t e n t i o n  t o  t h e  w a r n i n g l c a u t i o n  l i g h t s  p a n e l  ( s a f e t y  o f  f l i g h t  c o n d i -  

t i -ons )  a n d  t h e  s t a t u s  d i s p l a y  ( a l l  equipment  f a i l u r e s ) .  

The w a r n i n g / c a u t i o n  l i g h t s  p a n e l ,  p r o v i d e s  a f a i l u r e  i n d i c a t i o n  f o r  f l i g h t  

s a f e t y  f u n c t i o n  s u c h  a s  t h e  f l i g h t  c o n t r o l  s y s t e m .  

The equipment  s t a t u s  d i s p l a y  i s  used  i n  a l l  BIT t e s t  t o  a d v i s e  o f  s e t  f a i l u r e s  

by d i s p l a y i n g  a t h r e e  o r  f o u r - c h a r a c t e r  a l p h a n u m e r i c  mnemonic s e t  name. When a n  

i n i t i a t e d  test  i s  s e l e c t e d  f o r  a p a r t i c u l a r  se t ,  t h e  word "TEST" a l s o  a p p e a r s  

on  t h e  s t a t u s  d i s p l a y  u n t i l  t h e  r e s u l t s  o f  t h e  t e s t  a r e  decoded by t h e  C C C ,  when 

any  d e t e c t e d  f a i l u r e s  a r e  d i s p l a y e d  as t h r e e  word messages  d e s c r i b i n g  t h e  l o s t  

f u n c t i o n .  A s econd  p r e s s  of  t h e  s e t  p u s h b u t t o n  s t o p s  t h e  tes t ,  and erases t h e  

d a t a  w r i t t e n  on  t h e  s t a t u s  d i s p l a y .  

BIT F u n c t i o n a l  C i r c u i t  I n t e g r a t i o n  - F i g u r e  4-68 i l l u s t r a t e s  t h e  a p p l i c a t i o n  

o f  BIT t o  a n  i n d i v i d u a l  f u n c t i o n a l  c i r c u i t .  A t y p i c a l  f u n c t i o n a l  c i r c u i t ,  t h e  

a s s o c i a t e d  BIT c i r c u i t  and c o r r e s p o n d i n g  BIT s e l f - t e s t  (BST) c i r c u i t  a r e  i n t e r -  

connec ted  as shown. "BIT" on a  s i g n a l  l i n e  i n d i c a t e s  t h e  b u i l t - i n - t e s t  c i r c u i t  

h a s  d e t e c t e d  a f u n c t i o n a l  c i r c u i t  f a u l t ;  "BST" d e n o t e s  a BIT c i r c u i t  f a i l u r e .  

E i t h e r  a  "BIT" o r  a "RST" ( l o g i c a l l y  d e n o t e d  BIT + BST) c a u s e s  a  LRU f a u l t  t o  b e  

i n d i c a t e d .  However, a  "BIT" w i t h o u t  t h e  "BST" (deno ted  BIT o  BST) i n h i b i t s  t h e  

d i g i t a l  d a t a  word v a l i d i t y  b i t ,  meaning t h e  d a t a  i s  n o t  v a l i d .  

C e n t r a l  Computer Complex BIT S o f t w a r e  - The C e n t r a l  Computer Complex p e r f o r m s  -- 
t h e  f o l l o w i n g  B I T  f u n c t i o n s :  

o  Con t inuous  Moni to r  - The CCC c o n t i n u o u s l y  m o n i t o r s  t h e  BIT c o n t r o l  p a n e l  

i n d i v i d u a l  s e t  l i g h t s  ( o n / o f f )  and s e t  s w i t c h e s  ( o n / o f f )  i n  a  p r e d e t e r m i n e d  
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sequence t o  de te rmine  t h e  s t a t u s  of a l l  t h e  s e t s ,  The r e s u l t s  of t h i s  

r o u t i n e  a r e  e v a l u a t e d  by t h e  BIT Module of t h e  CCC and d i s p l a y e d  by 

w r i t i n g  any f a i l e d  s e t  name(s) i n  a n  alphanumeric format  on t h e  s t a t u s  

d i s p l a y .  

o  I n i t i a t e d  F a u l t  ~ e t e c t i o n / I s o l a t i o n  - On command from t h e  BIT c o n t r o l  

p a n e l ,  t h e  d e s i g n a t e d  s e t  i n i t i a t e s  o r  s t o p s  s e l f - c o n t a i n e d  f a u l t  d e t e c -  

t i o n / i s o l a t i o n  t e s t i n g .  The CCC genera ted  alphanumeric d i s p l a y  messages 

f o r  t h e  s t a t u s  L i s p l a y  a r e  based on t h e  BIT c o n t r o l  p a n e l  s t a t u s  a s  eva lu -  

a t e d  by t h e  BIT Module, set l i g h t s  o n / o f f ,  s e t  s w i t c h e s  o n / o f f ,  and t h e  

i n d i v i d u a l  LRU f u n c t i o n a l  BIT d a t a  words a s  e v a l u a t e d  by t h e  CCC BIT Data 

Module. 

o  D i a g n o s t i c  T e s t i n g  - On command from t h e  BIT c o n t r o l  p a n e l  t h e  CCC i n i t i -  

a t e s  o r  s t o p s  set performance v e r i f i c a t i o n  t e s t i n g .  When a  d i a g n o s t i c  t e s t  

i s  i n i t i a t e d ,  t h e  CCC de te rmines  t h a t  b u l k  s t o r a g e  i s  i n t e r c o n n e c t e d  and 

i n h i b i t s  t h e  p a r t i c u l a r  LRU BIT c i r c u i t  t e s t  u n t i l  t h e  BIT Monitor func- 

t i o n  r e a d s  d i a g n o s t i c  program d a t a  i n t o  t h e  C C C .  During t h i s  t e s t i n g  t h e  

LRU d a t a  b i t s  are compared d i r e c t l y  w i t h  t h e  CCC by t h e  BIT Data Module. 

T h i s  t e s t i n g  p r o v i d e s  up t o  98 p e r c e n t  f a u l t  d e t e c t i o n ,  i s o l a t i o n  and de- 

graded performance i n f o r m a t i o n ,  a s  w e l l  a s  s p e c i a l  a lphanumeric  d i s p l a y s ,  

t o  i n d i c a t e  manual a c t i o n s  r e q u i r e d  and t h e  r e s u l t s  of t h e  d i a g n o s t i c  

t e s t s  . 
CCC BIT Sequencing and C o n t r o l  - The s o f t w a r e  program checks  t h e  t e s t  condi-  

t i o n  o f  each equipment s e t  t o  de te rmine  p r e s e n t  s t a t u s .  When t e s t  r e s u l t s  a r e  

a v a i l a b l e  t h e  s e t  name and s t a t u s  a r e  d i s p l a y e d  on t h e  s t a t u s  d i s p l a y .  Any 

messages t h a t  cannot  b e  immediately used a r e  s e n t  t o  t h e  d e f e r r e d  d i s p l a y  t a b l e .  

The s o f t w a r e  r o u t i n e  a l s o  c o n t i n u a l l y  checks  t h e  d e f e r r e d  d i s p l a y  t a b l e  f o r  any 

d e f e r r e d  messages t h a t  cou ld  b e  d i s p l a y e d  d u r i n g  a  new d i s p l a y  p e r i o d .  Other  

f u n c t i o n s  o f  t h e  program a r e  t o  e r a s e  p r e v i o u s l y  d i s p l a y e d  messages when new 

ones  a r e  w r i t t e n  and t o  de te rmine  i f  b u l k  s t o r a g e  d a t a  i s  a v a i l a b l e  s o  t h a t  r a d a r  

d i a g n o s t i c  t e s t i n g  can b e  done i n  p l a c e  of t h e  f a u l t  d e t e c t i o n / i s o l a t i o n  t e s t i n g .  

BIT Disp lay  Format t ing  - The BIT i n f o r m a t i o n  i s  d i s p l a y e d  i n  an  a lphanumeric  

format  c o n s i s t i n g  of 15 c h a r a c t e r s  pe r  l i n e .  The d i s p l a y  words a r e  l i m i t e d  t o  

f o u r  c h a r a c t e r s  e a c h ,  and d e s c r i b e  f u n c t i o n s  such a s  s e t  name, t e s t  and f a i l e d  

f u n c t i o n .  Messages a r e  d i s p l a y e d  s t a r t i n g  w i t h  t h e  bottom and c o n t i n u i n g  upward 
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u n t i l  t h e  a v a i l a b l e  s p a c e  i s  occup ied ,  Each message occup ies  o n l y  one l i n e  pe r  

s e t ,  When t h e  a v a i l a b l e  space i s  f i l l e d ,  new messages a r e  w r i t t e n ,  a g a i n  s t a r t i n g  

w i t h  t h e  bottom l i n e .  However, p rev ious  messages i n d i c a t i n g  t h a t  a s e t  i s  s t i l l  

i n  t e s t  a r e  skipped o v e r  and n o t  e r a s e d .  When, on o c c a s i o n ,  a l l  l i n e s  a r e  skipped 

d u r i n g  a  d i s p l a y  p e r i o d ,  t h e  new message is  p laced  i n t o  t h e  d e f e r r e d  d i s p l a y  t a b l e  

f o r  l a t e r  d i s p l a y .  When a  message c o n t a i n s  i n f o r m a t i o n  i n v o l v i n g  a  sequence o f  

l o s t  modes, t h e  modes w i l l  b e  d i s p l a y e d  and e r a s e d  i n  sequence u n t i l  t h e  l a s t  mode 

i s  d i s p l a y e d  and r e t a i n e d .  

I n s t a l l a t i o n  - The BIT i n s t a l l a t i o n  i s  s u b j e c t  t o  two c o n s t r a i n t s :  (1 )  Sep- 

a r a t i o n  between t h e  s t a t u s  p a n e l  and t h e  moni tored u n i t s  must be  minimized f o r  

l o w e s t  p r a c t i c a l  weight  p e n a l t y  of t h e  i n t e r c o n n e c t i n g  w i r e s ;  ( 2 )  t h e  d i s p l a y s  

must b e  i n s t a l l e d  i n  a n  arrangement  such t h a t  r a p i d  cue ing  of s t a t u s  i s  provided 

t o  t h e  p i l o t .  An optimum s e p a r a t i o n  between t h e  s t a t u s  p a n e l  and t h e  m a j o r i t y  

of t h e  e l e c t r o n i c s  h a s  been provided by i n s t a l l i n g  t h e  s t a t u s  p a n e l  i n  t h e  a v i o n i c  

equipment bay surrounded by t h e  a v i o n i c s  u n i t s .  Th i s  i n s t a l l a t i o n  a l s o  p r o v i d e s  

q u i c k  a c c e s s  f o r  t h e  l aunch  o p e r a t i o n s  maintenance crew t o  view t h e  s t a t u s  p a n e l  

f o r  LRU f a i l u r e  i n d i c a t i o n s .  The requirement  f o r  r a p i d  p i l o t  cueing h a s  been  

s a t i s f i e d  by t h e  ph i losophy  shown i n  F igure  4-69. F a i l u r e  of v i t a l  equipment i s  

i n d i c a t e d  by t h e  mas te r  c a u t i o n  l i g h t s  l o c a t e d  i n  t h e  p i l o t ' s  c e n t r a l  v i s i o n ;  

t h e  p i l o t  responds by l o o k i n g  t o  t h e  equipment s t a t u s  d i s p l a y  f o r  t h e  name of t h e  

f a i l e d  s e t .  

Conclusion and Recommendation - The ILRVS on-board checkout sys tem imple- 

menta t ion  i s  w i t h i n  t h e  p r e s e n t  day technology.  D e t a i l e d  s t u d i e s  a r e  r e q u i r e d  

t o  f u l f i l l  t h e  o p e r a t i o n a l  o b j e c t i v e s  of t h e  ILRVS Program. E f f o r t  shou ld  b e  

expended i n  i d e n t i f i c a t i o n  of t h e  pa ramete rs  r e q u i r e d  f o r  de te rmin ing  a  f l i g h t -  

worthy subsystem, w i t h  s p e c i a l  emphasis devoted t o  non-avionic subsystems.  
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Summary - The d i s p l a y s  and c o n t r o l s  f o r  t h e  space  s h u t t l e  u t L l i z e  s t a t e - o f - t h e -  

a r t  d e v i c e s  and t echn iques  t o  p rov ide  a  f l e x i b l e  d i s p l a y  of multi-mode d a t a  w i t h  

an  a c c e p t a b l e  work l o a d  f o r  t h e  crewmen. The space  s h u t t l e  v e h i c l e s  a r e  b o t h  a n  

a i r c r a f t  and s p a c e c r a f t ,  des igned f o r  autonomous miss ion  o p e r a t i o n .  T h i s ,  i n  

c o n j u n c t i o n  w i t h  On-Board Checkout and redundant  sys tems,  r e s u l t s  i n  a  s i g n i f i c a n t  

amount of miss ion  d a t a  t h a t  must be compat ib le  w i t h  t h e  crewman c a p a b i l i t y .  A h i g h  

d e g r e e  of d i s p l a y  au tomat ion  i s  r e q u i r e d  t o  p r o v i d e  an  a c c e p t a b l e  crew t a s k  work 

l o a d  and t i m e l i n e .  I n t e g r a t e d  e l e c t r o n i c  multi-mode d i s p l a y s  a r e  r e q u i r e d  t o  

p r e s e n t  a l l  t h e  d i f f e r e n t  f l i g h t  regimes d a t a  i n  a  l i m i t e d  c o c k p i t  a r e a  and p i l o t  

v iewing cone.  I n  a d d i t i o n ,  t h e  d a t a  w i l l  be  s e g r e g a t e d  accord ing  t o  f u n c t i o n .  

The r e q u i r e d  d i s p l a y  in format ion  compress ion i s  provided by t h e  u s e  of m u l t i -  

mode ca thode  r a y  t u b e  (CRT) d e v i c e s .  These programmable d e v i c e s  a l l o w  t h e  d i s p l a y  

of o n l y  t h a t  d a t a  p e r t i n e n t  t o  t h e  p r e s e n t  m i s s i o n  phase;  a l l  o t h e r  d a t a  i s  rele- 

g a t e d  t o  t h e  s t a t u s  moni tor  o r  c a u t i o n l w a r n i n g  c l a s s i f i c a t i o n .  

C l u t t e r i n g  of c o n t r o l  d e v i c e s  i s  p a r t i a l l y  e l i m i n a t e d  by mounting t h e  j e t  

a i r c r a f t  eng ine  t h r o t t l e s  and r o c k e t  e n g i n e s  AV t r a n s l a t i o n a l  c o n t r o l  s t i c k  on t h e  

p e d e s t a l  between t h e  two crewmen. A t  p r e s e n t  t h e  u s u a l  t r a n s p o r t  a i r c r a f t  c o n t r o l  

yoke and rudder  p e d a l s  is provided f o r  a i r c r a f t  f l i g h t  c o n t r o l  and a  r ight-hand 

hand c o n t r o l l e r  f o r  s p a c e  a t t i t u d e  c o n t r o l .  It i s  hoped t h a t  p r e s e n t  f l i g h t  t e s t  

programs on a i r c r a f t  c o n t r o l  w i t h  a  hand c o n t r o l l e r  w i l l  a l l o w  t h e  f u t u r e  d e l e t i o n  

of t h e  bulky c o n t r o l  yoke and rudder  p e d a l s .  

Both c o n t r o l  and d i s p l a y  t e c h n i q u e s  and hardware f o r  t h e  s p a c e  s h u t t l e  a r e  

be ing  s t u d i e d  and e v a l u a t e d  i n  an in-house c o c k p i t  s i m u l a t o r .  T h i s  c o n t i n u i n g  

e f f o r t  w i l l  be v e r y  i n s t r u m e n t a l  i n  t h e  d e s i g n  e v o l u t i o n  of an  optimum c o c k p i t  

sys tem,  bo th  i n  hardware s e l e c t i o n  and crewmen work load  c o m p a t i b i l i t y .  

Requirements - The primary crew c o n t r o l  and d i s p l a y  sys tem d e s i g n  g u i d e l i n e s  

and d e s i r a b l e  f e a t u r e s  a r e  summarized by: 

a )  Allowance f o r  autonomous l aunch ,  o r b i t a l ,  r e e n t r y ,  and l a n d i n g  m i s s i o n  

o p e r a t i o n s  wi thou t  crew t a s k  o v e r l o a d .  

b )  P r o v i s i o n s  f o r  two crewmen b u t  f l y a b l e  by a  s i n g l e  c r e m a n .  

c )  Naximum u t i l i z a t i o n  of i n t e g r a t e d  e l e c t r o n i c  d i s p l a y s  and c o n t r o l s  over  

s i n g l e  purpose  gauges and mete r s  and t o g g l e  s w i t c h e s .  
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The inclusion of automated, multi-mode displays requires a continuing evalua- 

tion of control and display techniques and hardware features in a ccjckpit simulator, 

This experimental approach with empirical crewman performance evaluation is being 

used and will be continued to constantly refine the control and displ-ay system 

design . 
Baseline Description 

Displays - The displays provide the crewman information to monitor system/ 
vehicle operation or status, assess control performance, and determine proper con- 

trol actions. The basic mission operational data provided for each crewman in- 

cludes vehicle attitude reference, horizontal or vertical situation, operational 

data from on-board systems, and status monitor of on-board systems. The display 

system functional block diagram of Figure 4-70 shows how these data are presented 

to each crewman by direct view of four CRT's and a head-up display (HUD). Three 

of the four direct view CRT's are "rear port" tubes which can optically project 

slide or film (microviewer) images in addition to the normal electron beam written 

image. These easily accommodate large quantities of diagrams or checkout procedure 

data, too voluminous for digital memory storage. The electronic attitude director 

indicator ( E A D I )  CRT replaces the conventional electrcmechanical 8-ball attitude 

director indicator and airspeed, vertical sink speed, altitude needle gauges. One 

head-up display (CRT/optical) is provided for each crewman (2) to allow flight 

director symbology to be written upon the outside viewing reference to aid in 

space station or satellite docking and all weather landing approach. 

All data received by the display system is routed through a standard inter- 

face. Here priority of display is establishsd and the data is sorted to channel 

the display data storage symbology to the proper CRT. The display data storage 

provides the required high rate CRT image rewrite to eliminate flicker with a low 

input data rate to the system. The display system mode control is accomplished 

automatically through the self-contained autoprogrammer. A manual override capa- 

bility is provided in case of mission change or equipment failure; for example, the 

crewman can switch a symbol generator to a different CRT via command to the CRT 

selector. 

Table 4-14 summarizes the rationale used in selecting the baseline multi-mode 

display system design techniques from a field of candidate approaches based on the 

requirements and desirable features. Figure 4-71 depicts how these functional 
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CENTRAL 
COMPUTE R 

------------- ------- I  J I - SITUATION 

(2 
STATUS 

-. (2) 
HEAD-UP 
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T a b l e  4-14 

MULTIMODE DISPLAYS STUDY SUI 

REQUIREMENTSI'DESIRABLE FEATURES 

e DISPLAY 
- C/O PROCEDURE AND DATA 
- CONTINGENCY MISSION PLANS 
- GUIDANCVMAVIGATION DATA 
- HORIZONTAL/VERTICAL/ATTITUD E 

SITUATION DATA 
- STATUS, CAUTION & WARNIilG 

CANDIDATE/BASELINE APPROACHES 

e CATHODE RAY TUBE (CRV 
e SLIDE/FILM PROJECTORS 
e CRT WITH SUPERIMPOSED SLIDE 

CAPABILITY 
0 AUDIO, LIGHTS 
e PLASMA TUBE DISPLAY DEVICES 
e SCALE SCRIBES, DIALS, GAUGES 

e HEAD-UP (OUTSIDE) PROJECTION e CRT/REFLECTIVE OR REFRACTIVE 
DISPLAY FOR DOCKING AND LAND- OPTICS 
ING AID e ELECTROMECHAN ICAL/OPTlCAL 

e SIMPLE SIGNAL INTERFACES 0 ALL SOURCES INPUT DATA TO SIN- I GLE DISPLAY SYSTEM SORTING/ 

I PRIORITY INTERFACE UNIT . MULTIPLE INTERFACES (G&C, ELECT I PWR, PROP, ETC.) WITH DEDICATED 
DISPLAY DEVICES 

e CRT BEAM DEFLECTION/BLANKING 
COMMAND RATE HIGH ENOUGH 
(50-60 HZ) TO PREVENT FLICKER 

e REDUNDANCY 

I 0 SAMPLE INPUT SOURCE DATA AT LOB 
RATE (1 Hz) ANDDISPLAY SYSTEM 
MEMORY USED F O R 5 0 4 0  Hz CRT 
REFRESH 

e SAMPLE INPUT SOURCE DATA AT 
5 0 4 0  Hz FOR CRT REFRESH 

e HARDWARE REDUNDANCY 
DEGRADEDMODEOPERATION 

BAS ELI NE RATIONALE . CRT AND CRT WITH SUP ER-IMPOSED SLE 
CAPABILITY 
- PROVIDES NULTIFORIAT DATA DISPLAY 
- ELlhllNATES EXTRA SLIDE SCREEN, 

ATTITUDE 8-BALL, & SEPARATE GAUGE 
- SIMPLI FIES REDUNDANCY 

e FLASHING LIGHT/HEADSET AUDIO FUR 
CAUTION AND WARNIN G 

BEST PHYSICAL CHARACTERlSTICS AilD 
RELIABILITY AND DESIGN EXPERlEMCE 

e SIMPLIFIES DISPLAY MODE CONTROL, 
STANDARDIZES INTERFACE ClRCUlTlRY 
TO COMMON Dl SPLAY DEVICES, EL I I I -  
NATES MANY DEDICATED DISPLAY DE- 
VICES 

e BEST DESIGN EXPERIENCE 
e MINIMIZES REDUNDANT DATA 

GATHERING FROM SOURCE 

- 
o SYMBOL GENERATOR TO TUBE CON- 

NECT - SELECTABLE 
0 MICROVIEWER CAPABILITY RE- 

DUN DANT 

NOTE: BASELINE APPROACH UNDERLINED 
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d i s p l a y  d e v i c e s  might b e  i n t e g r a t e d  i n t o  t h e  space  s h u t t l e  c o c k p i t ,  Note that t h e  

s i n g l e  d a t a  management CRT c a l l e d  o u t  i s  shared  by t h e  two crewmen, The overhead 

a r e a  of t h e  c o c k p i t  shown w i l l  be used f o r  some of t h o s e  d i s p l a y s  r e q u i r i n g  i n -  

f r e q u e n t  v iewing.  

A l l  d i r e c t  view CRT d i s p l a y s  w i l l  c o n t a i n  c o n t r a s t  enhancement d e s i g n  f e a t u r e s  

such  a s :  

a )  B u i l t - i n  t u b e  f a c e p l a t e  b l a c k  l a y e r s ,  and /or  

b)  Tube f a c e p l a t e  a t t a c h e d  f i l t e r s  ( i . e . ,  micromesh, n e u t r a l  d e n s i t y ,  

p o l a r o i d )  , a n d / o r  

c )  B u i l t - i n  pane l  photometer d e t e c t o r s  w i t h  feedback  beam c u r r e n t  i n t e n s i t y  

c o n t r o l .  

A l l  t h e s e  f e a t u r e s  a r e  cons idered  f o r  enhancing p i l o t  v i e w a b i l i t y  d u r i n g  h i g h  

ambient l i g h t i n g  phases  of t h e  m i s s i o n .  

C o n t r o l s  - The c o n t r o l s  a r e  t h o s e  d e v i c e s  which p r o v i d e  f o r  crew c o n t r o l  of 

t h e  subsys tem's  o p e r a t i o n a l  se t -up and o v e r r i d e  and c o n t r o l  o f  t h e  v e h i c l e s  

6 degrees-of-freedom. These  a r e  b a s i c a l l y  c a t e g o r i z e d  a s  a t t i t u d e  and v e l o c i t y  

c o n t r o l ,  c e n t r a l  computer a c c e s s ,  and subsystems s e l e c t i o n  o r  mode c o n t r o l .  



Volume I 
Book 1 

nntegral Launch and 

meentry vehicle sys tem 

REPORT NO. 
MDC E0049 

NOVEMBER 1969 

The b a s e l i n e  c o c k p i t  f u n c t i o n a l  l a y o u t  of F i g u r e  4- 71 shows t h e  c o n v e n t i o n a l  

c o n t r o l  yoke l rudder  p e d a l s  sys tem f o r  a i r c r a f t  a t t i t u d e  c o n t r o l  and t h e  hand con- 

t r o l l e r  f o r  s p a c e c r a f t  regime a t t i t u d e  c o n t r o l .  To be h i g h l i g h t e d ,  i s  t h e  poten- 

t i a l  removal of t h e  a i r c r a f t  sys tems c o n t r o l  yoke and r u d d e r  p e d a l s  depending on 

f l i g h t  t e s t  r e s u l t s  of a i r c r a f t  f l i g h t  c o n t r o l  by a  hand c o n t r o l l e r .  T h i s  would be  

one s t e p  i n  t h e  e l i m i n a t i o n  of c o n t r o l s  c l u t t e r .  The f i n a l  d e c i s i o n  w i l l  b e  based 

on t h e  r e s u l t s  of p r e s e n t  and on-going f l i g h t  t e s t s  on t h e  McDonnell Douglas F-4 

a i r c r a f t  and t h e  C o r n e l l  U n i v e r s i t y  v a r i a b l e  s t a b i l i t y  a i r c r a f t .  Center  c o n s o l e  

( p e d e s t a l )  mounting of t h e  v e l o c i t y  c o n t r o l  d e v i c e s ,  a i r c r a f t  j e t  eng ine  t h r o t t l e s  

and AV t r a n s l a t i o n a l  r o c k e t  c o n t r o l  s t i c k ,  would a l l o w  t h e  crewmen t o  s h a r e  t h e s e  

d e v i c e s  and t h u s  f u r t h e r  reduce  d e v i c e  c l u t t e r  and e l i m i n a t e  d u p l i c a t i o n .  

Each crewman i s  provided a c c e s s  t o  t h e  on-board c e n t r a l  computer v i a  a com- 

p u t e r  keyboard.  T h i s  a l l o w s  d a t a  i n s e r t i o n  f o r  m i s s i o n  parameter  upda te ,  subsystem 

commands v i a  computer c o n t r o l ,  o r  c o n t r o l  of d a t a  r e c o r d i n g  v i a  t h e  on-board 

p r i n t e r  f o r  p o s t - f l i g h t  maintenance and qu ick  turnaround.  

Subsystem s e l e c t i o n  and mode c o n t r o l  i s  provided p r i m a r i l y  through s e v e r a l  

c o n t r o l  p a n e l s  c o n t a i n i n g  a  m i x t u r e  of push b u t t o n s ,  thumb whee l s ,  and t w i s t  knobs. 

Crewman programming of such c o n t r o l  a c t i o n s  v i a  t h e  computer keyboard must b e  

l i m i t e d  because  r a p i d  r e s p o n s e  i s  many t imes  r e q u i r e d  and crewman memorizat ion of 

c o n t r o l  a c t i o n  codes shou ld  b e  minimal. Push b u t t o n  s w i t c h e s  (monoand m u l t i -  

f u n c t i o n )  w i l l  be  used i n  t h e  subsystem c o n t r o l  p a n e l  a r e a s  t o  minimize t o g g l e  

s w i t c h e s  and l e v e r s  used i n  t h e  p a s t .  For example, l a n d i n g  g e a r s  e x t e n s i o n  and 

r e t r a c t i o n  can  be  push b u t t o n  i n i t i a t e d  t o  e l i m i n a t e  bulky l e v e r s .  S e v e r a l  thumb 

wheels  and t w i s t  knobs w i l l  s t i l l  be  i n c o r p o r a t e d  f o r  such f u n c t i o n s  a s  cornmuni- 

c a t i o n  channe l  s e l e c t  o r  manual s l ew of a n t e n n a s  o r  TV cameras.  T h i s  a l l o w s  i n c l u -  

s i o n  of s m a l l  d e v i c e s  w i t h  p a s t  p i l o t  f a m i l i a r i t y  w i t h o u t  unwieldy p a n e l  s i z e .  

These s i n g l e  purpose  d e v i c e s  c a n  b e  subsystem grouped f o r  qu ickness  of l o c a t i o n  

r e c o g n i t i o n .  I n  many c a s e s  t h e s e  d e v i c e s  can  be shared  between crewmen by c e n t e r  

c o n s o l e  ( p e d e s t a l )  mounting o r  overhead p a n e l  mounting. 

Tab le  4-15 summarizes t h e  above d i s c u s s i o n  by p r e s e n t i n g  t h e  r a t i o n a l e  used 

i n  s e l e c t i n g  t h e  b a s e l i n e  c o n t r o l  d e v i c e s  from a  f i e l d  of c a n d i d a t e  approaches ,  

based on t h e  requ i rements  and d e s i r a b l e  f e a t u r e s .  



T a b l e  4-15 

CONTROLS STUDY SUMMARY 

REQUIREMENTS/DESlRABLE 
FEATURES CAMDIDATE/BASELINE APPROACHES 

e FLY-BY-WIRE HAND CONTROLLER FOR SPACECRAFT 
SYSTEMS CONTROL 

e CONTROL YOKE/RUDDER PEDALS WITH SWITCHABLE 
OUTPUTS TO EITHER SYSTEM 

e HAND CONTROLLER WlTH SWITCHABLE OUTPUTS TO 
EITHER SYSTEM 

1 BASELINE RATIONALE 

o PREVIOUS PILOT/ASTRONAUT EX- 
PERIENCE 

e POTENTIAL CHANGE TO USE OF 
HAND CONTROLLER WlTH SWITCH- 
ABLE OUTPUTS, BASED ON MDC F-4 
AND CORN ELL UNlV VARIABLE 
STABILITY AIRCRAFT FLY-BY-WIRE 
TEST PROGRAMS 

o COMPUTER ACCESS e ALPHANUMERIC KEY BOARD 
e TAPE, CARDS, ETC 

e BEST FLIGHT EXPERIENCE, I FLEXltl lLITY, AND RELIABILITY 

e DISPLAY SYSTEM AUTOPROGRAMMER WITH OVERRIDE o SIMPLIFIES PILOT TASK BUT I CAPABILITY I LEAVES HIM AS MANAGER OF 
.AUTOMATIC COMPUTER SELECT OF MODE DISPLAY SYSTEM 
e MANUAL ACCESS (KEY BOARD) TO COMPUTER TO 

SELECT MODE 
e MANUALLY SELECT MODE 

e OTHER (I.E., CHECKOUT 
TEST OVERRIDE, SELECT 
COMMUNiCATlON CHANNEL, 
MANUAL SLEW OF ANTENNA 
OR T V  CAMERA, ETC.) 

e PUSHBUTTONS 
- MONO AND MULTIFUNCTION 
- COLOR CODED 
- OPERATION LOCK-OUT BY COMPUTER 

o THUMBWHEELS 
e TWISTKNOBS 
e COMBINATION OF ABOVF 
e PILOT PROGRAM THROUGH COMPUTER KEYBOARD 

e PREVlOUS PILOT/ASTRON AUT 
EXPERIENCE 

e COMPUTER KEYBOARD PRO- 
GRAMMING REQUIRES EXCESSIVE 
CODE MEMORIZATION BY PILOT 

N O T E  BASELINE APPROACH UNDERLINED 
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A l t e r n a t e  Concept  L v a l u a t i o n s  - A l t e r n a t e  c o n t r o l l d i s p l a y  t e c l i n i q u e s  and ha rd -  

ware  a r e  b e i n g  s t u d i e d  and e v a l u a t e d  f o r  b o t h  ha rdware  s i m p l i c i t y  and p i l o t  accep-  

t a n c e  i n  a n  in-house  s i m u l a t o r .  T h i s  s i m u l a t o r  i s  p r e s e n t l y  u s i n g  C R T ' ~  i n t e g r a t e d  

i n t o  a n  e x i s t i n g  a i r p l a n e  c o c k p i t  mockup. F i g u r e  4-72 shows a s c h e m a t i c  of  t h e  

s p a c e  s h u t t l e  (mod i f i ed  VSX a i r p l a n e )  c o n t r o l / d i s p l a y  s i m u l a t o r  t o  t e s t  v a r i a b l e  

a p p r o a c h e s  i n  a l l  m i s s i o n  p h a s e s .  T a b l e  4-16 summarizes t h e  p o s s i b l e  u s e s  f o r  t h i s  

s i m u l a t o r  l e a d i n g  t o  t h e  optimum c o c l i p i t  d e s i g n .  

Technology S t a t u s  and Recommendations 

C o n t r o l  Dev ices  - A l l  n e c e s s a r y  c o n t r o l  t y p e  d e v i c e s  a r e  i n  a s a t i s f a c t o r y  

s t a t e  o f  development .  S p e c i a l  s t u d i e s  a r e  i n  p r o c e s s  t o  e v a l u a t e  t h e  p r a c t i c a l i t y  

and r e l i a b i l i t y  of  s u c h  d e s i g n  a p p r o a c h e s  a s  r e p l a c i n g  l a n d i n g  g e a r  e x t e n s i o n  and 

r e t r a c t i o n  l e v e r s  w i t h  push  b u t t o n  c o n t r o l s .  The push  b u t t o n  t e c h n o l o g y  i s  i n  an 

advanced s t a t e  of  development t o  i n c l u d e  even  non-con tac t  s w i t c h e s  employing  t h e  

m a g n e t i c ,  h a l l  e f f e c t ,  e t c .  p r i n c i p l e s .  

CRT Development S t a t u s  - Cathode  r a y  t u b e  d i s p l a y s  are  p r e s e n t l y  f l y i n g  i n  

t h e  A-6B and F-111 a i r c r a f t .  T h e i r  u s a g e  h a s  a l s o  been  p roven  a c c e p t a b l e  f o r  o t h e r  

p l a n n e d  a i r c r a f t  s u c h  a s  t h e  F-14, F-15, DC-10, and SST. The "rear p o r t "  CRT 

t u b e s  as c i t e d  h e r e i n  i s  a v a i l a b l e  from s e v e r a l  s o u r c e s  t o  i n c l u d e  Wes t inghouse ,  

S y l v a n i a ,  Llumont ( D i v i s i o n  of  F a i r c h i l d  Camera and I n s t r u m e n t s ) ,  and Ray theon .  

Conrac  C o r p o r a t i o n  h a s  a l s o  q u a l i f i e d  a  CRT d i s p l a y  s y s t e m  t o  NASA s p a c e  q u a l i f i -  

c a t i o n  s t a n d a r d s .  T h i s  i s  t h e  d u a l  CRT d i s p l a y  d e v i c e s  t o  b e  f lown on t h e  A p o l l o  

A p p l i c a t i o n s  Apo l lo  T e l e s c o p e  Nount (ATPI). T h i s  program a p p l i c a t i o n  t o g e t h e r  w i t h  

p r e s e n t  a i r c r a f t  u s a g e  i n d i c a t e s  no d e v e l o p m e n t a l  p rob lems  f o r  a wide  e n v i r o n m e n t a l  

spec t rum.  

CRT D i s p l a y  P h y s i c a l  C h a r a c t e r i s t i c s  - - The s i z e ,  w e i g h t ,  and power o f  most  

r ev iewed  CKT d i s p l a y  sys t ems  t o  d a t e  i n d i c a t e  a l a c k  of  m i n i a t u r i z a t i o n  d e s i g n  

a p p r o a c h e s ,  p r i m a r i l y  i n  t h e  symbol g e n e r a t o r  u n i t s .  These  d i g i t a l  l o g i c  and  

d i g i t a l - t o - a n a l o g  c o n v e r t e r  u n i t s  need  f u r t h e r  development  t o  r e d u c e  p r i n t e d  c i r -  

c u i t  b o a r d  s i z e ,  u t i l i z e  low power l o g i c ,  and improve  e l e c t r o n i c  p a c k a g i n g  d e s i g n .  

CRT V i e w a b i l i t y  - The v i s i b i l i t y  of c o c k p i t  CRT's i n  h i g h  e x t e r n a l  a m b i e n t  

l i g h t i n g  c o n d i t i o n s  i s  deg raded  by l i g i i i  i r a n s n l i t i e d  t h r o u g h  t h e  coc1;pit window 

and s u b s e q u e n t  r e f l e c t i o n s  o n t o  and from t h e  CRT f a c e p l a t e .  The v i s i b i l i t y  o f  t h e  

CRT i s  n o t  dependen t  upon image b r i g h t n e s s  a l o n e ,  b u t  on a  c o m b i n a t i o n  o f  b r i g h t -  

n e s s  and c o n t r a s t .  
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T a b l e  4-16 

POSSIBLE USES FOR SPACE SHU"PLE CONTROL AND DISPLAY SIMULATOR 

1. IN GENERAL, REFINE CONTROL AND DISPLAY REQUIREMENTS THROUGH AN EXPE 
2. EVALUATE ACTUAL HARDWARE IN A REALISTIC CREW ENVIRONMENT 

- EQUIPMENT LAYOUT FEASIBILITY 
- VIEWING ANGLES, REACH TO TOUCH DISTANCES, TACTILE SENSE 
- AMBIENT LIGHTING CONDITIONS (VISUA LCONTRAST) 
- CRT REFRESH RATE TO ELIMINATE FLICKER 

3. DETERMINE CRT DISPLAY REQUl REMENTS 
- SYMBOL SIZE, SHAPE, CLUTTER ELIMINATION 
- DIGITAL MEMORY CAPACITY, WORD LENGTH, BIT TRANSFER SPEED 

4. EVALUATE ALTERNATE HARDWARE APPROACHES TO DlSPLAY OF SAME DATA 

- SUBSYSTEMS DATA TO DISPLAY SYSTEM INTERFACE SIMPLICITY 
- SUBSYSTEMS DATA INTERROGATION RATE VS DISPLAY SYSTEM MEMORY CAPACITY FOR CRT IMAGE 

REFRESH RATE TO ELIMINATE IMAGE FLICKER 
- DISPLAY SYSTEM MODE CONTROL AND SWITCHING LOGIC 

5. TEST FOR FEASIBILITY OF USING 3-AXIS HAND CONTROLLER FOR A L L  FLIGHT REGIMES 
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The use of CRT displays on the A-6A and F-111 aircraft, with wrap around cock- 

pit windows, has been made possible by use of attachable filters (i.e,, neutral 

density, polaroid, micromesh). These filter aided displays provide adequate image 

contrast even in the worst case ambient lighting conditions of 10,000 foot-lamberts 

at above 10,000 feet altitude. Electronic display devices with filters have been 

tested and found acceptable for viewability in the MDC design and cockpit simula- 

tor tests for the military F-14 and F-15 aircraft design competition programs and 

the commercial DC-10 aircraft. 

Recent advances in increasing the tube image brightness from 200-500 foot- 

lamberts to 1500-2000 foot-lamberts has enhanced image viewability but has proven 

inadequate for all lighting conditions. The most interesting high contrast CRT 

developments in recent years have been the "optical diode filter" and "dark layer 

filter". These filters differ in they are actual material deposition on the CRT 

faceplate (i.e. layer denotation) and structurally carry the normal CRT phosphor. 

These tubes have been tested and shown viewable under direct impinging sunlight. 

The "dark. layer filter" tube has been developed primarily by Hughes Aircraft and 

by a combined effort of Sigmatron Inc./Electro Vision Industries. The Hughes 

Aircraft Company actually modified existing Sony television tubes (Sony 140 C B 4 ) .  

The "optical diode filter" tubes were developed and tested primarily by Hartman 

Systems Company under NASA Electronic Research Center contract. This tube's image 

even under direct outdoor sunlight, is distinct and clear with high contrast. 

MDC recommends the use of panel mounted photometers with feed back into the 

beam intensity control circuitry to automatically vary image brightness under 

varying lighting conditions. Kaiser Corporation includes this design feature in 

addition to normal manual override on their F-111 aircraft head-up display and 

EADI system. 
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4 , 3 . 5  - The t a s k  of d i r e c t i n g  a  s p a c e  

v e h i c l e ,  t o  accomplish a given m i s s i o n ,  i s  c u s t o m a r i l y  d i s c u s s e d  i n  t e r n s  o f  t h r e e  

f u n c t i o n s :  n a v i g a t i o n ,  guidance,  and c o n t r o l .  A s  t h e  boundar ies  between t h e s e  

f u n c t i o n s  a r e  somewhat a r b i t r a r y ,  t h e  t e rms ,  n a v i g a t i o n ,  guidance and c o n t r o l ,  a r e  

used h e r e  i n  t h e  f o l l o w i n g  c o n t e x t :  

o  Naviga t ion  i s  t h e  d e t e r m i n a t i o n  of p o s i t i o n  and v e l o c i t y  of t h e  v e h i c l e  

from onboard measurements. 

o  Guidance is  t h e  computation o f  maneuvers n e c e s s a r y  t o  a c h i e v e  t h e  d e s i r e d  

end c o n d i t i o n s  of a  t r a j e c t o r y  ( e . g . ,  a n  i n s e r t i o n  i n t o  o r b i t ) .  

o  Cont ro l  i s  t h e  e x e c u t i o n  of t h e  maneuver (determined by t h e  guidance com- 

mand) by c o n t r o l l i n g  t h e  v e h i c l e  a t t i t u d e  and p roper  f o r c e  producing 

e lements .  

Nav iga t ion ,  guidance and c o n t r o l  r equ i rements  a p p l i c a b l e  t o  ILRVS i n c l u d e  

o r b i t a l  i n s e r t i o n ,  rendezvous,  s t a t i o n  keep ing ,  e n t r y  ( i n c l u d e s  c r u i s e  and 

l a n d i n g  t o  a  p r e - s e l e c t e d  s i t e )  and t h e  c a p a b i l i t y  t o  f e r r y  t h e  b o o s t e r  and t h e  

o r b i t e r  between a i r p o r t s ,  I n  a d d i t i o n  g e n e r a l  r equ i rements  of p a r t i c u l a r  s i g n i f i -  

cance t o  t h e  G ,  N ,  & C d e s i g n  a r e :  (1) autonomous o p e r a t i o n  d u r i n g  t h e  a s c e n t ,  

o r b i t a l  and e n t r y  phases  of f l i g h t  t o  minimize ground s u p p o r t  and c o s t ;  (2)  m i s s i o n  

and growth f l e x i b i l i t y ,  and (3) on-board checkout and f a i l u r e  d e t e c t i o n .  T a b l e  

4-17 shows t h e i r  a p p l i c a b i l i t y  a s  t o  c a r r i e r  a n d / o r  o r b i t e r .  The b a s i c  r e q u i r e -  

ment f o r  n a v i g a t i o n  i s  s i m i l a r  f o r  a l l  m i s s i o n  phases .  The accuracy  of i n f o r m a t i o n  

and s o u r c e  of d a t a ,  however, a r e  dependent on t h e  p a r t i c u l a r  m i s s i o n  phase .  The 

guidance and c o n t r o l  r equ i rements  a r e  h i g h l y  dependent on m i s s i o n  phase o r  t a s k s  t o  

be performed. The equipment c o n f i g u r a t i o n  f o r  t h e  s e l e c t e d  G ,  N ,  6 C sys tem base -  

l i n e  i s  d e s c r i b e d  i n  t h e  f o l l o w i n g  paragraphs .  

Guidance Naviga t ion  and C o n t r o l  System D e s c r i p t i o n  - The b a s e l i n e  gu idance ,  

n a v i g a t i o n  and c o n t r o l  c o n f i g u r a t i o n  c o n s i s t s  of t h e  f o l l o w i n g :  

o  A strapdown i n e r t i a l  measurement u n i t ,  

o  A d e d i c a t e d  i n e r t i a l  n a v i g a t i o n  computer,  

o  A r a d a r  f o r  rendezvous and s t a t i o n  keep ing ,  

o  An o p t i c a l  and I R  t r a c k e r  i n t e g r a t e d  i n t o  one gimbal led head assembly,  

o  Vortac  and a i r  d a t a  s e n s o r s  a s  n a v i g a t i o n a l  a i d s ,  

o  A d e d i c a t e d  f l i g h t  c o n t r o l  computer w i t h  s e p a r a t e  c o n t r o l  element power 

a m p l i f i e r s ,  
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GUIDANCE, NAVIGATION & CONTROL REQUIREMENTS 

REQUIREMENT 

All azimuth launch capability 

Information for termination by onboard system 

Rendezvous and stationkeeping with passive or 
cooperative target 

One Axis Translation 

Three Axis Attitude Control 

Orbit Guidance and Navigation Functions Onboard 

Automatic Approach 

Return Guidance and Navigation Onboard 

Manual landing complying with minimum FAA Requirements 

Automatic, Zero-Zero weather landing 
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o  An advanced a l l  weather  au tomat ic  l a n d i n g  system,  

o  An i n t e r f a c e  w i t h  t h e  c e n t r a l  management computer and t h e  crew t o  p r o v i d e  

guidance and m i s s i o n  o r i e n t e d  t a s k s ,  

During a s c e n t ,  c o n t r o l  s t e e r i n g  s i g n a l s  a r e  genera ted  f o r  t h e  complete  t r a j e c -  

t o r y  by t h e  o r b i t e r  i n e r t i a l  n a v i g a t i o n  and guidance system. The c a r r i e r  naviga-  

t i o n  sys tem i s  a c t i v e  throughout  i t s  a s c e n t  phase  and p r o v i d e s  t h e  b a s i s  f o r  

guidance d u r i n g  c a r r i e r  e n t r y  and r e t u r n  t o  t h e  l a n d i n g  s i t e .  During c a r r i e r  

c r u i s e  and r e t u r n  t o  t h e  l a n d i n g  s i te ,  t h e  a i r  d a t a  s e n s o r s  and Vor tac  p r o v i d e  d a t a  

which can b e  used t o  enhance t h e  long term accuracy  of t h e  i n e r t i a l  n a v i g a t i o n  s y s -  

t e m .  The c e n t r a l  management computer a c t s  a s  an e v a l u a t o r  o r  f i l t e r  t o  d e t e r m i n e  

t h e  b e s t  e s t i m a t e  of v e l o c i t y  and p o s i t i o n  from t h e  v a r i o u s  s o u r c e s  of n a v i g a t i o n a l  

i n f o r m a t i o n .  C a r r i e r  l a n d i n g  can be  performed manually o r  a u t o m a t i c a l l y  th rough  

u s e  o f  t h e  Advanced Ins t rument  Landing System (AILS). I f  an  a b o r t  were r e q u i r e d ,  

s t e e r i n g  s i g n a l  gu idance  command would be  g e n e r a t e d  from t h e  s e p a r a t e  c a r r i e r  and 

o r b i t e r  n a v i g a t i o n  systems i n  a  manner s i m i l a r  t o  t h o s e  used d u r i n g  a  normal 

a s c e n t .  

Rendezvous and s t a t i o n  keeping r a n g e  and r e l a t i v e  a n g u l a r  i n f o r m a t i o n  i s  pro- 

v ided  by a  multimode r a d a r .  Range of t h e  r a d a r  f o r  p a s s i v e  t a r g e t s  is  30 m i l e s .  

For c o o p e r a t i v e  t r ansponding  s a t e l l i t e s ,  t h e  range  i s  i n c r e a s e d  t o  400 m i l e s .  An 

a l t e r n a t e  and backup c a p a b i l i t y  i s  p rov ided  by t h e  o p t i c a l  t r a c k e r .  T h i s  backup 

c a p a b i l i t y  i n c l u d e s  a l l  c o o p e r a t i v e  t a r g e t s  and s u n l i t  uncoopera t ive  t a r g e t s ,  

A t t i t u d e  a l ignment  and o r b i t  ephemeris d a t a  i s  ob ta ined  from t h e  o p t i c a l  and 

IR t r a c k e r s .  Accura te  a t t i t u d e  i n f o r m a t i o n  f o r  i n e r t i a l  sys tem al ignment  i s  

o b t a i n e d  by t r a c k i n g  s t a r s  w i t h  t h e  o p t i c a l  s e n s o r .  E a r t h  edge t r a c k i n g  i s  pro- 

v ided  by t h e  I R  s e n s o r  f o r  n a v i g a t i o n a l  usage .  The I R  t r a c k i n g  head and t h e  

o p t i c a l  t r a c k i n g  head a r e  i n t e g r a t e d  i n t o  a  s i n g l e  gimbal led assembly.  

Re t rograde  a t t i t u d e  and t ime a r e  determined by t h e  c e n t r a l  management com- 

p u t e r .  Energy management guidance d u r i n g  t h e  e n t r y  phase is determined by t h e  

c e n t r a l  management computer on t h e  b a s i s  of n a v i g a t i o n a l  d a t a  provided by t h e  

i n e r t i a l  s e n s o r s .  A t t i t u d e  c o n t r o l  i s  o b t a i n e d  by r e a c t i o n  j e t s ,  c o n t r o l  s u r f a c e s  

o r  a  b lend ing  of b o t h .  The c r u i s e  and l a n d i n g  phase  i s  s i m i l a r  t o  t h e  b o o s t e r  

c r u i s e  and l a n d i n g  phase .  I n  t h i s  phase ,  a i r  d a t a  s e n s o r s  and a r e a  n a v i g a t i o n a l  

a i d s  a g a i n  a r e  used t o  enhance t h e  n a v i g a t i o n a l  accuracy.  Landing can b e  e i t h e r  

au tomat ic  o r  manual,  
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The c a r r i e r  G ,  N, & C equipment is i d e n t i c a l  t o  t h e  o r b i t e r  equipment excep t  

t h a t  t h o s e  equipment r e q u i r e d  by t h e  o r b i t e r  f o r  t h e  o r b i t a l  phase  a r e  d e l e t e d .  

System Eva lua t ion  and Trade-of f s ,  Automatic L a n d i x  - A rev iew of l a n d i n g  s y s -  

tem was made t o  e v a l u a t e  t h e i r  a p p l i c a b i l i t y  t o  t h e  ILRV a u t o m a t i c  l a n d i n g  r e q u i r e -  

ments.  Tab le  4-18 summarized t h e  g e n e r a l  c h a r a c t e r i s t i c s  of l e a d i n g  concep t s  

a p p l i c a b l e  t o  t h e  ILRVS needs .  A d e s c r i p t i o n  of t h e s e  sys tems a r e  con ta ined  below. 

ILS ( Ins t rument  Landing System) i s  a  term a p p l i e d  t o  a n  e l e c t r o n i c  sys tem t h a t  

i s  used a t  most l a r g e  a i r p o r t s  t o  p r o v i d e  a  p i l o t  w i t h  l a n d i n g  g l i d e  s l o p e  and run-  

way c e n t e r l i n e  l o c a l i z e r  s i g n a l s .  Many manufac tu re r s  supp ly  t h e  hardware f o r  b o t h  

t h e  ground and a i r b o r n e  i n s t a l l a t i o n s .  

The ground g l i d e  p a t h  t r a n s m i t t e r  i s  l o c a t e d  about  1000 f e e t  down t h e  r o l l o u t  

p a t h  from t h e  s t a r t  of  t h e  runway, and 400 f e e t  t o  t h e  s i d e  o f  t h e  runway c e n t e r -  

l i n e .  T h i s  system i s  g e n e r a l l y  a p p l i e d  t o  10,000 f o o t  runways and i s  used i n  con- 

j u n c t i o n  w i t h  a  l o c a l i z e r  beacon ( l o c a t e d  1000 f e e t  behind t h e  r o l l o u t  end of t h e  

runway and on t h e  runway c e n t e r l i n e  e x t e n s i o n )  and two "markers". The o u t e r  marker  

i s  l o c a t e d  4  m i l e s  from t h e  s t a r t  of  t h e  runway, and t h e  middle  marker i s  l o c a t e d  

3500 f e e t  from t h e  s t a r t  of  t h e  runway. (The i n n e r  marker a t  t h e  s t a r t  o f  t h e  run-  

way h a s  been e l i m i n a t e d  from r e c e n t  sys tems . )  The system t r a n s m i t s  con t inuous  

( g l i d e  s l o p e )  i n f o r m a t i o n  on t h e  range  of 329.3 t o  335 MHz by modulat ing t h e  t r a n s -  

m i s s i o n  a t  90 Hz and 150 Hz. The nominal g l i d e  s l o p e  i s  2.5' t o  3' and any d e v i a -  

t i o n  from t h e  nominal s l o p e  causes  t h e  a i r b o r n e  equipment t o  r e c e i v e  e i t h e r  a 90 Hz 

o r  150 Hz s i g n a l .  Th i s  causes  t h e  a i r b o r n e  c r o s s p o i n t e r  d i s p l a y  t o  show t h e  dev ia -  

t i o n  a s  a "fly-up" o r  "fly-down" e r r o r  command o r  may be connected t o  an  a u t o m a t i c  

c o n t r o l  loop .  Ai rborne  a c q u i s i t i o n  of t h e  ground t r a n s m i t t e d  guidance s i g n a l  is  

10 NM minimum f o r  t h e  l o c a l i z e r .  G l i d e s l o p e  range  i s  some 4-6 NM. The system h a s  

been i n  e x i s t e n c e  f o r  many y e a r s ,  i s  w e l l  proven,  and h a s  s e e n  many improvements 

and r e f i n e m e n t s ,  however t h e  t r a n s m i t t e d  s i g n a l  i s  s u b j e c t  t o  many e r r o r s .  S i n c e  

t h e  sys tem u s e s  t h e  1 and 3 meter  bands and E a r t h  loaded a n t e n n a s ,  t h e  s i g n a l  i s  

t o p o g r a p h i c a l l y  a f f e c t e d .  The ILS a t  LaGuardia a i r p o r t  i n  New York i s  a f f e c t e d  by 

t h e  r i s e  and f a l l  o f  t h e  t i d e .  The h i l l s  su r rounding  t h e  a i r p o r t  a t  P i t t s b u r g h  

c a u s e  s i m i l a r  problems w i t h  ILS accuracy.  Other  a i r c r a f t  ( A / C )  i n  t h e  v i c i n i t y ,  

p a r t i c u l a r l y  i f  they s h o u l d  c r o s s  t h e  ILS beam, cause  t h e  r e c e i v e d  s i g n a l  and i t s  

accuracy t o  degrade s i g n i f i c a n t l y .  A d d i t i o n a l l y ,  due t o  t h e  placement  of t h e  ground 

a n t e n n a ,  t h e  t r a n s m i t t e d  s i g n a l  i s  no t  r e a d i l y  u s a b l e  below 100 t o  200 f e e t .  



DESIGNATIO 

LLS 

AILS 

ACTUAL NAME 

Ins t rument  Landing 
System 

Advanced Ins t rument  
Landing System 

Automatic C o n t r o l  
and Landing System 

Table 4-18 

LANDING SYSTEM SURVEY 

I PRESENT USE 

Used a t  most commercial 
a i r p o r t s ,  some a i r c r a f t  
and f a c i l i t i e s  c e r t i f i e  
f o r  Category I1 
o p e r a t i o n .  

I n  development f l i g h t  
t e s t  e v a l u a t e d  by FAA 

Capable of l a n d i n g  
c a r r i e r  based a i r c r a f t  
under  zero-zero condi-  
t i o n s ,  b u t  l a c k  of 
redundancy r e s t r i c t s  
bad weather  o p e r a t i o n  
t o  200 f t .  c e i l i n g s  and 
0.5 m i l e  v i s i b i l i t y .  
No f l a r e ,  accommodates 
two a i r c r a f t  simul- 
t aneous ly .  5 NM range  
c a p a b i l i t y .  No r o l l  
o u t  guidance.  

VHF B e a m  g u i d e s  a i r c r a f t  
on approach from about  
10 m i l e s  o u t .  Can auto-  
m a t i c a l l y  l a n d  p r o p e r l y  
equip.ed a i r c r a f t .  Uses 
l o c a l i z e r  beam f o r  r o l l  
o u t  guidance.  Performance 
i s  a f u n c t i o n  of beam 
q u a l i t y  and s t e e r i n g  laws.  

Same a s  ILS excep t  more 
a c c u r a t e .  B e a m  q u a l i t y  
e x c e l l e n t .  Ground d i s -  
p l a y  a v a i l a b l e .  

Uses s h i p  based p r e c i s i o n  
t r a c k i n g  r a d a r  & 
guidance computer - up 
d a t a  l i n k  i n f o  s u p p l i e d  
t o  a i r c r a f t .  

REMARKS 

Useable f o r  
powered f i n a l  
approach and 
l a n d i n g .  

Useable  f o r  
powered final 
approach and 
l a n d i n g .  

F l a r e  and r o l l  
o u t  guidance 
need t o  b e  
develoj?ed. 
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A L L 3  r e f e r s  to ""~dvanced Lntegrated Landing ~ y s t e r n " ,  The System is  b u i l t  by 

Airborne Lrtstrurnent Laboratories for &he FAA, T t  i s  a new system which was at. 

NAFEC i n  A t l a n t i c  C i t y  i n  February 1966 f o r  e v a l u a t i o n .  I c  i s  an e v o l u t i o n a r y  

development from t h e  former  F l a r e s c a n  equipment a l s o  b u i l t  by Airborne Instrumen- 

t a t i o n  Lab o r a t o r i e s .  

AILS a u t o m a t i c a l l y  combines t h e  f e a t u r e s  o f  ILS and ground c o n t r o l  approach,  

p r o v i d i n g  guidance i n f o r m a t i o n  through f l a r e  t o  TD of  t h e  A / C  and p rov id ing  a  much 

improved P r e c i s i o n  Approach Radar (PAR) f u n c t i o n  t o  t h e  ground o p e r a t o r .  The 

sys tem combines two ground based  an tenna  scann ing  a r r a y s ,  one f o r  e l e v a t i o n  ( g l i d e -  

s l o p e ) ,  and t h e  o t h e r  f o r  azimuth ( l o c a l i z e r ) .  The e l e v a t i o n  an tenna  i s  l o c a t e d  

1500 f e e t  down t h e  r c l l o u t  p a t h  o f  t h e  runway from t h e  nominal touchdown p o i n t ,  

h a s  a  beamwidth of 20' h o r i z o n t a l ,  and p rov ides  u s a b l e  gu idance  t o  w i t h i n  300 f e e t  

o f  i t s  l o c a t i o n .  The l o c a l i z e r  a n t e n n a  h a s  a  beamwidth o f  112' (half-power p o i n t )  

and g i v e s  ( c o s e c a n t ) 2  coverage up t o  10' w i t h  s h a r p  c u t o f f  on t h e  bottom s i d e .  

The l o c a l i z e r  a l s o  s e r v e s  a s  t h e  t r ansponder  f o r  t h e  d i s t a n c e  measuring equipment 

(DME) and i s  l o c a t e d  a t  t h e  r o l l o u t  end o f  t h e  runway. The system o p e r a t e s  i n  t h e  

K -band (15.4 - 15 .7  GHz) w i t h  c i r c u l a r  p o l a r i z a t i o n .  u  

The l o c a l i z e r  an tenna  o s c i l l a t e s  a t  a  v e r y  a c c u r a t e  r a t e  of 5  Hz through a  

"torque-tube" arrangement  which,  l i k e  a  t u n i n g  f o r k ,  o s c i l l a t e s  a t  i t s  n a t u r a l  

f requency.  S i n c e  two an tennas  are used and a c c u r a t e  s y n c h r o n i z a t i o n  i s  r e q u i r e d ,  

t h e  e l e v a t i o n  antensla "nodding" f requency  i s  s l a v e d  t o  t h e  azimuth an tenna  and i s  

a d j u s t e d  by a  se rvo-dr iven  mass t o  a s s u r e  s y n c h r o n i z a t i o n .  

The e l e v a t i o n  a n g l e ,  l o c a l i z e r ,  and DME i n f o r m a t i o n  a r e  coded by t h e  s p a c i n g  

between t h e  two p u l s e s  making up a p u l s e d  p a i r .  The s p a c i n g  between c o n s e c u t i v e  

p a i r s  of p u l s e s  i s  coded t o  g i v e  t h e  g l i d e s l o p e  a n g l e  o r  az imuth a n g l e .  For  e l e v a -  

t i o n  guidance,  a  40 microsecond p u l s e - p a i r  spac ing  cor responds  t o  ze ro  d e g r e e s  of 

g l i d e s l o p e  ( p a r a l l e l  t o  t h e  g round) .  The p u l s e  p a i r  s p a c i n g  i n c r e a s e s  by 8 micro- 

seconds  p e r  e l e v a t i o n  d e g r e e ,  up t o  l o 0 ,  t h e  maximum g l i d e s l o p e  g iven .  To a s s u r e  

a i r b o r n e  d e t e r m i n a t i o n  t h a t  t h e  i n f o r m a t i o n  i s  e l e v a t i o n  gu idance ,  t h e  s p a c i n g  

between t h e  p u l s e s  making up a  p u l s e - p a i r  i s  1 2  microseconds.  
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For azimuth guidance ,  a  40 microsecond p u l s e - p a i r  spac ing  correspolads t o  an  

azimuth l o c a t i o n  p a r a l l e l  t o  t h e  runway c e n t e r l i n e ,  The p u l s e - p a i r  s p a c i n g  in-  

c r e a s e s  by 8 microseconds per  azimuth degree  of d e v i a t i o n  t o  t h e  l e f t  o r  r i g h t  of 

runway c e n t e r l i n e ,  up t o  a  maximum of - +5', t h e  maximum azimuth guidance g i v e n .  To 

a s s u r e  a i r b o r n e  unambiguous d e t e r m i n a t i o n  of t h e  azimuth guidance i n f o r m a t i o n ,  a 

1 4  microsecond s p a c i n g  between t h e  p u l s e s  of a  p u l s e - p a i r  cor responds  t o  a f l y -  

r i g h t  command and 1 0  microseconds cor responds  t o  f l y - l e f t .  When DME i n f o r m a t i o n  i s  

t r a n s m i t t e d ,  t h e  s p a c i n g  between t h e  p u l s e s  o f  a  p u l s e - p a i r  is  8 microseconds.  
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F igure  4-73 d e p i c t s  t h e  azirnutfi and e l e v a t i o n  a n t e n n a  scann ing ,  showing t h a t  

on ly  t h e  c e n t r a l  10"  of t o t a l  t r a v e l  i s  used f o r  t r a n s m i s s i o n s .  Th is  central .  l o "  

is  t h e  l i n e a r  p o r t i o n  of t h e  an tenna  t o t a l  t r a v e l  of 2 2 " .  

Unl ike  F l a r e s c a n  which t r a n s m i t t e d  guidance i n f o r m a t i o n  on b o t h  t h e  up and 

down s c a n  o f  t h e  e l e v a t i o n  an tenna  and on b o t h  t h e  l e f t  and r i g h t  s c a n  of t h e  

azimuth a n t e n n a ,  AILS t r a n s m i t s  gu idance  i n f o r m a t i o n  d u r i n g  o n l y  one s c a n  o f  each 

antenna.  F i g u r e  4-74 d e p i c t s  t h i s  o p e r a t i o n .  E l e v a t i o n  guidance i n f o r m a t i o n  is  

t r a n s m i t t e d  o n l y  d u r i n g  t h e  down s c a n  (T3) and azimuth guidance i n f o r m a t i o n  i s  

t r a n s m i t t e d  on ly  d u r i n g  t h e  l e f t - t o - r i g h t  s c a n  (TI). During t h e  azimuth r i g h t - t o -  

l e f t  s c a n  (T4) and t h e  e l e v a t i o n  up s c a n  (T6) ,  t h e  sys tem performs p r e c i s i o n  

approach r a d a r  (PAR) o p e r a t i o n .  Th is  PAR i n f o r m a t i o n  i s  p r e s e n t e d  t o  a ground 

c o n t r o l l e r  s o  h e  can keep t r a c k  of t h e  approaching a i r c r a f t  (A/C). S e v e r a l  A / C  

can t h u s  b e  under  s imul taneous  approach and t h e  ground c o n t r o l l e r  can d i f f e r e n t i a t e  

between them w h i l e  t h e  p i l o t s  f l y  each of t h e  A / C  based  upon rece ived  gu idance  and 

range  in format ion .  The ground c o n t r o l l e r  could  s t i l l  have t o  i d e n t i f y  t o  t h e  A / C  

t h e i r  r e s p e c t i v e  approach spac ing .  The DME i n f o r m a t i o n  i s  f u r n i s h e d  t o  t h e  ground 

c o n t r o l l e r  a l s o ,  even a f t e r  TD, t h u s  p r o v i d i n g  t h e  ground c o n t r o l l e r  knowledge when 

t h e  runway i s  c l e a r  f o r  a n o t h e r  A / C  t o  l a n d .  

The approaching a i r c r a f t  p i l o t  can choose from a v a r i e t y  of g l i d e s l o p e  a n g l e s ,  

always knowing what g l i d e s l o p e  h e  i s  fo l lowing .  The c o c k p i t  d i s p l a y  i s  t h e  con- 

v e n t i o n a l  ILS c r o s s p o i n t e r  and DME range  r e a d o u t .  The a i r b o r n e  u n i t s ,  b e s i d e s  

i n c o r p o r a t i n g  a  r e c e i v e r ,  a n g l e  and d i s t a n c e  decoders ,  and t h e  necessa ry  r e a d o u t  

c o u p l e r  c i r c u i t r y ,  a l s o  i n c l u d e  a  computer f o r  f l a r e  and c o n t r o l .  The computer 

can be  programmed t o  command p r o g r e s s i v e l y  s h a l l o w e r  a n g l e  o f  a t t a c k  t o  t h e  auto-  

p i l o t  p i t c h  channel .  S ince  t h i s  concept  i s  s i m i l a r  t o  ILS, l i t t l e  t o  no p i l o t  

r e t r a i n i n g  i s  r e q u i r e d  w i t h  t h i s  sys tem f o r  manual l a n d i n g .  

The AN/SPN-42 i s  manufactured by B e l l  Aerosystems f o r  t h e  Navy. The concep t  

i s  a  wel l -proven,  f l e e t - o p e r a t i o n a l ,  c a r r i e r - b a s e d ,  a u t o m a t i c  l and ing  system.  It 

supersedes  t h e  AN/SPN-10. 

The sys tem c o n s i s t s  o f  a  p r e c i s i o n  d u a l  t r a c k i n g  r a d a r ,  sh ipboard  computer,  

d a t a  l i n k  t o  and from t h e  A / C ,  and t h e  A / C  a u t o p i l o t  and a u t o t h r o t t l e .  Three  

methods of l a n d i n g  a r e  a v a i l a b l e ;  GCA ( ta lkdown),  semiau tomat ic  ( c r o s s - p o i n t e r  

d i s p l a y ,  p i l o t  n u l l s  e r r o r s  and manually l a n d s  t h e  A / C ) ,  and f u l l y  au tomat ic .  
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Automatic a z q a i s i t i o n  is at 4 ID-1 range, although t h i s  may be m a n u a l l y  i n c r e a s e d  

to 8 NM, At 4 m i l e s ,  the a c q u i s i t i o n  window i s  lL,000 wide by 700 f e e t  h i g h  

(12.0° x 2"), about 1200 f e e t  deep ,  and i s  sea rched  every  3 seconds by t h e  c a r r i e r  

r a d a r .  Landing accuracy i s  + 1 0  f e e t  l a t e r a l  and 4- 40 f e e t  l o n g i t u d i n a l .  The - - 
l a n d i n g  A / C  i s  flown a long  a  c o n s t a n t  g l i d e  s l o p e  (3.5' t o  4') down t o  TD, w i t h o u t  

any f l a r e .  

The c a r r i e r - b a s e d  equipment c o n s i s t s  of a  t r a c k i n g  and n a v i g a t i o n a l  computer, 

r a d a r ,  s i g n a l  d a t a  c o n v e r t e r ,  s h i p  motion moni to r ,  UHF d a t a  l i n k ,  c o n t r o l  c o n s o l e s ,  

moni to r  d i s p l a y s ,  and a s s o c i a t e d  power s u p p l i e s .  

The deck motion compensator measures t h e  deck "heave" and f o r  t h e  l a s t  1 2  

seconds  of t h e  l a n d i n g  sequence,  t h e  A/C f l i g h t  p a t h  i s  commanded t o  f o l l o w  t h e  

deck mot ion.  Landing sequence (au tomat ic )  is  a s  f o l l o w s :  p r i o r  t o  4  NM, t h e  A/C 

i s  p icked  up by t h e  AN/USQ-20 r a d a r  and t h e  computer t e l l s  t h e  SPN-42 t h e  A / C  t y p e ,  

range,  c o r r e c t  a l t i t u d e  f o r  a c q u i s i t i o n  g a t e ,  and time-to-go t i ll  t h e  A / C  r e a c h e s  

t h e  a c q u i s i t i o n  g a t e .  During t h i s  t i m e ,  t h e  p i l o t  engages t h e  a u t o p i l o t  c o u p l e r .  

A t  abou t  4  NM, t h e  SPN-42 r a d a r  l o c k s  on to  t h e  A / C  and t r a n s m i t s  a  lock-on d i s -  

c r e t e  t o  t h e  A / C .  The p i l o t  acknowledges lock-on and t r a n s m i t s  a  "p i lo t - ready"  

d i s c r e t e .  SPX-42 equipment t h e n  s t a r t s  send ing  commands a t  1 0  p e r  second u n t i l  

TD o r  waveof f .  

The a i r b o r n e  equipment c o n s i s t s  of a  Radar S i g n a l  Augmentor, h i g h  speed d a t a  

l i n k ,  a u t o p i l o t ,  a u t o p i l o t  c o u p l e r ,  d i s p l a y s ,  and UHF v o i c e  and d a t a  communication 

l i n k .  

The accuracy  of t h e  ILS i s  n o t  adequa te  under adverse  c o n d i t i o n s  and on ly  

m a r g i n a l l y  a c c e p t a b l e  under i d e a l  c o n d i t i o n s .  The AILS and SPN-42 p o s s e s s  t h e  

b a s i c  accuracy f o r  l a n d i n g  phase  of t h e  space  s h u t t l e .  The SPN-42 h a s  proven 

s u c c e s s f u l  f o r  many sh ipboard  l a n d i n g s .  The AILS h a s  been f l i g h t  t e s t e d  by t h e  

FAA and was found a c c e p t a b l e  f o r  au tomat ic  l a n d i n g .  FAA Report  RD 68-2 d e s c r i b e s  

t h e  r e s u l t s  of t h e  f l i g h t  t e s t  e v a l u a t i o n .  It is  expec ted  t h a t  t h e  FAA w i l l  have 

c e r t i f i e d  an a l l  weather  a u t o m a t i c  l a n d i n g  system by t h e  mid-1970's. A sys tem 

s i m i l a r  t o  AILS probably  w i l l  be s e l e c t e d .  Provided a  sys tem i s  s e l e c t e d  i n  a  

t ime s c a l e  compat ible  w i t h  ILRVS development,  t h i s  sys tem shou ld  b e  t h e  s t r o n g e s t  

c a n d i d a t e ,  
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Conclusion and Recommendation - The ILRVS guidance, n a v i g a t i o n  a n d  control, 

system implementat ion a r e  i n  consonance with a technology c a p a b i l i t y  of 1472, 

D e t a i l e d  s t u d i e s  and s p e c i a l  emphasis development a r e  r e q u i r e d  t o  f u l f i l l  t h e  

o p e r a t i o n a l  o b j e c t i v e s  o f  t h e  ILKVS program. Of p a r t i c u l a r  s i g n i f i c a n c e  t o  t h e  

G ,  N ,  & C sys tems are: f l e x i b i l i t y  i n  u s e ,  f l e x i b i l i t y  f o r  growth,  autonomous 

o p e r a t i o n ,  a  h i g h  l e v e l  of on-board f a i l u r e  d e t e c t i o n  c a p a b i l i t y ,  and an  e f f i c i e n t  

d a t a  management and crew p a r t i c i p a t i o n  concep t .  Study recommendations a r e  

d e s c r i b e d  below. 

I n e r t i a l  Sensors  - P a s t  space  programs have used gimbal led planforms as t h e  

s o u r c e  o f  h i g h l y  a c c u r a t e  n a v i g a t i o n  and a t t i t u d e  d a t a .  Development o f  strapdown 

I M U 1 s  show promise o f  a t t a i n i n g  accuracy  comparable t o  gimbal led I M U 1 s .  The 

mechanical  complexi ty  o f  t h e  p l a t f o r m  gimbals ,  t o r q u e  motors  arid s l i p r i n g s ,  i s  

r e p l a c e d  by t h e  more r e l i a b l e  e l e c t r o n i c  computers i n  t h e  strapdown c o n f i g u r a t i o n .  

A concept  wherein  s t rapdown gyro and a c c e l e r o m e t e r s  a r e  a l i g n e d  normal t o  t h e  s i x  

f a c e s  o f  a  r e g u l a r  dodecahedron i s  be ing  developed.  T h i s  concept  p r o v i d e s  a  

s i g n i f i c a n t  improvement i n  r e l i a b i l i t y  over  competing concep t s  which u t i l i z e  

redundant o r t h o g a n a l l y  mounted s e n s o r s .  It is  p a r t i c u l a r l y  a p p l i c a b l e  t o  t h e  

ILRV o r  any program where m u l t i p l e  redundancy i s  used.  

E x t e n s i v e  t e s t i n g  and i n  some c a s e s  t r e n d  a n a l y s i s  i s  performed t o  d e t e r m i n e  

s a t i s f a c t o r y  performance p r i o r  t o  f l i g h t .  On-board checkout does n o t  l e n d  i t s e l f  

w e l l  t o  t h i s  d e t a i l e d  a  t e s t .  A d e t a i l e d  s t u d y  s h o u l d  be  made t o  de te rmine :  

o  Equipment t o l e r a n c e s  a t t a i n a b l e  on an o p e r a t i o n a l  b a s i s  

o  P e n a l t i e s  due t o  accuracy  t o l e r a n c e s  o f  concep t s  e v a l u a t e d  

o  Checkout concept  which p r o v i d e  f a u l t  d e t e c t i o n  l e v e l s  compat ible  w i t h  t h e  

ILRV requ i rements  

o  T e s t  and development r e q u i r e d ,  i f  any,  t o  u t i l i z e  t h e  most promising 

concept  f o r  t h e  s p a c e  s h u t t l e .  

Rendezvous - An o p t i c a l  t r a c k i n g  dev ice  was developed a s  an a l t e r n a t e  means 

of o b t a i n i n g  rendezvous d a t a  f o r  t h e  Apollo program. T e s t  and a n a l y s i s  of t h i s  

concept showed t h a t  a n g u l a r  t r a c k i n g  d a t a  could  b e  provided f o r  a  c o o p e r a t i v e  

t a r g e t  a t  ranges  up t o  400 m i l e s .  Range i n f o r m a t i o n  was o b t a i n e d  through use  o f  

a  UHF t r a n s p o n d e r .  S u n l i t  p a s s i v e  t a r g e t s  cou ld  b e  t r a c k e d  a t  comparable r a n g e s ,  

Algorithms have been developed which permi t  rendezvous from a n g u l a r  d a t a  a l o n e .  
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To use  a  radar f o r  rendezvous w i t h  a p a s s i v e  s a t e l l i t e  a t  400 m i l e s  requires an 

e x c e s s i v e  amount of power, S t u d i e s  a r e  r e q u i r e d  t o  de te rmine  t h e  s p r e a d  of 

rendezvous requ i rements ,  and t h e  p e n a l t i e s  a s s o c i a t e d  w i t h  o p t i c a l  d e v i c e s  t h a t  

can t r a c k  o n l y  a  s u n l i t  t a r g e t .  I n  a d d i t i o n ,  LR t r a c k i n g  on t h e  d a r k  s i d e  o.t t h e  

E a r t h  shou ld  b e  cons idered .  
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- The telecor~murlica"irons subsystem i rzcludes 

v o i c e ,  d a t a  t r a n s m i s s i o n  and r e c e p t i o n ,  TV, and f l i g h t  r e c o r d i n g  equipment,  

Requirements - The s p a c e  s h u t t l e  r e q u i r e s  a  f l e x i b l e  teLecommunication d e s i g n  

c a p a b l e  o f  p r o v i d i n g  a  v a r i e t y  o f  l i n k s  t o  o t h e r  s p a c e  v e h i c l e s  and ground b a s e s .  

Because o f  t h e  autonomous o p e r a t i o n  t h e  d a t a  bandwidth needed i s  t h a t  r e q u i r e d  

f o r  v o i c e  o r  low d a t a  r a t e  t r a n s m i s s i o n .  Near ly  cont inuous  communications capa- 

b i l i t y  is  d e s i r e d  and c o n t r i b u t e s  t o  improvement i n  s a f e t y ,  crew morale ,  m i s s i o n  

r e l i a b i l i t y  and p e r m i t s  r e a l  t ime c o n t r o l  of unmanned s p a c e c r a f t .  T a b l e  4-19 

shows a  d e t a i l e d  l i s t i n g  of t h e  te lecommunicat ions  sys tem f u n c t i o n a l  r equ i rements  

by miss ion  phase.  The system implementat ion t o  meet t h e s e  requirements  i s  

covered i n  t h e  n e x t  s e c t i o n .  Of ten  one sys tem can b e  used t o  meet s e v e r a l  sys tem 

requ i rements .  This i s  d e s i r e d  t o  minimize te lecommunicat ion system complexi ty .  

The te lecommunicat ions  RF l i n k  requirements  a r e  summarized i n  F i g u r e  4-75. 

System D e s c r i p t i o n  - The b a s e l i n e  i n c l u d e s  two s e p a r a t e  communications 

sys tems .  One o p e r a t e s  i n  t h e  SHF band and i s  compat ible  w i t h  t h e  I n t e l s a t  I V  

communications r e l a y  s a t e l l i t e  sys tem t o  minimize need f o r  ground s t a t i o n s .  The 

second sys tem i s  a  UHF system t h a t  p rov ides  d i r e c t  communications w i t h  t h e  space  

s t a t i o n ,  a s t r o n a u t s  on emergency EVA, and t h e  a i r p o r t s  d u r i n g  l a n d i n g .  The b l o c k  

diagram of t h e  communications sys tem and e s t i m a t e d  equipment s i z e ,  weight  and power 

i s  shown i n  S e c t i o n  4 .3 .1 .  

Relay Communications - The r e l a y  communications l i n k  w i l l  p r o v i d e  communi- 

c a t i o n s  c a p a b i l i t y  v i r t u a l l y  100% of  t h e  t ime s p e n t  i n  o r b i t .  This  is a n  improve- 

ment o v e r  t h e  Manned Space F l i g h t  Network t h a t  p r o v i d e s  coverage only  1 0  t o  25% 

of t h e  t ime  depending on o r b i t  i n c l i n a t i o n .  I n  a d d i t i o n ,  t h e  r e l a y  s a t e l l i t e  

means o f  ground communications p rov ides  economical  o p e r a t i o n  by d e l e t i n g  t h e  need 

f o r  t h e  many ground s t a t i o n s  now used f o r  manned f l i g h t s .  

For  t h e  b a s e l i n e  sys tem i t  i s  assumed t h a t  an  I n t e l s a t  I V  r e l a y  s a t e l l i t e  

w i l l  b e  used.  This  assumption was made because  of p o t e n t i a l  economic advantages  

i n  u s i n g  e x i s t i n g  g e n e r a l  purpose  r e l a y  s a t e l l i t e  sys tems r a t h e r  t h a n  l aunch  a  

d e d i c a t e d  r e l a y  s a t e l l i t e  sys tem f o r  s p a c e  use .  I n t e l s a t  I V  i s  c u r r e n t l y  b e i n g  

developed by t h e  Communications S a t e l l i t e  Corpora t ion ,  f o r  o p e r a t i o n  i n  t h e  e a r l y  

1970 ' s .  Study has  i n d i c a t e d  t h a t  use  of I n t e l s a t  I V  i s  f e a s i b l e  b u t  i t s  u s e  

imposes s t r i n g e n t  requ i rements  on t h e  s h u t t l e  communication sys tem des ign .  For  

example, a  h i g h  ga in  (35 db) an tenna  (6 f t ,  p a r a b o l i c  d i s k )  w i t h  a  low n o i s e  
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T a b l e  4-19 

TELECOMMh%NlCATlON REQUIREMENTS 

REQUIREMENTS 

e ONE DIRECT FULL DUPLEX VOICE CHANNEL BETWEEN THE SHUTTLE 
AND OTHER SPACE VEHICLES OR BETWEEN THE SHUTTLE AND OTHER 
AIRBORNE VEHICLES 

0 ONE DIRECT EMERGENCY EVA DUPLEX VOICE CHANNEL 
e DATA L lNK FOR ROUTINE STATUS REPORTING TO GROUND OR SPACE 

STATION (3 KHz INFORMATION BANDWIDTH) 
0 DATA LlNK FOR RECEIPT OF COMMANDS OR MAINTENANCE DATA FROM 

GROUND OR SPACE STATION (3 KHz INFORMATION BANDWIDTH) 

NOTES: 0 - ORBITER 
C - CARRIER 
CARRIER IS ASSUMED TO BE MANNED IN THIS REQUIREMENT LIST. 
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VOICE OR DATA 

0 OMNIDIRECTIONAL 

c MULTICHANNEL 

SPACE SHUTTLE 

0 6 F T  PARABOLIC Dl 

AERONAUTICAL 

DURING AIR 
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system (350°K) r e c e i v e r  i s  r e q u i r e d  f o r  an i n f o r m a t i o n  bandwidth of  3 KHzz ,  

Table  4-20 shows a  s i g n a l  t o  n o i s e  r a t i o  margin a n a l y s i s  f o r  t h e  I n t e l s a t  LV t o  

s h u t t l e  l i n k .  Th is  i s  t h e  c r i t i c a l  l i n k  s i n c e  t h e  I n t e l s a t  IV e f f e c t i v e  r a d i a t e d  

power is  l i m i t e d  by f i x e d  an tenna  b e a m i d t h  ( g l o b a l  coverage i s  r e q u i r e d )  and 

f i x e d  t r a n s m i t t e r  RF power o u t p u t  ( 6 . 3  w a t t s ) .  The I n t e l s a t  I V  i s  o p e r a t e d  w i t h  

a  ground s t a t i o n  hav ing  a  low n o i s e  r e c e i v e r  sys tem (40°K) and a  90 f o o t  o r  

g r e a t e r  d iamete r  an tenna  ( g a i n  > 59 db) .  This  p o i n t s  o u t  t h e  d i sadvan tage  a t  

which t h e  s h u t t l e  c r a f t  i s  o p e r a t i n g  when u s i n g  t h e  I n t e l s a t  I V  r e l a y  sys tem.  

The low d a t a  r a t e  requ i rement  a l lows t h e  s h u t t l e  t o  g e t  by w i t h  a  6  f o o t  d i a m e t e r  

d i s h  which i s  s t i l l  a s i g n i f i c a n t  p e n a l t y .  

D i r e c t  Communications - The d i r e c t  communications l i n k  p rov ides  v o i c e / d a t a  

t r a n s m i s s i o n  between t h e  s h u t t l e  and s p a c e  s t a t i o n ,  between t h e  s h u t t l e  and t h e  

a i r p o r t ,  and between t h e  s h u t t l e  and a s t r o n a u t s  on emergency EVA. I t  is  d e s i r a b l e  

t o  use  t h e  same t y p e  o f  t r a n s c e i v e r  f o r  each o f  t h e s e  f u n c t i o n s  t o  s i m p l i f y  t h e  

communications sys tem.  T h e r e f o r e ,  a UHF sys tem o p e r a t i n g  i n  t h e  a e r o n a u t i c a l  UHF 

r e g i o n  (225 t o  399.95 MHz) h a s  been s e l e c t e d .  However, t h e  f i n a l  d e c i s i o n  f o r  

d i r e c t  l i n k  equipment must b e  based on t h e  e n t i r e  o p e r a t i o n a l  environment 

i n c l u d i n g  space  s t a t i o n  and s p a c e  exper iment  te lecommunicat ion requ i rements .  For  

example, exper iment  c a r r i e r s  o p e r a t i n g  i n  c o n j u n c t i o n  w i t h  t h e  s p a c e  s t a t i o n  may 

r e q u i r e  a  S-band sys tem f o r  t r a n s m i s s i o n  of h i g h  r a t e  exper iment  d a t a  t o  t h e  

s p a c e  s t a t i o n .  A m u l t i c h a n n e l  S-band t r a n s c e i v e r  on t h e  s p a c e  s t a t i o n  could  

t h e r e f o r e  a l s o  b e  used f o r  communications w i t h  t h e  s h u t t l e .  

The UHF system uses  a  m u l t i c h a n n e l  t r a n s c e i v e r  sys tem and o m n i d i r e c t i o n a l  

an tennas .  Any o f  t h e  3500 channels  can b e  s e l e c t e d ;  however, s e v e r a l  commonly 

used channe l s  would be p r e s e t  f o r  e a s e  o f  s e l e c t i n g  t h e s e  channe l s .  Channel 

t u n i n g  i s  done e l e c t r o n i c a l l y .  RF power o u t p u t  of 20 t o  100 w a t t s  i s  ach ieved  

by a l l  s o l i d  s tate c i r c u i t r y .  The an tenna  system i n c l u d e s  au tomat ic  an tenna  

s w i t c h e s  and f l u s h  mounted o m n i d i r e c t i o n a l  a n t e n n a s .  High t empera tu re ,  f l u s h  mount, 

broadband a n n u l a r  s l o t  an tennas  a r e  used.  Antenna s w i t c h i n g  i s  r e q u i r e d  t o  

s e l e c t  t h e  an tenna  t h a t  maximizes t h e  r e c e i v e d  s i g n a l .  I f  r e q u i r e d ,  two t r a n s -  

c e i v e r s  can be  o p e r a t e d  s imul taneous ly  a t  2 d i f f e r e n t  s e t s  of o p e r a t i n g  f requen-  

c i e s .  Antenna s w i t c h e s  a r e  then used t o  connect  bo th  t r a n s c e i v e r s  t o  a  common 

an tenna  o r  t o  connect  t h e  two t r a n s c e i v e r s  t o  d i f f e r e n t  a n t e n n a s .  That i s ,  each 

t r a n s c e i v e r  is  connected t o  an  antenna t h a t  w i l l  p rov ide  an adequa te  r e c e i v e  

s i g n a l  l e v e l .  
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Table  4-20 

SHF COMMUNICATIONS RELAY LINK 

MISCELLANEOUS LOSSES 
ILRV ANTENNA GAIN + 35.db (6 FT DISH) 
RECEIVED CIRCUIT LOSSES 
RECEIVED SIGNAL POWER 
NOlSE SPECTRAL DENSITY (KT) 
NOlSE BANDWIDTH 30 KHz 
RECEIVED NOlSE POWER 
RECEIVED SIGNAL TO NOlSE RATIO 
SIGNAL TO NOlSE RATIO REQUIRED 

* ASSUMES 3.8 db REDUCTION IN TOTAL RF POWER OUTPUT TO ALLOW FOR SUPPRESSION OF WEAKER 
CARRIER WHEN TWO CARRIERS ARE RELAYED BY THE SAME RELAY TRANSPONDER. 

** ASSUMES 2 3 0 ' ~  SYSTEM NOlSE TEMPERATURE. AN UNCOOLED PARAMETRIC AMPLIFIER IS REQUIRED. 
*** SUFFICIENT SIGNAL TO NOlSE RATIO TO EXCEED THRESHOLD IN FM/FM SYSTEM. 
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Antennas - Table 4-21 summarizes the an tenna  requirements  f o r  a l l  s p a c e c r a f t  

sys tems ,  

A Voice I r tercom system i s  used t o  enhance r e p o r t i n g  t o  t h e  p a s s e n g e r s  from 

t h e  E a r t h ,  s p a c e  s t a t i o n  o r  crew. 

The Cammunications Processor  p r o v i d e s  f o r  v o i c e  and d a t a  s i g n a l  p r o c e s s i n g ,  

s w i t c h i n g  and r o u t i n g .  Inc luded  a r e  decoding and f o r m a t t i n g  of r e c e i v e d  d a t a ,  

v o i c e  s i g n a l  c l i p p i n g ,  encoding of r o u t i n e  s p a c e c r a f t  s t a t u s  d a t a  p r i o r  t o  i t s  

t r a n s m i s s i o n ,  and s e l e c t i o n  of t h e  a p p r o p r i a t e  t r a n s c e i v e r  system. 

The F l i g h t  Recorder moni to r s  c r i t i c a l  f l i g h t  pa ramete rs  which can b e  used 

f o r  c r a s h  i n v e s t i g a t i o n  and f a i l u r e  p r e d i c t i o n .  The r e c o r d e r  i s  c r a s h  proof  and 

playback o f  d a t a  i s  done a t  t h e  ground o r  s p a c e  s t a t i o n .  

Closed C i r c u i t  T e l e v i s i o n  i s  used,  a s  r e q u i r e d ,  t o  p r o v i d e  v i s u a l  a c c e s s i b i l -  

i t y  t o  c r i t i c a l  a r e a s  such a s  l a n d i n g  g e a r .  

A l t e r n a t e  Concepts Evaluated - The key a l t e r n a t e  concep t s  s t u d i e s  are l i s t e d  

below. Study r e s u l t s  a r e  summarized i n  Tab les  4-22 t h r u  4-27 .  

a )  Use of a e r o n a u t i c a l  UHF v e r s u s  C-band f o r  t h e  communication r e l a y  l i n k .  

b )  Mechanical  s c a n  p a r a b o l i c  d i s h  an tenna  v e r s u s  a c t i v e  e l e c t r o n i c  s c a n  

phased a r r a y  antenna f o r  t h e  I n t e l s a t  I V  r e l a y  l i n k ,  

c )  S e p a r a t e  an tennas  f o r  rendezvous and communications v e r s u s  a  s i n g l e  

an tenna  system f o r  both  f u n c t i o n s .  

d )  Use of a  mechanical  s c a n  p a r a b o l i c  d i s h  an tenna  v e r s u s  a  mechanical  scan 

p a s s i v e  p l a n a r  a r r a y  an tenna .  

e )  Fuse lage  mounted high g a i n  an tennas  v e r s u s  d o r s a l  f i n  mounted h i g h  g a i n  

an tennas  . 
f )  Radar mounted i n  nose  behind radome v e r s u s  a  dep loyab le  r a d a r .  

Conclusions  and Recommendations 

Technology - The fo l lowing  a r e  technology developments r e q u i r e d  f o r  t h e  

b a s e l i n e  d e s i g n .  

o  Reusable h igh  t empera tu re  f l u s h  mounted an tennas  n o t  r e q u i r i n g  p r o t e c t i o n  

d u r i n g  l a u n c h l r e e n t r y  

o Low n o i s e  r e c e i v e r  system f o r  r e l a y  communications. 



Table  4-21 

ANTENNA SYSTEM REQUIREMENTS/SELECTIBN 

IT. DEPLOY AND USE 

UNFURLABLE IF LOCATED 
IN DORSAL FIN . 

OMNlDlRECTlONAL 

24"x24"x4.2" DEEP. 

e DEPLOYABLE PARABOLIC1 
ANGLE FORWARD 
OF SPACECRAFT PORATE FEED PLANAR 

o OPEN ENDED Ka BAND 

s 15.4 TO 15.7 GHz BANID 



ANTENNA SYSTEM REQUIREMENTSISELECTION 

IN AZIMUTH 1- 45 DEG 

CENTER LINE PER 

BOTTOM: NEAR HORN ANTENNA 

LOCAL VERTICAL 

ANTENNA AND TRANSCEIVER 
WATER OR LAND THROWN FROM SPACECRAFT 

BY CRASH, HYDROSTATIC 
PRESSURE OR PILOT. 

? 45 DEGREES IN 
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PROS CONS i 

GBAND e USE EXISTING COMMERCIAL RELAY e REQUIRE HIGH GAIN (6 FT.) ORBITER 
OF SHUTTLE TIME PERIOD ANTENNA 
(I.E. INTELSAT IV) a REQUIRES LOW NOISE RECEIVE SYSTEM 

CP DEDICATED RELAY NOT REQUIRED ON ORBITER (3.5 Db NOISE FIGURE) 

UHF @ USE OMNl ANTENNAS ON ORBITER 
e SIMPLE ORBITER SYSTEMS 

Conclus ions :  A  C-band system was s e l e c t e d  t o  b e  compat ib le  w i t h  I n t e l s a t  I V .  

The a e r o n a u t i c a l  UHF band system o f f e r s  s i m p l i c i t y  of d e s i g n  and would a l l o w  common 

equipment t o  be  used f o r  a l l  v o i c e  and d a t a  l i n k s .  TACSAT I i s  an e x i s t i n g  satel- 

l i t e  r e l a y  t h a t  h a s  a  compat ib le  UHF r e l a y .  However, t h e  n e x t  g e n e r a t i o n  TACSAT 

may n o t  i n c l u d e  a UHF r e l a y .  Also,  t h e  p o t e n t i a l  i n t e r f e r e n c e  and channel  a v a i l -  

a b l e  problems must b e  f u r t h e r  analyzed b e f o r e  UHF (225 t o  400 MHz) can be  s e l e c t e d  

a s  t h e  b a s e l i n e  sys tem f o r  t h e  o r b i t e r  r e l a y  l i n k .  

a POTENTIAL INTERFERENCE FROM GROUND 
RADIATORS. 

a POTENTIAL MULTIPATH INTERFERRENCE 
e UHF SATELLITE MAY NOT BE AVAILABLE 

IN SHUTTLE TIME PERIOD (TACSAT 1 
CURRENTLY AVAILABLE) 



Volume I 
Book 1 

Integral Launch and 

Reentry rJehicle $?ystern 

REPORT NO. 
MDG E0049 

NOVEMBER I969 

Table 4-23 

PARABOLIC DISH ANTENNA VS ACTIVE ELECTRONICALLY STEERED ARRAY 
FOR RELAY COMMUNICATIONS VIA INTELSAT I V  

M O V A B L E  PARTS 
o COMPARABLE SYSTEMS DEVELOPED 

AND USED SUCCESSFULLY IN SPACE o LARGE STOWAGE SPACE REQUIRED; 
DEPTH = DIAMETER/2 

NODEPLOYMENTREQUIRED o SYSTEM NOISE TEMPERATURES 8-10 DB 

o FLUSH MOUNT o EACH ARRAY LIMITED TO 120 DEGREE 
SOLID CONE SCAN ANGLE 

o NO MOVING PARTS 
a GAIN DECREASES WITH SCAN OFF 

DEPTH < 6 INCHES BORESIGHT (-3 DB AT+ 60°) 

ENTRY HEATING 

Conclusions:  The p a r a b o l i c  d i s h  i s  s e l e c t e d  over  a c t i v e  a r r a y s  because  f o u r  

a c t i v e  a r r a y s  a r e  r e q u i r e d  t o  o b t a i n  s p a t i a l  coverage e q u i v a l e n t  t o  t h a t  o b t a i n a b l e  

w i t h  t h e  d i s h .  Aper tu re  of each a r r a y  needs t o  be  113 t o  195 s q .  f t .  t o  o b t a i n  

r e c e i v e  performance e q u i v a l e n t  t o  a  sys tem w i t h  a 6 f o o t  d i s h  and a 3 .5  db n o i s e  

f i g u r e .  I n s t a l l a t i o n  of f o u r  a r r a y s  w i t h  c o r r e c t  o r i e n t a t i o n  ( e . g .  t o  a c h i e v e  good 

forward coverage)  i s  n o t  p r a c t i c a l .  Weight of t h e  a r r a y  sys tems ( 4 )  i s  e s t i m a t e d  

a t  1600 pounds v s  100 pounds f o r  t h e  d i s h  system. 
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Table 4-24 

S E P A R A T E  VS COMMON ANTENNAS FOR 
COMMUNICATIONS AND RENDEZVOUS TRACKING 

e ONE ANTENNA e TIME SHARING REQUIRED UNLESS 
SEPARATE ANTENNAS AND SEPARATE 

e ONE TRANSMITTER FREQUENCIES ARE USED FOR EACH 

e ONE DEPLOYMENT MECHANISM 

WITH SINGLE REDUNDANCY OMNI- 
DIRECTION COVERAGE CAN BE 
PROVIDED FOR EACH FUNCTION. 

e TIME SHARING NOT REQUIRED e TWO DEPLOYABLE ANTENNAS WITH 
ASSOCIATED DOORS AND DEPLOYMENT 

e LESS COMPLEXITY OF EACH 

e HARDWARE MATCHES NORMAL 
ORGANIZATION GROUPING 

- -  

Conclusions: Separate communication and radar systems were selected. Each 

can be located to provide good coverage without interferring with the others 

operation. However, a combined rendezvous and communications system using a 

common transmitter, a common antenna, and separate receivers was found to be 

feasible. The system studied used interrupted CW for the radar mode. The commu- 

ications mode is compatible with Intelsat IV. 
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Table 4-25 

USE OF A MECHANICAL SCAN PARABOLIC DISH ANTENNA 
VERSUS A MECHANICAL SCAN PASSIVE PLANAR ARRAY ANTENNA 

a MINIMUM DEVELOPMENT a FURL ANTENNA T O  INSTALL IN 

e MORE DEVELOPMENT REQUIRED 
a CAN MOUNT IN DORSAL 

FURLING OR FOLDING 

Conclusions:  The d i s h  an tenna  was s e l e c t e d  a s  t h e  b a s e l i n e  on t h e  b a s i s  of 

minimum development.  However, a  p a s s i v e  a r r a y  w i t h  a  4.5 x 4.5 f o o t  a p e r t u r e  and 

1300 c r o s s e d  d i p o l e s  h a s  been i n v e s t i g a t e d .  T h i s  a r r a y  p r o v i d e s  t h e  same p e r f o r -  

mance a s  a  d i s h .  It h a s  l e s s  dep th  t h a n  a  d i s h  and t h e r e f o r e  i s  more amenable t o  a  

d o r s a l  f i n  i n s t a l l a t i o n .  Hybrids and branch l i n e  c o u p l e r s  a r e  used t o  o b t a i n  

o r t h o g o n a l  p o l a r i z a t i o n  f o r  t r a n s m i t  and r e c e i v e .  Orthogonal  p o l a r i z a t i o n  i s  

r e q u i r e d  by I n t e l s a t  I V .  
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T a b l e  4-26 

FUSELAG& MOUNT VERSUS DORSAL FIN MOUNT FOR 
HIGH GAIN ANTENNA 

e LESS COVERAGE OVER THE SIDE 
ELECTRONICS BAY 

e LESS COVERAGE FORWARD AND BELOW 
0 PARABOLIC DISH OR PLANAR ARRAY 

CAN B E  STOWED WITHOUT FURLING 

e MINIMUM DESIGN IMPACT 

e BETTER OVER THE SIDE e SIX FOOT DISH REQUIRES: FURLING 
OF ANTENNA AND WIDENING OF 

e BETTER COVERAGE FORWARD 
e BOTH DISH AND PLANAR ARRAY 

REQUIRE DOOR IN DORSAL FIN 
FOR DEPLOYMENT 

e REMOTE FROM ELECTRONICS BAY 

Conclusions:  A t o p  f u s e l a g e  mount behind t h e  pay load  was s e l e c t e d  s i n c e  

i t  p r o v i d e s  good coverage  (>2n s t e r a d i a n s )  and h a s  minimum s p a c e c r a f t  d e s i g n  impac t .  

However, a d o r s a l  f i n  mount should  c o n t i n u e  t o  be  cons idered  due t o  improved cover- 

age  c a p a b i l i t y .  The i n s t a l l a t i o n  of a  mechan ica l  s t e e r e d  p a s s i v e  a r r a y  i n  t h e  

d o r s a l  f i n  h a s  advan tages  of f i t t i n g  w i t h o u t  widening f i n  s t r u c t u r e .  
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Table  4-27 

RADAR MOUNTED IN NOSE VS A DEPLOYABLE RADAR 

0 NO DEPLOYMENT MECHANISM 0 HIGH TEMPERATURE EFFECTS 
ON REUSABLE RADOMES MUST B E  
DETERMINED. 

e MINIMIZE SPURIOUS ENERGY 

e MINIMUM TECHNOLOGY 
DEVELOPMENT 0 FORWARD COVERAGE PROPORTIONAL 

Conclus ions:  A d e p l o y a b l e  r a d a r  l o c a t e d  forward and on t o p  of t h e  s p a c e c r a f t  

was s e l e c t e d  a s  b a s e l i n e  s i n c e  t h e  e f f e c t s  of h i g h  t e m p e r a t u r e  on r e u s a b l e  radomes 

a r e  unknown. The r a d a r  i s  used f o r  b o t h  c o o p e r a t i v e  and n o n c o o p e r a t i v e  t r a c k i n g  

i n  o r b i t .  The u s e  of a  r a d a r  mounted beh ind  a  nose  radome was a l s o  i n v e s t i g a t e d .  

Of t h e  r a d a r s  s t u d i e d ,  a  C-band a c t i v e  phased a r r a y  w i t h  e l e c t r o n i c  beam s t e e r i n g  

i s  t h e  b e s t  s u i t e d  f o r  mounting behind t h e  radome. The e l e c t r o n i c  s t e e r e d  a r r a y  

can b e  l o c a t e d  v e r y  n e a r  t o  t h e  radome t h u s  r e d u c i n g  radome s i z e .  The a r r a y  can 

produce m u l t i p l e  beams t h e r e f o r e  d o p p l e r  n a v i g a t i o n  mode o r  a n  a l t i m e t e r  mode cou ld  

e a s i l y  b e  added.  A t  C-band t h e  a r r a y  c a n  b e  made s m a l l  and y e t  t a k e  advan tage  of  

r e l a t i v e l y  h i g h  e f f i c i e n c y  components. A 15  i n c h  d iamete r  a r r a y  drawing 1440 w a t t s  

is  e s t i m a t e d  f o r  a  r a n g e  of 30 n a u t i c a l  m i l e s  and a  5 sq, meter  u n c o o p e r a t i v e  

t a r g e t .  
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The f o l l o w i n g  a r e  t e c h n o l o g y  developments  recommended f o r  r e f i n e m e n t s  in b a s e l i n e  

d e s i g n :  

o  Mechan ica l  s t e e r a b l e  planar array f o r  e a s y  mount i n  dorsal f i n  

o High Lemperatrrre i~luliiple reuse radomes for multimode radar in nose 

sections 

o Multimode phased array radar for cooperative and non-cooperative 

rendezvous. 

Follow-On Study Recommended 

o Study alternate concepts, items a, and c thru f listed above in 

greater depth. 

o Refine system requirements using a typical operational environment as a 

reference. Factor in preliminary space station study results and data 

relay system characteristics. 
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4 . 3 , 7  1 - The LLRV requ i rements  of  autonomy and 

economical  o p e r a t i o n  d i c t a t e s  s t r i n g e n t  r e l i a b i l i t y  g o a l s  as shown i n  Table  4-28,  

The g o a l s  of ( I )  remaining o p e r a t i o n a l  a f t e r  two f a i l u r e s  and s a f e  a f t e r  t h e  t h i r d  

f a i l u r e ,  ( 2 )  a v o i d i n g  minimum performance backups,  (3)  minimizing system t r a n s i e n t s  

due t o  f a i l u r e ,  and (4)  h i g h  m i s s i o n  s u c c e s s  p r o b a b i l i t y ,  a l l  d i c t a t e  redundancy. 

These g o a l s  r e q u i r e  equipment and system d e s i g n s  which have s o p h i s t i c a t e d  methods 

of f a i l u r e  d e t e c t i o n  and s e l e c t i o n  of p r o p e r l y  f u n c t i o n i n g  u n i t s .  

To meet t h e s e  g o a l s ,  b o t h  modular and f u n c t i o n a l  redundancy a r e  be ing  used .  

I n  some c a s e s  we a r e  a b l e  t o  p rov ide  backup w i t h  equipment a l r e a d y  r e q u i r e d  f o r  

o t h e r  f u n c t i o n s .  For  example, t h e  o p t i c a l  s e n s o r  is  p r i m a r i l y  used f o r  i n e r t i a l  

a l ignment  and a s  a n  o r b i t a l  n a v i g a t i o n  s e n s o r ,  b u t  i t  can  a l s o  be used t o  back up 

t h e  r a d a r  a s  a t a r g e t  t r a c k e r  f o r  rendezvous.  

Another a r e a  o f  concern  i s  f a i l u r e  d e t e c t i o n  and swi tchover  between redundant  

u n i t s .  The requirement  t o  minimize s w i t c h i n g  t r a n s i e n t s  impacts  t h e  t e c h n i q u e s  t o  

b e  used a s  w e l l .  With t h r e e  d a t a  s o u r c e s ,  a c t i v e  m a j o r i t y  v o t i n g  can be  used t o  

de te rmine  which o u t p u t  i s  i n  e r r o r  and t h u s  a l l o w  swi tchover  t o  a monitored midd le  

s e l e c t  o u t p u t .  Other  t e c h n i q u e s  such a s  " P a i r  and Spare",  where two systems a r e  

compared and f o r  d i s c r e p a n c i e s  i n  o u t p u t s ,  swi tched t o  a t h i r d  unmonitored sys tem,  

do n o t  meet t h e  swi tchover  t r a n s i e n t  c r i t e r i a .  The u s e  of f a d e  i n  l o g i c  t o  c o n t r o l  

t h e  r a t e  of change of o u t p u t  s i g n a l s  would h e l p .  Another impor tan t  f a c t o r  i n  

a c h i e v i n g  a h i g h  p r o b a b i l i t y  of miss ion  s u c c e s s  i s  t o  have a ground maintenance 

a n a l y s i s  program. Trend d a t a  recorded  on b o a r d ,  h i s t o r i c a l  f a i l u r e  r e c o r d s ,  and 

p e r i o d i c  i n s p e c t i o n  d a t a  i s  used i n  a q u a n t i t a t i v e  manner t o  program rep lacements  

of on-board equipment.  

An example of equipment redundancy implementat ion f o r  t h e  guidance and c o n t r o l  

sys tem i s  shown i n  Tab le  4-29. 
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Table  4-28 

RELlABlLiTY GOALS 

e THIRD FAILURE - NON- e FAILURE DETECTION AND 

PERFORMANCE IS NOT REDUCED 

e WHERE PQSSlBLE USE EQUIPMENT ON BOARD 

DUE TO FAILURE 

ON-BOARD FAULT DETECTION AND REDUNDANCY 
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Sab le  4--24) 

WYPICAL REDUNDANCY APPLICATIONS 
-For Orbiter G & C Functions 

DEDICATED COMPUTER 
(TRIPLY REDUNDANT) 
STRAPDOWN INERTIAL UNIT 
(TRIPLY REDUNDANT) 

RATEGYRO PACKAGE BACKUP R.G. PACKAGE 

RENDEZVOUS SYSTEM RADAR DUAL RADARS - OPTICAL BACKUP 

TIME REFERENCE SYSTEM D U A L - A C T I V E  REDUNDANCY 

DISPLAYS AND CONTROLS 
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4 . 4  E l e c t r i c a l  Power 

- The c h a r a c t e r i s t i c s  of t h e  e l e c t r i c a l  power subsystems f o r  b o t h  tlze 

c a r r i e r  and t h e  o r b i t e r  a r e  d e s c r i b e d  i n  t h i s  s e c t i o n .  The energy requ i rements  

and s e l e c t e d  b a s e l i n e  power s o u r c e s  f o r  t h e  b a s e l i n e  v e h i c l e s  a r e  a s  f o l l o w s :  

V e h i c l e  

C a r r i e r  

O r b i t e r  

Energy Required 

2.15 KWH 

589.3 KWH 

S e l e c t e d  Power Source 

Ago-Zn B a t t e r i e s  

B20 F u e l  C e l l s  w i t h  
pea 2. ing/emergency 
Ago-Zn b a t t e r i e s  

4 . 4 . 1  E l e c t r i c a l  Power Requirements - A seven day m i s s i o n  was used a s  a  b a s e l i n e  

f o r  t h e  o r b i t e r  l o a d  a n a l y s i s .  The m i s s i o n  c o n s i s t s  of 26 h o u r s  f o r  p re launch  

through a s c e n t  and rendezvous,  120 h o u r s  o r b i t a l  o p e r a t i o n ,  and 24 hours  f o r  

r e t u r n ,  d e s c e n t  and l a n d i n g .  The o r b i t e r  l o a d  summary is  shown i n  Tab le  4-30. 

The t o t a l  energy r e q u i r e d  f o r  t h e  m i s s i o n  i s  589.3  KWH. The o v e r a l l  average  main 

bus power i s  3.46 KW, w i t h  peaks of 6.94 KW d u r i n g  rendezvous o p e r a t i o n s .  F i g u r e  

4-76 shows t h e  v a r i a t i o n  i n  main bus  average  power f o r  t h e  v a r i o u s  m i s s i o n  p h a s e s .  

The b a s e l i n e  m i s s i o n  f o r  t h e  c a r r i e r  c o n s i s t s  of 2 h o u r s  f o r  p r e l a u n c h ,  

1 0  minu tes  f o r  l i f t o f f  through j e t  eng ine  s t a r t ,  and 2  h o u r s  f o r  c r u i s e  th rough  

l a n d i n g .  The c a r r i e r  l o a d  summary i s  shown i n  Table  4-31. The c a r r i e r  r e q u i r e s  

21.5 KWH of energy t o  perform i t s  m i s s i o n .  The average  power l e v e l  i s  5 .2  KW, 

w i t h  5 .83 KLJ peaks d u r i n g  c r u i s e  and l a n d i n g .  The v a r i a t i o n  of main bus average  

power w i t h  r e s p e c t  t o  c a r r i e r  m i s s i o n  phase  i s  shown i n  F i g u r e  4-77. 

A l l  power q u a n t i t i e s  used i n  t h e  l o a d  a n a l y s e s  were based on a  28 VDC bus .  

I n v e r s i o n  l o s s e s  were added f o r  equipment o p e r a t i n g  on AC. 

The e l e c t r i c a l  power r e q u i r e d  f o r  o p e r a t i o n  of t h e  main p r o p u l s i o n  e n g i n e s  

has  n o t  been  inc luded  i n  t h e  load  summaries. T h i s  power ( 6 .2  KVA @ 115V 400 Hz 

per  eng ine)  w i l l  b e  s u p p l i e d  by t u r b i n e  d r i v e n  a u x i l i a r y  power u n i t s  (APU). These 

u n i t s  a l s o  p r o v i d e  backup h y d r a u l i c  power f o r  eng ine  gimbal  and prime h y d r a u l i c  

power f o r  t h e  aerodynamic c o n t r o l  s u r f a c e  p r i o r  t o  t u r b o j e t  o p e r a t i o n .  

4 . 4 . 2  E l e c t r i c a l  Power Subsystem (EPS) Base1in.e - The b a s e l i n e  e l e c t r i c a l  power 

subsystem c o n f i g u r a t i o n s  f o r  t h e  o r b i t e r  and t h e  c a r r i e r  a r e  d e s c r i b e d  i n  t h e  

f o l l o w i n g  paragraphs .  The main power s o u r c e s  f o r  t h e  o r b i t e r  a r e a  -0 f u e l  c e l l  2  2  
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ORBITER ELECTRICAL LOAD SUMMARY 
Electrical Energy in Watt-Hours 

1 AVERAGE POWER (WATTS) 1 5,291 1 5,514 1 5,046 1 5,443 2,792 5,761 

TOTAL ENERGY FOR 7 DAY MISSION - 589.3 KWH 
AVERAGE POWER FOR 7 DAY MISSION - 3.46 KW 
PEAK POWER (DURING RENDEZVOUS) - 6.94 KW 
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ORBIT PHASING 
100.9 KWH 

RETURN PHASING 
109.4 KWH 

MISSION TIME - HOURS 

F i g u r e  4-76 
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CARRIER MAIN BUS AVERAGE POWER 
Total Mission Energy: 21.5 KWH 
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modules. For t h e  c a r r i e r ,  r e c h a r g e a b l e  Ago-Zn b a t t e r i e s  a r e  used,  Except f o r  t h e  

power s o u r c e s ,  t h e  subsystems a r e  e s s e n t i a l l y  i d e n t i c a l  f o r  bo th  t h e  o r b i t e r  and 

c a r r i e r .  

F i g u r e  4-78 and F i g u r e  4-79 show t h e  EPS c o n f i g u r a t i o n s  f o r  t h e  o r b i t e r  and 

c a r r i e r ,  r e s p e c t i v e l y .  The d e s i g n  phi losophy used i s  an  a d a p t a t i o n  of t h a t  used 

i n  t h e  d e s i g n  of commercial a i r c r a f t  such  a s  t h e  DC-9 and t h e  DC-10. The compo- 

n e n t s  of t h e  EPS ( f o r  bo th  o r b i t e r  and c a r r i e r )  a r e  i n t e r c o n n e c t e d  t o  form two 

s e p a r a t e  power s o u r c e  channe l s .  These prime s o u r c e  channe l s  can b e  o p e r a t e d  e i t h e r  

independen t ly ,  o r  i n  p a r a l l e l .  P a r a l l e l i n g  of t h e  DC buses  i s  accomplished by 

c l o s i n g  t h e  DC bus t i e  r e l a y  No. 3 (DCBTR3), and t h e  AC buses  can b e  p a r a l l e l e d  by 

c l o s i n g  t h e  AC bus t i e  r e l a y  No. 3 (ACBTR3). The i n v e r t e r s  a r e  timed by a  common 

c l o c k  l o c a t e d  i n  t h e  i n v e r t e r  f requency  r e f e r e n c e .  T h i s  common c l o c k  s y n c h r o n i z e s  

t h e  i n v e r t e r s  s o  p a r a l l e l  o p e r a t i o n  i s  p o s s i b l e .  The i n v e r t e r  f requency  r e f e r e n c e  

c o n t a i n s  s u f f i c i e n t  redundancy t o  m a i n t a i n  t h e  d e s i r e d  system r e l i a b i l i t y .  

Both t h e  DC and t h e  AC buses  a r e  f u r t h e r  d i v i d e d  i n t o  e s s e n t i a l  and non- 

e s s e n t i a l  buses .  Only t h a t  equipment t h a t  i s  a b s o l u t e l y  e s s e n t i a l  f o r  crew and 

v e h i c l e  s u r v i v a l  i s  connected t o  t h e  e s s e n t i a l  buses  - a l l  o t h e r  equipment i s  con- 

nec ted  t o  t h e  n o n - e s s e n t i a l  buses .  Although c i r c u i t  p r o t e c t i o n  components a r e  n o t  

shown, u n p r o t e c t e d  c i r c u i t s  w i l l  b e  kep t  t o  a n  a b s o l u t e  minimum c o n s i s t e n t  w i t h  

s a f e t y .  

O r b i t e r  Power Source - Prime power f o r  t h e  o r b i t e r  i s  s u p p l i e d  by f o u r  H -0 2  2  
m a t r i x  t y p e  f u e l  c e l l  modules. Each module i s  r a t e d  a t  2 .0  - 2.5  KW, f o r  a  t o t a l  

c a p a b i l i t y  of 8 - 1 0  KW a t  t h e  b u s e s .  A l l  f o u r  f u e l  c e l l  modules a r e  o p e r a t e d  

s i m u l t a n e o u s l y  f o r  r e a c t a n t  economy a s  w e l l  a s  c o n t i n u i t y  of power i n  t h e  e v e n t  

of a  module f a i l u r e .  The peakinglemergency b a t t e r i e s  a r e  r a t e d  a t  6 . 0  KWH each.  

These s e r v e  two purposes ,  (1)  they  improve t h e  bus t r a n s i e n t  r e s p o n s e  c h a r a c t e r -  

i s t i c s  ( t h e  b a t t e r y  v o l t a g e  i s  s l i g h t l y  below t h e  nominal bus v o l t a g e ) ,  and (2) 

they w i l l  p r o v i d e  power up t o  two h o u r s  f o r  emergency d e o r b i t ,  e n t r y  and c r u i s e  

i n  t h e  even t  of a  c a t a s t r o p h i c  f a i l u r e  of t h e  f u e l  c e l l  system. 

The o r b i t e r  power s o u r c e  i s  s i z e d  s o  t h a t  a  s a f e  r e t u r n  i s  p o s s i b l e  w i t h  two 

f u e l  c e l l  modules f a i l e d .  

T a b l e  4-32 shows t h e  major components and t h e i r  e s t i m a t e d  weight  f o r  t h e  

o r b i t e r  EPS (exc lud ing  mounting p r o v i s i o n s  and r a d i a t o r s ) .  
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CARRIER ELECTRICAL  POWER SUBSYSTEM 
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C a r r i e r  Power Source - Prime power f o r  t h e  c a n k e r  is supplied by six 6 . 0  KWH 

r e c h a r g e a b l e  Ago-An b a t t e r i e s ,  f o r  available energy t o t a l i n g  36 IZWlI, The b a t t e r y  

c o n t r o l  r e l a y s  (BCR) a r e  r e v e r s e  c u r r e n t  s e n s i n g  as w e l l  a s  c o n t r o l  r e l a y s  t o  

p r e v e n t  d e g r a d a t i o n  of t h e  remaining b a t t e r i e s  i n  t h e  even t  of a  b a t t e r y  f a i l u r e .  

The c a r r i e r  power s o u r c e  i s  s i z e d  s o  t h a t  t h e  m i s s i o n  can be  completed w i t h  

two b a t t e r y  f a i l u r e s .  

T a b l e  4-33 shows t h e  major components and t h e i r  e s t i m a t e d  weight  f o r  t h e  

c a r r i e r  EPS (exc lud ing  mounting p r o v i s i o n s ) .  

4 . 4 . 3  A l t e r n a t e  Concepts - During t h e  c o u r s e  of t h e  s t u d y ,  s e v e r a l  d i f f e r e n t  power 

s o u r c e s  were  i n v e s t i g a t e d  f o r  p o t e n t i a l  u s e  i n  t h e  s p a c e  s h u t t l e  v e h i c l e .  These  

a r e  l i s t e d  i n  Tab le  4-34 a long  w i t h  t h e  advantages  and d i s a d v a n t a g e s  f o r  each 

c a n d i d a t e .  

A t u r b o  a l t e r n a t o r  power s o u r c e  may b e  c o m p e t i t i v e  w i t h  b a t t e r i e s  f o r  t h e  

c a r r i e r ,  due t o  t h e  r e l a t i v e l y  s h o r t  f l i g h t  d u r a t i o n .  T h i s  i s  e s p e c i a l l y  t r u e  i f  

t h e  same t u r b i n e s  a r e  used t o  d r i v e  h y d r a u l i c  pumps a s  w e l l  a s  a l t e r n a t o r s .  

F u r t h e r  s t u d y  i s  r e q u i r e d  i n  t h i s  a r e a  w i t h  more complete  a n a l y s i s  o f  t h e  e l e c -  

t r i c a l  and h y d r a u l i c  l o a d  requ i rements .  

4 .4 .4  R e l i a b i l i t y  - The e l e c t r i c a l  power subsystems f o r  b o t h  t h e  o r b i t e r  and t h e  

c a r r i e r  a r e  des igned  f o r  m i s s i o n  complet ion w i t h  two power s o u r c e s  f a i l e d  

( o r b i t e r  - 2 f u e l  c e l l  modules f a i l e d ,  and b o o s t e r  - 2 b a t t e r i e s  f a i l e d ) .  The 

b u s i n g  i s  a r ranged  f o r  maximum u t i l i z a t i o n  of remaining power s o u r c e s  i n  t h e  e v e n t  

o f  a f a i l u r e ,  and redundant  u s i n g  equipment i s  d i v i d e d  between t h e  s e p a r a t e  b u s e s ,  

F a u l t  i s o l a t i o n  d e v i c e s  w i l l  be  u t i l i z e d  t o  p r e v e n t  bus  d e g r a d a t i o n  from f a i l u r e s  

i n  l o a d s  o r  s h o r t  c i r c u i t s  i n  i n t e r c o n n e c t i n g  w i r i n g .  F u r t h e r  d e f i n i t i o n  of t h e  

v e h i c l e  c o n f i g u r a t i o n  i s  r e q u i r e d  t o  d e f i n e  t h e  f a u l t  i s o l a t i o n  scheme t o  be  used .  
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CANDIDATE ELECTRICAL POWER SOURCES 

r SELF CONTAINED r RECHARGE PROCEDURE IS COMPLEX WHEN LARGE 
NUMBER OF BATTERIES ARE INVOLVED. 

r WIT-LIFE LIMITED (1  YEAR OR LESS) 

0 WEIGHT AND VOLUME INCREASE ESSENTIALLY 
LINEARLY WlTH REQUIRED ENERGY (10-12 WATT- 
HOURS PER POUND AND 1-1.5 WATT-HOURS PER 

NUMBER OF BATTERIES ARE INVOLVED. 

r HlGH PURITY CRYOGENIC REACTANTS REQUIRE 
TANKAGE SEPARATE FROM PROPULSION 

HOURS PER POUND, INCLUDING TANKAGE 
FOR ORBITER ENERGY AND POWER 

r HlGH FUEL CONSUMPTION (2.5-4 POUNDS PER KWH) 

MAIN PROPULSION TANKS r TURBINE EFFICIENCY IS POWER SENSITIVE. 
0 TURBINE EFFICIENCY IS ALTITUDE SENSITIVE. 
r EXHAUST GAS CAN CAUSE VEHICLE ATTITUDE CHANGE 
r SHORT DEMONSTRATED OPERATING L lFE  (250 HOURS) 
0 DEVELOPMENT REQUIRED. 

r HlGH FUEL CONSUMPTION (5-10 POUNDS PER KWH). 
r SEPARATE FUEL TANK REQUIRED. 

HYDRAZINE WITH e TURBINE EFFICIENCY IS POWER SENSITIVE 
r TURBINE EFFICIENCY IS ALTITUDE SENSITIVE 
e EXHAUST GAS CAN CAUSE VEHICLE ATTITUDE CHANGE 
e SHOm DEMONSTRATEDOPERATING L lFE (250 HOURS) 
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4.5 - Environmental  C o n t r o l  S ~ t e m  - - The f u n c t i o n  of t h e  Envi ronniental  C o n t r o l  

System ( E C S )  i s  t o  p r o v i d e  a h a b i t a b l e  s h i r t s l e e v e  environment i n  t h e  v e h r c l e s ,  

The o r b i t e r  r e q u i r e s  an ECS t h a t  w i l l  p r o v i d e  t h i s  environment f o r  two men f o r  a  

f l i g h t  a s  l o n g  a s  seven days .  The c a r r i e r  r e q u i r e s  a n  ECS t h a t  w i l l  p r o v i d e  t h e  

d e s i r e d  environment f o r  a  b r i e f  l aunch  f l i g h t  o r  a  l o n g  f e r r y  f l i g h t .  The sys tems  

t o  p r o v i d e  t h e s e  f u n c t i o n s  a r e  d i s c u s s e d  below. The f u n c t i o n a l  concep t s  and base-  

l i n e  c h a r a c t e r i s t i c s  a r e  g i v e n  i n  Tab les  4-35 and 4-36 r e s p e c t i v e l y  and a weigh t  

summary is  g i v e n  i n  T a b l e  4-37 .  

4 . 5 . 1  -- C a r r i e r  - The C a r r i e r  ECS must p r o v i d e  t h e  a tmosphere  s u p p l y ,  and c a b i n  

and equipment t e m p e r a t u r e  c o n t r o l .  The ECS c o n s i s t s  o f  f o u r  subsystems:  t h e  

Oxygen Supply ,  t h e  Heat T r a n s p o r t  C i r c u i t ,  t h e  A i r  Cyc le ,  and t h e  H y d r a u l i c  Cool ing 

subsystems.  These subsys tems ,  w i t h  t h e  e x c e p t i o n  o f  t h e  Hydrau l i c  Cool ing Sub- 

sys tem,  a r e  shown s c h e m a t i c a l l y  i n  F i g u r e  4-80 .  The o p e r a t i o n  of each subsys tem i s  

summarized i n  t h e  succeed ing  p a r a g r a p h s .  

Oxygen Supply - The oxygen s u p p l y  subsystem p r o v i d e s  a n  emergency s u p p l y  of 

oxygen. I n  normal f l i g h t ,  t h e  c a b i n  w i l l  be  p r e s s u r i z e d  w i t h  a i r  t o  t h e  

e q u i v a l e n t  of a n  8000 f t .  a l t i t u d e  and a d d i t i o n a l  oxygen w i l l  n o t  b e  n e c e s s a r y .  

I f  t h e  c a b i n  p r e s s u r e  i s  l o s t ,  t h e n  t h e  oxygen supp ly  w i l l  p r o v i d e  oxygen t o  t h e  

crew u n t i l  t h e  v e h i c l e  i s  b rough t  down t o  a n  a l t i t u d e  where supplementary  oxygen 

i s  n o t  n e c e s s a r y .  T h i s  system i s  s i m i l a r  t o  a i r c r a f t  sys tems and i s  used f o r  i t s  

s i m p l i c i t y  and low c o s t .  

The Heat-Transpor t  C i r c u i t  - The sys tem u s e s  redundant  c o o l a n t  l o o p s ,  and 

d u a l  passage  c o l d p l a t e s  f o r  t h e  the rmal  c o n t r o l  o f  e l e c t r o n i c  equipment.  The 

secondary  l o o p  i s  used i f  a  f a i l u r e  o c c u r s  i n  t h e  pr imary l o o p .  Redundant c o o l a n t  

pumps i n  each loop  c i r c u l a t e  t h e  h e a t  t r a n s f e r  c o o l a n t .  Waste h e a t  i s  r e j e c t e d  

by an a i r  c y c l e  r e f r i g e r a t i o n  package d u r i n g  s u b s o n i c  c r u i s e  f l i g h t  o r  d u r i n g  

f e r r y  f l i g h t s .  P r i o r  t o  l aunch  t h e  a i r  c y c l e  machine is  powered by a  ground 

s u p p l y  of  h i g h  p r e s s u r e  a i r .  During t h e  b o o s t  phase  of  f l i g h t ,  h e a t  d i s s i p a t e d  

by t h e  e l e c t r i c a l  equipment i s  absorbed by equipment,  c o o l a n t  f l u i d ,  and c i r c u i t  

component t e m p e r a t u r e  i n c r e a s e s .  Subsequent t o  boos t  t h e  a i r  c y c l e  i s  powered 

w i t h  b l e e d  a i r  from t h e  j e t  eng ine  compressor .  

A i r  Cycle  - The a i r  c y c l e  subsystem s e r v e s  a d u a l  f u n c t i o n ,  p r o v i d i n g  c a b i n  

a i r  c o n d i t i o n i n g  and p r e s s u r i z a t i o n ,  and providi -ng c o o l i n g  f o r  t h e  Heat T r a n s p o r t  

C i r c u i t .  J e t  eng ine  compressor b l e e d  a i r  i s  cooled by h e a t  exchange w i t h  ram a i r ,  

is compressed,  a g a i n  i s  cooled by ram a i r  and then  i s  f u r t h e r  cooled by expans ion  
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ENVIRONMENTK CON"I"ROL SYSEEM FUNCTIONAL CONCEPT 

SYSTEM COOLING BY WATER BOILER. HEAT SINK IN COMPONENTS, COOLANT CIRCUIT. 

SYSTEM COOLING BY SPACE RADIATOR - NOT APPLICABLE. 
CRYOGENIC GAS SUPPLIES - Cop ABSORP- 
TION BY LiOH - CREW WATER FROM FUEL 

SYSTEM COOLING BY AIR CYCLE - ENGINE 
BLEED SUPPLIES HIGH PRESSURE AIR - 
PILOTS IN PARTIAL PRESSURE SUITS. 

SYSTEM COOLING BY WATER BOILER. NOT APPLICABLE. 

NOT APPLICABLE. 



'ddoli~rne I 
Book 1 

Integral Launch and 

Tab le  4-36 

ENVIRONMENTAL CONTROL SYSTEM CHARACTERISTICS 

REPORT SO. 
MDC E00.19 

XOVEMBER 1960 

ORBITER REQUIREMENTS 

a SHIRTSLEEVE ENVIRONMENT FOR TWO MAN CREW 
e SEVEN DAYS IN ORBIT 
c CAPABLE OF SUBSONIC FERRY FLIGHT 
e DISSIPATE 5 + KW EQUIPMENT WASTE HEAT 

CP,RRIER REQUIREMENTS 

0 MAXIMUM PRESSURE ALTITUDE OF 8000 F T  
e CAPABLE OF SUBSONIC FERRY FLIGHTS 
e DISSIPATE 5 + KW EQUIPMENT WASTE HEAT 

ORBITER BASELINE SYSTEM 

0 SEA LEVEL ATMOSPHERE - NO PRESSURE SUITS 
a STORE GASES AS SUPERCRITICAL CRYOGEN 
s CONTROL C02 WlTH LITHIUM HYDROXIDE 
s CONTROL EQUIPMENT TEMPERATURE WITH LIQUID 

COOLANT CIRCUIT AND COLDPLATES 
c AIR CYCLE COOLING PACKAGE FOR FERRY/CRUISE 
e DISSIPATE WASTE HEAT WlTH SPACE RADIATOR AND WATER 

BOILER 
0 SUPPLY DRINKING WATER FROM FUEL CELI-S 
e DUMP URINE - STORE FECAL WASTE 
e HYDRAULIC COOLING BY WATER BOILER 

CARRIER BASELINE SYSTEM 

o CABIN TEMPERATURE CONTROLLED BY AIR CYCLE 
MACHINE 

o CONTROL EQUIPMENT TEMPERATURE WlTH LIQUID COOLANT 
CIRCUIT AND COLDPLATE 

c DISSIPATE WASTE HEAT WITH AIR-CYCLE MACHINE 
e HIGH PRESSURE EMERGENCY OXYGEN - FACE MASKS - 

PARTIAL PRESSURE SUIT 
e HYDRAULIC COOLING BY WATER BOILER OR RAM AIR 
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ENVIRONMENTAL CONTROL SYSTEM WEIGHT SUMMARY 

H E A T  TRANSPORT SPACE RADIATOR (680 LB),  WATER BOILER (110 L B )  
AIR C Y C L E  COOLING PACKAGE (50 LB) 

CREW WATER SUPPLY TANK ONLY - WATER SUPPLIED BY F U E L  C E L L  REACTANTS 
HYDRAULIC SYSTEM COOLING WATER B O I L E R  COOLING 
MlSC CIRCUiTRY, LINES, FTGS. 

H E A T  TRANSPORT E A T  SINK U N T I L  AIR CYCLE OPERABLE 
AIR C Y C L E  PACKAGE OWERED B Y  ENGINE B L E E D  AIR OR GROUND SUPPLY 
HYDRAULIC SYSTEM COOLING 
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i n  a  t u r b i n e  t h a t  d r i v e s  t h e  compressor,  The co ld  a i r  removes h e a t  from t h e  

c o o l a n t  c i r c u i t  and t h e n  i s  mixed w i t h  h o t  air from t h e  compressor t o  c o n ~ r o l  t h e  

c a b i n  t e m p e r a t u r e .  Ground and l aunch  o p e r a t i o n  of t h i s  subsystem i s  d e s c r i b e d  i n  

tlie p receed ing  pa ragraph .  

H y d r a u l i c  Cooling - T h i s  subsystem p r e v e n t s  o v e r h e a t i n g  of t h e  f l u i d  i n  

t h e  h y d r a u l i c  subsystem which powers t h e  aerodynamic c o n t r o l  s u r f a c e s .  Heat i s  

removed by a  w a t e r  b o i l e r  t h a t  exchanges h e a t  w i t h  t h e  h y d r a u l i c  f l u i d  t o  p r e v e n t  

t e m p e r a t u r e s  i n  excess  of  212'F. T h i s  subsys tem i s  complete ly  independent  of t h e  

h e a t  t r a n s p o r t  c i r c u i t  and c o n t a i n s  a t o t a l  o f  6 1  l b s .  of  w a t e r  f o r  c o o l i n g  i n  

h y p e r s o n i c  f l i g h t .  For s u b s o n i c  f e r r y  f l i g h t  a  ram a i r  h e a t  exchanger  i s  p rov ided .  

4 . 5 . 2  O r b i t e r  ECS - The f u n c t i o n s  t o  b e  p rov ided  by t h e  ECS a r e  a tmosphere  s u p p l y ,  

a tmosphere  p r o c e s s i n g ,  c a b i n  and equipment t e m p e r a t u r e  c o n t r o l ,  w a t e r  s u p p l y  and 

w a s t e  management. The ECS c o n s i s t s  o f  t h e  Gas Supply and C o n t r o l ,  t h e  Gas 

P r o c e s s i n g ,  t h e  Heat T r a n s p o r t  c i r c u i t ,  t h e  Water and Waste Management, and Hy- 

d r a u l i c  Cool ing subsystems.  These subsystems a r e  b r i e f l y  d e s c r i b e d  below a n d ,  

w i t h  e x c e p t i o n  of  t h e  Hydrau l i c  Cool ing Subsystem, a r e  shown s c h e m a t i c a l l y  i n  

F i g u r e  4-81. 

Gas Supply and C o n t r o l  - This  subsystem s u p p l i e s  t h e  oxygen and n i t r o g e n  

f o r  b r e a t h i n g  and c a b i n  p r e s s u r i z a t i o n .  Redundant s u p e r c r i t i c a l  c r y o g e n i c  t a n k s  

i n  t h e  equipment bay c o n t a i n  a  t o t a l  o f  66 l b s .  of oxygen and 148  l b s .  of n i t r o g e n .  

The c a b i n  p r e s s u r e  i s  main ta ined  a t  14.7  p s i a  by a  c a b i n  p r e s s u r e  r e g u l a t o r  which 

i s  s u p p l i e d  from e i t h e r  t h e  n i t r o g e n  o r  t h e  oxygen s u p p l y .  I n i t i a l l y ,  i f  t h e  

oxygen p a r t i a l  p r e s s u r e  i s  below t h e  upper  l i m i t  (3.0 p s i a ) ,  t h e  s o l e n o i d  v a l v e s  

i n  t h e  n i t r o g e n  supp ly  remain c l o s e d  and o n l y  oxygen i s  added t o  t h e  c a b i n .  

When t h e  oxygen p a r t i a l  p r e s s u r e  reached 3 .0  p s i a ,  t l ie  c o n t r o l l e r  opens a  

s o l e n o i d  v a l v e  ( r e d u n d a n t ) .  The n i t r o g e n  which i s  r e g u l a t e d  t o  150 p s i g ,  t h e n  

b a c k p r e s s u r e s  a  check v a l v e  i n  t h e  100 p s i g  oxygen supp ly  l i n e ,  c l o s i n g  i t ,  s o  

t h a t  o n l y  n i t r o g e n  i s  s u p p l i e d .  When t h e  oxygen p a r t i a l  p r e s s u r e  d r o p s  t o  t h e  

lower  l i m i t  (2 .7  p s i a )  t h e  n i t r o g e n  v a l v e s  a r e  c l o s e d  and oxygen i s  a g a i n  s u p p l i e d .  

System p a r t i a l  and t o t a l  p r e s s u r e s  were s e l e c t e d  t o  match p o s t u l a t e d  s p a c e  s t a t i o n  

p r e s s u r e s ,  

Gas P r o c e s s i n g  - The sys tem p r o v i d e s  crew v e n t i l a t i o n ,  a tmosphere  c o n s t i t u e n t  

c o n t r o l  and atmosphere c o o l i n g .  Cabin f a n s  and gas  i n f l o w  and o u t f l o w  d i s t r i b u t i o n  

d u c t s  a r e  p rov ided  a t  s e l e c t e d  l o c a t i o n s  t o  c i r c u l a t e  t h e  c a b i n  a tmosphere .  The 

c a b i n  a tmosphere  gases  a r e  c i r c u l a t e d  t h r o u g h t  system components t o  f i l t e r ,  remove 

t h e  ca rbon  d i o x i d e  by r e a c t i o n  w i t h  LiOH, remove odors  and t r a c e  con taminan t s  w i t h  

4- 18 1 
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a c t i v a t e d  c h a r c o a l ,  and c o o l  and c o n t r o l  t l le  r e l a t i v e  l lumidi ty  by a h e a t  exchange r .  

The Hea t -Transpor t  C i r c u i t  - The s y s t e m  u s e s  r edundan t  c o o l a n t  l o o p s  and 

d u a l  c o l d p l a t e s  f o r  t h e  t h e r m a l  c o n t r o l  o f  e l e c t r o n i c  equ ipmen t ,  a  s p a c e  r a d i a t o r ,  

and a  w a t e r  b o i l e r  f o r  h e a t  d i s s i p a t i o n .  The s e c o n d a r y  l o o p  i s  used  i f  a f a i l u r e  

o c c u r s  i n  t h e  p r imary  l o o p .  Redundant c o o l a n t  pumps i n  each  l o o p  c i r c u l a t e  t h e  

h e a t  t r a n s f e r  c o o l a n t .  Waste h e a t  i s  r e j e c t e d  by  t h e  o r b i t e r  r a d i a t o r  and w a t e r  

b o i l e r  i n  o r b i t  and by  t h e  w a f e r  b o i l e r  d u r i n g  a t m o s p h e r i c  e n t r y .  An a i r  c y c l e  

r e f r i g e r a t i o n  package  removes w a s t e  h e a t  d u r i n g  s u b s o n i c  c r u i s e  f l i g h t  o r  d u r i n g  

f e r r y  f l i g h t s .  

Water  and  Waste Management - The s u b s y s t e m  p r o v i d e s :  d r i n k i n g  w a t e r  t o  t h e  

crew;  a s o u r c e  o f  w a t e r  f o r  h e a t  d i s s i p a t i o n  by e v a p o r a t i o n ;  s t o r a g e  and  d i s p o s a l  

o f  c o n d e n s a t e  from t h e  c a b i n  h e a t  exchange r  and f u e l  c e l l  p r o d u c t  w a t e r ;  c o 1 l . e ~ -  

t i o n ,  s t o r a g e  o r  d i s p o s a l  o f  w a s t e  materials  g e n e r a t e d  d u r i n g  t h e  m i s s i o n .  Be- 

c a u s e  o f  t h e  s h o r t  f l i g h t  m i s s i o n ,  w a t e r  condensed  i n  t h e  c a b i n  h e a t  exchange r1  

w a t e r  s e p a r a t o r  does  n o t  supplement  t h e  d r i n k a b l e  w a t e r  s u p p l y ,  b u t  i s  r o u t e d  

d i r e c t l y  t o  t h e  water b o i l e r s .  The w a t e r  s u p p l i e d  by  t h e  f u e l  c e l l s  i s  t empora r -  

i l y  s t o r e d  i n  a  b l a d d e r  t y p e  t a n k  u n t i l  i t  i s  u s e d  f o r  d r i n k i n g  o r  h e a t  d i s s i p a -  

t i o n .  U r i n e  i s  c o l l e c t e d  i n  GFE u r i n e  r e c e i v e r s  and t h e n  dumped o v e r b o a r d .  The 

f e c a l  w a s t e s ,  meal  t i m e  food  r e s i d u e ,  a n d  expendab le s  are  c o l l e c t e d  i n  s e a l a b l e  

b a g s .  The b a g s  a r e  t r e a t e d  w i t h  a  b a c t e r i c i d e  and t h e n  s t o r e d  i n  a w a s t  s t o r a g e  

c o n t a i n e r .  

H y d r a u l i c  C o o l i n g  - T h i s  subsys t em p r e v e n t s  o v e r h e a t i n g  o f  t h e  f l u i d  i n  t h e  

h y d r a u l i c  s y s t e m  which  powers t h e  ae rodynamic  c o n t r o l  s u r f a c e s .  Heat  i s  removed 

by a  w a t e r  b o i l e r  t h a t  exchanges  h e a t  w i t h  t h e  h y d r a u l i c  f l u i d  t o  p r e v e n t  temper-  

a t u r e  i n  e x c e s s  of  212°F.  T h i s  subsys t em p r o v i d e s  a  t o t a l  o f  306 l b s .  o f  water 

f o r  c o o l i n g  t h e  h y d r a u l i c  f l u i d  from a  s u p p l y  t a n k  t h a t  i s  i n d e p e n d e n t  o f  o t h e r  

s u b s y s t e m s .  

4- 183 
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5.0 WEIGHT ANALYSIS 

Weight e s t i m a t i n g  t e c h n i q u e s  f o r  t h e  LRC v e h i c l e  a r e  based  on d e t a i l  a n a l y s i s  

o f  major  components, o f f - t h e - s h e l f  hardware and semi-empir ical  we igh t  e q u a t i o n s .  

F a c t o r s  a r e  employed i n  t h e  a n a l y s i s  t o  a s s u r e  t h a t  r e a l i s t i c  r a t h e r  t h a n  op t imis -  

t i c  we igh t s  a r e  quoted.  

I n  e s t i m a t i n g  w e i g h t ,  non-optimum al lowances  must be made f o r  e x c e s s  we igh t  

t h a t  i s  added t o  t h e  component optimum des ign .  The nonoptimum f a c t o r  i s  t h e  r a t i o  

o f  t h e  component t o t a l  weight  t o  i t s  optimum weight .  

A s  an example, i t ems  t h a t  c o n t r i b u t e  t o  nonoptimum s t r u c t u r a l  weight  a r e  

j o i n t s  between s t r u c t u r a l  members and t h e  use  o f  non tapered  and s t a n d a r d  gage 

s h e a t  m e t a l .  

An example o f  t h e  e x c e s s  weight  added t o  t h e  s t r u c t u r e  by non tapered ,  s t a n -  

da rd  gage s h e e t  m e t a l  is shown i n  F igure  5-1. When t h e  s t r u c t u r e  i s  made from 

nontapered  s h e e t s ,  t h e  r e q u i r e d  t h i c k n e s s  curve  is  approximated by "s teps" ,  as 

shown by t h e  dashed l i n e s .  The non-optimum weight  i s  obv ious ly  reduced by 

i n c r e a s i n g  t h e  number of s t e p s .  

Weight e s t i m a t e s  based on e m p i r i c a l l y  d e r i v e d  e q u a t i o n s  i n c l u d e  a l lowance  

f o r  non-optimum e f f e c t s .  When d e t a i l  a n a l y s i s  o f  a  s t r u c t u r a l  component i s  

performed more r e f i n e d  a l lowances  a r e  made f o r  such f a c t o r s  a s  m a t e r i a l  t o l e r a n c e ,  

s p l i c e s ,  and o v e r l a p .  

I n  t h e  p r e l i m i n a r y  d e s i g n  phase ,  t ime  does n o t  pe rmi t  a  d e t a i l  a n a l y s i s  of 

a l l  s t r u c t u r a l  components. T h e r e f o r e ,  e m p i r i c a l l y  d e r i v e d  weight  e s t i m a t e s  f o r  

v a r i o u s  components a r e  combined w i t h  d e t a i l  weight  e s t i m a t e s  of t h e  major s t r u c -  

t u r a l  members. Using t h i s  method, t h e  t o t a l  weight  of body s t r u c t u r e  can be 

w r i t t e n :  

- 
'TOTAL - K [ w o ~ ~ .  + 'SEC. 

where: K = o v e r a l l  non-optimum f a c t o r  

'OPT = optimum s t r u c t u r e  weight  

'SEC 
= remaining s t r u c t u r e  weight  based on e m p i r i c a l  weight  d a t a  
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The non--optimum f a c t o r ,  K ,  can be  f u r t h e r  s epa ra t ed  as f o l l o w s :  

where: K- = non-optimum f a c t o r  f o r  m a t e r i a l  t o l e r a n c e  and o v e r l a p  p l u s  
L 

minimum gage m a t e r i a l  t h i c k n e s s .  

K2 = non-optimum f a c t o r  f o r  misce l l aneous  s t r u c t u r a l  components, 

such a s  f a s t e n e r s ,  s e a l i n g  compound and complex j o i n t s .  

I n  t h e  a n a l y s i s  o f  t h e  s t r u c t u r a l  s h e l l  of  t h e  o r b i t e r  15 p e r c e n t  was added 

t o  t h e  s k i n  weight  f o r  m a t e r i a l  t o l e r a n c e ,  t h i c k n e s s  and o v e r l a p ,  r e s u l t i n g  i n  a  

f a c t o r  o f  1 .15 f o r  K A v a l u e  of 1 . 1 5  was used f o r  K t o  a l l o w  f o r  m i s c e l l a n e o u s  1 ' 2 
s t r u c t u r a l  components and complex j o i n t s .  A s i m i l a r  a n a l y s i s  was performed on t h e  

c a r r i e r  and i t  r e s u l t e d  i n  a  K = 1.10 and a  K2 = 1.10.  
1 

5 . 1  Weight D e r i v a t i o n s  - The weight  a n a l y s i s  f o r  t h i s  s t u d y  was conducted as a  

p o i n t  des ign .  S i g n i f i c a n t  i n p u t s  were  r e c e i v e d  and u t i l i z e d  from s t r e n g t h ,  thermo 

and aerodynamic d i s c i p l i n e s .  I n  c a s e s  where t h e  d e s i g n  p a r a l l e l e d  e x i s t i n g  hardware  

d a t a ,  weight  e s t i m a t i o n  t e c h n i q u e s  and e m p i r i c a l  e q u a t i o n s  were used.  The pr imary 

example o f  t h i s  was t h e  u s e  of a i r c r a f t  wing weight e s t i m a t i o n  e q u a t i o n s  f o r  t h e  

c a r r i e r  wing and t a i l  and t h e  o r b i t e r  t a i l  s e c t i o n .  

Subsystem 'ideight Es t imates  - Subsystem weight  e s t i m a t e s  f o r  t h e  LRC pre-  

l i m i n a r y  d e s i g n  s p a c e c r a f t  a r e  p r e s e n t e d  i n  t h i s  s e c t i o n .  Component we igh t s  a r e  

coded i n  accordance w i t h  MIL-38310. 

Aerodynamic S u r f a c e s  - Aerodynamic s u r f a c e s  on t h e  o r b i t e r  i n c l u d e  t i p  

f i n s  ( p l u s  f l a p s )  , e levons  , and a d o r s a l  f i n  ( p l u s  r u d d e r ) .  The c a r r i e r ' s  s u r f  a c e s  

a r e  comprised o f  a  d o r s a l  f i n  ( p l u s  rudder )  a l o n g  w i t h  d e l t a  wings ( p l u s  f l a p s ) .  

The fo l lowing  components were c o n s i d e r e d  i n  t h e  weight  e s t i m a t e s :  

o  T a i l  S e c t i o n s  

Torque box 

Body a t t achment  

Leading edge 

T r a i l i n g  edge 

F lap  o r  rudder  p r o v i s i o n s  

F laps  o r  rudders  
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o  Delta Wing 

Torque box 

Carry through s t r u c t u r e  

Leading edge 

T r a i l i n g  edge 

Engine p r o v i s i o n s  

Fue l  p r o v i s i o n s  

Landing g e a r  p r o v i s i o n s  

Expanded r o o t  p r o v i s i o n s  

Cont ro l  s u r f a c e  p r o v i s i o n s  

Tab le  5-1 p r e s e n t s  t h e  weight  e s t i m a t e s  f o r  t h e  aerodynamic s u r f a c e s  f o r  each 

s p a c e c r a f t  . 
The weigh t  o f  t h e  aerodynamic s u r f a c e s  i s  e s t i m a t e d  u s i n g  semi-empi r ica l  

methods which e s t i m a t e s  t h e  v a r i o u s  weight  p e n a l t i e s  f o r  t h e  v a r i o u s  f u n c t i o n s .  

McAir has  c o r r e l a t e d  t h e  aerodynamic s u r f a c e  we igh t s .  Some 50 a i r p l a n e  s u r f a c e s  

from h i  l o a d  f a c t o r  f i g h t e r s  t o  low l o a d  f a c t o r  t r a n s p o r t s ,  h i g h  and low a s p e c t  

r a t i o  wings ,  e t c .  have been c o r r e l a t e d  u s i n g  some 68 paramete rs  i n  30 e q u a t i o n s  

f o r  1 3  s p e c i a l  d e s i g n  f e a t u r e s .  The r e s u l t s  of t h i s  c o r r e l a t i o n  a r e  p r e s e n t e d  

i n  F i g u r e  5-2. 

The e q u a t i o n s  used i n  t h e  LRC a n a l y s i s  i n c l u d i n g  material s e l e c t i o n ,  geometry,  

znd s t r u c t u r a l  concept  convers ion  f a c t o r s  a r e :  

1. Torque box 

E l  emen t Exposed Surf  ace  ( s )  C a r r y t h r u  (Ct)  

Bending S h e l l  yl = 2  C S  y 2 = 2 C  S  
B TBe B TB CT 

Bending - - P Lw k b  

Y 3  3  F  . 8 t r  
a  

l 2  (2  cos 3 

. 8 t r  ( 1 + m )  b  2. 
Shear S h e l l  Y5 = 2~ (Cs) [ = 2? (CS) ( . 8 t r )  bet 

2  I (-& ,) Y6 

Shear  

R i b s  = c t (1 + m )  se x l ow2  
'8 R r 

y9 = CR X 2 t  r 'ct  
x 

(Note:  S i n  s q .  f t . )  (Note: i n  s q .  f t . )  
e  
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Carrier 

Dorsa l  F i n  (6860) 

O r b i t e r  --. -- 
D o r s a l  F i n  (1770) 

Torque Box 2830 Torque Box 860 I 
Attach.  t o  Body 1180 I Attach .  t o  Body 230 

Leading Edge 1340 Leading Edge 200 

Rudder P r o v i s i o n s  300 T r a i l i n g  Edge 7 0 

Rudder 1210 I Rudder P r o v i s i o n s  8 0  

Rudder 330 

D e l t a  Wing (83430) 

Torque Box 28630 

Carry  Through 28690 

Leading Edge 6400 

T r a i l i n g  Edge 3110 

Engine P r o v i s i o n s  8650 

F u e l  P r o v i s i o n s  270 

;.lain Landing Gear 

Prov.  340 

Expanded Root Prov.  450 

C o n t r o l  S u r f a c e  

Prov.  1840 

Elevons 5050 

Tip  F i n s  (5320) 

Torque Box 2360 

At tach  t o  Body 1350 

Leading Edge 420 

T r a i l i n g  Edge 6 0 

F lap  P r o v i s i o n s  240 

F l a p  890 

Elevons (2060) 
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S t d  Gages y, + .14 STBe - - 

where: 

CB = u n i t  weight  bending s h e l l  ps f  

'TB 
= a r e a  t o r q u e  box (sq .  f t .  ) 

p = d e n s i t y  ( p c i )  

Lw = l o a d  on exposed s u r f a c e  ( l b s . )  

k  = i n t e g r a t i o n  f a c t o r  f o r  p lanfonn ( A )  and t h i c k n e s s  (m) t a p e r  r a t i o  

(d imens ion less )  

X = t i p  c h o r d / r o o t  chord 

m = t i p  t h i c k n e s s l r o o t  t h i c k n e s s  

b = span  ( i n c h e s )  

F = a r t i f i c i a l  compression stress ( p s i )  
a 

t r  = r o o t  t h i c k n e s s  ( i n c h e s )  

cos  0 = c o s i n e  of sweep a n g l e  nominal ly  measured at  50% chord 

CS = t h i c k n e s s  c o e f f i c i e n t  of s h e a r  s h e l l  (d imens ion less )  

u s e  .003 f o r  aluminum 

u s e  .002 f o r  Ti tanium and s t e e l  

t t o f  s h e a r  m a t e r i a l  s h e l l  = C . 8 t  ( i n c h e s )  
S r 

T = a r t i f i c i a l  s h e a r  stress (use  . 3 1  f t  ) 
a t u  

C r  = u n i t  weight  r i b s  ( p s f )  

use . 7  f o r  aluminum r . t  

f o r  o t h e r  r n a t e r i n l s  
+ yg)  . 7  

use  
( y  + y )Alum r . t  
5 7 

S  = expose wing a r e a  = s q .  f t .  (Note - Not TB a r e a )  
e  

SCT = Carry t h r u  wing a r e a  - s q ,  f t  

2 .  Engine p r o v i s i o n s  

= 3.85 (T )  - (N1) + 3.24 ( L ~ D )  ' (N1) 
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3,  F u e l  S y s t e m  P r o v i s i o n s  

= R1 (G/NZ)*15 (NZ) 

4, Main Landing Gear P r o v i s i o n s  

5. Expanded Root Thickness  

6 .  Cont ro l  Surf  a c e  P r o v i s i o n s  

7. Leading Edge 

3 .38  (bJghz/sg) ' (Sb) 

8. T r a i l i n g  Edge S u r f a c e s  

( B a s i c  S h e l l )  = 1 .75  (S ) + 1 . 3 0  (She) + 1 . 5  (Shs) N3 C S 

(Dr ive  Ribs and Chrod Wise Bending) = K3(PM/tm) - 7 5  (C )N3 m 

(Hinges and Fron t  Beam and Suppor t s )  = .40(PM). 2  (ba)N3 + Kq (Leading Edge 
s u r f  ace )  

9 .  T r a i i i n g  Edge (wt 1 
1 . 8 7  (W,  n  / S  ) . 2 ( ~ t e )  

g z g  

10.  Leading Edge S u r f a c e s  

( F l a p  S t r u c t u r e )  = 13.12 (W nz/S ) 33 (ba) (em) 1 * 2  
g  g  

where : 
- 3  

T = t h r u s t l e n g i n e  = l b  x  L O  

N1 = Number of eng ines  

L1 = Length,  e n g i n e  compartment - F t .  

D = Diameter,  Engine Compartment - f t .  

K 1  = Constant ,  f u e l  s t o r a g e  

G = Wing f u e l  c a p a c i t y  - g a l l o n s  

N2 = Number of f u e l  t a n k s  

q = Haximum dynamic p r e s s u r e  - psf 

S1 = Area, main l a n d i n g  g e a r  door - i t2  
- 3 

Fg = Load, Maximum u l t i m a t e  v e r t i c a l  - l b s  x  10 

L2 = Length,  main g e a r  extended - i n .  

h = Load f a c t o r ,  u l t i m a t e  v e r t i c a l  z 
Wg = Landing iicj-ght - lbs. s 
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b / c o s  0 = Span - f t .  

a 
= root thickness (actual root) - Ft, 

t, = Root t h i c k n e s s  - ft; 

W r t  = Weight t r a i l i n g  edge f l a p  - l b s .  

Sg = Area - f t 2  

S l e  = Area of l e a d i n g  edge - f t 2  

c s  = Area o f  s u r f a c e  - f t 2  

She = a r e a ,  Honeycomb S t r u c t u r e  - f t 2  

Shs = Area,  h a l f  s h e l l  s t r u c t u r e  - f t 2  

N3 = Number of c o n t r o l  s u r f a c e s  

K3 = Cons tan t ,  c o n t r o l  s u r f a c e  a c t u a t i o n  p o i n t  

PI = Hinge Moment - i n .  l b  x 10-3 

t, = Hinge l i n e  t h i c k n e s s  

C, = Chord - f t  

b, = Span, h i n g e  l i n e  - f t  

K 4  = c o n s t a n t  

S t e  = Area t r a i l i n g  edge 
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Body S t r u c t u r e  - This  s e c t i o n  accounts  f o r  a l l  t h e  pr imary and secondary -. 

body s t r u c t u r e .  The s t r u c t u r a l  d e s i g n  concept  of t h e  LRC v e h i c l e s  i s  

d e s c r i b e d  i n  S e c t i o n  4 . 1 ,  

The c a r r i e r  and t h e  o r b i t e r  u t i l i z e  a n  i n t e g r a l  t ank  concept  where t h e  

p r o p e l l a n t  t ank  w a l l s  a r e  t h e  pr imary s t r u c t u r a l  members. The b a s i c  body 

s t r u c t u r e  of t h e  c a r r i e r  i s  composed o f  an  aluminum s k i n  w i t h  i n t e g r a l  

l o n g i t u d i n a l  s t i f f e n e r s  and wing f l a n g e s .  C i r c u m f e r e n t i a l  frames a r e  added 

t o  s u p p o r t  t h e  the rmal  p r o t e c t i o n  system.  Th is  s t r u c t u r a l  concept  i s  i l l u s t r a t e d  

i n  F i g u r e  4-3.  

The o r b i t e r  a l s o  uses  an aluminum r i n g  s t i f f e n e d  s h e l l  w i t h  l o n g i t u d i n a l  

s t i f f e n e r s .  However, a  s m a l l  amount o f  t i t a n i u m  was used on t h e  frame caps  and 

webs where t h e  t empera tu re  requirement  exceeds t h e  aluminum c a p a b i l i t y .  F i g u r e  

4-8 i l l u s t r a t e s  t h i s  concep t .  

Cabin s t r u c t u r e ,  which is t h e  same f o r  b o t h  s t a g e s ,  i s  based on a  semi- 

e m p i r i c a l  weight  e q u a t i o n  f o r  t h e  weight  p r e d i c t i o n  of a i r c r a f t  c o c k p i t  we igh t  

(PUC Report  747, page 5 . 1 ) .  

Parameters  

V = cab in  volume - cu.  f t .  = 180 
C 

P  = cab in  p r e s s u r e  - p s i  u l t .  = 22 
C 

Wc 
= cab in  s r r u c t u r e  we igh t  - l b .  = 260 

Weight p r e d i c t i o n  f o r  t h e  o r b i t e r  c a b i n  t o  payload t u n n e l  i s  based on 

hardware d a t a  from t h e  Gemini B-MOL program. The u n i t  we igh t  of t h e  hardware 

is 0.79 l b / i n  of t u n n e l  l e n g t h  f o r  a  3 2  i n c h  d iamete r  t u n n e l .  The LRC t u n n e l  

i s  48 i n c h e s  i n  d i a m e t e r  and 400 i n c h e s  l o n g .  The weight  p r e d i c t i o n  i s  s c a l e d  

a s  f o l l o w s :  
48 i n .  d i a .  

Tunnel Weight = 
32 

( .079 l b / i n ) ( 4 0 0  i n )  = 470 l b .  

The c a r r i e r  h a s  t h r e e  bulkheads  which form t h e  i n t e g r a l  LOX and LH t a n k s .  
2 

The weigh t s  of t h e s e  bulkheads  a r e  based on a c o r r e l a t i o n  w i t h  A t l a s ,  T i t a n  I I I ,  

S a t u r n  T I  and S a t u r n  I V  bulkheads  a s  shown i n  F i g u r e  5-3. The more impor tan t  

pa ramete rs  used were r a d i u s  and d e s i g n  p r e s s u r e .  A weight  summary f o r  t h e  t h r e e  

bulkheads i s  a s  fo l lows :  

MCDaBIVNELk DOUGLAS ASTReNAUTICS COMPANY 
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BULKHEAD WEIGHT 

TENSION BULKHEADS: K = 0.00289 
COMPRESSION BULKHEADS: K - 0.0117 

.1 .2 .4 .6 .8 1.0 2 4 6 8 10 

PREDICTED BULKHEAD UNIT WEIGHT (Y) - LB/SQ FT 
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o  upper l o x  brlllchead 1000 sq  f t  @ Q , 6  l .b/sq f t  - 500 l b ,  

o  common LOX/LH~ bulkhead 1589 sq  f t  @ 8 . 2  l b l s q  f t  - 13,030 l b .  

o  lower LH bulkhead 1634 sq f t  @ 1.34 l b / s q  f t  = 2190 l b .  
2 

The seemingly o u t s i z e d  weight of t h e  common bulkhead i s  due t o  t h e  l a r g e  head 

p r e s s u r e  c r e a t e d  by t h e  LOX. The b a f f l e s  i n  t h e  p r o p e l l a n t  t a n k s  a r e  .020 aluminum 

webs spaced a t  24 i n c h  i n t e r v a l s .  I t  was assumed t h a t  t h e  b a f f l e s  would have  

numerous h o l e s  f o r  p r o p e l l a n t  passage  e q u a l  t o  35% of t h e  n e t  a r e a .  T h i s  t o t a l  

weight  i s  9690 l b s .  

The frames a r e  spaced a t  20 i n c h  i n t e r v a l s .  They have t i t a n i u m  o u t e r  c a p s  

and webs w i t h  aluminum i n n e r  caps.  A c r o s s  s e c t i o n  of a  t y p i c a l  frame i s  a l s o  

shown i n  F igure  4-3. The t o t a l  weight  of t h e  frame i s  13,510 l b s .  which i s  .68 

l b / s q  f t  of body s u r f a c e  area. 

The s k i n  s t i f f e n e r  combination h a s  an  e q u i v a l e n t  t h i c k n e s s  rang ing  from .11 

i n c h e s  n e a r  t h e  nose  t o  .22 inches  70 f t  a f t  and then  d e c r e a s i n g  t o  .14 a t  t h e  t a i l .  

The t o t a l  weight  of t h e  s k i n  and s t i f f e n e r s  i s  50730 l b  which i s  2.56 l b / s q  f t  o f  

body s u r f a c e  a r e a .  

The c ryogen ic  i n s u l a t i o n  used on t h e  hydrogen t a n k  w a l l s  i s  p o l y u r e t h a n e  foam, 

I t  i s  a p p l i e d  a t  t h e  r a t e  o f  .395 l b / s q  f t .  A t y p i c a l  c r o s s  s e c t i o n  i s  shown i n  

F igure  5-4. 

A c e n t e r  v e r t i c a l  web runs  t h e  l e n g t h  of body p r o p e l l a n t  t a n k s .  The e q u i v a l e n t  

t h i c k n e s s  i n  t h e  LO t a n k  i s  -14 i n c h e s  and .12 i n c h e s  i n  t h e  LH tank .  The w e i g h t s  
2 2 

a r e  3450 and 7450 pounds r e s p e c t i v e l y .  

The t o t a l  weight  of s t r u c t u r e  and t a n k  i n s u l a t i o n  i s  112990 l b s .  This  i s  
2 e q u i v a l e n t  t o  5.89 l b l f  t o v e r  t h e  body s u r f a c e  a r e a .  

The o r b i t e r  h a s  an average  m a t e r i a l  t h i c k n e s s  which ranges  from '025 i n c h e s  a t  

b o t h  t h e  nose  and t a i l  t o  i t s  t h i c k n e s s  ( . I 1 0  i n c h e s )  a t  body s t a t i o n  490 i n c h e s .  

The average  u n i t  we igh t  of t h e  s k i n  i s  1 . 6 4  l b / s q  f t  w i t h  a  s u r f a c e  a r e a  of 9780 

s q  f  t .  This  s k i n  forms a l l  e x t e r i o r  body mold l ines  as  w e l l  a s  t h e  i n n e r  t ank  w a l l s .  

The t echn ique  used t o  d e r i v e  t h e  we igh t s  of t h e  s k i n - s t r i n g e r  s t r u c t u r e s  f o r  

t h e  o u t e r  moldine and t a n k  w a l l s  was a s  f o l l o w s .  S t r e n g t h  a n a l y s i s  determined 

t h e  e q u i v a l e n t  t h i c k n e s s  r e q u i r e d  a s  a  f u n c t i o n  o f  body s t a t i o n .  A p l o t  of t h e  

v a l u e s  used i s  shown i n  F i g u r e  4-33 of S e c t i o n  4 .1 .  S e v e r a l  s e c t i o n  c u t s  were  

t h e n  t aken  a t  key l o c a t i o n s  a s  determined from t h e  p l o t .  A sample s e c t i o n  c u t  i s  

shown i n  F i g u r e  5-5 f o r  body s t a t i o n  720 i n c h e s .  The weigh t  p e r  l i n e a r  inch  was 
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SELECTED TANK INSULATION 
TANK SKIN 

2 , ,-ADHEE!VE, LEFKOwELD 109/LM-52 EPOXY (0.095 LR/FT ) 

- CORE, 3 0  POLYURETHANE FOAM REINFORCED IN 
THREE MUTUALLY PERPENDICULAR Dl RECTIONS 
WlTH FIBERGLAS THREADS 

CARRIER= 0.5 INCH (0.219 LB/SQ FT 
ORBITER= 0.5 INCH (0.219 LB/SQ FT) 

WEIGHT PER UNIT AREA: 

0.395 L B / F T ~  2ND STAGE 
0.395 L B / F T ~  IST STAGE 

'--SEALER, TWO RUB COAT OF NARMCO 7343/7139 
POLYURETHANE RESIN (0.026 LB/FT~) 

- LINER, 116 FIBERGLAS CLOTH, 1 PLY (0.022 L B / F T ~ ;  
IMPREGNATED WlTH NARMCO 7343/7139 POLYURETHANE RESIN 
(0.033 LB/FT*) 

F igure  5-4 

5-13 

MC&~OA~NELL DOUGLAS AsrRowAurRes  c o r e r r ~ ~ ~ w  
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TYPICAL BODY CROSS SECTION 

SURFACE? = 0.090" - 
- --- 

VERTICAL 

REPORT 30. 
MDC: EOOJS 

NOVEMBER 1968 

TANK WALL f = 0.090" 

- BOTTOM SURFACE T=  0.077" 

F igure  5-5 
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c a l c u l a t e d  f o r  each s e c t i o n  and i n t e g r a t e d  o v e r  t h e  Length of t h e  v e h i c l e  t o  o b t a i n  

t h e  des ign  e s t i m a t e d  w e i g h t ,  Non-optimums were a p p l i e d  t o  t h i s  we igh t  t o  o b t a i n  t he  

t o t a l  of 16070 l b s .  

The frames a r e  spaced a t  i n t e r v a l s  between 12 and 1 5  i n c h e s  around t h e  o u t e r  

s u r f a c e  depending on t h e  p r e s s u r e .  Due t o  t empera tu re  requ i rements ,  t h e  o u t e r  cap 

and web a r e  t i t a n i u m  w i t h  an aluminum i n n e r  cap.  A t y p i c a l  frame i s  shown i n  

F i g u r e  4-8. The frame weight  based  on body s u r f a c e  a r e a ,  i s  .74 Ib / sq  f t  o r  7820 

l b s / v e h i c l e .  

Two major bulkheads  form t h e  forward and a f t  c l o s u r e s  f o r  t h e  l i q u i d  oxygen 

tank .  The forward bulkhead i s  a f l a t  p l a t e  w i t h  a  w a f f l e  p a t t e r n  s t i f f e n e r .  T h i s  

c o n s t r u c t i o n  i s  i l l u s t r a t e d  i n  F i g u r e  5-6. Due t o  t h e  l a r g e  p r e s s u r e  head t h e  

r e a r  LOX bulkhead i s  c o n s t r u c t e d  q u i t e  d i f f e r e n t l y .  I ts b a s i c  c o ~ s t r u c t i o n  i s  

shown i n  F i g u r e  5-7. The u n i t  weight  of t h e  bulkhead i s  12 .0  l b / s q  f t  f o r  a t o t a l  

weight  of 3600 l b s .  A summary of t h e  bulkhead weigh t s  i s  p r e s e n t e d  below: 

o  r e a r  LOX bulkhead - 500 s q  f t  @ 7 . 2  l b / s q  f t  = 3600 l b  

o  forward LOX bulkhead - 400 s q  f t  @ 1 .05  I b / s q  f t  = 420 l b  

o  LH2 bulkheads  - 156 s q  f t  @ 3 . 8  l b / s q  f t  = 680 l b  

To h e l p  t h e  lower bulkhead d i s t r i b u t e  t h e  p r e s s u r e  l o a d s ,  t i e  rods a r e  added,  

connec t ing  t o  t h e  upper bulkhead.  A t o t a l  of 75 a r e  used hav ing  .49 sq i n c h  c r o s s  

s e c t i o n  a r e a .  The t o t a l  we igh t  i n c l u d i n g  a t t achment  p r o v i s i o n s  i s  1040 l b s .  

The p r e s s u r e  l o a d s  i n s i d e  t h e  LH t a n k s  a r e  t aken  o u t  by b i a x i a l l y  loaded  
2  

t e n s i o n  webs which a l s o  can a c t  a s  b a f f l e s .  They a r e  spaced  a t  15 inch  i n t e r v a l s  

and a r e  assumed t o  have 35% of t h e  s u r f a c e  a r e a  removed f o r  p r o p e l l a n t  passage .  

The b a f f l e s  i n  t h e  LOX tank a r e  .040 i n c h  aluminum and weigh 1380 l b s .  The hydro- 

gen t ank  b a f f l e s  a r e  ,026 i n c h e s  t h i c k  a t  t h e  forward end i n c r e a s i n g  t o  .029 i n  t h e  

a f t  end. T h e i r  weight  i s  3360 l b .  

A s m a l l  hydrogen t a n k  i s  l o c a t e d  i n  t h e  r e a r  of t h e  v e h i c l e  and weighs 

1290 l b s  complete .  T h i s  i n c l u d e s  w a l l s ,  c e n t e r  web and b a f f l e s .  The end 

domes a r e  .032 i n c h  aluminum w h i l e  t h e  s i d e  w a l l  t a p e r s  from .049 t o  ,060 i n c h e s  

from forward t o  r e a r .  

Po lyure thane  foam i s  used t o  i n s u l a t e  a l l  LH t ank  w a l l s  and t h e  r e a r  LOX 
2 

bu lkhead ,  I t  i s  a p p l i e d  a t  t h e  r a t e  of .395 l b / f t  f o r  a  t o t a l  weight  of 

3620 l b s .  

MGDONNELIL DOUGLAS ALSTROWAUSTIPCS GOMPANO" 
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The t o t a l  s t r u c t u r e  w e i g h t  ( e x c l u d i n g  a e r o  s u r f a c e s )  i s  46240 I b s ,  The 

unit weigh t  i n c l u d i n g  c r y o g e n i c  tank i n s u l a - t i o n  i s  4.72 I b / s q  f t .  

Landing  Gear - Landing g e a r  back-up s t r u c t u r e  w e i g h t  a c c o u n t s  f o r  m a t e r i a l  t o  - 

r e a c t  and d i s t r i b u t e  l a n d i n g  l o a d s .  The w e i g h t  p r e d i c t i o n s  f o r  t h e  o r b i t e r  are 

b a s e d  on a i r c r a f t  s e m i - e m p i r i c a l  w e i g h t  e q u a t i o n s .  

where  : 

F  = Nose g e a r  v e r t i c a l  load/1000-max u l t i m a t e  
n  

F = Main g e a r  v e r t i c a l  l o a d  p e r  s t ru t /1000-max .  u l t i m a t e  
m 

L4 = Nose g e a r  e x t e n d e d  s t r u t  l e n g t h  - i n c h  

L5 = Main g e a r  e x t e n d e d  s t r u t  l e n g t h  - i n c h  

W = Weight o f  n o s e  g e a r  back-up - l b .  
n  
W = Weight o f  main g e a r  back-up - l b .  

m 

The w e i g h t  p e n a l t y  f o r  t h e  c a r r i e r  main g e a r  back-up i s  i n c l u d e d  i n  t h e  d e l t a  

wing e s t i m a t i o n .  Landing  g e a r  s y s t e m  w e i g h t  p r e d i c t i o n  f o r  t h e  LRC v e h i c l e  i s  

b a s e d  on  c u r r e n t  s t a t e  o f  t h e  a r t  m a t e r i a l s .  F o r  c u r r e n t  a i r c r a f t  t h e  l a n d i n g  

g e a r  s y s t e m  i s  4 .5  p e r c e n t  o f  t h e  l anded  w e i g h t .  The c o r r e l a t i o n  o f  LRC l a n d i n g  

s y s t e m  p r e d i c t e d  w e i g h t  w i t h  ha rdware  d a t a  i s  shown i n  F i g u r e  5-8. 

V e h i c l e  t o  v e h i c l e  a t t a c h m e n t  w e i g h t  p r e d i c t i o n  i s  b a s e d  on t h e  f o l l o w i n g  

e q u a t i o n s  : 
. 6 5  

C a r r i e r  = 0 . 6 3  (W2) 
. 6 5  

O r b i t e r  = 0 . 4 3  (W2) 

W = O r b i t e r  g r o s s  l a u n c h  w e i g h t  
2 

The c a r r i e r  and o r b i t e r  s t r u c t u r a l  components  w e i g h t s  are shown i n  

T a b l e  5-2. 
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Table  5-2 

STRUCTURAL COMPONENTS 

S i d e w a l l s  

Bulkheads  

V e r t i c a l  Tank Webs 

S t a g e  At tachment  

LOX Tank T i e  Rods 

Crew Cabin  W a l l s  

T h r u s t  S t r u c t u r e  Beef-up 

Landing  Gear P r o v i s i o n s  

Landing  Eng ine  Door P e n a l t y  

Landing  Gear Door P e n a l t y  

P a y l o a d  Door P e n a l t y  
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Thermal P r o t e c t i o n  (TPS) - The TPS i n c l u d e s  weight  a l lowances  f o r  t h e  v e h i c l e  

b o d y ,  b a s e  and enpermage h e a t  p r o t e c t i o n .  D e r i v a t i o n s  of t h e  h e a t i n g  p r o f i l e s  and 

i n s u l a t i o n  requ i rements  a r e  d i s c u s s e d  i n  S e c t i o n  4 .2  of t h i s  volume. Outer  h e a t  

s h i e l d  p a n e l  s i z i n g  i s  d e f i n e d  i n  S e c t i o n  4.1.  The component w e i g h t s  a r e  suimma- 

r i z e d  i n  Table  5-3. Maximum tempera tu re  d i s t r i b u t i o n s  a r e  shown i n  F i g u r e s  4-53 

and 4-43. 

M a t e r i a l  se1ect:ions f o r  TPS s h i n g l e s  i s  based on t h e  fo l lowing  t empera tu re  

use  r a n g e s :  

Ti tanium 400-1000°F 

Rene-41 1000-1600°F 

TD-NLCr 1600-2200°F 

Columbium 2200-2900°F 

The the rmal  p r o t e c t i o n  system used f o r  t h e  b o d i e s  of t h e  LRC v e h i c l e s  

c o n s i s t s  of o u t e r  s u r f a c e  p a n e l s  backed by f i b e r o u s  mic roquar tz  i n s u l a t i o n  enc losed  

i n  a  waterproof  b l a n k e t .  

The upper one-half  of t h e  c a r r i e r  c o n s i s t s  of t i t a n i u m  p a n e l s  (66 p e r c e n t -  

beaded,  33 p e r c e n t  c o r r u g a t e d ) .  The lower one-half i s  comprised a lmost  s o l e l y  of 

t i t a n i u m  c o r r u g a t e d  p a n e l s  w i t h  Rene p a n e l s  i n  t h e  nose  a r e a .  The b a s e  h e a t  

p r o t e c t i o n  system c o n s i s t s  o f  columbium p a n e l s .  

The o r b i t e r  has  t i t a n i u m  beaded p a n e l s  o v e r  6 1  p e r c e n t  of t h e  t o p  w h i l e  t h e  

remaining t o p ,  t h e  e n t i r e  s i d e s  and 1 0  p e r c e n t  of t h e  bottom u t i l i z e s  Rene p a n e l s .  

T D - N i C r  s h i n g l e s  cover  t h e  remaining 90 7 e r c e n t  of t h e  bot tom and l e a d i n g  edges .  

Columbium s h i n g l e s  cover  t h e  b a s e  of t h e  v e h i c l e  a s  w e l l  a s  t h e  n o s e  cap.  

The a e r o  c o n t r o l  s u r f a c e s  on t h e  c a r r i e r  a r e  s t r u c t u r a l  ( t i t a n i u m  w i t h  Rene 

l e a d i n g  e d g e s ) .  The o n l y  TPS o c c u r s  i n  t h e  d e l t a  wings where f i b r o u s  mic roquar tz  
2  

i n s u l a t i o n  a t  . 5  l b s / f t  h a s  been added i n  t h e  a r e a s  of t h e  l a n d i n g  e n g i n e s ,  

l a n d i n g  f u e l  and l a n d i n g  g e a r .  The average  t h i c k n e s s  of t h i s  i n s u l a t i o n  i s  1 i n c h  

and weighs 4000 l b s .  

On t h e  o r b i t e r  t h e  t i p  f i n  o u t e r  s u r f a c e  and o u t e r  f l a p s  and t h e  lower 

s u r f a c e  of  t h e  lower e l e v o n s  have TD-NiCr p a n e l s  w i t h  TD-NiCr l e a d i n g  edges .  The 

t i p  fin i n n e r  s u r f a c e  and i n n e r  f l a p  a r e  covered w i t h  Rene p a n e l s ,  The d o r s a l  

f i n  and rudder  i s  covered w i t h  Rene p a n e l s  w i t h  TD-NiCr l e a d i n g  e d g e s .  
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A c r o s s  s e c t i o n  of  t h e  TU--nickel  chrome p a n e l s  Cs shown in F i g u r e  5-3, 

Body Pead ing  edge  u n i t  w e i g h t s  a r e  based  on t h e  c u r v e  shown i n  F i g u r e  5-10, 

The s l o p e  o f  t h e  c u r v e  is d e t e r m i n e d  u s i n g  PDC f l i g h t  p roven  ha rdware  a s  a  g u i d e .  

A v a l u e  of  10  p e r c e n t  non-optimum h a s  been  added t o  t h e  p r e d i c t e d  w e i g h t s  of  

t h e  t h e r m a l  p r o t e c t i o n  s y s t e m .  

Boos t  P r o p u l s i o n  - The r o c k e t  e n g i n e  s e l e c t i o n  is  d i s c u s s e d  i n  d e t a i l  i n  

Book I1 of  t h i s  volume. 

High PC b e l l  e n g i n e s  w e r e  used  on  b o t h  t h e  c a r r i e r  and t h e  o r b i t e r .  The 

optimum number s e l e c t e d  f o r  t h e  c a r r i e r  w a s  1 0  e n g i n e s  w h i l e  2 w e r e  chosen  f o r  

t h e  o r b i t e r .  

Eng ine  g imbal  w e i g h t s  are d e r i v e d  u s i n g  F i g u r e  5-11. The w e i g h t s  shown on 

t h e  F i g u r e  i n c l u d e  t h e  g imba l  package  on t h e  t h r u s t  s t r u c t u r e  p l u s  t h e  h y d r a u l i c  

a c t u a t o r  sys t em.  A g i m b a l l e d  e n g i n e  w e i g h t  i s  a p p r o x i m a t e l y  5  p e r c e n t  h e a v i e r  

t h a n  a  non-gimbal led  e n g i n e  which  r e s u l t s  i n  1 5  p e r c e n t  o f  t h e  e n g i n e  w e i g h t  f o r  

t h e  g imba l  i n c r e m e n t .  The t o t a l  s y s t e m  w e i g h t  i s :  

Engine  w t .  - l b .  

Gimbal w t .  - l b .  

C a r r i e r  

47740 

7160 

O r b i t e r  

9760 

1460 

Boos t  e n g i n e  f e e d  s y s t e m  l i n e s  a r e  1 6  i n c h ,  I D  s t a i n l e s s  s t e e l  p i p e s .  The 

f u e l  l i n e s  a r e  vacuum j a c k e t e d .  LOX l i n e  u n i t  w e i g h t  i s  1 7  l b / f t  and f u e l  l i n e s  

a r e  25 l b / f t .  L i n e  w e i g h t s  i n c l u d e  a 30 p e r c e n t  f a c t o r  f o r  f i t t i n g s  and 2 l b / f t  

f o r  s u p p o r t s .  The r e m a i n i n g  s y s t e m  components  a r e  d e r i v e d  from F i g u r e  5-12 

u s i n g  t h e  c u r v e  o f  s y s t e m  w e i g h t  w i t h o u t  s u c t i o n  l i n e s .  

T h r u s t  s t r u c t u r e  w e i g h t  p r e d i c t i o n s  u t i l i z e d  a c o r r e l a t i o n  w i t h  e x i s t i n g  

ha rdware  d a t a  a s  shown i n  F i g u r e  5-13. The w e i g h t  e q u a t i o n  is :  

T h r u s t  S t r u c t u r e  Weight  = .003  (Fvac)  t o t a l  

The t o t a l  f e e d  s y s t e m  and t h r u s t  s t r u c t u r e  w e i g h t  i s :  

l't1i3.i S y s t e m  w t .  - Ih. 

T h r u s t  s t r u c t u r e  wt. - l b .  

C a r r i e r  

23840 

15250 

O r b i t e r  

6200 

3120 
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P r o p e l l a n t  t a n k  p r e s s u r i z a t i o n  i s  accompl i shed  by e n g i n e  b l e e d  off. The 

v a p o r i z e d  p r o p e l l a n t  i s  t r a n s f e r r e d  t o  t h e  main p r o p e l l a n t  t a n k s  by l i n e s ,  The 

w e i g h t  a l l o w a n c e s  f o r  t h e s e  l i n e s ,  v a l u e s  and f i t t i n g s  i s  .005 ( u s a b l e  p r o p e l l a n t )  

The v a l u e  o f  .005 ( u s a b l e  p r o p e l l a n t )  was a l s o  used  f o r  t h e  r e s i d u a l s  i n  t h e  

sys t em.  The t o t a l  s y s t e m  w e i g h t  f o r  t h e  Boos t  P r o p u l s i o n  System i s  shown i n  

T a b l e  5-4. 
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Table  5-4 

BOOST PROPULSION SYSTEM WEIGHT 

Thrust Structure 

Pressurization 

Residual Propellant 

Usable Propellant 

Hold Propellant 
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A ssngle s y s c e i ~ ~  f o r  b o i h  t h e  a t t i t u d e  control and  maneuvering 1s selected as 

t h e  b a s e l i n e  b e c a u s e  of  ~ t s  s i m p l i c i t y ,  minor development. and i n s t a L l a t i o n  e f f e c t s .  

The ma jo r  c r i t e r i a  used i n  t h e  w e i g h t  p r e a i c t i o n s  a r e :  

Carrier 

Attitude Control 

o 12 engines 

F /engine = 4000 lb. v 
o GO /GH propellant 

2 2 
o Turbopump feed 

Orbiter 

Attitude control and Maneuver 

o 20 engines 

F /engine = 4000 lb. v 
o GO /GH2 propellant 

2 
o Turbopump feed 

The total system weight for the Secondary Propulsion systems and the Attitude Con- 

trol System is shown in Table 5-5. 

T a b l e  5-5 

ATTITUDE CONTROL AND MANEUVERING SYSTEM WEIGHT' 

Item Carrier 

- - -- - - - - - - -. - - - - 
Lb . 

- 

Engines & Accessories 1120 

Residual Propellant 30 

Usable Propellant 9 00 

Total System Weight 2 05 0 

Orbiter 
Lb , 

3050 

1030 

I 34380 1 38460 

Subsonic cruise for the carrier and go-around for the orbiter is accomplished 

with the airbreathing propulsion system. The system is defined in detail in 

Book I1 of this Volume. Major design parameters are: 

Carrier Orbiter 

o 4 Deployable Turbofan Engines o 4 Deployable Turbojet Engines 

F ~ ~ 5  /Engine = 45,000 lb. (TF39) FSL5/Engine = 23,000 lb (JT11) 

o JP-4 fuel o JP-4 fuel 

System component weights are shown in Table 5-6. 
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I Item 

Usable Propellant 60,940 9,970 

Total System Weight 97,750 23,490 

Crew and Furnishings - This system includes crew, seats, and their associated 
life support equipment. Weight estimates for the system are presented in Table 

5-7 and they are the same for both the carrier and the orbiter. 

Criteria for the weight estimates are: 

o Crew weights are based on 95 percentile men. (200 lb/man) 

o Seat weight estimates are based on modified Apollo web seats. 

o Survival kit weight allowance is 15 lb/mae, to provide a one day habitable 

sustenance level for all personnel after landing. 

o Weight estimates for food are based on 1.8 lb/man/day and 0.2 lb/man/day 

for containers. 

o A minimum weight of 9 lb/man is used for drinking water, the rest if 

required is taken from fuel cell reactants. 

o Accommodations for living quarters during the seven day mission duration 

are included in the payload weights. 

Environmental Control (ECS) - The ECS includes components to control internal 
environmental conditions of temperature, pressure, humidity, and atmospheric 

constituents for personnel and equipment. A detailed discussion of the system 

operation and source for component weights is contained in Section 4.5. Component 

weights for both the carrier and the orbiter are presented in Table 5-8. 

Prime Power - The prime power and distribution system includes electrical 
power for the vehicle electronic equipment and an APU system for aerodynamic 

surface controls and hydraulics. The system weight summaries for both the 

carrier and the orbiter are presented in Table 5-9. Prime power for the carrier 

is supplied by six 6.0 KWH rechargeable Ago-Zn batteries, for available energy 

totaling 36 KWH. The battery control relays (BCR) are reverse current sensing 

as well as control relays to prevent degradation of the remaining batteries in the 



Volume I 
Book 1 

!ntegral Launch and 
;; -0 

I , . ,eentry r elricle Z y s t e n ~  

REPORT NO. 
MDC E0059 

Y O V E M R E K  1969 

Table  5-7 

PERSONNEL AND PROVISIONS 
System Weight 

Seat & Installation 

Survival Kit 

Pfisc. (Personnel Acc. & Mtg.) 
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ENVIRONMENWAL CONTROL SYSTEM IVEIGHT 

O r b i t e r  

Gas Supply and C o n t r o l s  

Heat T r a n s p o r t  

Crew Water Supply 

Hydrau l ic  System Cooling 

C a r r i e r  

Coolant  Loop 

Hydrau l ic  System 

Tank Only - Water s u p p l i e d  by f u e l  c e l l  r e a c t a n t s .  
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PRIME PO!"CEW WEIGHT SUMMARY 
Carrier 

Orbiter 

Reactant Control Assy. 

Thermal Control Unit 

Product Water Subsystem 

Control Subsystem 

Hydrogen Tank 

Peaking/Emergency/Battery 
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event of a battery failure, The carrier power source is sized so that the mission 

can be completed with two battery failures. 

Prime power for the orbiter is supplied by four H -0 matrix type fuel cell 2 2 
modules. Each module is rated at 2.0-2.5 KW, for a total capability of 8-10 KW 

at the bases. All four fuel cell modules are operated simultaneously for reactant 

economy as well as continuity of power in the event of a module failure. The 

peakinglemergency batteries are rated at 6.0 KWH each. These serve two purposes, 

(1) they improve the bus transient response characteristics and (2) they will 

provide up to two hours power for emergency deorbit, entry and cruise in the 

event of a catastrophic failure of the fuel cell system. The orbiter power 

source is sized so that a safe return is possible with two fuel cell modules failed. 

The APU systems are sized by the following parameters: 

Peak horsepower 

Average horsepower 

Specific fuel consumption 

lblhp. hr. 

Carrier Orbiter 

1310 343 

286 91 

7 5.5 

and the weights are presented in Table 5-10. 

Aerodynamic Controls and Hydraulics - This system accounts for aerodynamic 
surface controls and hydraulics. 

Weight predictions for the surface control group and hydraulics group are 

based on aircraft semi-empirical weight equations. Correlations with existing 

hardware data points are shown in Figures 5-14 and 5-15. The surface control 

group includes the weight for actuators, plumbing, fluid, mechanisms and supports. 

The weight equation is: 

where : Carrier Orbiter 

K = constant for conventional aircraft .355 .355 

Sq = surface projected area sq. ft. 2350 1200 

Wre = reentry weight11000 450 185 

n z  = ultimate vertical load factor 5.6 5.6 

g = free stream maximum dynamic 110 400 

pressure - psf 
c = pedals and miscellaneous 100 100 
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Table 5-10 

APU Weight Summary 

Carrier 

O r b i t e r  

REPORT NO. 
nmc: ~oo-1-0  

YOVEMBER 1960 
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F igure  5-14 

5- 37 

M C D O W W E L I ,  DOUGLAS ASTRONAUTICS COWlbos3WW 
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F4H-1 (:.+ 98) 57 

ESTIMATED WEIGHT - Lb 

- - 

F igure  5-15 

MCD8NWELL DOUGLAS ASTIFTaWAUTBCS C O M P A N W  
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The hydraulic and pneumatic group includes reservoirs, pumps, accumubators, 

filters, plumbing, fluid and supports, The weight equation is: 

where Carrier Orbiter 

K = constant for conventional aircraft .54 .54 

Derived weights are shown in Table 5-11. 
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AERODYNAMIC CONTROLS AND 
HYDRAULIC SYSTEM WEIGHTS 

Carrier 

H y d r a u l i c  & Pneumat ic  Weight 

O r b i t e r  

S u r f a c e  C o n t r o l  Group Weight 

H y d r a u l i c  & Pneumat i c  Weight 

IZEPORT NO. 
'bfD(' EO049 

UOi'EMBER 1 969 
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Aviurlics - This  s e c t i o n  accounts  For tlie e l e c t r o n i c  component we igh t s  f o r  

guidance,  n a v i g a t i o n ,  f l i g h t  c o n t r o l s ,  on-board checkout ,  d a t a  management, 

communications and d i s p l a y s .  The component weights  a r e  summarized i n  Table  5-12. 

Ordnance and S e p a r a t i o n  - The ordnance and s e p a r a t i o n  weight  e s t i m a t e s  

i n c l u d e  a l lowances  f o r  r e l a y  p a n e l s ,  g u i l l o t i n e s  and p y r o t e c h n i c  i g n i t o r s .  

Weight e s t i m a t e s  a r e  based on Gemini d a t a  and an  a l lowance of 200 l b s .  w a s  in -  

c luded  f o r  each v e h i c l e .  

Contingency - A cont ingency of 1 0  p e r c e n t  on a l l  i t ems  (exc lud ing  p r o p e l l a n t ,  

b a l l a s t ,  crew and payload)  i s  i n c l u d e d  a s  r e q u i r e d  by t h e  SOW. 

B a l l a s t  - Balance c a l c u l a t i o n  f o r  b o t h  s t a g e s  were performed i n  minute  

d e t a i l  due t o  t h e  p o t e n t i a l  b a l l a s t  problem on t h e  o r b i t e r .  Both s t a g e s  were  

ba lanced  f o r  t h e  r e e n t r y  c o n d i t i o n .  The c a r r i e r  and t h e  o r b i t e r  were  b a l a n c e d  

f o r  66 p e r c e n t  and 54 p e r c e n t  r e s p e c t i v e l y  and n e i t h e r  r e q u i r e d  b a l l a s t .  F i g u r e s  

5-16 and 5-17 p r e s e n t s  t h e  mass p r o p e r t y  d i s t r i b u t i o n  f o r  each v e h i c l e .  

5.2 C a r r i e r  Weights - The weight  p r e s e n t e d  i n  Table  5-13 r e p r e s e n t s  two v e h i c l e s  

which conform t o  a  l a r g e  number o f  g u i d e l i n e s ,  performance o b j e c t i v e s ,  d e s i g n  

c o n s t r a i n t s ,  e t c .  To b e t t e r  unders tand t h e  mass p r o p e r t i e s  d e r i v e d  i n  t h i s  

r e p o r t ,  a  l i s t i n g  of t h e  more i m p o r t a n t  c h a r a c t e r i s t i c s  i s  shown i n  Tab le  5-14. 

The weigh t  d i s t r i b u t i o n  of each v e h i c l e  i n  t h e  d r y  weight  c o n d i t i o n  i s  

shown i n  F i g u r e  5-18. The d ry  weigh t  i s  d e f i n e d  a s  hav ing  no p r o p e l l a n t ,  c a r g o  

o r  crewmen. Each g r o u p i n g ' s  c o n t r i b u t i o n  t o  t h e  weight  makeup i s  e a s i l y  d e t e r -  

mined. T h i s  i n f o r m a t i o n  i s  u s e f u l  i n  h e l p i n g  weight  r e d u c t i o n ,  c o s t  r e d u c t i o n ,  

e t c . ,  e f f o r t s  c o n c e n t r a t e  on t h e  a r e a s  which have t h e  most promise f o r  s u c c e s s .  

The sequenced mass p r o p e r t i e s  and d e t a i l e d  weight  summary f o r  t h e  c a r r i e r  a r e  

p r e s e n t e d  i n  T a b l e  5-15 and 5-16. Tab le  5-16 i n c l u d e s  a  summary o f  t h e  50000 l b  

payload c o n f i g u r a t i o n  i n  a d d i t i o n  t o  t h e  b a s e l i n e .  The mass p r o p e r t i e s  i n c l u d e  

w e i g h t ,  t h r e e  a x i s  c e n t e r  of  g r a v i t y  and t h r e e  a x i s  moment o f  i n e r t i a s  f o r  each 

impor tan t  m i s s i o n  phase .  The c a r r i e r  meets t h e  r e e n t r y  c e n t e r  of g r a v i t y  r e q u i r e -  

ment w i t h o u t  t h e  a i d  of b a l l a s t .  

5 . 3  O r b i t e r  Weights - The sequenced mass p r o p e r t i e s  and d e t a i l e d  weight  summary 

of t h e  o r b i t e r  a r e  p r e s e n t e d  i n  Tab les  5-17 and 5-18. Table  5-18 a l s o  i n c l u d e s  

we igh t s  f o r  t h e  50000 l b  payload c o n f i g u r a t i o n .  The mass p r o e p r t i e s  i n c l u d e  

w e i g h t ,  t h r e e  a x i s  c e n t e r  of g r a v i t y  and t h r e e  a x i s  i n e r t i a s .  The on ly  removals  

from g r o s s  we igh t  t h r u  l a n d i n g  a r e  t h e  u s a b l e  p r o p e l l a n t s  f o r  t h e  f o u r  (main,  

secondary ,  e n t r y  a t t i t u d e  and l a n d i n g )  p r o p u l s i o n  systems.  The dry weigh t  
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Integrated Avionics System Weight 

Orbiter 

Landing & Navigation Aides 

Telecommunication 

Central Management Computer 

Displays, Control & Sequencing 

Fiight Control 

Control Amplifiers 

Instrumentation 

Power Distribution Wire 

Carrier 
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WEIGHT DISTRIBUTION 
ORBITER 

REENTRY CONDITION 

REPORT YO. 
t?DC I30049 

XOYEMBEIZ 1969 

MAIN ENG 

9 
I BASE lNSUL 

ATTACH Pt. 

F i g u r e  5-17 
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Tab le  5-13 

TWO STAGE WEIGHT SUMMARY 
Baseline System 

THERMOSTRUCTURES 
LANDING SYSTEM 
MAIN PROPULSION SYSTEM 
SECONDARY PROPULSION SYSTEM 
AIR BREATHING PROPULSION SYSTEM 
SUBSYSTEMS AND CREW 
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Tab le  5-14 

BASELINE DESIGN AND OPERATIONAL CHARACTERISTICS 

CONFIGURATION 

GROSS LAUNCH WEIGHT 

INERT WEIGHT CONTINGENCY 

15' DIA x 30 F T  LENGTH 

CARGO WE1 GHT 

BOOST PROPELLANT 

PROPELLANT TANKAGE 

LAUNCH THRUST MODE 

REENTRY CG LOCATION 
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REPORT NO. 
MDC E0049 

NOVEMBER 1960 

CARRIER 

DRY WEIGHT = 156,470 L B  D R Y  WEIGHT 436,795 LB 

F igure  5-18 

5-47 
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SEQUENCED MASS PROPERTIES 

CARWl ER 

MISSION POINT 

LIFT OFF WEIGHT 

INJECTED WEIGHT 

ENTRY WEIGHT 

LANDING WEIGHT 
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SPACECRAFT DETAILED SUMMARY WEIGHT STATEMENT 

-- CONFLGUMTION - CARRIER 
PAYLOAD TO ORBIT 

1,O Aerodynamic Surfaces 
1,l Fixed Surfaces 

1.1.1 Dorsal Fin 
1.1.2 Delta Wing 

1.2 Flovable Surf aces 
1.2.1 Dorsal Fin Rudder 
1.2.2 Delta Wing Flap 

1.19 Contingency 

2.0 Body Structure 
2.1 Structural Fuel Tank 
2.2 Structural Oxidizer Tank 
2.3 Structural Propellant Tank 
2.6 Str. Fwd. of Integral Tanks 
2.7 Str. Between Integral Tanks 
2.8 Str. Aft. of Integral Tanks 
2.9 Thrust Structure 
2.10 Interstage/Spacer/Vehicle Inst. 
2.11 Pressurized Compartment 
2.12 Non-Pressurized Compartment 
2.19 Contingency 

3.0 Induced Environment Protection 
3.2 Thermal Protection (Passive) 

3.2.4 Body 
3.2.6 Airbreathing Engine 
3.2.7 Base and Nose Cap 

3.8 Contingency 

4.0 Launch Recovery and Docking 
4.3 Landing Gear 

4.3.1 Main Landing Gear 
4.3.2 Nose Landing Gear 

4.19 Contingency 

5.0 Plain Propulsion 
5.1 Liquid Rocket Engine and Acc. 

5.1.1 Main Engines and Acc 
5.1.2 Att. and Maneuver Engines 

5.6 Airbreathing Engine and Acc. 
5.9 Fuel System 
5.10 Pressurization System 
5.19 Contingency 

REPORT NO. 
MDC E0049 

SOVEMWER 1969 



Tab le  5-16 (Confinued) 

6,0 Orien-tation Controls, Separation 
6,l Thrust System 

6.1.1 Gimbal System 
6.3 Aerodynamic Controls 

6.3.1 Hydraulic and Pneumatic 
6.19 Contingency 

7.0 Prime Power Source 
7.2 Power Source - Fuel Cell 
7.3 Power Source - Batteries 
7.4 APU - System 
7.19 Contingency 

8.0 Power Conversion and Dist. 
8.1 Power Conversion - Electrical 

8.19 Contingency 
8.6 Power Distriburion - Hyd. and Pneu. 

9.0 Guidance and Navigation ( 606) 
9.1 Guidance - Source - Evaluation - Output 
9.19 Contingency 5 6 5 6 

----- 
10.0 Instrumentation 

10.1 Sensors 
10.19 Contingency 

- --- 
11.0 Communications 

11.1 Communications Equipment 
11.19 Contingency 

------ 
12.0 Environmental Control System 470) ( 470) 

12.1 ECS Equipment - Personnel - Coolant 430 430 
12.19 Contingency 4 0 4 0 

14.0 Personnel Provisions I 14.1 Accommodations for Personnel 
1 14.19 Contingency 

-I-; -- 1 16.0 Range Safety and Abort 

- --- - - 
15.0 Crew Station Controls and Panels 

.- 

17,0 Personnel 
17.1 C r e w  

-- - - -- -- -- 
---A 

18.0 Cargo 
-- 

15.1 Crew Station Controls 507 507 
15.19 Contingency I 5 0 5 0 

( 557) ( 557) 
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Tab le  5-]$:(Continued ) 

21.0 Residual P r o p e l l a n t  ( 1 2 1 4 0 )  (14870) 
2 1 . 1  Main P r o p u l s i o n  Sys tem 10890 13640 
21.2 A t t .  and Maneuver System 3 0  5  0  
21.3 A i r b r e a t h i n g  Sys tem 1220  1180  

22.0 Rese rve  P r o p e l l a n t  
22.3 F u e l  Main Eng ine  R e s e r v e s  
22.7 F u e l  R e s e r v e s  - RCS 
22.11 F u e l  R e s e r v e s  - C r u i s e  

23.0 I n f l i g h t  Losses  

24.0 T h r u s t  Decay P r o p e l l a n t  ( ( - - I  1 ( - - I  

25 .0  F u l l  T h r u s t  P r o p e l l a n t  
25 .1  Main P r o p u l s i o n  Sys tem 
25.2 A t t .  and Maneuver System 
25.3 J e t  F u e l  - A i r  B r e a t h i n g  Engine  

26.0 T h r u s t  B u i l d  Up P r o p e l l a n t  

27.0 P r e - I g n i t i o n  L o s s e s  

G r o s s  Launch Weight 
Gross  L i f t  O f f  Weight 

I n c l u d e d  i n  R e s i d u a l  P r o p e l l a n t  

M C C ) O W A ( E L L  DOUGLAS basT18"omlLIT#cs L=OPI/IP&WV 



G1olume I 
Book I 

I :ntegral Launch and 

e e n t i i  'lehicle ysitem 

REPORT NO. 
h lDc E0049 

SOVEhIBER 1969 

T a b l e  5-17 

SEQUENCED MASS PROPERnIES 

ORBITER 

LIFT OFF WEIGHT 

INJECTED WEIGHT 

RETROGRADE WEIGHT 

LANDING WEIGHT 
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Tab le  5-18 
SPACECRAFT DETAILED SUMMARY WEIGHT STATEMENT 

CONFIGURATION - ORB 

1.0 Aerodynamic Surf aces 
1.1 Fixed Surfaces 

1.1.1 Tip Fins 
1.1.2 Dorsal Fin 

1.2 Movable Surfaces 
1.2.1 Tip Fin Flaps 
1.2.2 Dorsal Fin Rudder 
1.2.3 Elevons 

1.19 Contingency 

2.0 Body Structure 
2.1 Structural Fuel Tank 
2.2 Structural Oxidizer Tank 
2.3 Structural Propellant Tank 
2.6 Str. Fwd. of Integral Tanks 
2.7 Str, Between Integral Tanks 
2.8 Str. Aft of Integral Tanks 
2.9 Thrust Structure 
2.10 ~ntersta~e/~~acer/Vehicle Inst. 
2.11 Pressurized Compartment 
2.12 Non-Pressurized Compartment 
2.19 Contingency 

3.0 Induced Environment Protection 
3.2 Thermal Protection (Passive) 

3.2.1 Tip Fins and Flaps 
3.2.2 Dorsal Fin and Rudder 
3.2.3 Elevons 
3.2.4 Body 
3.2.5 Base and Nose Cap 

3.8 Contingency 

4.0 Launch Recovery and Docking 
4.3 Landing Gear 

4.3.1. Main Landing Gear 
4.3.2 Nose Landing Gear 

4.19 Contingency 

5.0 Main Propulsion 
5.1 Liquid Rocket Engine and Acc. 

5.1.1 Siain Engines and Acc 
5.1.2 Att. and Maneuver Engines 

5.6 Airbreathing Engine and Acc. 
5.9 Fuel System 
5.10 Pressurization System 
5,19 Contingency 
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6,0 Orientation Controls, S e p a r a t i o n  
6.1 T h r u s t  S y s t e m  

6 1  Gimbal System 
6 .3  Aerodynamic Cont ro l s  

6 . 3 . 1  Hydrau l ic  and Pneumatic 
6.19 Contingency 

-- 
7.0 Prime Power Source  

7 . 2  Power Source  - F u e l  C e l l  
7.3 Power Source - B a t t e r i e s  

8.0 Power Conversion and D i s t .  
8 . 1  Power Conversion - E l e c t r i c a l  

9 . 1  Guidance - Source  - E v a l u a t i o n  - Output 
9.19 Contingency 

10.0 I n s t r u m e n t a t i o n  
1 0 . 1  Sensors  
10.19 Contingency 

11.0  Comnlunications 
11.1 Communications Equipment 
11.19 Contingency 

--- 
12 .0  Environmental  C o n t r o l  System 

12 .1  ECS Equipment - Personne l  - Coolant 
12.19 Contingency 

-- 

1 4 . 0  Personne l  P r o v i s i o n s  
14 .1  Accommodations f o r  Personne l  

15.19 Contingency 

16.0  Range S a f e t y  and Abort 

17.0  P e r s o n n e l  
1 7 . 1  Crew 
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21.0 R e s i d u a l  P r o p e l l a n t  
2 1 , 1  Main P r o p u l s i o n  System 
21.2 A t t .  and Maneuver System 
21.3 A i r b r e a t h i n g  System 

22.0 R e s e r v e  P r o p e l l a n t  (14840) (16820) 
22.3 F u e l  Plain Eng ine  R e s e r v e s  7720 5940 
22.7 F u e l  R e s e r v e s  - RCS 7120 10880 
22.11 F u e l  R e s e r v e s  - C r u i s e  -- - - 

23.0 I n f l i g h t  L o s s e s  ( '? ) ( 9c ) 

24.0 T h r u s t  Decay P r o p e l l a n t  ( -- 1 ( -- 1 

25.0 F u l l  T h r u s t  P r o p e l l a n t  (529490) (919460) 
25 .1  Main P r o p u l s i o n  System 492260 862630 
25.2 A t t .  and Maneuver System 27260 41610 
25.3 Je t  F u e l  - A i r  B r e a t h i n g  Eng ine  9970 15220 

26.0 T h r u s t  B u i l d  Up P r o p e l l a n t  

2 7 . 0  P r e - I g n i t i o n  L o s s e s  ( -- 

I G ros s  Pad Weight 1 730220 1 1219910 1 
* I n c l u d e d  i n  r e s i d u a l  p r o p e l l a n t  
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removes i n e r t  p r o p e l l a n t s ,  cargo and crew, The o r b i t e r  r e e n t r y  c e n t e r  of 

g r a v i t y  i s  at 54 p e r c e n t  which i s  w i t h i n  the s p e c i f i e d  range (53-55%L) and 

r h e r e f o r e  h a s  no b a l l a s t .  However, i f  i t  were deemed n e c e s s a r y  t o  r e l o c a t e  t h e  

C . G .  t o  53% b a l l a s t  would be  r e q u i r e d .  Obviously ,  t h e  amount of b a l l a s t  r e q u i r e d  

is a f u n c t i o n  of how f a r  t h e  C . G .  must b e  moved. F i g u r e  5-19 i l l u s t r a t e s  t h i s  

r e l a t i o n s h i p  f o r  t h e  b a s e l i n e  o r b i t e r .  A requirement  t o  have t h e  r e e n t r y  C . G .  a t  

5 3  p e r c e n t  L  would r e q u i r e  5400 l b s .  of b a l l a s t  t o  b e  added. 

During t h e  c o u r s e  o f  a  s t u d y  and /or  p roduc t ion  r u n  t h e  weight  of a  v e h i c l e  

u s u a l l y  i n c r e a s e s  due t o  a  number of f a c t o r s  ( i n c r e a s e d  performance,  r e v i s e d  

miss ion  t i m e s ,  r e v i s e d  e s t i m a t e s ,  e t c . ) .  It i s  then  common t o  conduct we igh t  

r e d u c t i o n  campaigns. It  i s  a t  t h i s  t i m e  t h a t  an  i n t e r e s t i n g  t h i n g  occurs  w i t h  

v e h i c l e s  t h a t  have a  C . G .  requirement  a s  t h e  o r b i t e r  and c a r r i e r .  F igure  5-20 

i l l u s t r a t e s  t h e  e f f e c t s  of l o c a l i z e d  weigh t  inc rements  on t h e  b a s e l i n e  o r b i t e r  

and t h e  importance of t h e i r  l o c a t i o n .  

From t h e  f i g u r e  i t  i s  s e e n  t h a t  any e lement  whose C . G .  i s  a t  t h e  C . G .  of 

t h e  v e h i c l e  w i l l  be  100% e f f e c t i v e .  However, i f  an e lement  is t o  b e  removed 

whose C . G .  i s  i n  f r o n t  of t h e  d e s i r e d  l o c a t i o n  i t  w i l l  b e  n e c e s s a r y  t o  add back  

b a l l a s t  t o  r e e s t a b l i s h  t h e  d e s i r e d  C . G .  c o n d i t i o n .  The weigh t  s a v i n g  w i l l  

t h e r e f o r e  b e  l e s s  t h a t  100% e f f e c t i v e .  As an  example, i f  1200 l b s .  i s  t o  b e  

removed w i t h  a  C.G.  a t  .3L i t  is n e c e s s a r y  t o  add 630 l b s .  o f  b a l l a s t  r e s u l t i n g  

i n  on ly  47% e f f e c t i v e n e s s .  

By t h e  same token ,  i f  weight  i s  added beh ind  t h e  d e s i r e d  C . G . ,  i t  w i l l  be  

more t h a n  100% e f f e c t i v e ,  a g a i n  because  of t h e  need t o  add b a l l a s t .  The 

a d d i t i o n  of 1200 l b s .  a t  .7L r e s u l t s  i n  a t o t a l  weight  i n c r e a s e  of 1550 l b s .  f o r  

an e f f e c t i v e n e s s  of 129%. 



Volume I 
Book 1 

REPORT NO. 
flnteRral Launch and MDC E0049 

NOVEMBER 1969 
e n  'Iehicle ystern 

CENTER OF GRAVITY LOCATION BALLAST EFFECT 

Figure  5-19 

5-57 



Volume I 
Book 1 integral Launch and 

r,\ - I 

_rLeentry "ehicle ystenl 

EFFECTS OF LOCALIZED WEIGHT INCREMEMTS 
Orbiter 

REPOR?' NO. 
MDC E00.19 

It'C)VX;',tiE-i;ER 1 969 
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5,4 Launch Conf igura t ion  - The combined v e h i c l e s  sequenced mass p r o p e r t i e s  i s  p r e -  

s e n t e d  i n  Tab le  5-19. The t a b l e  covers  g r o s s  launch through f i r s t  s t a g e  bum1 ou t  

on ly ,  For m i s s i o n  phases  subsequent  t o  b u m  t h e  p r o p e r t i e s  a r e  t h e  same a s  s h o ~ ~ m  

f o r  t h e  i n d i v i d u a l  v e h i c l e s .  

Of some i n t e r e s t  t o  s e v e r a l  d i s c i p l i n e s  was t h e  c e n t e r  of g r a v i t y  t r a v e l  dur-  

i n g  t h e  f i r s t  s t a g e  b u m .  This  t r a v e l  i s  shown on F igure  5-21. The C . G .  t r a v e l s  a  

d i s t a n c e  of 52.3 f e e t  l o n g i t u d i n a l l y  and 8 .5  f e e t  i n  t h e  p i t c h  p l a n e .  No l a t e r a l  

movement i s  exper ienced .  Th is  i s  somewhat unusual  a s  most launch v e h i c l e s  have a  

symmetr ical  t r a v e l  about  t h e  l o n g i t u d i n a l  a x i s .  However, t h e  s o l u t i o n  i s  s imply  a  

l a r g e r  gimbal a n g l e  c a p a b i l i t y .  

5.5 S e n s i t i v i t i e s  - The s e n s i t i v i t i e s  a s  w e l l  a s  t h e  f i n a l  b a s e l i n e s  were  o b t a i n e d  

u s i n g  "SWAP-IT" ( S i m p l i f i e d  Weight and Propu ls ion  I t e r a t i v e  Techniques) .  T h i s  pro- 

gram was developed d u r i n g  t h e  course  o f  t h e  s t u d y  and i t  proved an i n v a l u a b l e  t o o l .  

Using a t o o l  such a s  SWAP-IT enab led  t h e  o p e r a t o r  t o  do t h e  fo l lowing :  

o  C o n t r o l  t h e  environment (keeping a  c o n s i s t e n t  s e t  of ground r u l e s )  

o  Look a t  t h e  e f f e c t s  of performance c r i t e r i a  ( t h u s  g e t t i n g  t h e  optimum 

answers  f o r  t h e  b a s e l i n e )  

o  Repeat answers ( i n s u r i n g  t h e  same degree  o f  accuracy i n  t h e  answer w i t h  

each  p e r t u r b a t i o n  of t h e  v e h i c l e )  

o  Moni tor  t h e  s t u d y  ( g i v i n g  each d i s c i p l i n e  a  qu ick  i n s i g h t  i n t o  t h e  develop- 

ment o f  t h e  b a s e l i n e  and t h e  e f f e c t s  of t h e i r  i n p u t s )  

o  E v a l u a t e  o t h e r  c o n f i g u r a t i o n s  t o  t h e  same ground r u l e s .  

Th i s  program can be broken down i n t o  two b a s i c  b l o c k s ,  t h e  we igh t s  s e c t i o n  

(which i n c o r p o r a t e s  a l l  subsystems i n p u t s )  and the  p r o p u l s i o n  s e c t i o n  a s  shown i n  

F i g u r e  5-22. The weigh t s  s e c t i o n  i n c o r p o r a t e s  a l l  of t h e  e m p i r i c a l  weight  equa- 

t i o n s  d i s c u s s e d  i n  t h i s  s e c t i o n  a l o n g  w i t h  a  b a l l a s t  r o u t i n e  f o r  each v e h i c l e .  

A s p a c e c r a f t  weight  i s  then c a l c u l a t e d  and s e n t  t o  t h e  p r o p u l s i o n  s e c t i o n  which 

u s e s  t h i s  weight  t o  s i z e  i t s  subsystems.  Data i s  passed between t h e  two s e c t i o n s  

and i t e r a t e d  on i n t e r n a l l y  u n t i l  t h e  d e s i r e d  t o l e r a n c e s  a r e  met.  SWAP-IT i t e r a t e s  

on c r u i s e  r a n g e ,  b a l l a s t ,  l a n d i n g  g e a r  we igh t ,  a e r o  c o n t r o l s ,  h y d r a u l i c  and pneu- 

m a t i c  sys tems ,  and c a r r i e r  l e n g t h .  A sample o u t p u t  of SWAP-IT i s  p r e s e n t e d  i n  

Tab les  5-20, 5-21 and 5-22. 
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S e n s i t i v i t i e s  a r e  a n  import;nt phase of t h e  mass p r o p e r t y  a n a l y s i s ,  T h i s  in -  

v o l v e s  a n a l y z i n g  t h e  n e t  e f f e c t  on t h e  v e h i c l e  g r o s s  launch weight  and  payload 

c a p a b i l i t y  r e s u l t i n g  from changes i n  v a r i o u s  pa ramete rs .  Seldom, i f  e v e r ,  does  a 

one-to-one r e l a t i o n s h i p  occur  a s  a  r e s u l t  of a change,  Ra ther ,  i t  i s  m u l t i p l i e d ,  

sometimes q u i t e  d r a m a t i c a l l y ,  due t o  i t s  e f f e c t  on o t h e r  subsystems w i t h i n  t h e  ve- 

h i c l e  and on  o t h e r  v e h i c l e s .  For example, any i n c r e a s e  i n  l a n d i n g  weigh t  on t h e  

second s t a g e  i s  m u l t i p l i e d  n o t  on ly  by i t s  e f f e c t  on t h e  l a n d i n g ,  r e t r o g r a d e ,  and 

e n t r y  a t t i t u d e  c o n t r o l  system, b u t ,  by i t s  e f f e c t  on t h e  f i r s t  s t a g e  p r o p u l s i o n  

system a s  w e l l .  T h e r e f o r e ,  s e n s i t i v i t i e s  a l l o w  a  qu ick  assessment  of t h e  d e s i r -  

a b i l i t y  of proposed changes which e f f e c t  any of t h e  e i g h t  pa ramete rs  chosen f o r  

s t u d y .  The changes i n  payload were ana lyzed  w h i l e  h o l d i n g  t h e  g r o s s  we igh t  con- 

s t a n t  and changes  i n  g r o s s  weight  were ana lyzed  w h i l e  ho ld ing  t h e  payload c o n s t a n t .  

The s e n s i t i v i t i e s  f o r  t h e  b a s e l i n e  v e h i c l e ,  3.40 m i l l i o n  pounds, and 25,000 pounds 

payload a r e  p resen ted  i n  Tab le  5-23. 

I n  a d d i t i o n ,  t h e  s e n s i t i v i t i e s  f o r  a 4.53 m i l l i o n  pound, 50,000 pound pay load  

v e h i c l e  were  determined and a r e  shown on Tab le  5-24. Comparison of t h e  v a l u e s  on 

t h e  two t a b l e s  r e v e a l s  t h a t  t h e  s e n s i t i v i t i e s  v a r y  w i t h  v e h i c l e  s i z e  and weigh t .  

This r e q u i r e s  t h a t  t h e  s e n s i t i v i t i e s  be  rede te rmined  f o r  d i f f e r e n t  v e h i c l e s .  

I n  a d d i t i o n  t o  t h e  s e n s i t i v i t i e s ,  changes which a r e  i n  p l a y  d u r i n g  t h e  e n t i r e  

des ign  phase  a r e  l a r g e r ,  one t ime changes c a l l e d  i n c r e m e n t a l  e f f e c t s .  Inc rementa l  

e f f e c t s  r e s u l t  from s p e c i f i c  m o d i f i c a t i o n  i n  t h e  des ign  o r  o p e r a t i o n a l  mode of t h e  

v e h i c l e .  These i n c l u d e  such  changes a s :  no f l y b a c k  t o  launch s i t e ,  i n c o r p o r a t e  

i d l e  b u r n ,  remove i n e r t  con t ingency ,  e t c .  I n  a s s e s s i n g  t h e  n e t  we igh t  e f f e c t  of 

each o p e r a t i o n a l  o r  d e s i g n  change,  t h e  b a s i c  v e h i c l e  dimensions were  h e l d  cons tan t .  

Also,  t h e  g r o s s  launch weight  i s  h e l d  c o n s t a n t  a t  3 . 4  m i l l i o n  pounds and t h e  n e t  

weight  changes a s s o c i a t e d  w i t h  t h e  des ign  o r  performance parameter  change i s  r e -  

f l e c t e d  s o l e l y  i n  t h e  o r b i t e r  payload c a p a b i l i t y .  I t  should be  remembered t h a t  

t h e s e  e f f e c t s  a r e  r e a l l y  i n t e r d e p e n d e n t  and t h e  i n c o r p o r a t i o n  of two o r  more w i l l  

n o t  r e s u l t  i n  t h e  t o t a l  n e t  e f f e c t  be ing  t h e  sum of  t h e  i n d i v i d u a l  inc rements  

shown. The i n c r e m e n t a l  e f f e c t s  f o r  t h e  b a s e l i n e  v e h i c l e  a r e  shown i n  Tab le  5-25. 

A s  i n  s e n s i t i v i t i e s ,  t h e  e f f e c t  on a 4 .53 m i l l i o n  pound, 50,000 pound ca rgo  

v e h i c l e  i s  of i n t e r e s t .  The inc rementa l  e f f e c t s  f o r  t h i s  v e h i c l e  a r e  shown i n  

Table  5-26. 

The v a l u e s  shown d i f f e r  s l i g h t l y  from t h o s e  p r e s e n t e d  f o r  t h e  3 . 4  MLB conf ig -  

u r a t i o n ,  and a r e  g e n e r a l l y  of a g r e a t e r  magnitude.  The on ly  e x c e p t i o n s  t o  t h i s  
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T a b l e  5-23 

SENSITIVITIES 
25,000 Lb Payload 

REFERENCE: 

P / L  SIZE 15' D x 30' L 
GLOW 3.40 MLB 

CONST. GLOW CONST. P/L 

PARAMETER 
A WPL 

A PARAMETER 

1ST STAGE INERT WT. 
2ND STAGE INERT IrYT. 
IV - LAUNCH 
AV - ORBIT 
PROPELLANT lsp 
CRUISE RANGE 
GO AROUND (ORBITER) 
RETURNCARGO 

A PARAMETER 
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Table  5-24 

SENSITIVITIES 
50,000 Lb Payload 

REFERENCE: 

P/L SIZE 15'x 601L 
GLOW 4.53 MLB 

CONST. GLOW CONST. P/L 

2ND STAGE INERT WT. 

+ 5,860 LB/NM 

5-68 

MCOONMEhL DOUGLAS ASrRONAUTBCS CC)MPAMd/ 
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Table  5-25 

INCREMENTAL EFFECTS 
25,000 Lb Payload 

REFERENCE: 

P/L SIZE 15'Dx 30'L 
GLOW 3.40 MLB 

REPORT NO. 
MDC E0049 

NOVEMBER 1969 

CONST. GLOW CONST. P I L  

e NO FLYBACK TO LAUNCH SITE 

. SERIES BURN TO IDLE MODE 

. PARALLEL BURN WITH CROSS FEED 

e NO 1ST STAGE INERT CONTINGENCY 

. NO 2ND STAGE INERT CONTINGENCY 

e NO IMERTS (BOTH STAGES) CONTINGENCY 

NO 0.75% AV RESERVE 

NOT E: INCREMENTS ARE NOT ADDITIVE 
I L R V S - 4 7 3 F  
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Table  5-26 

INCREMENTAL EFFECTS 
50,000 Lb Payload 

REFERENCE: 

P/L SIZE 15' D x 60' L 
GLOW 4.53 MLB 

. NO FLYBACK TO LAUNCH SITE 

. SERIES BURN TO IDLE MODE 

e PARALLEL BURN WITH CROSS FEED 

. NO 1ST STAGE INERTCONTINGENCY 

. NO 2ND STAGE INERT CONTINGENCY 

e NO INERTS (BOTH STAGES) CONTINGENCY 

. NO 0.75% AV RESERVE 

. H2 CRUISE FUEL 

RLPOR'r 30. 
MDC I30049 

NQVEVBER 1 Y G R  
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a r e  t h e  f l y b a c k  and s e r i e s  burn i n c r e m e n t s ,  The s t a g i n g  v e l o c i t y  of  the 4,5 3 MLB 

v e h i c l e  i s  l e s s  than  t h e  3 .4  which r e s u l t s  i n  a  s h o r t e r  d i s t a n c e  t o  f l y b a c k  and 

t h e r e f o r e  l e s s  s e n s i t i v i t y .  I n  t h e  c a s e  of s e r i e s  b u r n ,  each second s t a g e  expends  

approx imate ly  t h e  same p r o p e l l a n t .  However, t h i s  i s  a s m a l l e r  p e r c e n t a g e  o f  t h e  

t o t a l  i n  t h e  4 . 5 3  MLB v e h i c l e  and a g a i n  r e s u l t s  i n  less s e n s i t i v i t y .  

S e v e r a l  of  t h e  pa ramete r s  o r  d e s i g n  f e a t u r e s  e f f e c t s  were of a  g r e a t e r  i n t e r -  

e s t .  Accord ing ly ,  t h e y  a r e  p r e s e n t e d  i n  g r e a t e r  d e t a i l  i n  t h e  f o l l o w i n g  f o u r  

c h a r t s .  The f i r s t  i s  t h e  e f f e c t  of r e t u r n  pay load  we igh t  on a s c e n t  pay load  we igh t  

and i s  shown i n  F i g u r e  5-23. Re tu rn ing  no pay load  would r e s u l t  i n  a  127% i n c r e a s e  

i n  a s c e n t  pay load  c a p a b i l i t y .  

The b a s e l i n e  s p a c e c r a f t  was des igned  t o  r e t u r n  a l l  t h e  a s c e n t  pay load .  However, 

i f  o n l y  a  p o r t i o n  o f  t h i s  i s  r e t u r n e d ,  t h e  amount o f  a s c e n t  pay load  could  b e  

i n c r e a s e d  as shown. Th i s  t r a d e o f f  s t u d y  was conducted h o l d i n g  t h e  t o t a l  g r o s s  l i f t  

o f f  we igh t  c o n s t a n t .  The i n c r e a s e  i n  a s c e n t  payload c a p a b i l i t y  i s  a  r e f l e c t i o n  o f  

t h e  we igh t  r e d u c t i o n  i n  t h o s e  sys tems which a r e  des igned  o r  i n f l u e n c e d  by r e t r o -  

g rade ,  r e e n t r y  and l a n d i n g  weight such a s  t h e  r e t r o g r a d e  and l a n d i n g  p r o p u l s i o n  

sys tems and t h e  l a n d i n g  g e a r .  

The second e f f e c t  i l l u s t r a t e d  i s  t h e  e f f e c t  of payload weight  and s i z e  on 

g r o s s  l a u n c h  w e i g h t .  The v a r i a t i o n  i n  g r o s s  l aunch  weight  f o r  changes i n  pay load  

we igh t  f o r  f o u r  pay load  s i z e s  i s  shown i n  F i g u r e  5-24. Each of  t h e  v e h i c l e s  is  

p o i n t  des igned  f o r  a  s p e c i f i c  pay load  s i z e  and weight  c a p a b i l i t y .  The pay load  s i z e  

( d i a m e t e r  and l e n g t h )  i s  given i n  f e e t  a t  t h e  l e f t  of  each curve .  The 1 5 '  x  1 7 '  

v e h i c l e  i s  des igned  f o r  10,000 l b s .  pay load  w h i l e  t h e  15 '  x  30 '  and 1 5 '  x  6 0 '  u s e  

25,000 l b s .  and t h e  2 2 '  x  60'  i s  50,000 l b s .  

The curve  i l l u s t r a t e s  t h a t  a  l a r g e r  v e h i c l e  s u f f e r s  a  s m a l l e r  we igh t  change 

i n  g r o s s  we igh t  p e r  pound of payload than  one des igned  f o r  a  s m a l l e r  pay load .  The 

1 5 '  x 17 '  v e h i c l e  i n c r e a s e s  a t  t h e  r a t e  of  44 l b / l b  payload b u t  t h e  22' x 6 0 '  o n l y  

i n c r e a s e s  a t  t h e  r a t e  of  20 l b / l b  payload.  

Note,  however,  t h a t  t h e  payload geometry h a s  a  g r e a t e r  e f f e c t  than pay load  

we igh t .  Th i s  i s  shown by t h e  1 5 '  x  60 '  payload which h a s  a  l a r g e r  g r o s s  l a u n c h  

we igh t  than  t h e  same payload i n  a  15 '  x 30' c o n t a i n e r .  

The f i v e  c i r c l e d  p o i n t s  on t h i s  c h a r t  r e p r e s e n t  t h e  b a s e l i n e  and f o u r  

a l t e r n a t e  pay loads  which were  ana lyzed  a s  r e q u i r e d  by t h e  s t u d y  c o n t r a c t ,  



Voluine t 
Book 1 Launch and 

i;?ehicle Xystern 

EFFEC"TF RETURN PAYLOAD CAPABIL ITY  

REPORT NO. 
MDC E0049 

NOVEMBER 3 969 

RETURN PAYLOAD - 1000 LB 

F i g u r e  5 -23  
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The third e f f e c t  i s  t h e  e f f e c t  of v e l o c i t y  appor t ionment  between s t a g e s  on 

t h e  v e h i c l e  g r o s s  launch weigh t ,  The v a l u e s  a r e  shown i n  F igure  5-25, 

The d e s i g n  p o i n t  i s  p r e d i c a t e d  on use  of t h e  s h o r t e s t  l e n g t h  2nd s t a g e  t h a t  

w i l l  accommodate t h e  1 5 '  x  30'  payload c a n i s t e r .  The maximum amount of b o o s t  pro- 

p e l l a n t  i s  loaded  i n t o  t h e  e x c e s s  volume t h a t  e x i s t s  even w i t h  a minimum l e n g t h  

v e h i c l e .  The r e s u l t i n g  2nd s t a g e  AV i s  t h e n  s u b t r a c t e d  from t h e  t o t a l  r e q u i r e d  t o  

determine t h e  1st s t a g e  v e l o c i t y  inc rement .  A s  i n d i c a t e d ,  t h i s  des ign  p o i n t  i s  

very  n e a r  t h e  optimum f o r  minimum g r o s s  launch weigh t .  To i n c r e a s e  t h e  1st s t a g e  

AV r e q u i r e d  o f f - l o a d i n g  t h e  2nd s t a g e ,  an  i n e f f i c i e n t  approach from t h e  s t a n d p o i n t  

of volume u t i l i z a t i o n  and,  h e n c e ,  g r o s s  l aunch  weigh t .  Decreas ing  t h e  1st s t a g e  

av  n e c e s s i t a t e s  an i n c r e a s e d  l e n g t h  o r b i t e r  t o  o b t a i n  t h e  a d d i t i o n a l  AV re-  

q u i r e d .  Although a  s m a l l  we igh t  r e d u c t i o n  r e s u l t s ,  t h e  i n c r e a s e d  c o s t  of a  l a r g e r  

o r b i t e r  p l u s  t h e  p o t e n t i a l  i n c r e a s e  i n  t h e  e n g i n e  o u t  AV p e n a l t y  a r e  expec ted  t o  

more than  o f f s e t  t h i s  we igh t  advantage.  Hence, t h e  AV s p l i t  f o r  t h e  b a s e l i n e  ve- 

h i c l e  i s  t h a t  r e s u l t i n g  from t h e  use  of a  minimum l e n g t h  o r b i t e r .  

The f o u r t h  f i g u r e  ( F i g u r e  5-26) i l l u s t r a t e s  t h e  e f f e c t  of e f f i c i e n t  u t i l i z a -  

t i o n  of volume a v a i l a b l e  f o r  b o o s t  p r o p e l l a n t  on g r o s s  l i f t - o f f  we igh t .  The f i g u r e  

c l e a r l y  sho1~1s t h e  advantage o f  t h e  b a s e l i n e  concept  ( i n t e g r a l  t ankage ,  80% u t i l i z a -  

t i o n )  o v e r  a  n o n - i n t e g r a l  concep t  which h a s  o n l y  55% u t i l i z a t i o n .  A s  i n d i c a t e d ,  

t h e  weight  d i f f e r e n c e  i s  s o  pronounced t h a t  even t h e  a d d i t i o n  o f  a  10,000 l b .  

i n e r t  weight  would n o t  i n c r e a s e  t h e  i n t e g r a l  tankage g r o s s  we igh t  above t h e  non- 

i n t e g r a l  v a l u e .  

F i r s t  g e n e r a t i o n  weight  summaries a r e  shown i n  Tab le  5-27 and 5-28 f o r  t h e  

b a s e l i n e  payload and f o u r  a l t e r n a t e s .  These  summaries p r e s e n t  t h e  c a r r i e r  and 

o r b i t e r  c h a r a c t e r i s t i c s  r e s p e c t i v e l y .  
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Baseline System 

REPORT NO. 
MDC E0049 
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FIRST STAGE IDEAL VELOCITY INCREMENT - KFPS 

5 6 7 8 9 10 11 12 13 
FIRST STAGE ACTUAL VELOCITY - KFPS 

F i g u r e  5-25 

5-75 
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PROPELLAiclT VOLUFJlE UTILIZATION 
107 Ft Orbiter 

PROPELLANT VOLUME - CU FT 

REPORT NO. 
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NOVEMBER 1969 

Figure  5-26 
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T a b l e  5-27 

SPACECRAFT SUMMARY WEIGHT STATEMENT 
Configuration: Carrier 

Notes & Sketches: 
I ,  Ltems 9, 10, 11, 15 were artificially allocaied from t l ~ e  I~itegrated Avionics 
, weight estimate in order to accommodate this reporting format. 

. Included in Item 21. 
Includes .25 x required cruise propellant, 
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SPACECRAFT SUMhfARY WE$GW"&'STA"FEMENT 
Canf iguratisn: Orbiter  

Leng th  - F t .  13 0 
Cargo Dimension - F t .  15  x 30 15 x 60 

25000 - 

14870 
7 97 60 
45430 
12570 
53920 
6300 
2638 
2380 
1180 
555 
13 5 
2130 

--- 
200 
544 

Sub t o t a l s  

Notes h Ske tches :  
1. ~ t g m s  9, 1 0 ,  11, 15 were a r t i f i c L a l l y  a l l o c a t e d  from t h e  I n i e g r a t e d  Avion ics  

weight  e s t i m a t e  i n  o r d e r  t o  accommodate t h i s  r e p o r t i r r g  fo rmat .  
Inc luded  i n  I tem 21. 
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6 , 0  REI,TAI3TI,TTY AND SAFETY ANALYSIS 

The m i s s i o n  s u c c e s s  and crew s a f e t y  r e q u i r e d  t h a t  s t r i n g e n t  d e s i g n  g u i d e l i n e s  

b e  i n t r o d u c e d  and f o l l o w e d  d u r i n g  t h e  c o u r s e  of  t h e  s t u d y .  

The f a i l u r e  modes of  t h e  ma jo r  c o n t r i b u t i n g  subsys t ems  i n  each  m i s s i o n  p h a s e  

w e r e  c a r e f u l l y  a n a l y z e d .  Redundant  components ,  e i t h e r  p a s s i v e  o r  a c t i v e ,  o r  func-  

t i o n a l  p a t h  r e d u n d a n c i e s  were  i n c o r p o r a t e d .  S i n g l e  p o i n t  f a i l u r e  a r e a s  were  e i t h e r  

e l i m i n a t e d  d u r i n g  d e s i g n  o r  c o n t r o l l e d  i n  s u c h  a manner as t o  remove s e r i o u s  impac t  

on t n e  s u c c e s s  o f  t h e  m i s s i o n  o r  s a f e t y  o f  t h e  crew. 

One o f  t h e  b a s i c  g r o u n d r u l e s  f o l l o w e d  d u r i n g  t h e  c o n c e p t u a l  d e s i g n ,  w a s  t h a t  

m e c h a n i c a l ,  e l e c t r o - m e c h a n i c a l  and  f l u i d  subsys t ems  s h o u l d  b e  f u l l y  r e d u n d a n t ;  i . e . ,  

t h e  f i r s t  c r i t i c a l  component f a i l u r e  a l l o w s  c o n t i n u a n c e  of  f u n c t i o n  and t h e  s e c o n d  

s u c h  f a i l u r e  p e r m i t s  s a f e  subsys t em o p e r a t i o n .  Av ion ic s  d e s i g n  r e q u i r e s  a  f a i l  

o p e r a t i o n a l ,  f a i l  o p e r a t i o n a l ,  f a i l  s a f e  s equence ,  which can  b e  r e a d i l y  accompl i sh -  

ed  w i t h  p r e s e n t  day ha rdware  and redundancy t e c h n i q u e s .  With t h e  a d v e n t  of  l a r g e  

s c a l e  i n t e g r a t e d  c i r c u i t s ,  t n i s  c r i t e r i a  s h o u l d  b e  m e t  w i t h  e v e n  l e s s e r  p e n a l t i e s  

f o r  w e i g h t ,  power consumpt ion  and c o m p l e x i t y .  

The t o t a l  program c o n c e p t  r e q u i r e s  o p e r a t i o n a l  pe r fo rmance  o f  t h e  s h u t t l e  

v e h i c l e  t o  b e  comparable  t o  t h a t  of  commercia l  a i r l i n e s .  To a c h i e v e  r e l i a b i l i t y  

a n d  s a f e t y  a t t a i n e d  by t h e  commercia l  a i r l i n e s  many o f  t h e  t r i e d  and p roven  t ech -  

n i q u e s  o f  d e s i g n ,  m a n u f a c t u r e ,  o p e r a t i o n  and s e r v i c i n g  have  b e e n  i n c o r -  

p o r a t e d  i n t o  t h e  s h u t t l e  program w i t h  o n l y  minor  changes  r e q u i r e d  b e c a u s e  of  u n i q u e  

o p e r a t i o n a l  env i ronmen t s .  

6 . 1  R e l i a b i l i t y  C r i t e r i a  and  Goals  - The r e l i a b i l i t y  r e q u i r e m e n t  i s  t h a t  t h e  

o p e r a t i o n a l  v e h i c l e  n a s  a  .95 p r o b a b i l i t y  o f  s u c c e s s f u l l y  c o m p l e t i n g  t h e  m i s s i o n .  

1 J i th  t i l e  redundancy t e c h n i q u e s  a v a i l a b l e  and a p p l i e d  t o  t h e  s u b s y s t e m  d e s i g n  and 

w i t h  t h e  u s e  o f  p r e s e n t  day ,  h i - r e l i a b i l i t y  components ,  t h i s  g o a l  i s  f e a s i b l e  and 

can  b e  a c h i e v e d .  

The o p e r a t i o n a l  r e q u i r e m e n t s  d i c t a t e  a  low c o s t ,  f u l l y  r e u s a b l e  s p a c e c r a f t  t o  

b e  o p e r a t e d  as a n  a i r  t r a n s p o r t ,  w i t h  minimum t u r n a r o u n d ,  minimum main tenance  be-  

tween m i s s i o n s .  Using  t h e s e  o p e r a t i o n a l  c o n s t r a i n t s ,  subsys  tem d e s i g n s  were  r e -  

viewed w i t h  t h e  f a i l u r e - t o l e r a n t  c r i t e r i a  i n  mind, i . e . ,  f a i l  o p e r a t i o n a l ,  f a i l  

s a f e  s e q u e n c e  f o r  m e c h a n i c a l  and f l u i d  s u b s y s t e m s ,  and f a i l  o p e r a t i o n a l ,  f a i l  

o p e r a t i o n a l ,  f a i l  s a f e  s e q u e n c e ,  f o r  t h e  i n t e g r a t e d  a v i o n i c s  s u b s v s  terns. 
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6 a 2 R e l i a b i l i t y  Analysj s - - The r e l i a b i l i t y  a n a l y s i s  of subsystem desigvls i r ~ c l u d e s  

review of  t h e  d e s i g n  concep t ,  t h e  redundancy t e c h n i q u e s  employed i n  t h e  d e s i g n ,  and 

t h e  e f f o r t  t o  e l i m i n a t e  s i n g l e  p o i n t  f a i l u r e s  and c o n t r o l  haza rdous  f l i g h t  condi-  

t i o n s .  A v e h i c l e  g r o s s  f a i l u r e  a n a l y s i s  w a s  a l s o  performed based on a t y p i c a l  m i s -  

s i o n ,  and t h e  g u i d e l i n e s  and g r o u n d r u l e s  l i s t e d  below. The m a j o r  m i s s i o n  e v e n t s  

a r e  o u t l i n e d  and t h e  subsystem f u n c t i o n s  r e q u i r e d  f o r  s u c c e s s  of t h e  e v e n t  are 

l i s t e d  a l o n g  w i t h  t h e  major  modes of f a i l u r e  of t h e  subsystem. The r e s u l t s  of t h i s  

a n a l y s i s  a r e  p r e s e n t e d  i n  Table  6-1. 

A s  a n  a i d  i n  complet ing t h i s  a n a l y s i s ,  c e r t a i n  g u i d e l i n e s  and g r o u n d r u l e s  were  

s e t  f o r t h  which a r e  t y p i c a l  f o r  a l l  m i s s i o n  phases .  

a) Genera l  

o  P r o v i s i o n s  w i l l  b e  made f o r  s a f e  m i s s i o n  t e r m i n a t i o n  from a l l  phases  of  

t h e  m i s s i o n .  

o  P r e f l i g n t  and i n f l i g h t  subsystem cileclcout w i l l  b e  performed by a n  on- 

board  sys tem.  

o Eacn v e i l i c l e  w i l l  have  a  two man crew; e i t h e r  crewman c a p a b l e  of f l y i n g  

tile veh i  c l e .  

o  V e n i c l e  subsystems d e s i g n s  xi11 employ m u l r i p l e  redundancy c o n c e p t s .  

o  E l e c t r o n i c  subsystems des igned  s o  t h a t  tney  remain o p e r a t i o n a l  a f t e r  

f a i l u r e  of  two c r i t i c a l  components and s a f e  a f t e r  f a i l u r e  of t h e  t h i r d  

c r i t i c a l  component. 

o  ,111 o t n e r  subsystems i g i l l  b e  d e s i g n e d  s o  t h a t  f o l l o w i n g  a n  i n i t i a l  

f a i l u r e  t11e sys tem remains o p e r a t i o n a l ;  f o l l o w i n g  t h e  second f a i l u r e ,  

t n e  sys tem remains s a f e .  

o  Landing s i tes  w i l l  b e  l o c a t e d  n e a r  t h e  launch s i t e s .  

b)  Pre-Launch Phase  

o  Subsystem ground checkout  equipment w i l l  b e  minimized.  

o  Vei l ic le  l aunch  w i l l  b e  p o s s i b l e  w i t h i n  2 hours  from a  s t a n d b y  s t a t u s .  

o  Cargo l o a d i n g  and p r e f l i g h t  s t o r e s  l o a d i n g  ( f u e l ,  o x i d i z e r ,  oxygen) 

s h a l l  b e  s i m p l i f i e d  o p e r a t i o n s .  

c )  Launcn Phase  

o  'Iinimum ground s u p p o r t  and f a c i l i t i e s  w i l l  be r e q u i r e d  f o r  launcl?. For  

rendezvous m i s s i o n s ,  t h e  s c h e d u l e  w i l l  pe rmi t  l a u n c h i n g  w i t ~ l i n  a  60 

second window. 



Table 6-1 

GROSS FA ILURE ANALYSIS 
. -- --- 

MISSION EVENT MAJOR SUBSYSTEM FUNCTIONS MAJOR MODE OF T FAILURE 
IMPACT OF FAILURE ON 

1ST STAGE 2ND STAGE I MISSION/SAFETY 

1. PRE-LAUNCH ECLS ECLS 

SYSTEM 
CHECKOUT 
(BOTH 
VEHICLES) 

LOAD CARGO 

FUELING OF 
S/C (BOTH 
STAG ES) 

G & N ELECTRONICS 

ELECTRICAL ELECTRICAL 

N/A AGE AND 
MECHANICAL 
LOADING 
DEVICE 

FUEL AND OX1 DIZER 
UMBILICALS - FUEL 
DUMPING AT DISCONNECTS 

CREW CABIN ENVIRONMENT 
BOARDING FINAL SYSTEMS CHECK 

IGNITION PROPULSION BOOST ENGINES 

2. LAUNCN/ASCEFIT PROPULSION ENGINES 

INITIAL 
BOOST 

HOLD DOWN LAUNCH OPERATIONS AGE 
RELEASE 

GUIDANCE AlUD G & C (AVIONICS) 
CONTROL OF 
COMBINED 
VEHICLES AND 
SEPARATED 
VEHICLES ENGINES GIMBALLING 

SEPARATION HYDRAULIC SUBSYSTEM, 
OF STAGES PYROTECHNICS AND 
(1) AMD (2) SEQU ENTl ALS 

UNCOYTROLLED 
LEAKAGE-CABIN 
ATMOSPHERE 
CONTAMINATION 

LOSS OF VEHICLE 
CONTROL SIGNALS 

POWER INTERRUPTION - 
POWER LOSS - FIRE 

CARGO DROPPED - 
DAMAGE TO S/C 
EXTERIOR - 
RADIOACTIVE 
CARGO HAZARDS 

LEAKAGE - FAILURE 
TO SHUTOFF - 
AUTOGENOUS IGNITION 
OF FUEL 

FAILURE TO SECURE 
HATCHES 

FAILURE TO IGNITE - 
TO DEVELOP FULL  
THRUST 

LOSS OF ENGINE 
LOW THRUST LEVEL 

HOLD DOWN RELEASE 
FAILS TO RELEASE 

lMU MALFUNCTION PLAT- 
FORM DRIFT - LOSS OF 
SIGNAL TO COMPUTER 

HARD OVER CONTROL 
PROBLEMS - FAILURE 
OF ENGINES TO REACT 

FAILURE TO ACTUATE 
PIN PULLERS, THRUSTER 
MALFUNCTION 
HANG UP OF LINES, 
CABLES, STRUCTURE 

SCRUB MISSION 
NORMAL EGRESS 

SCRUB MISSION 
NORMAL EGRESS 

SCRUB MISSION 
NORMAL EGRESS 

HOLDLAUNCH 
DETERMINE EXTENT OF DJWAGE 
- SCRUB MISSION 

MISSION HOLD 
CRITICAL EVENT 
COULD DESTROY BOTH 
VEHICLES 

HOLD LAUNCH - DEFUEL AND 
REPAIR LATCH MECHANISM 

ABORT MISSION-ENGINE(S) 
SHUTDOWN NORMAL EGRESS 

RELEASE AND CONTINUE 
MISSION - PREPARE TO 
SEPARATE AND ORBIT STAGE I 
AND RETURN TO LANDING SITE 
WlTH STAGE II 

ENGINE SHUTDOWN 

LOSS OF VEHICLE CONTROL 
IMPROPER ORBIT ENTRY 

LOSS OF VEHICLE CONTROL 
INTACT ABORT AFTER 
SEPARATION 

CATASTROPHIC EVENT EJECT" 

MECHANICAL RELEASE BINDING, SEIZING CATASTROPHIC I F  SEPARATION 
MISALIGNMENT NOT COMPLETED 

COMMUNICA- GROUND CONTACT - BOTH 
TlONS BOTH STAGES COMMUNI CATION 
VEHICLES WITH SECOND VEHICLE 
AFTER 
SEPARATION 

PROVISION OF O2 SUPPLY AND CABIN 
BREATHABLE TEMPERATURE CONTROL 
ATMOSPHERE & 
TEMPERATURE 
CONTROL IN 
CREW AND 
PASSENGER 
COMPARTMENTS - 
- ECLS 

3. ORBIT MANEU- N/A ATTITUDE 
VERING CONTROL 

ELECTRON- 
I 

STAGE 81 ICS AND 
THRUSTERS 

FUEL/ 
OXIDIZER 
SUPPLY 
SYSTEMS 

SIGNAL LOSS FROM 
GROUND STATION 
INABILITY TO RECEIVE 
INFORMATION FROM 
OTHER VEHICLE 

LOSS OF o2 SUPPLY 
(REDUCED PRESSURE) 

FAILURE OF ATTITUDE 
CONTROL - ELECTRON- 
ICS TO PROPERLY 
SEQUENCE THRUSTERS 

EXCESSIVE LEAKAGE 
TANK OR LINE 
RUPTURE 

MINIMUM IMPACT ON MISSION SUC- 
CESS DUE TO MULnPLE 
REDUNDANT PATHS 

FIRST STAGE - MINIMAL EFFECT- 
RETURN TO BASE 
SECOND STAGE - DETERMINE 
URGENCY OF LOSS 
CONTINUE MISSION OR ABORT 

INABILITY TO MAINTAIN 
PROPER ATTITUDE - LOSS OF FIX 
ON TARGET - USE BACK UP MODE 
OR EFFECT REPAIR 

ABORT MISSION - SWITCH TO 
ALTERNATE SUPPLY FOR 
SAFETY-ISOLATE LEAKAGE 

*UECTlON SEATS OlR POD ESCAPE PROVIDED RDT&E FLIGHTS ONLY 

METHOD OF CONTROL OR 
MINIMIZING EFFECT 

MONITOR PRESSURE DURING 
PAD OPERATIONS 
LOCATE HI-PRESSURE 
BOTTLES OUT OF CREW 
COMPARTMENT 

REDUNDANT SYSTEMS 
IN EACH VEHICLE 

RAPID EXIT - PURGE @PIBIN 
WlTH INERT GAS 

POSITIVE MEANS OF CARGO 
HANDLING - PROTECT S/C 
DURING LOADING - 
PROVIDE RADIATION PROTECTION 
OF S/C AND OCCUPANTS 

STANDARD FUELING 
PROCEDURES - PURGE 
EQUIPMENT AVAILABLE AT LAUNCH 
SITE - CREW EGRESS' ANID ESCAPE 
MODES ACTIVATED 

REDUNDANT PATHS PROVIDED FOR 
ENGINE IGNITION - HOLII-DOWN 
MODE 

CAPABLE OF SUCCESSFUIL. LAUNCH 
NITH AN ENGINE OUT - EACH 
ENGINE HAS THRUST POTENTIAL 
GREATER THAN MINIMUM REQUIRED 

REDUNDANT RELEASE DIESIGN 

TRi-REDUNDANT AVIONICS PRO- 
VIDED IN EACH VEHICLE CROSS- 
OVER LINK BETWEEN VEHICLES 

REDUNDANT CONTROL 
SIGNALS FROM BOTH VEHICLES 
REDUNDANT CAPABILITY FOR 
CONTROL IN EACH SEPARATE 
VEHICLE 

MULTIPLE REDUNDANT PATHS FOR 
SEPARATION DEVICES - REDUNDANT 
INITIATORS FOR THRUSTERS - 
EJECT FOR CREW SAFETY 

POSITIVE - ACTING RELEASE DESIGN 
BACKUP SPRINGS 

MULTIPLE REDUNDANCY PROVIDED 
BOTH ACTIVE AND FUNCTIQNAL PATI 

REDUNDANT O2 SUPPLIES AVAILABLE 

REDUNDANT O2 SUPPLIES AVAILABLE 

MANUAL OVERRIDE TO CONTROL - 
THRUSTER REDUNDANCY PROVIDED 

REDUNDANT SUPPLY SOLIRCES AND 
REDUNDANT LINES RUN ON OPPO- 
SITE SIDES OF T H E  FUSELAGE 



Table 6-1 (Continued) 

GROSS FA ILURE ANALYSIS (Continued) 

MAJOR SUBSYSTEM FUNCTIONS MAJOR MODE OF 

ATTlTUDE CONTROL LOSS 
- DUE TO ELECTRONICS 
FAILURE 

THRUSTER MISFIRING 
FAILURE TO RETRO AT 
PROPER TlME OR 
ATTITUDE 

N/A RETRO FAILURE TO FIRE 
MOTORS AT REQUIRED THRUST 
FIRE FUEL EXPENDED 

JET ENGINE DEPLOYMENT 

ENGINE IGNITION 

WING DEPLOYMENT 

LANDING GEAR EXTENSION 

ATTAIN PLANNED LANDING 
AREA 

LANDING GEAR ACTUATED 

FLIGHT CONTROLS 

INSTRUMENTATION 

COMMUNICATIONS 

TOUCHDOWN 

LANDING ROLL 

UNSYMMETRICAL DE- 
PLOYMENT, SEIZING 
BINDING OF MECH 
LINKAGES - 
FAILS TO TURN-OVER 
FUEL LINE RESTRICTION 

UNSYMMETRICAL DEPLOY- 
MENT - FAILS TO FULLY 
EXTEND -DOES NOT 
LOCK 

DOORS FAIL TO OPEN 
LOSS OF HYDRAULIC 
ACTUATOR FOR GEAR 
EXTENSION 

GEAR FAILS TO LOCK 
DOWN 

FAILURE TO REACH 
PLANNED LANDING SlTE 

LANDING GEAR HANG UP 
OR BUCKLES UNDER 
LOAD 

HYDRAULIC ACTUATION 
FAILS - BINDING, 
SEIZING 

ALTIMETER, DIREC- 
TIONAL INDICATION, 
BLIND LANDING 

LOSS OF VOICE AND 
BEACONS 

LAND SHORT OR LONG 
ON RUNWAY - HARD 
l MPACT 

VEER OFF RUNWAY 

IMPACT 0F.FAILURE ON 1 MISSION/SAFETY 

PREPARE TO ABORT MISSION 
DETERMINE EXTENTOFMALFUNC- 
TlON AND ACT ACCORDINGLY 

COULD B E  CATASTROPHIC 

PROLONGED ENTRY PERIOD - 
MlSS ENTRY WINDOW FOR RECOVER- 
ABLE LANDING AT PLANNED SlTE 

PROLONGED ENTRY PERIOD - 
MlSS ENTRY WINDOW FOR RECOVER- 
ABLE LANDING AT PLANNED SlTE 

LOSS OF S/C POSSIBLE 
LOSS OF CRUISE AND GO-AROUND 
CfiPABlLlTY 

LOSS OF S/C POSSIBLE 
LOSS OF CRUISE AND GO-AROUND 
CAPABILITY 

LOSS OF S/C DUE TO HIGH LAND- 
ING SPEEDS REDUCED SUBSONIC 
L/D 

S/C DAMAGE 
MISSION SUCCESS 
DEGRADED 

LOSS OF CREW POSSIBLE - 
S/C LOSS 

HARD LANDING ON UNPREPARED 
SURFACE 

EXTENDS REFURBISHMENT TlME - 
DAMAGE TO S/C 

DEGRADED RELIABILITY 
MOMENTARY CONTROL 
CONDITION 

DEGRADED MISSION SUCCESS 

DEGRADED MISSION SUCCESS 

DEGRADED MISSION SUCCESS 
JEOPARDIZE SAFETY OF CREW 

S/C DAMAGE 

METHOD OF CONTROL OR 
MINIMIZING EFFECT 

SECONDARY O2 SUPPLY AVAILABLE 
EMERGENCY SUITS AVAILABLE TO 
CREW 

REDUNDANT ACS PACKAGES PLUS 
MANUAL BACKUP FOR CONTROL 

MANUAL CONTROL BACK-UP TO 
REDUNDANT ELECTRONICS 

FUNCTIONAL REDUNDAfICY PRO - 
VlDED IN ENGINES AND CONTROLS 

RESERVE FUEL SUPPLY 
PROVIDED FOR RETRO ONLY 

REDUNDANT DEPLOYMENT METHODS- 
AERO AID ONCE DEPLO1(MENh 
STARTS 

AIR START WITH CARTRIDGE BACKUP 

REDUNDANT ACTUATORS ACTING 
ON BOTH WINGS SIMULTJMEOUSRY 

REDUNDANT ACTUATORS FOR DOORS 
AND GEAR 

PYRO BACK UP FOR DO(3R 
REMOVAL 

SUBSONIC CRUISE CAPABILITY - 
ALTERNATE SITES PROIdlDED 

CRASH WORTHINESS OF S/C 
DESIGN 

QUADREDUNDANT CONTROLS ALL 
AXIS - FLY-BY-WIRE CAPABILITY 

GROUND CONTROL AS AID TO 
LANDING AVAILABLE 

REDUNDANT LOSSES 

GO AROUND CAPABILITY OW 
GLIDE EXTENSION USING SET 
ENGINES 

ENGINE STEERING DURING ROLL - 
BRAKING PROVIDED 
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o  S tage  s e p a r a t i o n  stial.1 be accoinpiisiied wi th  a  mini~r~urn d i s t u r b a n c e  t o  

both  vehicles. A p o s i t i v e  s e p a r a t i o n  w i l l  b e  performed w i t h i n  a  mini-  

mum time p e r i o d ,  w i t h o u t  damage t o  e i t h e r  s t a g e  

o  The l a u n c h l a s c e n t  s h a l l  be  capab le  of complet ion w i t h  one eng ine  o u t .  

d)  On-Orbit Phase 

o  A l l  guidance and n a v i g a t i o n  f u n c t i o n s  s h a l l  b e  performed on board  w i t h  

s i m p l i f i e d  sys tems .  

o  Approach and rendezvous maneuvers a n d / o r  cargo t r a n s f e r  t o  a  s p a c e  

s t a t i o n ,  s h a l l  b e  an au tomat ic ,  s i n g l e  o p e r a t i o n  f o r  crew. 

o  T r a n s f e r  o f  a  1 5 '  d iamete r  by 30'  c y l i n d r i c a l  payload is  r e q u i r e d .  

e )  De-orbit  Phase 

o  N u l t i p l e  methods f o r  performing d e - o r b i t  w i l l  be  p rov ided .  The oppor- 

t u n i t y  t o  r e t u r n  t o  a  p r e - s e l e c t e d  s i t e  w i l l  be a v a i l a b l e  once p e r  24 

h o u r s .  

f )  Landing 

o  Go-around c a p a b i l i t i e s  w i l l  be  provided f o r  b o t h  v e h i c l e s .  

o  Landing speeds  and t h e  v i s i b i l i t y  w i l l  b e  provided comparable t o  

present-day l a n d  based mul t i - eng ine  a i r c r a f t .  

o  A l l  wea ther ,  c a p a b i l i t y  f o r  low v i s i b i l i t y ,  a u t o m a t i c  l a n d i n g s  w i l l  b e  

provided.  

g) P o s t - F l i g h t  Phase 

o  Botn ve i l i c les  w i l l  b e  c a p a b l e  of h o r i z o n t a l  t a k e o f f ,  f l i g h t  and l a n d i n g  

from an  e m e r g e n c y l a l t e r n a t e  l a n d i n g  s i t e .  

o  P o s t  l a n d i n g  v e h i c l e  sys tems s a f e i n g  c a p a b i l i t y  s h a l l  be  

provided t o  t h e  f l i g h t  crew. 

6 . 2 . 1  Subsystem Apportionments - R e l i a b i l i t y  g o a l s  f o r  subsystem d e s i g n s  were  

based on t h e  miss ion  s u c c e s s  requ i rement  ( . 9 5 ) ,  and a r e  p r e s e n t e d  i n  T a b l e  6-2. 

The 12% cont ingency i n  t h e  miss ion  r e l i a b i l i t y  g o a l  o v e r  t h e  m i s s i o n  requirement  i s  

a v a i l a b l e  t o  account  f o r  o p e r a t i o n a l  and equipment d e t a i l s  unknown a t  t h i s  p o i n t .  

The g o a l  was a l s o  appor t ioned  t o  e s t a b l i s h  subsystem r e l i a b i l i t y  requ i rements  

f o r  b o t h  t h e  c a r r i e r  and o r b i t e r  v e h i c l e s  d u r i n g  t h e  t y p i c a l  miss ion .  The r e s u l t s  

of t h i s  second t a s k  a r e  shown i n  Tab le  6-3 f o r  t h e  c a r r i e r  v e h i c l e  and Tab le  6-4 

f o r  t h e  o r b i t e r .  The t o t a l  subsystem requ i rements  f o r  m i s s i o n  s u c c e s s  i s  a  combi- 

n a t i o n  of t h e  requ i rements  of each phase .  For example, t h e  t o t a l  ECLSS appor t ion-  

ment f o r  t h e  c a r r i e r  would be  -9984 and f o r  t h e  o r b i t e r  .9957. 
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T a b l -  6-2 

l L R V  M1SSION RELIABlblTY APPORTIONMENT 

Mission Reliabiaity Required = 0.95 
I 

2. SEPARATION (BOTH STAGES) 
3. ON-ORBIT (STAGE 2) 
4. ENTRY (STAGE 2) 
5. LANDING (STAGE 2) 
6. SUB-ORBITAL MANEUVER (STAGE 1) 
7. LANDING (STAGE 1) 

MISSION RELIABILITY DESIGN GOAL - 0.956 
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Table 6-3 

RELIAGILIW WAPPORTIONMENTS BY SUBSYSTEM 
CARRIER RELIABILITY REQUIREMENTS = 0.9870 

E L E C T R I C A L  POWER 

P R O P U L S I O N  

GUIDANCE 
AND CONTROL 

TELECOllMUNICATION 

LANDING SYSTEM 

ONBOARD 
CHECKOUT 

AERO CONTROL 

S E Q U E N T I A L S ,  HYDRAULICS,  
THRUSTERS AND MECHANICAL 

R E L I A B I L I T Y  PHASE 
REQUIREMENTS 

0.9980 

0.9990 

0.9997 

N /  A 

0,9999 

N / A  

0.9999 

0.995 

0,9999 

0.9970 

0.9999 

N / A  

0.9999 

N/  A 

0.9985 

0.995 

0.9995 

0.9999 

0.9997 

N / A  

0,9999 

0.9994 

0.9999 

0.998 

0.9999 

0.9998 

1 . 0  

0.9996 

1 . 0  

0.9998 

0.9999 

0.999 
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T h e  d i f f e r e n c e  between t h e  c a r r i e r  r equ i rements  and t h a t  of t h e  o r b i t e r  is due 

p r i m a r i l y  t o  t h e  number o f  sys tems f u n c t i o n i n g ,  t h e  Longer o p e r a t i o n a l  t ime f o r  t h e  

o r b i t e r ,  and t h e  r e e n t r y  environment t h a t  t h e  c a r r i e r  does n o t  e x p e r i e n c e  i n  t h e  

normal m i s s i o n .  

6 . 2 . 2  Subsystem Es t ima tes  - P r e l i m i n a r y  subsystem d e s i g n s  h a v e  been examined f o r  

f e a s i b i l i t y  of concep t ,  compliance w i t h  redundancy r e q u i r e m e n t s ,  and s i n g l e  p o i n t  

f a i l u r e  e l i m i n a t i o n .  To t h e  e x t e n t  p e r m i t t e d  by d e s i g n  d e f i n i t i o n ,  p r e l i m i n a r y  

r e l i a b i l i t y  e s t i m a t e s  h a v e  been  made and compared t o  t h e  s u b s y s  tems ' r e l i a b i l i t y  

r equ i rement .  An example of t h e  method used i n  deve lop ing  an e s t i m a t e  is shown f o r  

t h e  e l e c t r i c a l  power subsystem (EPS) of  t h e  o r b i t e r  v e h i c l e .  
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- The E l e c t r i c a l  Power Subsystem f o r  t h e  o r b i t e r  

v e h i c l e  i s  a  f u l l y  redundan t ,  f o u r  s t a c k  f u e l  c e l l  des ign  w i t h  peaklel~lergency 

power requ i rements  backed up by e i t h e r  of two b a t t e r i e s .  Two pr imary DC b u s s e s  

o p e r a t e  i n  p a r a l l e l  w i t h  a  bus t i e  r e l a y  p r o v i d i n g  t h e  c r o s s o v e r  p a t h .  Each p r i -  

mary bus  d i s t r i b u t e s  power t o  d u a l  i n v e r t e r s  and a  secondary ( n o n - e s s e n t i a l )  DC 

bus .  Both p a i r s  o f  i n v e r t e r s  p rov ide  30 ,  AC power t o  redundant AC pr imary b u s s e s  

w i t h  a  b u s - t i e  r e l a y  p r o v i s i o n .  A l l  e l ements  a r e  e a s i l y  i s o l a t e d  from t h e  sys tem 

i n  t h e  e v e n t  of m a l f u n c t i o n  by power r e l a y s .  I n v e r t e r  f requency  s i g n a l s  p r o v i d e  

r e f e r e n c e  o f  o u t p u t  back t o  b o t h  DC pr imary b u s s e s .  Power d i s t r i b u t i o n  beyond t h i s  

p o i n t ,  t o  a v i o n i c s ,  p r o p u l s i o n ,  i n s t r u m e n t a t i o n  and EC/LSS subsystems,  i s  no t  

inc luded  i n  t h i s  a n a l y s i s .  

The p r e l i m i n a r y  r e l i a b i l i t y  e s t i m a t e  f o r  m i s s i o n  s u c c e s s  i s  .99864 which 

c l o s e l y  approximates  t h e  t o t a l  EPS subsystem g o a l  e s t a b l i s h e d  f o r  t h e  o r b i t e r .  

F i g u r e  6-1 i s  a  r e l i a b i l i t y  l o g i c  diagram of t h i s  system. 

Table  6-5 l i s t s  t h e  major components of t h e  sys tem and t h e  f a i l u r e  r a t e s  o r  

s u c c e s s  p r o b a b i l i t i e s  used i n  t h i s  a n a l y s i s .  The equipment a p p l i c a t i o n  f a c t o r s  

(Kapp), l i s t e d  i n  Table  6-6 were a p p l i e d  t o  t h e  equipment w i t h  t ime c o n s i d e r a t i o n s  

of l a u n c h l a s c e n t  e q u a l  t o  8 h o u r s ,  o r b i t  160 h o u r s ,  and t h e  remaining 2 hours  f o r  

e n t r y  and l a n d i n g .  T a b l e  6-7 i s  t h e  e lement  m i s s i o n  r e l i a b i l i t y  t o t a l  w i t h  a l l  

redundant  p a t h s  c o n s i d e r e d  i n  each e lements '  e s t i m a t e .  

The hardware a s s o c i a t e d  d i r e c t l y  w i t h  t h e  l a n d i n g  o p e r a t i o n  and cons idered  i n  

t h e  g r o s s  e s t i m a t e  of t h i s  subsystem i s  l i s t e d  below. 

o  Hydrau l ic  subsystem t h a t  i n c l u d e  r e s e r v o i r s ,  plumbing a c t u a t o r s ,  s e r v o s ,  

accumula to rs .  

o  Aerodynamic c o n t r o l  s u r f a c e s .  

o  F l i g h t  i n s t r u m e n t a t i o n  

o  Mechanical  l a n d i n g  g e a r ,  whee l s ,  b r a k e s  s t e e r i n g  equipment.  
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SUPPLY CONTROL STACK # 1 STACK # 2 RELAY D.C. BUS a 1 1  

Hz REACTANT -FUEL CELL-FUEL CELL, ESSENTIAL 1 
SUPPLY SUPPLY CONTROL STACK I1 STACK # 4 FOLf D.C. BUS # 2 

PEAK/EMERGENCY / 
BATTERY h 2 

- A.C. BUS - 
FREQUENCY 

BUSTIE - 
REFERENCE RELAY (N.O.) 

MISCELLANEOUS 
REDUNDAM 
COMPONENTS 
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T a b l e  6-5 

COMPONENT RELIABILITY DATA 

7: DATA SOURCE: 

COMPONENT 

1.. O2 TANKS AND PLUMBING 

2. H2 TANKS AND PLUMBING 

3 .  REACTANT CONTROL 

4 .  FUEL CELL STACK 

5. CONTROL RELAY 

6. DC EUS 

7. DC TO AC INVERTER 

8. AC BUS 

9 .  BUS T I E  RELAY 

l o .  BATTERY ( 6 . 0  KWH EACH) 

11. MISCELLANEOUS COMPONENTS 
(WIRING, CONNECTORS, 
SWITCHES) 

1 2 .  INVERTER FREQUENCY 
REFERENCE (INTERNALLY 
REDUNDANT) - 

M = MDAC EXPERIENCE 

V = VENDOR DATA 

FAILUR RATE 5 X 1 0  HOURS 

. 2 0  

. 2 0  

5 . 5 0  

1 2 . 3 0  

1 0 . 7 0  

PROBABILITY 
OF SUCCESS 

0 . 9 9 9 9 9 9 7 8 / ~ ~  

0 .99999  

0 .99999  

0.99999934/CY 

0 . 9 9 5 0  

0 .99999  

0 .99999  

DATAik 
SOURCE 

13 

M 

V 

V 

M 

M 

M 

M 

M 

M 

M 
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T a b l e  6-6 

APPLICATION FACTORS ( K ~ p p )  

EQUIPMENT 
TYPE 

PIECHANI CAL 

ELECTRO- 
MECHANICAL 

ELECTRONIC 

LAUNCH 

500 

100 

15 

M I S S I O N  PHASE 
LANDING 

100 

1 

1 

O R B I T A L  

1 

1 

11 

ENTRY 

100 

20 

3 



Volume I 
Book 1 

Fntegral (Launch and 
$ 1  4 4 Pleentry ' lehicle '-ystern 

T a b l e  6-7 

ELEMENT RELIABILITY 

COMPONENT MISSION RELIABILITY ESTIMATE* 

o2 SUPPLY 

H2 SUPPLY 

REACTANT CONTROLS .99951  

RELAY ( 2 0  REQUIRED) . 9 9 9 9 9  

INVERTER FREQUENCY REFERENCE . 9 9 9 9 9  

DC TO AC INVERTERS (REDUNDANT) . 9 9 9 6 7  

MISCELLANEOUS SWITCHES, WIRING AND 
CONNECTORS 

BUS (AC AND DC) REDUNDANT . 9 9 9 9 9  

ESTIMATE TOTAL PS = ,99864 

*EQUIPMENT REDUNDANCIES INCLUDED I N  ESTIMATE 



REPORT NO, 
MDC I30049 

NOVEItIBER 1069 

The estimate for probability of successfuL operation of tbie s~bsystem is 

.99972, 

6 . 3  - A q u a l i t a t i v e  s a f e t y  assessment  has  been made of t h e  sub- 

system d e s i g n s  and o p e r a t i o n a l  r equ i rements  of t h e  b a s e l i n e  v e h i c l e .  A p r e l i m i n a r y  

i d e n t i f i c a t i o n  of c a t a s t r o p h i c  and c r i t i c a l  o p e r a t i o n a l  h a z a r d s  f o r  t h e  c a n d i d a t e  

b o o s t e r  and o r b i t e r  v e h i c l e s  w a s  p repared .  

A s  a p a r t  of t h e  a n a l y s i s ,  a  comparison of s a f e t y  c o n s i d e r a t i o n s  f o r  a com- 

m e r c i a l  t r a n s p o r t  and t h e  ILRV s p a c e c r a f t  was made, based  on a  t y p i c a l  m i s s i o n  f o r  

each t y p e  system. The c o r r e l a t i o n  between systems i s  c l o s e  excep t  f o r  t h e  d i f -  

f e r e n c e s  i n  l aunch  a t t i t u d e s  and t h e  on-orb i t  and e n t r y  phase  environments t h a t  

t h e  o r b i t e r  e x p e r i e n c e s .  The comparison of t h e  s a f e t y  p r o v i s i o n s  f o r  b o t h  sys tems 

i n  t h e i r  normal o p e r a t i o n a l  mode i s  shown i n  Tab le  6-8. 

Some key p o i n t s  fo l lowed d u r i n g  t h e  s a f e t y  a n a l y s i s  were a v e r t i n g  t h e  cas -  

cad ing  e f f e c t  of r o c k e t  e n g i n e l f u e l  system f a i l u r e s ,  t h e  e l i m i n a t i o n  of a b o r t -  

f o r c i n g  escape-prec lud ing  f a i l u r e s ,  and p r o v i d i n g  f o r  ample warning t ime i n  t h e  

event  of p o t e n t i a l l y  c a t a s t r o p h i c  f a i l u r e s .  

6 . 3 . 1  Goals and G u i d e l i n e s  - The crew-safety  requ i rement  i s  ,999  o r  one l o s s  p e r  

1000 miss ions .  T h i s  g o a l  can b e  a t t a i n e d  w i t h  c u r r e n t  s a f e t y - o f - o p e r a t i o n s  c r i t e r i a  

a p p l i e d  d u r i n g  t h e  d e s i g n  and p lann ing  s t a g e .  I n  q u a l i t a t i v e  terms, t h e  s a f e t y  

l e v e l  f o r  t h e  ILRV s p a c e c r a f t  must approach t h a t  l e v e l  e x h i b i t e d  by commercial 

t r a n s p o r t s .  To accomplish  t h i s ,  s e v e r a l  g u i d e l i n e s  have been e s t a b l i s h e d  and 

fol lowed d u r i n g  t h e  p r e l i m i n a r y  s a f e t y  a n a l y s i s .  

o  Miss ion s a f e t y  t o  be  commensurate w i t h  c u r r e n t  FAA r e g u l a t i o n s .  

o  I d e n t i f i e d  h a z a r d s  w i l l  b e  e l i m i n a t e d  o r  reduced and c o n t r o l l e d  by u s e  of 

c u r r e n t  MDC commercial a i r c r a f t  d e s i g n  p r a c t i c e s  and a i r l i n e  p r o c e d u r e s .  

o  P r o v i s i o n s  a r e  made f o r  r a p i d  on-pad e g r e s s  and escape  p a t h s  f o r  crew and 

passengers .  

o  Design must p r o v i d e  f o r  r a p i d  dumplusage of f u e l  fo l lowing  a s c e n t  phase  

a b o r t .  

o  S e p a r a t i o n  d e v i c e s ,  such a s  p y r o t e c h n i c s ,  mechanical  p i s t o n s ,  h y d r a u l i c  o r  

e l e c t r i c a l  a c t u a t o r s  and r e l e a s e s ,  a r e  f u l l y  redundant and e a s i l y  i n s p e c t e d  

o r  f u n c t i o n a l l y  checked p r i o r  t o  a  miss ion .  

o  Dual ,  t r i p l e  and quad-redundancy t e c h n i q u e s  a r e  employed i n  d e s i g n ,  depen- 

den t  upon c r i t i c a l i t y  o f  f u n c t i o n ,  
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AIRLINE OPERATIONS --- 
I. GROUND OPERATiONS - 

EQUIPMENT C H t C K O U I  
SYSTEM PERFORMANCE MON17ORlNG 
MALFUNCTION DETECTION SYSTEM 
CREVI(N0RMAL) EGRESS - NORMAL PASSENGER EGRESS 
EMERGENCY ESCAPE (CREW) & PASSENGERS, HATCHES, 

CHUTES. & STEPS 
'"SINGLE-SWITCHvQ SHUTDOWN CAPABIL ITY 
FIRE-FIGHTING EQUIPMENT AVAILABIL ITY 
-EXPLOSION PROTECTION PROVIDED GROUND CREW 

2. T A K E - O F F  & CLIMB-OUT - 

DEVELOP ENGINE THRUST PRIOR TO BRAKE RELEASE 
ABORT PRIOR TO L I F T - O F F  - BRAKE & SHUTDOWN 
ABORT AFTER L I F T - O F F  - GO-AROUND, A L T E R N A T E  

SITE LANDING , 

ENGINE-OUT CAPABIL ITY.  TAKE-OFF, CLIMB W '0 
FLAPS 

REDUNDANT F L I G H T  CONTROLS & PILOTS 
REDUNDANT COMMUNICATION LINKS 
REDUNDANT GUIDANCE INSTRUMENTATION 
GROUND-BASED FLIGHT STATUS CONFIRMATION 
F U E L  DUMP PROVISIONS 
STRUCTURAL INTEGRITY OF FUSELAGE DURING CRASH 
F U E L  & HYDRAULIC SUPPLIES LOCATED REMOTE FROM 

PASSENGER COMPARTMENT FOR WHEELSUP 
LANDING 

CABIN PRESSURE & 0 2  SUPPLY - INDIVIDUAL O2 
MASKS 

REDUNDANT POWER SUPPLIES 
RESTRAINT SYSTEM PROVIDED (CREW & PASSENGER) 

3. INFLIGHT - 

ENGINE-OUT CRUISE CAPABIL ITY -~ 

REDUNDANT F L I G i l T  INSTRUgENTS - 
REDUNDANT FLIGHT CONTROLS & PILOTS 
GROUND STATION DIRECTIONAL AIDS - T R A F F I C  CONTROL 
FUEL-TANKS SEPARATED (CROSS-FEED PROVIDED) 
ALTERNATE BASES FOR EMERGEJCY LANDINGS 
REDUNDAdT ENGINE - DRIVEN GENERATORS. 

F U E L  PUMPS, ETC.  
A L T E R N A T E  PATrlS OF COMMUNICATION 
SYSTEM PERFORMANCE MONITORING - 

4 APPROACH & LANDING 
ENGINE THROTTLING GLIDE EXTENSION 
GLIDE EXTEI~SION - FLAPS SPOILERS 
FUEL TLJPPLIED FOR GO 4ROUND & OR 

ALTERNATE dASE SELECTOR 
GROUEiD CONTROL OF GLIDE ANGLE & P A M  DIRECTION 
BRAKING TtlRUST REVERSERS 
STEERAdLE NOSE WHEFl- LOCK UNLOCK 
EMERSEkCY EGRESS HATCHES BOORS STEP, CHUTE 

SPACECRAFT PROVISIOMS 

1. PRE-LAUNCH 
FUNCTIONAL CHECKOUT - A L L  SUBSYSTEMS 
ONBOARD CHECKOUT SUBSYSTEM 

MDS 
NORMAL TOWER EGRESS PROVISIONS 
SLIDE WIRE - ELEVATOR - M U L T I P L E  HATCHES 

SWING-ARM PICKUP 
COMPARIBLE C A P A B I L I T Y  - ABORT SWITCH 
GROUND BASED EQUIPMENT 
BUNKERS AND VAULTS PROVIDED A T  LAUNCH SlTE 

2. LAUNCH ASCENT (ROCKET ENGINES) 
HOLD-DOWN CAPABIL ITY ON PAD 
ENGINE SHUTDOWN & EGRESS FROM VEHICLE 
SEPARATION-INTACT ABORT MODE - BOTH STAGES 

ONE ENGINE OUT - CONTINUE MISSION 
TWO ENGINES OUT - ABORT MISSION 

T R I P L E  REDUNDANT AVIONICS - EITHER CREWMAN 
T R I P L E  REDUNDANT AVIONICS 
T R I P L E  REDUNDANT AVIONICS 

GROUND C O l U N l C A T l O N S  A V A I L A B L E  - TRACKING & VOICE 
DESIGN SAFETY MARGIN ADEQUATE - CONSTRUCTION 

TECHNIQUE RINGS & LONGERON 
V O L A T I L E  STORES LOCATED EXTERNAL TO CREW 

& PASSENGER COMPARTMENT 

REDUNDANT 0 2  SUPPLIES - SPACE SUITS A V A I L A B L E  
REDUNDANT BATTERIES, BUSSES, WIRING, & F U E L  C E L L  SECTION 
RESTRAINT STRAPS, COi iTOURED SEATS COUNCHES 
PROVIDED 

3. ON-ORBIT & SUB-ORBITAL MANEUVERING 

ENGINE-OUT CRUISE CAPABIL ITY 
TRI-REDUNDANT INSTRUMENTATION 
COMPARABLE T O  COMMERCIAL TRANSPORT 
GROUND CONTROL & NAVIGATIONAL AlDS - T R A F F I C  COlVTROL 
10noo REDUNDANCY PROVIDED I N  F U E L  SUPPLY 
ALTERNATE LANDING SITES UNDER STUDY 
F U E L  PUMPS CONSIDERED AS PART OF ROCKET E l l G l N E  

INTERNAL REDUNDANCY PROVIDED 
S-BAND COMM. SYSTEM & UHF & VHF SYSTEMS 
ON-BOARD CHECKOUT PLUS REDUNDANT INSTRUMENTS 
EJECTION SEATS OR ESCAPE CAPSULE PROVIDED 

FOR CRE# ROT&E FLIGHTS 

4. APPROACH & LANDING 
ENGINE ( J E T \  THROTTLl lUG FOR GLIDE EXTENSION 
AERO L I F T  PROVIDED kY VEHICLE SHAPE 
WHEEL BRAKING AND THRUST REVERSAL OF J E T  ENGINES 
COMPARABLE STEERING TO COMMERCIAL VEHICLES 
F U E L  SUPPLY A V A I L A B L E  FOR GO-AROUtjD 
GROUND CONTROL FOR LANDING ASSIST 
EMERGENCY GROUND ESCAPE PATHS PROVIDED 

QUICK O P t N l N G  H A I L W E b ,  DOUKL S l k P b  8, CHUTES 
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o  A s i n g l e  f a i l u r e  should n o t  cause  m i s s i o n  a b o r t  and p r e c l u d e  e s c a p e ,  

o  An i n a d v e r t a n t  a b o r t  i n i t i a t i o n  w i l l  n o t  r e s u l t  from a  s i n g l e  f a i l u r e ,  

o  Explos ives  and hi-energy s t o r a g e  f a c i l i t i e s  w i l l  be  l o c a t e d  remote ly  

from crew compartments. 

o  Abort ,  e s c a p e  and recovery  p a t h s  w i l l  b e  a v a i l a b l e  t o  crew members a t  a l l  

t imes  . 
6 . 3 . 2  Design E v a l u a t i o n  f o r  S a f e t y  - The e v a l u a t i o n  of a v a i l a b l e  subsystem 

d e s i g n s  was completed i n  c o n j u n c t i o n  w i t h  t h e  i n s p e c t i o n  of t h e  hazardous  e v e n t s  

t h a t  must occur  d u r i n g  t h e  normal miss ion .  

A g r o s s  f a i l u r e  a n a l y s i s  was made t o  i d e n t i f y  t h e  major modes o f  f a i l u r e  of 

t h e  o p e r a t i n g  subsystems f o r  each miss ion  phase .  The impact of t h e  f a i l u r e  on 

m i s s i o n  s u c c e s s  o r  crew s a f e t y  and t h e  d e s i g n  methods f o r  c o n t r o l l i n g  o r  minimizing 

t h e  e f f e c t  of t h e  f a i l u r e  a r e  inc luded  i n  t h e  Gross Vehic le  F a i l u r e  A n a l y s i s ,  

Tab le  6-1. 

S i n g l e  p o i n t  hazard a r e a s  a r e  i d e n t i f i e d  i n  Tab le  6-9, t o  p in -po in t  c r i t i c a l  

components of t h e  subsys tem's  o p e r a t i n g  d u r i n g  c e r t a i n  emergency s i t u a t i o n s .  For 

example, t h e  l o s s  of e l e c t r i c a l  power emergency and t h e  i d e n t i f i c a t i o n  of t h e  

c r i t i c a l  components, i t em (5) o f  Tab le  6-9, p r o v i d e  a  b a s i s  f o r  d e s i g n  c o r r e c t i o n  

a c t i o n  o p t i o n s  shown i n  t h e  fo l lowing  c h a r t ,  T a b l e  6-10. 



T a b l e  6-9 

CWlBflCAL COMPONENTS IDEN"$FICATION 

EMERGENCY 
T Y P E  

1) FIRE 

2) NON-HABITABLE 
ENVIRONMENT 

3) EXPLOSION 

4) LOSS OF 
ATTITUDE 
CONTROL 

5) LOSS OF 
ELECTRICAL 
POWER 

6) MECHANICPL 
SYSTEMS 
MALFUNCTION 

MAJOR SUBSYSTEM(S) 
OPERATING I PRIMARY CAUSE OF EMERGENCY I CRlTl  CAL COMPONENTS 

REQUIRING DESIGN CONCERN 

ELECTRICAL POWER 

ECLSS 

ECLS 

A L L  PROPULSION 
SUBSYSTEM 

ECLS 

ATTITUDE CONTROL 
ELECTRONICS 

ATTITUDE CONTROL & 
MANEUVER PROPULSION 

BOOST PROPULSION 

ELECTRICAL POWER 
SUPPLY & 
DISTRIBUTION 

SEPARATION SYSTEM 

HATCH LATCHING 

LANDiRG GEAR 
EXTENSION 

CONTROL SURFACES 

ta ELECTRICAL ARCING DURING SWITCHING, SHORTS, 1 OPEN WIRES 

1 b~ SUPPORTS COMBUSTION BY LEAKAGE OR NORMAL 
CABIN 0 2  SUPPLY 

e LOSS OF  O2 SUPPLY 
e LOSS OF PRESSURE & TEMPERATURE & 

HUMIDITY CONTROL 
e ATMOSPHERE CONTAMINATION 
e SOLAR RADIATION 

s FUEL TANK OR OXIDIZER TANK RUPTURE, 
RUPTURE, PLUMBING LEAKAGE 

PP FUEL & OXIDIZER TRANSFER 

PP SUPPLY TANK RUPTURE, EXCESSIVE HI- 
PRESSURE LEAKAGE 

e LOSS OF REFERENCE 
e POWER FAILURE 

s THRUSTER FAILURE 
PP FUEL DEPLETION 

se ENGINE FAILURES 
e LO-THRUST DEVELOPED 
s HARD-OVER GIMBALING 

e BATTERY FAILURE 
e SHORT CIRCUIT 
e LOSS OF FUEL CELL  GAS SUPPLIES 
e CONTROL RELAY OPEN 

s BINDING OF  LINKAGES 
c GAS GENERATOR FAILURE 
e FAILURE TO LATCH &I SEAL CREW COMPARTMENT 

DURING ASCENT PRESSURE CHANGE - FAILURE 
TO UNLATCH IN EMERGENCY 

e LOSS OF HYDRAULIC POWER 
e FAILURE OF GEAR TO POSITION & LOCK 

e BINDING/SEIZING OF SURFACE 
s LOSS OF  CONTROL SURFACE' THRU HI- 

TEMPERATURE EXPOSURE 

c WIRING, BATTERIES, BUSSES, SWITCHES & POWER 
CONSUMING DEVICES 

@ 0 2  SUPPLY TANKS SHUT-OFF VALVES & PLUMBING 

s 0 2  TANKS, VALVES, PLUMBING 
s TANKS, VALVES, PLUMBING, COLD PLATES, 

BOILERS, FILTERS 
e FILTERS, EMERGENCY O2 SUPPLY 
ta STRUCTURAL SHIELDING, LOCATION O F  PERSONNE 

s SUPPLY TANKS, VALVES, PLUMBING, JOINTS 
e TRANSFER HOSES, LINES, VALVES, PUMPS 

e TANKS, VALVES, LINES 

e GYROS, IMU, COMPUTER, DISPLAYS 
e POWER SUPPLY, WIRING BUSS.CONNECTIOWS 

e THRUSTER, VALVES, PLUMBING 
e TANKS, PLUMBING, S/O VALVES 

s F b E L  PUMPS, COMPRESSOR BEARINGS & BLADES 
e FUEL CONTROL, NOZZLE CONTROL, THROTTLING 
e GIMBAL ACTUATORS, MECHANICAL LINKAGES 

s BATTERIES, CONNECTORS, POWER BUSS RELAYS 
e SWITCHES, WIRING, CONNECTORS, INVERTERS 
e TANKS, PLUMBING, CELLS 

a MECHANICAL ATTACH POINTS, BEARING SURFACES 
e GAS GENERATORS, BACK-UP SPRINGS 
e LATCHES, SEALS, LOCKING MECHANISMS, DOORS, 

PORTS, SERVICE HATCHES, GEAR DOORS 

e HYDRAULIC SUPPLY, PLUMBING, ACTUATORS, SEAL 
e DOWNLOCK MECHANISM, PIVOT BEARINGS 

e BEARINGS, SHAFTS, LINKAGES, ACTUATORS 
b~ THERMAL PROTECTION AND STRUCTURE 
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CORRECTIVE ACTION OPTBONS 
FOR EPS FAILURES ON ORBITER 

VEHICLE 
Options For Corrective Action 

REPORT NO. 
MDC E 0 0 4 9  

N O V E h I B E R  1 9 6 9  

CONTINUE NORMAL OPERATION WlTH 

MORE DESIRABLE POINT CONTINUE NORMAL OPERATION WITH 

AND CONTINUE RETURN BACKED-UP WITH BATTERIES ON LINE. 

e ABORT MISSION FOR DE- 
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6 * 3 , 3  C r i t  i c a 1  -- Subsystem Ana lys i s  ii nwsr h.a~,ir;lous r e q u i r e d  function xn Llle nor-  

mal ILKV miss ion  i s  t h e  s e p a r a t i o n  of  t h e  two s t a g e s ,  

For t h i s  s t u d y ,  t h e  aerodynamic i n t e r f a c e  between t h e  two bod ies  and f i r m  r e -  

quirements  f o r  p r o p u l s i o n  and GhC a v i o n i c s  d u r i n g  t h e  s e p a r a t i o n  have n o t  been 

c l e a r l y  d e f i n e d .  Once t h e s e  problems have been analyzed f u r t h e r ,  t h e  e v e n t  may 

become a  s t a t e - o f - t h e - a r t  f u n c t i o n  t h a t  h a s  been accomplished w i t h  s l i g h t  v a r i a t i o n  

on many manned and unmanned s p a c e c r a f t  f l i g h t s .  

The s t r u c t u r a l  a t t a c h  p o i n t s  a r e  assumed t o  have a  r e l i a b i l i t y  of u n i t y ,  i . e . ,  

they  a r e  a b l e  t o  w i t h s t a n d  a l l  environmental  f a c t o r s  a s s o c i a t e d  w i t h  t h e  l aunch  

wi thou t  d e g r a d a t i o n .  The mechanical  s e p a r a t i o n  d e v i c e s  such a s  h y d r a u l i c  p i n  pul-  

l e r s ,  a c t u a t o r s ,  gas  o p e r a t e d  p i s t o n s ,  p y r o t e c h n i c  b o l t s  o r  PlDF a r e  f u l l y  redundant  

and have o p e r a t e d  very  s u c c e s s f u l l g  on p r e v i o u s  programs. Trades performed t o  d a t e  

f o r  s e p a r a t i o n  methods f a v o r  t h e  h y d r a u l i c  o r  e l e c t r i c  p i n  p u l l e r s  concep t .  Sepa- 

r a t i o n  p r o p u l s i o n  i s  prov ided  by f o u r ,  4,000 l b .  t h r u s t e r s  mounted on t h e  c a r r i e r  

and f i r i n g  normal t o  t h e  p l a n e  o f  s e p a r a t i o n .  

A p r e l i m i n a r y  r e l i a b i l i t y  e s t i m a t e  f o r  t h i s  f u n c t i o n  exceeds t h e  e s t a b l i s h e d  

g o a l  of 0.990 by an o r d e r  o f  magnitude,  0.999. 

A second c r i t i c a l  subsystem i s  t h e  l a u n c h l a s c e n t  p r o p u l s i o n  which c o n s i s t s  of 

t e n  r o c k e t  eng ines  mounted on t h e  boos t  v e h i c l e  and two eng ines  on t h e  o r b i t e r  

o p e r a t i n g  i n  s e r i e s  burn .  Both v e h i c l e s  have t h e  c a p a b i l i t y  of complet ing t h e  m i s -  

s i o n  w i t h  a  s i n g l e  eng ine  o u t ,  and a t  some a l t i t u d e s ,  w i t h  20% overspeed f o r  t h e  

remaining e n g i n e s ,  t h e  b o o s t e r  can perform s a t i s f a c t o r i l y  w i t h  a  double  e n g i n e  mal- 

f u n c t i o n .  With t h e  pad h o l d  down c a p a b i l i t y ,  approx imate ly  30% of t h e  normal en- 

g i n e  s t a r t  f a i l u r e s  a r e  e l i m i n a t e d .  Th is  c a p a b i l i t y  p r o v i d e s  assurance  t h a t  a l l  

eng ines  a r e  o p e r a t i n g  s a t i s f a c t o r i l y  p r i o r  t o  l aunch ,  o r  i f  n o t ,  t h e  m i s s i o n  may 

be  scrubbed w i t h  minimum r i s k .  Quick e g r e s s  and escape  p r o v i s i o n s  have been made 

f o r  crew and passengers  t o  reduce  t h e  p e r s o n n e l  r i s k s  a s s o c i a t e d  w i t h  f u e l i n g ,  

eng ine  i g n i t i o n ,  and system checkout dur ing  t h e  pre- launch phase .  

Based on vendor i n f o r m a t i o n  f o r  eng ines  i n  t h e  112 m i l l i o n  pound t h r u s t  c l a s s ,  

t h e  r e l i a b i l i t y  range  f o r  o p e r a t i o n a l  engines  w i l l  l i e  between .992 and .999 f o r  

s t a r t .  The c a t a s t r o p h i c  f a i l u r e  r a t e  i s  e s t i m a t e d  t o  b e  l e s s  t h a n  1% of  he normal 

o p e r a t i n g  r a t e ,  o r  t h e  p r o b a b i l i t y  of not e x p e r i e n c i n g  a  c a t a s t r o p h i c  eng ine  f a i l -  

u r e  w i l l  range between .99992 and -99999 p e r  eng ine .  Although t h e  use  of t e n  

b o o s t e r  eng ines  i n c r e a s e s  t h i s  r i s k  p r v b a b i i i i y  by an o r d e r  of magnitude,  t h e  g o a l  

can be atta-j-ned 
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For  b o o s t e r  r e l i a b i l i t y ,  t h e  mid p o i n t  of t h e  r a n g e  of s i n g l e  e n g i n e  r e l i -  

a b i l i t y  was used  (,9955) t o  e s t i m a t e  t h e  p r o b a b i P i t y  of  l a u n c h  s u c c e s s  w i t h  h o l d -  

down and eng ine -ou t  c a p a b i l i t i e s ,  The e s t i m a t e  i s  .9991, which i s  an improvement 

of t h e  l a u n c h  r e l i a b i l i t y  g o a l  of ( .995)  by  a p p r o x i m a t e l y  80%. 
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7 , 0  BASELINE DESIGN DEFINITION 

Designs of the  s e l e c t e d  b a s e l i n e  veh ic l e s  are d e f i n e d  i n  t h e  f o l l o w i n g  

paragraphs. The f i r s t  and second s t a g e s  a r e  def ined ind iv idua l ly  wi th  i n t e r n a l  

arrangement and d e t a i l  d e f i n i t i o n s .  The s t r u c t u r a l  i n t e r f a c e  between t h e  two 

s t a g e s  is  t r e a t e d  i n  a  s epa ra t e  s e c t i o n .  Major t r a d e  s t u d i e s  a f f e c t i n g  v e h i c l e  

performance a r e  descr ibed  i n  o the r  s e c t i o n s  of t h i s  r e p o r t .  Some of t h e  sub- 

system analyses  a r e  descr ibed  and i l l u s t r a t e d  i n  t h i s  s ec t ion .  S e l e c t i o n  of some 

of t he  systems was based on a  convent ional  approach t o  minimize t h e  secondary 

t r a d e  s tudy  requirements.  This  permi t ted  d e f i n i t i o n ,  t o  a l e v e l  of d e t a i l  

commensurate with t h e  scope of t h e  s tudy ,  of a l l  t h e  major subsystems. 

7 .1  Carrier Design D e f i n i t i o n  - D e f i n i t i o n  of t he  design elements of t h e  c a r r i e r  

a r e  s epa ra t ed  i n t o  t h r e e  major s e c t i o n s .  An o v e r a l l  gene ra l  arrangement, inc lu-  

ding t h e  s t r u c t u r a l  concept,  is followed by a d e s c r i p t i o n  of propuls ion  systems. 

The v e h i c l e  equipment not  def ined by s t r u c t u r e  and propulsion systems i s  presented  

i n  t he  t h i r d  s e c t i o n .  The s e l e c t e d  b a s e l i n e  systems a r e  def ined  i n  each case  

al though some of r e s u l t s  a r e  based on a n a l y s i s  of i n t e r im  v e h i c l e s .  Der iva t ions  

not  shown i n  o the r  s e c t i o n s  a r e  a l s o  presented f o r  d e f i n i t i o n  of some of t he  

components. 

7.1.1 General Arrangement C a r r i e r  - The s t r u c t u r e  and subsystems arrangement 

f o r  t h e  c a r r i e r  a r e  shown i n  F igure  7-1, The planform view shows t h e  e x t e r n a l  

con f igu ra t ion  on t h e  r i g h t  hand s i d e  of c e n t e r l i n e  and the  i n t e r n a l  arrangement 

on t h e  l e f t  s i d e .  

The v e h i c l e  body conta ins  a  dua l  l obe  boost  p rope l l an t  tank w i t h  t h e  ox id i ze r  

forward and the  hydrogen i n  t he  a f t  po r t i on .  The wa l l s  of t h i s  tank ,  w i th  

i n t e g r a l l y  machined s t r i n g e r s  and r i n g  f l anges ,  form the  primary s t r u c t u r a l  s k i n  

f o r  t h e  v e h i c l e  body. The a r e a  between t h e  tank s k i n  and o u t e r  moldl ine conta ins  

t he  v e h i c l e  thermal p r o t e c t i o n  system, body r i n g s ,  and e x t e r n a l  s t r u c t u r a l  

suppor ts .  The forward end af  t h e  body is  formed by an  ex tens ion  of t h e  tank w a l l s  

and provides a  t r a n s i t i o n  t o  t h e  nose r ad ius .  This  volume enc loses  t h e  

p re s su r i zed  crew cabin ,  av ion ic s ,  E.C.L.S. and power supply. The nose landing 

gear  i s  housed i n  t h e  forward end of t h e  v e h i c l e  i n  t he  cav i ty  between t h e  

o x i d i z e r  tank lobes .  Boost engines,  t h r u s t  s t r u c t u r e ,  p rope l l an t  u t i l i z a t i o n  

system and a u x i l i a r y  power system a r e  l oca t ed  a f t  of t h e  boos t  p rope l l an t  tankage 

and a r e  supported by a s t r u c t u r a l  ex tens ion  of t h e  tankage. Thrust  l oads  from 
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six pe r iphe ra l  boost  engines a r e  transferred t o  t he  s k i n  by lowgersns, The 

over turn ing  moment introduced by t h i s  r e a c t i o n  i s  r e s t r a i n e d  by two main body 

r i n g s .  Thrust  loads  from four  i n t e r i o r  boost  engines a r e  t r a n s f e r r e d  i n t o  t h e  

s k i n  and the  web between t h e  tank lobes .  Induced moments a r e  reac ted  by the  same 

r i n g s  as f o r  t h e  p e r i p h e r a l  engines.  The forward t h r u s t  s t r u c t u r e  r i ng  i s  

loca t ed  i n  l i n e  wi th ,  and i s  a  cont inua t ion  o f ,  t h e  wing s p a r s  a t  t h e  forward 

s i d e  of t h e  elevons. 

The landing engines,  landing propuls ion  system and main gear  a r e  enclosed 

i n  t he  wing, e l imina t ing  t h e  need f o r  s epa ra t e  f a i r i n g s  on t h e  body o r  wing t o  

enc lose  these  systems. The forward wing spa r  l i e s  along a cons tan t  percent  of t h e  

chord. The o the r  s p a r s  a r e  normal t o  t h e  body s i d e s .  This  provides a  t r a n s i t i o n  

t o  t h e  body r i n g s  and a  load pa th  f o r  wing carry-through without  t h e  n e c e s s i t y  

f o r  pene t r a t ing  t h e  p rope l l an t  tank w a l l s  with primary s t r u c t u r e .  The main 

landing gears  a r e  l oca t ed  on t h e  inboard s i d e  of t he  wings t o  keep them as low a s  

p o s s i b l e  minimizing t h e  landing gear  length  requi red  t o  provide a  12' touchdown 

angle  of a t t a c k .  The landing engines a r e  centered l o n g i t u d i n a l l y  a t  t he  maximum 

wing th ickness  and a t  an inboard l o c a t i o n  t h a t  s t i l l  c l e a r s  t he  landing gear  i n  

t he  deployed condi t ion .  The landing p rope l l an t  tanks a r e  l oca t ed  a s  f a r  forward 

i n  the  wing a s  p o s s i b l e  t o  he lp  achieve v e h i c l e  balance.  

The d o r s a l  f i n  s p a r s  i n t e r s e c t  s t r u c t u r a l  r i n g s .  The rudder h inge  support  spa r  

t i e s  i n t o  the  forward t h r u s t  s t r u c t u r e  r i ng .  

7.1.2 - The p r i n c i p a l  propuls ion  systems s tudy  was 

t h a t  of t h e  boost  propuls ion  system. This i s  descr ibed f i r s t ,  followed by the  

secondary propuls ion  systems. These systems a r e  depic ted  i n  Figure 7-2. 

- The paragraphs below t r e a t  t h e  c a r r i e r  v e h i c l e  cryogenic 

systems tankage conf igu ra t ion ,  f i l l  and feed systems, ven t  systems, pneumatics, 

and tank p r e s s u r i z a t i o n  systems. 

The LOX tank conf igu ra t ion  c o n s i s t s  of two p a r a l l e l  and i n t e r s e c t i n g  

cy l inde r s  joined t o  two i n t e r s e c t i n g  cones whose forward domes a r e  formed by two 

i n t e r s e c t i n g  e x t e r n a l l y  convex hemispheres and whose a f t  common bulkhead i s  formed 

by two i n t e r s e c t i n g  e x t e r n a l l y  concave hemispheres. Access t o  t he  LOX tank 

i n t e r i o r  i s  provided by a  removable cover i n  each of t he  forward domes, Analysis  

i n d i c a t e s  t h a t  i n s u l a t i o n  i s  not  requi red  f o r  t he  main propuls ion  LOX tank .  
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The t ank  volume of 28,400 c u ,  f t ,  i n c l u d e s  a  1 0  p e r c e n t  a l lowance t o  account  

f o r  u l l a g e  volume and p r o p e l l a n t s  r e s e r v e ,  The t o t a l  wejght  ok t h e  LOX Loaded 

aboard i n c l u d e s  .5 p e r c e n t  t h a t  i s  s e t  a s i d e  f o r  unusab le  p r o p e l l a n t s ,  s t a r t u p  

p r o p e l l a n t s ,  performance r e s e r v e s ,  and p r e s s u r a n t  g a s .  A s e r i e s  of a n n u l a r  r i n g  

b a f f l e s  a r e  recommended t o  induce  LOX s l o s h  damping. 

C o n s i d e r a t i o n  was g i v e n  t o  t h e  0  / H  bulkhead c o n f i g u r a t i o n  from a  p r o p e l l a n t  
2  2  

f e e d  s t a n d p o i n t ,  r e s i d u a l s ,  and s t r e n g t h .  The i d e a l  s t r e n g t h  c o n f i g u r a t i o n  of 

t h e  common bulkhead was t h a t  of a  concave dome r e l a t i v e  t o  t h e  LOX t a n k .  The 

f i n a l  c o n f i g u r a t i o n  s e l e c t e d ,  however, was t h a t  of a  convex common bulkhead,  

r e l a t i v e  t o  t h e  LOX t a n k ,  which was t h e  r e s u l t  of t h e  heavy i n f l u e n c e  of t h e  

p r o p e l l a n t  f e e d  c a p a b i l i t y  and t h e  e f f e c t  upon r e s i d u a l s .  T h i s  c o n f i g u r a t i o n  

p e r m i t t e d  a lmost  100% p r o p e l l a n t  u t i l i z a t i o n ,  whereas t h e  concave bulkhead would 

have p r e s e n t e d  a  p e n a l t y .  

The LOX f e e d  system c o n s i s t s  of two main f e e d  d u c t s  (16 i n c h  ID) t h a t  r u n  

from t h e i r  LOX t a n k  i n t e r f a c e s  approximately  92 f e e t  down t h e  v e h i c l e .  A t  t h i s  

p o i n t ,  t h e y  a r e  manifolded i n t o  10 f e e d  d u c t s  (12 i n c h  ID) t h a t  r u n  t h e  remaining 

42 f e e t  t o  each eng ine .  The i n d i v i d u a l  eng ine  f e e d  l i n e s  were des igned  t o  p r o v i d e  

s u f f i c i e n t  volume (40 f t 3 )  t o  a t t e n u a t e  t h e  h i g h  p r e s s u r e  -- two phase  backsurge  

t h a t  r e s u l t s  from an  emergency eng ine  shutdown w h i l e  o p e r a t i n g  n e a r  100% t h r u s t .  

The LOX tank  f i l l  and d r a i n  sys tem t i e s  i n t o  one of t h e  12 i n c h  eng ine  f e e d  

d u c t s  n e a r  i t s  eng ine  i n t e r f a c e .  F i l l i n g  and d r a i n i n g  o f  t h e  t ank  w i l l  b e  

accomplished through a  checking qu ick  d i s c o n n e c t  (QD) l o c a t e d  n e a r  t h e  v e h i c l e  

a f t  end.  The QD w i l l  b e  r e c e s s e d  and covered w i t h  a  h inged  door which i s  t o r s i o n  

loaded ,  opens when GSE i s  connected and a u t o m a t i c a l l y  c l o s e s  whenever GSE i s  

d i sconnec ted .  T h i s  p r o t e c t s  t h e  QD from t h e  h i g h  h e a t  i n p u t  which occurs  on 

t h e  e x t e r i o r  s u r f a c e s .  T h i s  i s  necessa ry  t o  i n h i b i t  h e a t  from be ing  conducted 

t o  t h e  LOX feed  l i n e  and a l s o  t o  p r o t e c t  t h e  QD f o r  r e u s e .  A combined f i l l  and 

d r a i n  s h u t o f f  and r e l i e f  v a l v e  w i l l  b e  downstream of t h e  QD t o  i s o l a t e  t h e  

unusab le  LOX t r a p p e d  i n  t h e  f i l l  and d r a i n  l i n e  from t h e  LOX feed  l i n e .  A 

normal ly  c l o s e d  dump v a l v e  w i l l  b e  l o c a t e d  p a r a l l e l  t o  t h e  QD and i s  f o r  t h e  

purpose  of dumping p r o p e l l a n t s  subsequen t  t o  complet ion of burn .  I t  i s  assumed 

t h a t  t h e  eng ine  f low r e s i s t a n c e  would b e  e x c e s s i v e  and consequent ly  h igh  l i q u i d  

f l o w r a t e s  would n o t  b e  a v a i l a b l e  through t h e  e n g i n e s .  
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The two main p r o p e l l a n t  f eed  d u c t s  w i l l  have a n t i v o r t e x  s c r e e n s  l o c a r e d  a t  

t h e  feed  duc t  i n t e r f a c e  w i t h  t h e  p r o p e l l a n t  t ank .  Vortexing i n  t h e  feed  l i n e s  

i s  u n d e s i r a b l e  s i n c e  i t  i n h i b i t s  mass f low and collld r e s u l t  i n  LOX pump 

c a v i t a t i o n .  S i n c e  p r o p e l l a n t  l o a d i n g  w i l l  b e  accomplished through one of t h e  

a n t i v o r t e x  s c r e e n s ,  i t s  d e s i g n  must i n c l u d e  a " f l i p - t o p "  f e a t u r e  w i t h  a  b a f f l e .  

Th i s  f l i p t o p  d e s i g n  a l l o w s  u n f i l t e r e d  t a n k  f i l l i n g  through t h e  feed  l i n e s  and 

t h e  i n t e g r a l  b a f f l e  i n h i b i t s  p r o p e l l a n t  s p r a y i n g  d u r i n g  f i l l  o p e r a t i o n s .  

Subsequent ly ,  t h e  f l i p t o p  s c r e e n  performs a  f i l t e r i n g  f u n c t i o n  dur ing  s t a g e  b u r n .  

A 1 1  f eed  d u c t s  w i l l  have t o  b e  c o n s t r u c t e d  u s i n g  be l lows  t o  a l l o w  f o r  the rmal  

e x p a n s i o n  and c o n t r a c t i o n .  The be l lows  w i l l  a l s o  h e l p  t o  compensate f o r  manu- 

f a c t u r i n g  t o l e r a n c e  b u i l d u p  dur ing  i n s t a l l a t i o n .  The l o c a t i o n  of t h e  be l lows  

can b e s t  b e  determined once t h e  s t r u c t u r e  s u p p o r t  l o c a t i o n s  a r e  known. 

P r e l i m i n a r y  anal.yses i n d i c a t e d  need f o r  a  9% eng ine  gimbal requirement  i n  

a l l  d i r e c t i o n s .  Designing a  f e e d  d u c t  c o n f i g u r a t i o n  which p e r m i t s  t h e  e n g i n e  t o  

gimbal i n  a 9" s q u a r e  p a t t e r n  i s  a d e f i n i t e  problem. The prime o b s t a c l e  is t o  

d e s i g n  a  duc t  c o n f i g u r a t i o n  which w i l l  have "3 p lanes"  of freedom w i t h i n  t h e  

a v a i l a b l e  s p a c e  and n o t  i n t e r f e r e  w i t h  t h e  t h r u s t  s t r u c t u r e .  Also,  a  p r e l i m i n a r y  

l a y o u t  showed an  a n g u l a r  movement o f  approx imate ly  20" i n  t h e  gimbal b e l l o w s ,  

which exceeds  t h e  6-9 degree  a n g u l a t i o n  of t h e  p r e s e n t  " s ta te -o f - the -a r t " .  

The proposed P&W e n g i n e  h a s  t h e  turbo-pump i n l e t s  and eng ine  gimbal p o i n t  on t h e  

same f o r e  and a f t  s t a t i o n  p l a n e .  By moving t h e  engine i n l e t  p o r t  a f t  w i t h  

r e s p e c t  t o  t h e  eng ine  gimbal p o i n t  ( F i g u r e  7 - 3 ) ,  an  a d d i t i o n a l  d u c t  gimbal j o i n t  

could  be  employed, the reby  reduc ing  t h e  d u c t  a n g u l a t i o n  t o  a n  a c c e p t a b l e  l e v e l .  

I n  a d d i t i o n  t o  t h e  above,  t h e  bending moment of t h e  gimbal be l lows  must be  such 

t h a t  v i b r a t i o n  and f low w i l l  have no d e t r i m e n t a l  e f f e c t  on t h e  be l lows  o r  t h e  

d u c t i n g .  I t  i s  assumed t h a t  t h e  turbo-pump hous ing  can w i t h s t a n d  l o a d s  t r a n s m i t t e d  

t o  i t  from t h e  be l lows  and d u c t .  

An i s o l a t i o n  v a l v e  w i l l  b e  i n s t a l l e d  i n  each LOX f e e d  d u c t  upst ream of i t s  

gimbal j o i n t s .  The v a l v e  w i l l  s e r v e  a s  a  backup f o r  t h e  e n g i n e ' s  p r o p e l l a n t  

s h u t o f f  v a l v e .  A c t u a t i o n  of e i t h e r  of t h e s e  two v a l v e s  w i l l  i s o l a t e  t h e  t a n k  

and eng ine  i n  t h e  e v e n t  of an emergency. 

The non-propuls ive  v e n t  e x i t  a s sembl ies  a r e  two 180' opposed o r i f i c e d  

n o z z l e s .  They a r e  p o s i t i o n e d  on t h e  v e h i c l e  t o  p r e v e n t  t h e  impingement of t h e  

exhausted gases upon t h e  v e h i c l e "  s u r f a c e s .  The l i n e s  and d u c t s  of t h e  v e n t  
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sys tem a r e  s i z e d  t o  f low t h e  maximum system r-equirement and t o  m a i n t a i n  a f low 

mach number l e s s  than  0 .15 ,  Th is  mach nurnber w i l l  a s s u r e  low l i n e  f low v e l o c i t i e s  

and p r e s s u r e  drops  which w i l l  a s s u r e  e q u a l  and c a n c e l l i n g  t h r u s t .  

The v e n t  d u c t  i s  rou ted  from t h e  LOX tank  forward dome t o  t h e  upper p o r t i o n  

of t h e  d o r s a l  f i n  where i t  t e r m i n a t e s  i n  t h e  180' opposed non-propuls ive  

v e n t  n o z z l e s .  Th i s  l o c a t i o n  was d i c t a t e d  by t h e  d e s i r e  t o  p r e v e n t  GOX plume 

impingement on t h e  v e h i c l e  e x t e r i o r  s u r f a c e  s i n c e  t h i s  would c r e a t e  a h i g h l y  

flammable environment d u r i n g  r e - e n t r y .  The two p a r a l l e l  combinat ion v e n t  and 

r e l i e f  v a l v e s  were p laced  i n  t h e  lower p o r t i o n  of t h e  v e r t i c a l  s t a b i l i z e r  n e a r  

t h e  LH2 tank v e n t  and r e l i e f  v a l v e s .  Th i s  l o c a t i o n  was s e l e c t e d  t o  u t i l i z e  

t h e  a v a i l a b l e  space  i n  t h i s  a r e a  and t o  e s t a b l i s h  a common d e s i g n  v i b r a t i o n  l e v e l  

f o r  a l l  t h e  v e n t  and r e l i e f  v a l v e s .  T h i s  sys tem i s  v e r y  s i m i l a r  t o  t h a t  u s e d  by 

e x i s t i n g  f l i g h t  v e h i c l e s  and system development can  p r o g r e s s  u s i n g  p r e s e n t  

hardware.  

The c a r r i e r  v e h i c l e  LH2 tank  c o n f i g u r a t i o n  i s  p a r a l l e l ,  i n t e r s e c t i n g  

c y l i n d e r s ,  w i t h  t h e i r  forward ends b e i n g  c l o s e d  by two i n t e r s e c t i n g  common 

bu lkheads .  The a f t  ends  a r e  c l o s e d  by two i n t e r s e c t i n g  hemispheres  and t h e  

concave a f t  domes a l l o w  t h e  p r o p e l l a n t  t o  b e  u t i l i z e d  more e f f i c i e n t l y ,  i . e . ,  

w i t h  l e s s  r e s i d u a l .  The LH2 t a n k ' s  forward dome i s  n e s t e d  i n  t h e  LOX tank  a f t  
3 bulkhead. Required volume, i n c l u d i n g  a 1 0  p e r c e n t  u l l a g e ,  i s  77,600 f t  . To 

prov ide  a c c e s s  t o  t h e  i n t e r i o r  of t h e  t a n k ,  t h e  a f t  domes w i l l  have removable 

sumps. 

The LH2 f e e d  system w i l l  c o n s i s t  of 10 main f e e d  d u c t s  i n t e r f a c e d  w i t h  

1 0  s e p a r a t e  t a n k  o u t l e t s  l o c a t e d  on t h e  LH2 tank  a f t  domes. These d u c t s  have  

a n  i n s i d e  d iamete r  ( I D )  of 1 2  i n c h e s  and a r e  approximately  25 f e e t  l o n g .  The 

f e e d  d u c t s  a r e  r o u t e d  d i r e c t l y  t o  t h e  e n g i n e s .  The e n t i r e  LH2 tank  volume w i l l  

a c t  a s  a  s u p p r e s s o r  t o  dampen o u t  t h e  h i g h  energy r e v e r s e  f low s u r g e  caused by 

a n  i n s t a n t a n e o u s  eng ine  shutdown w h i l e  a t  o r  n e a r  100% t h r u s t .  

The 1 0  t a n k  f e e d  d u c t  o u t l e t s  w i l l  be  covered w i t h  a n t i v o r t e x  s c r e e n s .  

The s e p a r a t e  t a n k  o u t l e t s  a r e  Eecessary  t o  p r e v e n t  backflow of h i g h  energy f l u i d  

t o  o t h e r  e n g i n e s  i n  t h e  e v e n t  of a  premature  shutdown, The s c r e e n s  a r e  

necessa ry  t o  e l i m i n a t e  any v o r t e x i n g  e f f e c t  which may b e  induced by t h e  f low 

c h a r a c t e r i s t i c s  a t  t ank  o u t l e t s ,  V o r t e x t i n g  a t  low r e s i d u a l  l e v e l s  could  r e s u l t  

i n  vapor  i n g e s t i o n ,  which could  cause  c a v i t a t i o n  of  t h e  pump, and eonsequenc 
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c u t o f f  o r  eng ine  darnage. An i s o l a t i o n  v a l v e  will be installed in each LEI2 

f eed  d u c t  upstrean: of i t s  gimbal j o i n t s .  T h e  v a l v e  .~.i-ill s e r v e  as a backup f o r  

t h e  eng ine  p r o p e l l a n t  s h u t o f f  v a l v e .  Ac tua t ion  of e i t h e r  of t h e s e  two v a l v e s  

w i l l  i s o l a t e  t h e  t ank  and eng ine  i n  t h e  even t  of an  eng ine  shutdown. 

P r e s s u r i z a t i o n  of t h e  t ank  w i l l  b e  accomplished u s i n g  t h e  same d u c t i n g  t h a t  

i s  used f o r  t h e  v e n t  sys tem.  A d i f f u s e r  w i l l  b e  used t o  p reven t  t h e  p r e s s u r i z a -  

t i o n  g a s  from impinging on t h e  s u r f a c e  of t h e  LH2. Impingement of p r e s s u r i z a t i o n  

g a s  could  c a u s e  h i g h  l i q u i d - u l l a g e  h e a t  t r a n s f e r  which would r a p i d l y  c o o l  t h e  

u l l a g e  gas  caus ing  t a n k  p r e s s u r e  t o  d e c r e a s e .  

F i l l i n g  and d r a i n i n g  of t h e  t ank  w i l l  be  through a qu ick  d i sconnec t  (QD) 

l o c a t e d  n e a r  t h e  v e h i c l e ' s  a f t  end.  The QD w i l l  be  r e c e s s e d  and covered w i t h  a 

hinged door which i s  t o r s i o n  loaded ,  opens when GSE i s  connected and a u t o m a t i c a l l y  

c l o s e s  whenever GSE is  d i sconnec ted .  T h i s  p r o t e c t s  t h e  QD from t h e  t empera tu re  

changes which occur  on t h e  e x t e r i o r  s u r f a c e .  A f i l l  and d r a i n  s h u t o f f  v a l v e  

w i l l  b e  downstream of t h e  QD t o  p r e v e n t  l o s s  of p r o p e l l a n t  when GSE i s  d i s c o n n e c t e d .  

Routing of t h e  d u c t i n g  s h a l l  be  d i r e c t l y  i n t o  t h e  two a f t  domes. The 

d u c t i n g  w i l l  b e  i n s u l a t e d  t o  p r e v e n t  e x c e s s i v e  h e a t  1-oss.  Bellows w i l l  b e  used 

t o  compensate f o r  t empera tu re  induced l o a d s  and t ank  w a l l  d e f l e c t i o n s  caused by 

p r o p e l l a n t  we igh t  and f l i g h t  l o a d s .  

The LH2 tank  v e n t  sys tem i s  comprised of two p a r a l l e l  v e n t  and r e l i e f  

v a l v e s ,  a d i v e r t e r  v a l v e ,  a  non-propuls ive  v e n t  t e e  n o z z l e  w i t h  check v a l v e ,  

and t h e  d u c t i n g  r e q u i r e d  t o  t r a n s p o r t  t h e  gaseous  hydrogen (GH ) overboard .  
2 

The d u c t i n g  i s  r o u t e d  from t h e  LH tank  forward dome i n t e r i o r  a r e a  t o  an i s o l a t e d  2 
p o i n t  on t h e  d o r s a l  f i n .  The d u c t i n g  t e r m i n a t e s  i n  a  "TEE" v e n t i n g  

n o z z l e  t h a t  h a s  i t s  open ends 180' a p a r t .  

The pneumatic sys tem c o n s i s t s  of 10 hel ium b o t t l e s  (3000 p s i ) ,  a s s o c i a t e d  

hardware and a n  u m b i l i c a l  connec t ion .  The b o t t l e s  a r e  l o c a t e d  n e a r  t h e  p o i n t  

o f  usage and t h e  u m b i l i c a l  connec to r  i s  l o c a t e d  n e a r  t h e  a f t  end of t h e  v e h i c l e  

f o r  e a s e  of s e r v i c i n g .  The misce l l aneous  hardware f o r  t h e  system i s  n o t  shown i n  

F i g u r e  7-2. 

A i r b r e a t h i n g  P r o p u l s i o n  - The a i r b r e a t h i n g  p r o p u l s i o n  system c o n s i s t s  of 

f o u r  dep loyab le  t u r b o f a n  eng ines  which p r o v i d e  t h r u s t  f o r  c r u i s e ,  go-around, and 

l a n d i n g .  
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Two t u r b o  fain engj-nes a r e  i n s t a l l e d  i n  each wing a n d  art: depl-oyed below t h e  

wing  f o r  o p e r a t t o n ,  A t  complet ion of t h e  eng ine  deployment sequence a  f a i r i n g  

c l o s e s  t h p  c a v i t y  oil t h e  wing lower  s u r f a c e  t o  r e s t o r e  mold l i n e  smoothness.  Fue l  

f e e d  l i n e s  have s w i v e l  j o i n t s  t o  p r o v i d e  t h e  c a p a b i l i t y  of  e x t e n d i n g  w i t h  t h e  en- 

g i n e  d u r i n g  deployment. I s o l a t i o n  v a l v e s  a r e  p rov ided  on f u e l  f e e d  l i n e s  t o  s t o p  

f u e l  f low i n  c a s e  o f  e n g i n e  s h u t  down. JP-4 f u e l  i s  s t o r e d  i n  t a n k s  forward o f  t h e  

e n g i n e s .  These t a n k s  a r e  i n s u l a t e d  f o r  p r o t e c t i o n  from r e - e n t r y  h e a t i n g .  

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 - An a t t i t u d e  c o n t r o l  sys tem p r o v i d e s  ve- 

h i c l e  o r i e n t a t i o n  i n  t h e  h i g h  a l t i t u d e  f l i g h t .  R o l l  c o n t r o l  i s  p rov ided  by coupled 

t h r u s t e r s  and moments f o r  p i t c h  and yaw a r e  p rov ided  by t h r u s t e r s  s u p p l y i n g  un i -  

d i r e c t i o n a l  impulse .  These t h r u s t e r s  a r e  l o c a t e d  a t  t h e  b a s e  of  t h e  v e h i c l e  t o  

p r o v i d e  t h e  maximum moment arm and t o  p rov ide  an i n s t a l l a t i o n  which i s  p r o t e c t e d  

from e n t r y  h e a t i n g .  Hydrogen and Oxygen a r e  s t o r e d  i n  c r y o g e n i c  t a n k s  i n  each  wing 

and a r e  pumped through h e a t  exchangers  i n t o  accumula to r s  t o  p r o v i d e  gaseous  pro-  

p e l l a n t  f o r  t h e  t h r u s t e r s .  S e p a r a t e  p r o p e l l a n t  s t o r a g e ,  c o n d i t i o n i n g  s y s t e m s ,  and 

t h r u s t e r  groups  a r e  on e i t h e r  s i d e  of  t h e  v e h i c l e .  These sys tems a r e  i n t e r c o n -  

n e c t e d  t o  p rov ide  redundancy i n  t h e  e v e n t  o f  component f a i l u r e .  

7 . 1 . 3  C a r r i e r  Equipment - - The v e h i c l e  equipment shown i n  F igure  7-4 i n c l u d e s  sub- 

sys tems n o t  d e s c r i b e d  i n  t h e  s e c t i o n s  on p r o p u l s i o n  and s t r u c t u r e  subsystems.  

The p r e s s u r i z e d  crew c a b i n  i s  s i z e d  f o r  two men based  on t h e  d imensions  shown 

i n  F i g u r e  7-5. Th i s  enve lope  r e q u i r e s  approx imate ly  40 cu. f t .  and was i n i t i a l l y  

e s t a b l i s h e d  f o r  a  p r e s s u r e - s u i t e d  man t o  a l l o w  t h e  66" shown between s p i n e  and 

l e g s .  The s u b s t i t u t i o n  o f  a  crew-man i n  a  s h i r t s l e e v e  environment  p e r m i t s  him t o  

s i t  i n  a  more u p r i g h t  p o s i t i o n ,  o r  90' between s p i n e  and l e g s .  An a i r p l a n e  t y p e  

env i ronmenta l  c o n t r o l  sys tem p r o v i d e s  a  s h i r t s l e e v e  environment  and o c c u p i e s  ap- 

p ~ o x i m a t e l y  20 cu. f t .  The a v i o n i c s  equipment i t e m s  and t h e i r  b a t t e r y  power supply  

a r e  l o c a t e d  a t  t h e  forward end o f  t h e  v e h i c l e  t o  h e l p  a c h i e v e  v e h i c l e  b a l a n c e  

around t h e  r e q u i r e d  c . g .  P a r t  of  t h e  a v i o n i c s  components a r e  i n c l u d e d  i n  t h e  crew 

c a b i n  a s  c o n t r o l s  and d i s p l a y s .  The a v i o n i c s  equipment occup ies  30 cu.  f t .  and 

the  power supp ly  sys tem r e q u i r e s  8 cu.  f t .  These sys tems a r e  assumed t o  be pack- 

aged onboard w i t h  a 65% e f f i c i e n c y  f o r  v e h i c l e  volume requ i rements .  Power d i s t r i -  

b u t i o n  r e q u i r e s  an a d d i t i o n a l  volume, however, no s p a t i a l  a l l o c a t i o n  was r e s e r v e d  

because  t h i s  i t e m  i s  s p r e a d  th roughout  a r e l a t i v e l y  l a r g e  p o r t i o n  o f  t h e  v e h i c l e .  
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The aerodynamic  c o n t r o l  s y s t e m  componenrs shown i n  F i g u r e  7-4 were si -zed by 

assuming v a l u e s  p e r t  i n e n  t t o  t h e  de  r i v a t i o r l  o f  equipment  requi remer i t s  , Hy d ~ a u l i c  

s y s t e m  p r e s s u r e  i s  3000 p s i ,  and a c t u a t o r s  were  a s s i g n e d  a s t r o k e  t o  d i a m e t e r  

r a t i o  of  3 : l .  

Va lues  f o r  h i n g e  moments, s u r f a c e  d e f l e c r i o n  rates ,  t o t a l  d e f l e c t i o n ,  and  

nomina l  t i m e  a r e  shown i n  Tab le  7-1. The nomina l  t i m e  i s  f o r  t h e  p e r i o d  when hy- 

d r a u l i c  power must  b e  s u p p l i e d  b y  a n  i n t e r n a l  power s o u r c e .  The s t a t e d  v a l u e s  a r e  

b a s e d  on e s t i m a t e s  o f  r e q u i r e d  pe r fo rmance  f o r  t h e  v e h i c l e .  The a c t u a t o r s  were 

s i z e d  u s i n g  t h e  f o r m u l a :  

V = (H.M.) (6 )  /P 
where : 

H.M. = Hinge  Moment ( i n - l b )  , 
6 = d e f l e c t i o n  ( r a d i a n s ) ,  

V = f l u i d  d i s p l a c e m e n t  (cu .  i n . )  

P  = p r e s s u r e  ( l b s  p e r  s q .  i n . )  

The volume was t h e n  r e d u c e d  t o  p h y s i c a l  d imens ions  u s i n g  t h e  s p e c i f i e d  p r o p o r t i o n s .  

Power and ene rgy  were  d e t e r m i n e d  t o  p r o v i d e  a b a s i s  f o r  s i z i n g  t h e  r e q u i r e d  power 

s u p p l y  sys t em.  System n o n - o p e r a t i n g  power was d e t e r m i n e d  as 15% of maximum power. 

T h i s  i s  t h e  power r e q u i r e d  f o r  ma in tenance  o f  s y s t e m  p r e s s u r e ,  l e a k a g e ,  e t c .  

Nominal power, r e p r e s e n t a t i v e  o f  a n  a v e r a g e  v a l u e ,  i s  25% g r e a t e r  t h a n  t h e  s y s t e m  

non-ope ra t ing  power. These  v a l u e s  are based  on p r e v i o u s  a n a l y s e s  t o  e s t a b l i s h  

i n t e r i m  r e q u i r e m e n t s  p r i o r  t o  d e r i v a t i o n  of  a c t u a l  l oad - t ime  c u r v e s .  

Table  7-1 

195 FT CARRIER AERO C O N T R O L  SURFACE SYSTEM 

NOTE: A l l  numbers b a s e d  on one  a e r o  s u r f a c e .  

A t o t a l  of  8 a c t u a t o r s  are used  f o r  e l e v o n  c o n t r o l  and  3 a c t u a t o r s  a r e  u sed  f o r  

r u d d e r  r o t a t i o n .  

The 8 a u x i l i a r y  power u n i t s  (MU) u s e  h y d r a z i n e  f u e l  which i s  s t o r e d  i n  a n  

8 cu.  f t .  s p h e r e  l o c a t e d  j u s t  a f t  o f  t h e  main p r o p e l l a n t  t a n k ,  A p o s s i b l e  a l - t e r -  
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nate t o  the hydraz ine  powered APU system i s  one  ower red by R and 0 The reaction 
3 2 "  

c o n t r o l  system may i n c l u d e  such a system t o  p rov ide  pump power f o r  l i q u i d  t r a n s f e r ,  

That sys tem might then  p r o v i d e  t h e  d r i v i n g  f o r c e  f o r  bo th  r e a c t i o n  c o n t r o l  and ae ro  

c o n t r o l  s y s  tems. 

The main l a n d i n g  g e a r  is l o c a t e d  j u s t  a f t  of  l a n d i n g  c . g .  w i t h  t h e  t i r e  s i z e  

and number determined by l a n d i n g  l o a d s  and c o n c r e t e  runway requ i rements .  An as -  

sumed v a l u e  o f  35,000 # / t i r e  i s  used t o  determine t h e  r e q u i r e d  number o f  t i r e s .  

This  v a l u e  i s  t h e n  a d j u s t e d  t o  a l l o w  one t i r e  p e r  c a r r i a g e  t o  blow o u t  and t h e  r e -  

maining t i r e s  t o  t a k e  t h e  l a n d i n g  l o a d .  The main l a n d i n g  g e a r  was t h e n  s i z e d  f o r  

32,200 # / t i r e  ( f o r  14 a c t i n g  t i r e s )  wi th  8  t i r e s  p e r  c a r r i a g e  o r  16 t i r e s  t o t a l .  

Reference 4 was used t o  de te rmine  a  r e q u i r e d  t i r e  s i z e  of 44 x  1 3 ,  26PLY, e x t r a  

h igh  p r e s s u r e  (35,800 a l l o w a b l e ) .  The nose  wheel t i r e s  were s i z e d  u s i n g  t h e  

formula  : 

(W) (A) + 1 0  (W) E - - 
(B) (N) (32.2) B (N) 

L o a d / t i r e ,  where;  

W = l a n d i n g  weigh t  

A = l o n g i t u d i n a l  d i s t a n c e  from c e n t e r  of main l a n d i n g  c a r r i a g e  t o  c . g .  

B = l o n g i t u d i n a l  d i s t a n c e  from c e n t e r  of nose  l a n d i n g  g e a r  t o  c . g .  

N = number o f  t i r e s  

E = v e r t i c a l  d i s t a n c e  from c . g .  t o  ground l e v e l  
L 

1 0  = 1 0  F t .  p e r  s e c  b r a k i n g  d e c e l e r a t i o n  

The above e q u a t i o n  u s i n g  4 t i r e s  y i e l d e d  a  v a l u e  o f  18,520 # / t i r e .  

A t i re  s i z e  o f  30 x  6.6 (14 PLY) E x t r a  High P r e s s u r e  wi th  12,950 # / t i r e  s t a t i c  

l o a d  r a t i n g  and 19,400 l b s  p e r  t i r e  dynamic ( b r a k i n g )  l o a d  r a t i n g  i s  r e q u i r e d .  

Deployment o f  t h e  main gear  w i t h  an 1 8  i n .  l o a d  d e f l e c t i o n ,  p r o v i d e s  c l e a r a n c e  f o r  

a  12' maximum a n g l e  o f  a t t a c k  a t  touchdown. The main g e a r  shock a b s o r b e r  h a s  a  

d iamete r  of 11 i n . ,  w i t h  an i n t e r n a l  p r e s s u r e  o f  2500 p s i .  
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7.2 O r b i t e r  Des&n D e f i n i t i o n  - D e f i n i t i o n  of t h e  des ign  e lements  f o r  t h e  -------- -- 
o r b i t e r  i s  d i v i d e d  i n t o  f t v e  s e c t i o n s .  The f i r s t  s e c t i o n  p rov ides  an over-view 

of an i n t e r i m  v e h i c l e .  The o r b i t e r  d e s i g n  e f f o r t  was devoted t o  t h i s  concept  p r i o r  

t o  t h e  b a s e l i n e  r e v i s i o n  r e s u l t i n g  from t h e  s p e c i a l  s t u d y  i n t r o d u c i n g  t h e  i n t e g r a l  

t a n k s  concep t ,  The n e x t  t h r e e  s e c t i o n s  d e s c r i b e  g e n e r a l  ar rangement ,  

p r o p u l s i o n  systems and v e h i c l e  equipment s i m i l a r  t o  t h e  c a r r i e r  d e s i g n  d e f i n i t i o n .  

S e l e c t e d  b a s e l i n e  sys tems a r e  d e s c r i b e d ,  a long w i t h  d e r i v a t i o n  of subsystem 

components. The l a s t  s e c t i o n  d e f i n e s  a  f e r r y  c o n f i g u r a t i o n .  

7 . 2 . 1  I n t e r i m  Arrangement - The i t e r i m  o r b i t e r  concept  employed s e p a r a t e  

s t r u c t u r e  f o r  boos t  p r o p e l l a n t  t a n k s  and f o r  c a r r y i n g  v e h i c l e  loads .  The b a s i c  

arrangement and s t r u c t u r a l  concept  a r e  r e p r e s e n t e d  by F igure  7-6. 

Th i s  arrangement u t i l i z e s  s t r u c t u r a l  f u l l  deprh webs on e i t h e r  s i d e  o f  t h e  

payload bay t o  t r a n s f e r  t h e  l aunch  t h r u s t  l o a d s  i n t o  t h e  v e h i c l e  s k i n .  The main 

p r o p e l l a n t  t a n k s  c o n s i s t  of 3 hydrogen t a n k s  and 1 oxygen t a n k .  The two l a r g e r  

H t a n k s  are l o c a t e d  a l o n g  e i t h e r  s i d e  of t h e  payload bay. Each t a n k  c o n s i s t s  o f  
2  

two cones which c o n t a i n  a  f u e l  volume of 4840 cu. f t .  The t h i r d  hydrogen t a n k  i s  

a f t  of t h e  cargo bay and c o n s i s t s  of two cones j o i n e d  t o g e t h e r  t o  o b t a i n  a volume 

of 2500 c u ,  f t .  The t o t a l  hydrogen volume i s  t h e n  12,180 cu. f t .  and t h e  t h r e e  

t a n k s  a r e  in te r -connec ted  t o  p r o v i d e  one s o u r c e  f o r  p r o p e l l a n t  f e e d  p u r p o s e s .  The 

main oxygen t a n k  is  formed by two i n t e r s e c t i n g  c y l i n d e r s ,  l o c a t e d  forward o f  t h e  

ca rgo  bay,  and h a s  a  volume of 4550 cu. f t .  Each of t h e s e  t a n k s  h a s  s p h e r i c a l  ends  

t o  complete t h e  p r e s s u r e  v e s s e l  shape.  Maneuvering p r o p e l l a n t  i s  c o n t a i n e d  i n  two 

c y l i n d e r s  having a  volume of 60C cu. f t .  each.  These two t a n k s  a r e  l o c a t e d  on 

e i t h e r  s i d e  of t h e  payload bay above t h e  main hydrogen t a n k s .  

The s p a c e c r a f t  volume forward of t h e  main oxygen t a n k  i n c l u d e s  p r o v i s i o n s  

f o r  crew c a b i n ,  a v i o n i c s ,  power s u p p l y ,  and l a n d i n g  systems.  To p r o v i d e  t h r u s t  

f o r  approach and go-around, two t u r b o j e t  eng ines  a r e  deployed from each s i d e  o f  

t h e  v e h i c l e .  They a r e  stowed between t h e  crew c a b i n  and main oxygen tank  and a r e  

s u p p l i e d  w i t h  fuel .  from a  t a n k  l o c a t e d  between t h e  stowed eng ines .  The t a n k  h a s  

a  c a p a c i t y  of 200 cu.  f t .  A  t r a n s f e r  t u n n e l  i n s i d e  t h e  s p a c e c r a f t  connec t s  t h e  

crew c a b i n  and payload c o n t a i n e r ,  

I n v e s t i g a t i o n  of t h i s  v e h i c l e  concept  was t e r m i n a t e d  a t  t h e  i n i t i a t i o n  of t h e  

i n t e g r a l  t a n k  concept  s t u d y .  However, most of t h e  d a t a  on subsystems,  o p e r a t i o n a l  
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c a p a b i l i t y ,  and spacec ra f t  volume u t i l i z a t i o n  were c a r r i e d  from t h i s  concept t o  

the  l a t t e r  one, The systems are  descr ibed i n  more d e t a i l  i n  subsequent s e c t i o n s  

of t h i s  volume. 

7.2.2 - The s t r u c t u r a l  concept and i n t e r n a l  

arrangement of t h e  107 f t .  o r b i t e r  a r e  shown i n  Figure 7-7. 

The payload bay shows t h e  1 5  f t .  d i a .  by 30 f t .  long payload con ta ine r  wi th  

one f o o t  allowed on each end of conta iner  and 6 inches on each s i d e  f o r  i n s t a l l a -  

t i o n  c learance  and mounting provis ions .  The boost p rope l l an t  ox id i ze r  tank  i s  

forward of t h e  payload bay and a hydrogen tank  is  on e i t h e r  s i d e  o f ,  and a f t  o f ,  

t h e  payload bay. The wa l l s  of t hese  tanks a r e  made t o  conform t o  t h e  inne r  mold- 

l i n e  of t h e  v e h i c l e  whenever poss ib l e .  The tank  wa l l s  then become t h e  primary load  

ca r ry ing  s k i n  f o r  v e h i c l e  l oads .  The a rea  between t h e  inner  and o u t e r  moldl ine 

w i l l  p rovide  i n s u l a t i o n  f o r  t h e  tanks and equipment. The inne r  moldl ine s k i n  forms 

an ex tens ion  of t he  tank wa l l s  forward of t h e  oxygen tank,  between oxygen and 

hydrogen tanks and a f t  of t h e  hydrogen tanks ,  

The forward compartment enc loses  pressur ized  crew cabin,  and unpressur ized  

a r e a  f o r  av ion ic s ,  power supply,  E.C.E.S. ,  nose gear  and landing propuls ion  system. 

The landing  engines a r e  mechanically deployed out  t h e  s i d e s  of t h e  v e h i c l e  t o  t h e  

r equ i r ed  ope ra t ing  p o s i t i o n .  Addi t iona l ly ,  a p re s su r i zed  tunnel  i s  provided 

between t h e  crew cabin  and payload bay t o  permit t r a n s f e r  of t h e  crew t o  a pressur-  

i zed  payload conta iner  during o r b i t  opera t ions .  This tunnel  i s  i n s i d e  t h e  moldl ine 

and on t h e  v e h i c l e  c e n t e r l i n e  above t h e  oxygen tank.  

P r o p e l l a n t  f o r  2000 f p s  i n -o rb i t  maneuvering c a p a b i l i t y  i s  provided by i n t e r -  

connected tanks mounted below t h e  forward end of t h e  payload bay. The main landing 

gear  is p ~ s i t i o n e d  on e i t h e r  s i d e  below the  a f t  po r t i on  of t h e  payload bay. 

Thrust  loads from the  2 boost  engines a r e  t r a n s f e r r e d  through a t r u s s  s t r u c t u r e  

t o  t h e  two l o n g i t u d i n a l  webs, which cont inue forward t o  form t h e  LH2 tanks.  A 

t r a n s v e r s e  bulkhead forward of t h e  engines extends t o  e i t h e r  s i d e  of t he  v e h i c l e  

and provides elevon hinge suppor t .  The main r i b s  i n  t he  t i p  f i n s ,  and t h e  r i b s  

i n  t h e  d o r s a l  f i n  a r e  t i e d  i n t o  t h i s  bulkhead; then  the  loads  a r e  d i s t r i b u t e d  t o  

p rope l l an t  tank w a l l s  and t h e  body s k i n .  

7 . 2 . 3  - The primary propuls ion  systems e f f o r t  was 

concerned wi th  t h e  boost  propuls ion  system, The fol lowing paragraphs and F i g u r e  7-8 

desc r ibe  t h i s  system with a subsequent desc r ip t ion  of secondary propuls ion ,  
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Boost p r o p u l s i o n  - The p r o p e l l a n t  s t o r a g e ,  f e e d ,  p r e s s u r i z a t i o n ,  and v e n t i n g  

systems f o r  t h e  o r b i t e r  boos t  system a r e  d e s c r i b e d  below, 

Two f e e d  d u c t s  ( 1 2  i n c h  10 and 63 f t ,  long)  a r e  r o u t e d  from t h e  i n t e g r a l  LOX 

t a n k  (6500 cu.  f t . ) ,  p a r a l l e l  t o  t h e  payload a r e a  b e f o r e  e n t e r i n g  t h e i r  r e s p e c t i v e  

e n g i n e  i n t e r f a c e s .  I s o l a t o r  v a l v e s  a r e  l o c a t e d  a t  t h e  p r o p e l l a n t  t a n k  o u t l e t  a s  a  

backup t o  t h e  main eng ine  p r o p e l l a n t  v a l v e .  The LOX t a n k  f i l l  and d r a i n  sys tem 

t i e s  i n  w i t h  one of t h e  1 2  i n c h  eng ine  f e e d  d u c t s  n e a r  i t s  eng ine  i n t e r f a c e .  

F i l l i n g  and d r a i n i n g  of t h e  t a n k  w i l l  be  accomplished through a  checking q u i c k  d i s -  

connect  (QD) l o c a t e d  n e a r  t h e  a f t  end of t h e  v e h i c l e .  The QD w i l l  be r e c e s s e d  and 

covered w i t h  a  h inged door which i s  t o r s i o n  loaded s h u t .  The door is  opened when 

GSE i s  connected and a u t o m a t i c a l l y  c l o s e d  whenever GSE i s  d i sconnec ted ,  t h u s  pro- 

t e c t i n g  t h e  QD from t h e  h i g h  h e a t  i n p u t  t h a t  o c c u r s  on t h e  e x t e r i o r  s u r f a c e .  Th is  

i s  n e c e s s a r y  t o  i n h i b i t  h e a t  conduct ion t o  t h e  LOX feed  l i n e  and t o  p r o t e c t  t h e  

QD f o r  r e u s e .  A combined f i l l  and d r a i n  s h u t o f f  and r e l i e f  v a l v e  (normal ly  c l o s e d )  

downstream of  t h e  QD w i l l  i s o l a t e  t h e  unusab le  LOX t r a p p e d  i n  t h e  f i l l  and d r a i n  

l i n e  from t h e  LOX f e e d  l i n e .  A normal ly  c l o s e d  dump v a l v e  w i l l  b e  l o c a t e d  p a r a l l e l  

t o  t h e  QD. 

The two p r o p e l l a n t  f e e d  d u c t s  have a n t i v o r t e x  s c r e e n s  l o c a t e d  a t  t h e  a f t  end 

of t h e  o r b i t e r  v e h i c l e  LOX t a n k .  Vortexing i n  t h e  feed  l i n e s  i s  u n d e s i r a b l e  s i n c e  

i t  i n h i b i t s  mass f low and could  r e s u l t  i n  LOX pump c a v i t a t i o n .  S i n c e  p r o p e l l a n t  

l o a d i n g  w i l l  be  accomplished through t h e  a n t i v o r t e x  s c r e e n ,  i t s  d e s i g n  must i n c l u d e  

a  " f l i p - t o p "  f e a t u r e  w i t h  a  b a f f l e .  Th i s  f l i p t o p  d e s i g n  a l lows  u n f i l t e r e d  t a n k  

f i l l i n g  through t h e  feed  l i n e ,  and t h e  i n t e g r a l  b a f f l e  i n h i b i t s  p r o p e l l a n t  s p r a y i n g  

d u r i n g  f i l l  o p e r a t i o n s  and e n g i n e  shutdown, thus  minimizing t h e  p o s s i b i l i t y  of 

u l l a g e  p r e s s u r e  c o l l a p s e .  

A l l  f e e d  d u c t s  w i l l  have t o  b e  c o n s t r u c t e d  us ing  be l lows  t o  a l l o w  f o r  thermal  

expansion and c o n t r a c t i o n .  The be l lows  w i l l  a l s o  h e l p  t o  compensate f o r  manu- 

f a c t u r i n g  t o l e r a n c e  bu i ldup  d u r i n g  d u c t i n g  i n s t a l l a t i o n .  The l o c a t i o n  of t h e  

be l lows  can b e s t  b e  determined once t h e  s t r u c t u r e  s u p p o r t  l o c a t i o n s  a r e  known. 

Designing a  f e e d  d u c t  c o n f i g u r a t i o n  which p e r m i t s  t h e  eng ine  t o  gimbal i n  a  

9' s q u a r e  p a t t e r n  i s  a  d e f i n i t e  problem. Th is  problem i s  d i s c u s s e d  i n  S e c t i o n  7 .1 .2 ,  

The common LOX t a n k  v e n t  and p r e s s u r i z a t i o n  duc t  (5  i n .  I . D . )  r u n s  from t h e  

forward end of t h e  LOX t a n k  t o  t h e  LOX t a n k  p e n e t r a t i o n  p o i n t  i n  t h e  forward bulk- 

head.  A f t e r  e x i t i n g  from t h e  LOX t a n k ,  i t  runs  down t h e  s i d e  of t h e  LOX t a n k  and 
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e n t e r s  p a r a l l e l  con~bir ia t ion ven t  arid re l i e i r  v a l v e s .  The LOX t a n k  ven t  duc t  t h e n  

runs  a long t h e  payload a r e a  t o  a  p a i r  of opposing non-propuls ive  n o z z l e s  Ln t h e  a f t  

end of t h e  v e h i c l e .  The overboard v e n t i n g  p o i n t  was s e l e c t e d  i n  o r d e r  t o  e l i m i n a t e  

any GOX plume impingement on t h e  e x t e r i o r  s u r f a c e s  o f  t h e  v e h i c l e .  

The LH2 t a n k s  (17500 cu.  f t . )  have i n t e g r a l  s k i n s  on t h e  v e h i c l e  s i d e s .  

The t a n k s  on e i t h e r  s i d e  of t h e  payload bay have l o n g i t u d i n a l  webs t h e  fu1.1 d e p t h  

of t h e  v e h i c l e .  These webs a l s o  become an i n t e g r a l  p a r t  of v e h i c l e  s t r u c t u r e .  A  

double  c o n i c a l  t a n k  wi th  a  l o n g i t u d i n a l  i n t e r s e c t i o n  and s p h e r i c a l  ends  i s  l o c a t e d  

a f t  o f  payload.  

The o r b i t e r  LH f e e d  system c o n s i s t s  o f  two 12 i n c h  d i a m e t e r ,  6-foot l o n g  
2  

feed  d u c t s  t h a t  e x i t  a t  t h e  a f t  s e c t i o n  of t h e  double  c e n t e r  t a n k  and e n t e r  t h e  

eng ine  at t h e  LH i n l e t .  The 12-inch d iamete r  c r o s s o v e r  d u c t s  connect t h e  a f t  
2  

end of t h e  s i d e  t a n k s  t o  t h e  a f t  end of t h e  c e n t e r  double  t a n k s .  A n t i v o r t e x  

s c r e e n s  a r e  l o c a t e d  i n  t h e  a f t  end of s i d e  t a n k s  a t  t h e  c r o s s o v e r  duc t  and i n  

t h e  a f t  end of t h e  c e n t e r  double t a n k  a t  t h e  eng ine  feed  duc t  o u t l e t s .  They a r e  

des igned t o  f i l t e r  t h e  LH e x i t i n g  from t h e  t ank  and t o  p reven t  v o r t e x  a c t i o n .  
2  

A hinged f l i p t o p  on t h e  s i d e  t a n k  s c r e e n  i s  r e q u i r e d  t o  permit  f l u i d  f low i n t o  

t a n k s  d u r i n g  f i l l  mode. It t h e n  c l o s e s  f o r  f i l t e r i n g  d u r i n g  eng ine  o p e r a t i a n .  The 

f l i p t o p  opening t r a v e l  i s  r e s t r a i n e d  t o  d i v e r t  t h e  incoming flow h o r i z o n t a l l y ,  

p r e v e n t i n g  f l u i d  from p e n e t r a t i n g  t h e  upper s u r f a c e  of t h e  l i q u i d  d u r i n g  f i l l .  

I s o l a t o r  v a l v e s  a r e  i n s t a l l e d  a t  t h e  t a n k  o u t l e t s  a s  a  backup t o  t h e  e n g i n e  

p r o p e l l a n t  s h u t o f f  v a l v e s .  A f t e r  t h r u s t  and t ank  suppor t  s t r u c t u r e  have been 

determined,  t h e  d u c t  n e a r  t h e  eng ine  can be des igned t o  permit  9 degrees  of 

eng ine  gimbal ing.  

The emergency dump and f i l l  and d r a i n  f u n c t i o n s  a r e  i n c o r p o r a t e d  i n  a  s i n g l e  

system. The 12-inch d iamete r  duc t  r u n s  from t h e  a f t  end of c e n t e r  t a n k ,  n e a r  

t h e  e n g i n e  f e e d  o u t l e t ,  t o  t h e  a f t  end of v e h i c l e  and p r o v i d e s  f o r  b o t h  f i l l  and 

d r a i n  and dump. 

A s h u t o f f  v a l v e  ( f i l l  and d r a i n )  i s  l o c a t e d  i n  t h e  l i n e  a d j a c e n t  t o  t h e  

t a n k ,  A p o s i t i v e  check v a l v e  (a l lowing  f low towards t h e  t a n k )  i s  i n  t h e  l i n e  

a t  t h e  r e a r  of t h e  f u s e l a g e .  Arr emergency dump v a l v e  i s  l o c a t e d  i n  a  duc t  j o i n i n g  

t h e  f i l l  and d r a i n  l i n e  between t h e  check va lve  and t h e  s h u t o f f  v a l v e  and p e r m i t s  

r a p i d  dump i n  a  f l i g h t  a b o r t  s i t u a t i o n  by opening t h e  f i l l  and d r a i n  and dump 

v a l v e s  and bypdssing t h e  QD. A t  i l f t o f f ,  a t o r q u e  loaded door covers  t h e  r e c e s s e d  
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QD to p r o t e c c t  frorn e x c e s s i v e  h e a t i n g .  The QD i n c o r p o r a t e s  a rclref valve t o  

b leed  off gas  o r  l i q u i d  trap.ped i n  t h e  l i n e ,  During r e e n t r y ,  t h e  f i l l  and d r a i n  

v a l v e  opens t o  ensure  p o s i t i v e  p r e s s u r e  i n  t h e  d u c t  and to p r e c l u d e  e x p l o s i v e  

mixing due t o  e x t e r n a l  l eakage .  

The 5-inch v e n t  d u c t  sys tem on t h e  o r b i t e r  c o n s i s t s  of a  c r o s s o v e r  from t h e  

forward end of t h e  s i d e  t a n k s  t o  a  common e n t r a n c e  i n t o  t h e  p a r a l l e l  redundant  

v e n t  and r e l i e f  v a l v e s  and t h e n  i n t o  t h e  d i r e c t i o n a l  c o n t r o l  v a l v e .  P r i o r  t o  

l i f t o f f ,  t h e  gas  e x i t s  overboard i n t o  ground ven t  l i n e s  through a  Q D .  A t  l i f t o f f ,  

a  t o r q u e  loaded door c o v e r s  t h e  r e c e s s e d  QD and d u c t  t o  p r o t e c t  them from exces-  

s i v e  h e a t  and p rov ide  a  f l u s h  e x t e r i o r  s u r f a c e .  

A f t e r  l i f t o f f ,  v e n t  gas  e n t e r s  t h e  non-propuls ive  duc t  which p a r a l l e l s  t h e  

payload a r e a  and e x i t s  through a  non-propuls ive  t e e  a t  t h e  a f t  end of t h e  v e h i c l e .  

O u t l e t s  a r e  180" opposed and d i r e c t e d  up and down w i t h  r e s p e c t  t o  f u s e l a g e  s u r -  

f a c e s  t o  p rov ide  least impingement f o r c e s  on t h e  f u s e l a g e  and t o  p reven t  dumping 

of v e n t  gas  i n t o  t h e  eng ine  a r e a .  A check v a l v e  a t  t h e  NPV e x i t  p r e v e n t s  t h e  

e n t r y  of atmosphere i n t o  t h e  d u c t  dur ing  non-venting r e e n t r y  p e r i o d s .  

The pneumatic sys tem c o n s i s t s  of 3000 p s i  Helium b o t t l e s ,  a s s o c i a t e d  hardware 

and an  u m b i l i c a l  connec to r .  The u m b i l i c a l  connec t ion  i s  n e a r  t h e  LOX f i l l  connec- 

t o r  f o r  e a s e  of s e r v i c i n g .  

A i r b r e a t h i n g  P r o p u l s i o n  - The l a n d i n g  system shown h a s  a  powered l a n d i n g  

c a p a b i l i t y  s u p p l i e d  by 4 t u r b o - j e t  eng ines  w i t h  23,000 l b s .  t h r u s t  p e r  eng ine .  

These eng ines  a r e  mounted s o  t h e y  can b e  deployed o u t  t h e  s i d e s  of t h e  v e h i c l e  w i t h  

a  powered mechanism t o  r o t a t e  t h e  eng ines  i n t o  a  can ted  p o s i t i o n  w i t h  t h e  forward 

end down. Th is  a l i g n s  t h e i r  c e n t e r l i n e s  w i t h  t h e  a i r f l o w  a t  an a n g l e  of a t t a c k  

d u r i n g  o p e r a t i o n  t o  pe rmi t  more e f f i c i e n t  i n t a k e .  The l a n d i n g  p r o p e l l a n t  t a n k  

mounted between t h e  stowed eng ines  c o n t a i n  200 cu.  f t .  of  JP-4 f u e l .  The f u e l  i s  

s u p p l i e d  t o  t h e  eng ines  through a  duc t  arrangement which i n c o r p o r a t e s  a  s w i v e l  

j o i n t  on t h e  r o t a t i o n  c e n t e r l i n e .  

A t t i t u d e  Cont ro l  and Maneuvering Propu ls ion  - The o r b i t  maneuvering system 

h a s  t h e  p r o p e l l a n t  l o c a t e d  below t h e  payload bay i n  a  m u l t i - l o b e  d u a l  p r o p e l l a n t  

t ank  w i t h  285 cu.  f t .  of oxygen and 915 c u ,  ft, of hydrogen. S e p a r a t e  bu t  i n t e r -  

connected p r o p e l l a n t  c o n d i t i o n i n g  systems a r e  p o s i t i o n e d  on e i t h e r  s i d e  of t h e  

v e h i c l e .  They i n c l u d e  pumps, h e a t  exchangers ,  and O2 and H accumula to rs .  Th i s  2 
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sg'ste:n supplies the gaseous  tl,, and 0 f o r  twenty 4,000 Ib, t ! l rus te r s .  A t t i t u d e  - 2 
control t h r r l s t e r s  a r e  mounted i n  the two t i p  f i n s .  lioll c o n t r o l  i s  provided by 

coupled thrusters. P i t c h  and yaw a r e  provided by t h r u s t e r s  f i r i n g  i n  one d i r e c t i o n  

t o  p rov ide  t h e  p roper  moments. Forward t r a n s l a t i o n  is  provided by s i x  a f t  f i r i n g  

t h r u s t e r s  ( 3  p e r  t i p  f i n )  and a f t  t r a n s l a t i o n  i s  provided by two forward f i r i n g  

t h r u s t e r s .  The s i x  a f t  f i r i n g  t h r u s t e r s  a r e  used f o r  main impuls ive  maneuvers 

and two of t h e s e  a r e  used f o r  i n c r e m e n t a l  i n - o r b i t  t r a n s l a t i o n  maneuvers. 

7 .2 .4  O r b i t e r  Equipment -- - The s p a c e c r a f t  sys tems shown i n  F i g u r e  7-9 cover  on ly  

sys tems which a r e  n o t  d e f i n e d  by s t r u c t u r e  and p r o p u l s i o n  subsystems.  

The s i z i n g  of t h e  two man p r e s s u r i z e d  crew c a b i n  was based on t h e  enve lope  

shown i n  F i g u r e  7-5 l i k e  t h e  c a r r i e r  crew compartment. The crew f u n c t i o n  i n  
a  s h i r t s l e e v e  environment which i s  provided by a two gas  (0  -N ) env i ronmenta l  

2  2  
c o n t r o l  and l i f e  s u p p o r t  (ECLS) system. The ECLS system o c c u p i e s  50 c u .  f t .  A 

4  f t .  d i a . ,  32 f t .  long  t u n n e l ,  a l s o  p rov ided  w i t h  a s h i r t s l e e v e  environment ,  pe r -  

m i t s  i n t e r n a l  t r a n s f e r  of t h e  crew t o  t h e  payload c o n t a i n e r .  The payload c o n t a i n e r  

c o n t a i n s  i t s  own s u p p o r t  p r o v i s i o n s .  The payload c o n t a i n e r  i s  deployed by opening 

doors  on t h e  s p a c e c r a f t  upper s u r f a c e  and mechan ica l ly  t r a n s l a t i n g  t h e  con- 

t a i n e r  upward u n t i l  a c c e s s i b l e  t o  a space  t u g  o r  space  s t a t i o n  i n t e r f a c e .  A 

c o o l i n g  r a d i a t o r  i s  i n c o r p o r a t e d  i n  t h e  payload bay doors  f o r  d i s s i p a t i n g  i n t e r n a l  

h e a t  energy i n  o r b i t .  The r a d i a t o r ,  on t h e  i n s i d e  of t h e  d o o r s ,  i s  p r o t e c t e d  

from launch  and e n t r y  h e a t i n g .  

The power supp ly  and a v i o n i c s  be ing  r e l a t i v e l y  h i g h  i n  d e n s i t y  a r e  l o c a t e d  

a s  f a r  forward i n  t h e  v e h i c l e  a s  p o s s i b l e  f o r  c . g .  c o n s i d e r a t i o n s .  S p a c e c r a f t  

a v i o n i c s  equipment occup ies  40 cu .  f t . ,  p a r t  of which i s  i n c l u d e d  i n  t h e  crew cab in  

a s  f l i g h t  c o n t r o l s  and d i s p l a y s .  Power s u p p l y ,  provided by b a t t e r i e s  and f u e l  

c e l l s  f o r  t h e  e l e c t r i c a l  l o a d ,  r e q u i r e s  33 cu.  f t .  A 6 - f t .  d iamete r  SHF d i s h  

an tenna  i s  l o c a t e d  a f t  of t h e  payload bay n e a r  t h e  upper s u r f a c e .  Doors on t h e  

v e h i c l e  upper s u r f a c e  a r e  opened and t h e  an tenna  i s  r o t a t e d  upward f o r  o p e r a t i o n .  

A rendezvous r a d a r  a n t e n n a ,  a f t  of t h e  crew c a b i n ,  i s  a l s o  deployed f o r  o r b i t a l  

o p e r a t i o n s .  

Power f o r  t h e  a e r o  c o n t r o l  sys tem i s  provided by t h r e e  a u x i l i a r y  power u n i t s  

u s i n g  hydraz ine  f u e l .  The hydraz ine  f u e l  i s  l o c a t e d  i n  t h e  a f t  end of t h e  v e h i c l e  

i n  an  8 cu .  f t .  s p h e r e .  Th i s  system i s  p o s i t i o n e d  n e a r  t h e  p o i n t  of usage t o  
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minimize the length of  high pressure hydraulic lines required, Dual redundant 

hydraulic B C  tuators impart the requi red rotational control to 4 el evons, 2 tip 

fin flaps, arid the rudder. 

The s i z i n g  of a e r o  c o n t r o l  sys tem components i s  based on t h e  same format  a s  

t h a t  used i n  t h e  c a r r i e r  equipment,  S e c t i o n  7 .1 .3 .  The o r b i t e r  APU's a r e  t h e  

same s i z e  u n i t s  as t h o s e  i n  t h e  c a r r i e r .  The v a l u e s  used f o r  component s i z i n g  

a r e  shown i n  Table  7-2. 

The main l a n d i n g  g e a r  and nose  g e a r  s i z i n g  a n a l y s i s  f o l l o w s  t h e  same format  

a s  t h a t  of t h e  c a r r i e r  equipment,  S e c t i o n  7.1.3.  The main l a n d i n g  gear  l o a d s  a r e  

31,000 l b s l t i r e  f o r  8  t i r e s  based on 6 t i r e s  n o t  blown o u t  and s i z e d  a t  44 x  1 3  

(26 p l y )  e x t r a  h i g h  p r e s s u r e  (35,800 l b s l t i r e  a l l o w a b l e ) .  The nose  l a n d i n g  g e a r  

l o a d s  a r e  30,250 l b s l t i r e  f o r  2  tires and s i z e d  a t  30 x 7.7 (22 p l y )  e x t r a  h i g h  

p r e s s u r e  21,300 l b s l t i r e  s t a t i c  load  r a t i n g  and 31,900 l b s l t i r e  dynamic l o a d  

r a t i n g .  The main l a n d i n g  g e a r  h a s  an  1 8  in.  l o a d  d e f l e c t i o n  s t r o k e  which p r o v i d e s  

c l e a r a n c e  f o r  a  maximum 23' a n g l e  of a t t a c k  a t  touchdown. The shock absorb ing  

p i s t o n  d iamete r  i s  7-inches u s i n g  a  system p r e s s u r e  of 2500 p s i .  

Table 7-2 

107 FT ORBITER AERO CONTROL SURFACE SYSTEM 

Elevon 360,000 

Elevon 15 7,000 

Rudder 163,000 

NOTE: All numbers based on 1 Aero Sur face  
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7.2.5 - Landing a t  t h e  l a u n c h  s i t e  cannot  b e  assured f o r  

e v e r y  r e t u r n  from a  miss ion .  Weather c o n d i t i o n s  o r  emergencies s u c h  as  an a b o r t e d  

f l i g h t  may r e q u i r e  o r b i t e r  r e t u r n  t o  an a l t e r n a t e  a i r f i e l d  w i t h  subsequent  t r a n s -  

p o r t a t i o n  t o  t h e  pr imary l aunch ing  a r e a .  The p h y s i c a l  s i z e  of t h e  o r b i t e r  p r e c l u d e s  

t h e  t r a n s p o r t a t i o n  by c o n v e n t i o n a l  ca rgo  t r a n s p o r t s .  Cisassembly of t h e  o r b i t e r  

i n t o  major components which could  be t r a n s p o r t e d  by c u r r e n t  a i r c r a f t  i s  i n  

o p p o s i t i o n  w i t h  t h e  concept  of qu ick  tu rnaround  f o r  subsequent  miss ions .  Thus ,  

s e l f - f e r r y  appeared t o  b e  t h e  most r a t i o n a l  approach t o  t h e  problem. However, 

t h e  s u b s o n i c  maximum LID of 4 and t h e  on-board p r o p u l s i o n  system c a p a b i l i t y  do n o t  

y i e l d  a  g r e a t  d e a l  of c r u i s e  range .  Thus. i t  was n e c e s s a r y  t o  d e f i n e  a  modif ied 

c o n f i g u r a t i o n  which would improve t h e  s u b s o n i c  c r u i s e  c a p a b i l i t y  of t h e  v e h i c l e .  

The o r b i t e r  c o n f i g u r a t i o n  shown i n  F i g u r e  7-10, conceived by NASA/LRC, h a s  i t s  

payload bay d o o r s  removed and an  assembled package of wing, c r u i s e  eng ines  and 

c r u i s e  p r o p e l l a n t  i s  a t t a c h e d  w i t h  t h e  p r o p e l l a n t  t a n k  i n  t h e  payload bay,  The 

wing has  a  ST CYR 156 a i r f o i l  w i t h  a  20" sweep a n g l e ,  152 f t .  span  and . 3  t a p e r  

r a t i o .  The b a s i c  o r b i t e r  c o n t r o l  sys tem is used f o r  aerodynamic c o n t r o l .  S i m i l a r  

c o n f i g u r a t i o n s  have been wind t u n n e l  t e s t e d  a t  LRC and shown t o  be  f e a s i b l e .  Subsonic  

t e s t  d a t a  shows t h a t  t h i s  c o n f i g u r a t i o n  h a s  a  maximum trimmed LID of 8.5. F i g u r e s  

7-11 and 7-12 show t h e  v a r i a t i o n  of t h e  trimmed l i f t  c o e f f i c i e n t  and t h e  trimmed 

LID w i t h  t r i m  a n g l e  of a t t a c k .  

Two t u r b o f a n  e n g i n e s  are mounted on t h e  lower s u r f a c e  of t h e  wing t o  p r o v i d e  

t h e  r e q u i r e d  t h r u s t  f o r  t h e  200,000 l b .  v e h i c l e  t o  t a k e  o f f  i n  5,000 f t .  These 

eng ines  a r e  s i m i l a r  t o  t h e  c r u i s e  eng ines  on t h e  c a r r i e r ,  Turbofan eng ines  

were s e l e c t e d  t o  t a k e  advantage of t h e i r  s u p e r i o r  s p e c i f i c  f u e l  consumption. 

The p r o p u l s i o n  system,  i n c l u d i n g  19,000 l b s .  o f  p r o p e l l a n t ,  p r o v i d e s  330 n a u t i c a l  

m i l e s  c r u i s e  a t  an a l t i t u d e  of 10,000 f t .  The system f o r  e n g i n e  c o n t r o l  i s  t h e  

o n l y  p h y s i c a l  i n t e r f a c e  r e q u i r e d  between t h e  o r b i t e r  and f e r r y  k i t ,  a s i d e  from t h e  

s t r u c t u r a l  i n t e r f a c e .  The e x i s t i n g  v e h i c l e  s t r u c t u r e  w i l l  a c c e p t  t h e  k i t  

i n s t a l l a t i o n .  No l a n d i n g  g e a r  p e n a l t y  i s  imposed a s  t h e  take-off  weight of 

t h i s  c o n f i g u r a t i o n  i s  about 20,000 l b s .  g r e a t e r  than  normal. l a n d i n g  weight from 

o r b i t .  
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O R B I n E  FERRY CONFIGURATION 

MAX Li 'D (TRIM) = 8.5 (LRC TEST DATA) 
FERRY KIT DRY WT - 31,000 L B  
FERRY PROPELLANT WT = 19,000 LB 
ENGINE THRUST (TF39) = 45,000 LB (SLS) 
FERRY RANGE * 330 N M 

CRUISE PROPELLANT 

F i g u r e  7-10 

9-27 

M C D O W W E b l L  DOUGLAS AlSTRONAL/'T"%CS COMPANY 







Volume I 
Book 1 

;Integral k,aunch and 
'07 

v P , 
nleentry 1'1 ehiele ' ystem 

REFORT NO. 
MDC ~ 0 0 4 9  

ic'C)IrEkfBER 1969 

7 . 3  Vehicle  I n t e r f a c e  - The s t r u c t u r a l  t i e  he twee i~  c a r r i e r  and o r b i t e r  c o n s i s t s  

of a  t h r e e  p o i n t  a t t achment  a s  shown i n  F i g u r e  7-13. 

Two s u p p o r t  p o i n t s  a r e  provided a t  t h e  i n t e r s e c t i o v  of Ehe o r b i t e r  f o r n a r d  

payload bay bulkhead and payload bay s i d e  webs, A l l  s i d e  l o a d s  and l o n g i t u d i n a l  l o a d s  

a r e  t r a n s f e r r e d  a t  t h e s e  two p o i n t s .  These f i t t i n g s  a r e  n e a r  t h e  l o n g i t u d i n a l  C . G .  

o f  b o t h  v e h i c l e s  a t  s e p a r a t i o n ,  and make maximum u t i l i z a t i o n  of t h e  e x i s t i n g  

v e h i c l e  s t r u c t u r e .  

A s e p a r a t e  s u p p o r t  arm i s  prov ided  n e a r  t h e  a f t  end of t h e  v e h i c l e s  t o  com- 

p l e t e  t h e  s t r u c t u r a l  i n t e r f a c e .  Th is  arm i s  al lowed t o  t a k e  l o a d s  a long  i t ' s  a x i s ,  

b u t  o f f e r s  no r e s i s t a n c e  t o  s i d e  l o a d s  and v e h i c l e  a x i a l  l o a d s .  Th is  arm i s  hinged 

on t h e  c a r r i e r  a t  t h e  a f t  c a r r i e r  t h r u s t  s t r u c t u r e  r i n g  and i s  a t t a c h e d  t o  a  f i t -  

t i n g  i n  t h e  o r b i t e r  a t  t h e  o r b i t e r  t h r u s t  s t r u c t u r e  bulkhead by a  p i n .  For 

s e p a r a t i o n ,  t h i s  p i n  i s  r e t r a c t e d  and t h e  arm i s  r o t a t e d  i n t o  t h e  a r e a  between 

c a r r i e r  i n n e r  and o u t e r  m o l d l i n e  s t r u c t u r e .  A the rmal  p r o t e c t i o n  s u r f a c e  i s  

i n s t a l l e d  on one s u r f a c e  of t h e  arm s o  t h a t  r e t r a c t i o n  of t h e  arm i n t o  t h e  c a r r i e r  

p r o v i d e s  a  smooth c a r r i e r  o u t e r  mold l ine  s u r f a c e .  A c l o s u r e  door  on t h e  o r b i t e r  

p rov ides  a  smooth mold l ine .  

Two methods of a t t achment  were cons idered  f o r  t h e  two forward i n t e r f a c e  

p o i n t s .  The f i r s t  c a s e  a s  shown i n  F i g u r e  7-14 u t i l i z e s  a  f i t t i n g  mounted i n  t h e  

o r b i t e r  and a t t a c h e d  t o  a  f i t t i n g  i n  t h e  c a r r i e r  by a  p i n .  For s e p a r a t i o n  t h i s  

p i n  i s  r e t r a c t e d  and t h e  o r b i t e r  f i t t i n g  i s  r o t a t e d  i n t o  t h e  v e h i c l e .  C losure  

doors  on b o t h  v e h i c l e s  r e s t o r e  a  smooth mold l ine .  An a l t e r n a t e  approach f o r  t h i s  

method i s  t o  i n s t a l l  t h e  r e t r a c t a b l e  f i t t i n g  i n  t h e  c a r r i e r ,  w i t h  t h e  f i x e d  f i t -  

t i n g  i n  t h e  o r b i t e r .  The method of a t t achment  chosen f o r  t h i s  c a s e  would be t h e  

method showing t h e  l e a s t  weight  p e n a l t y  f o r  t h e  o r b i t e r .  I n  t h e  second c a s e ,  a s  

shown i n  F i g u r e  7-13, a  f i x e d  f i t t i n g  i s  a t t a c h e d  t o  t h e  c a r r i e r  and ex tends  

e x t e r n a l  t o  t h e  c a r r i e r  o u t e r  mold l ine  i n t o  t h e  a r e a  between t h e  o r b i t e r  i n n e r  and 

o u t e r  m o l d l i n e s .  I t  i s  a t t a c h e d  t o  a  f i t t i n g  on t h e  o r b i t e r  by a  p i n .  For s e p a r -  

a t i o n  t h i s  p i n  i s  r e t r a c t e d .  A c l o s u r e  door r e s t o r e s  a  smooth o u t e r  mold l ine  on 

t h e  o r b i t e r .  The c a r r i e r  o u t e r  m o l d l i n e  s t r u c t u r e  a t t a c h e s  d i r e c t l y  t o  t h e  

c a r r i e r  f i t t i n g .  



Volume I 
Book I 

Integral Launch and 

Beentry vehicle system 

r O M  CARRIER 

/ - 
ORBITER 

PIN RETRACTOR 
i- B *\-i 

ORBITER PAYLOAD BAY SIDE WEB 
A- A 

10 x SCALE 
T Y P  2 PLACES 

REPORT NO. 
MBC E0049 

NOVEMBER 1969 

/- HYDROGEN TANK INSULATION 

O K  
\ 1111 \ ORBITER 

PAYLOAD BAY FORWARD BULKHEAD 
./----- 

B-B 

CARRl ER LAUNCH CG 

THERMAL PROTECTION 
ON LINK FOLDS INTO 

RCS THRUSTERS 

CARRIER OUTER MOLD LINE 
FIRE FOR SEPARATION 

TRANSLATION THRUSTERS 
FIRE FOR SEPARATION 

PIN RETRACTOR C-C 

10 X SCALE 

Figure 9-13 

7-31 

MG&)Q)NNEILL. L)C)UGLAS ASTRONAUTICS GG)MPANV 



Volume I 
B Q Q ~  1 

Integral Launch and 

8eentry iyehicle sys tem 

VEHICLE INERRFACE 
(Alternate) 

REPORT NO. 
MDC E0049 

NOVEMBER 1969 

/--j-PIN RETRACTOR 
---- - ---\ 
, ---\ OM_ CARRIER 

0 NL ORBITER 

ORBITER PAYLOAD BAY WEB- A-A 

(TYP 2 PLACES) 

/ 
- RETRACT LUG INTO ORBITER 

ORBITER FWD PAYLOAD BAY 
BULKHEAD - 

B-B 



Volume i 
Book 1 

Integral Launch and 

Reentry Plehicle sys tem 

REPORT KO. 
MBC E0049 

HOVEMBER 1969 

The second c a s e ,  f i x e d  e x t e r i o r  mold l ine  f i t t i n g  on t h e  c a r r i e r  wi th  f i x e d  

f i t t i n g  i n  t h e  o r b i t e r  i s  p r e f e r r e d  s i n c e  h e a t i n g  of t h e  c a r r i e r  e x t e r n a l  f i t t i n g  

would no t  be e x c e s s i v e  and t h i s  method e l i m i n a t e s  t h e  complexi ty  of r e t r a c t a b l e  

f i t t i n g s .  It a l s o  minimizes  t h e  o r b i t e r  weight  p e n a l t y  and maximizes performance.  

The a x i s  of t h e  connec t ing  p i n s  a t  a l l  t h r e e  p o i n t s  i s  normal t o  t h e  v e r t i c a l  

p lane  through t h e  v e h i c l e s  s o  t h a t  d i f f e r e n t i a l  expansion d u r i n g  l aunch  between 

t h e  v e h i c l e s  i s  accommodated by a  r o t a t i o n  of t h e  a f t  a t t achment  arm. 

Vehic le  s e p a r a t i o n  i s  provided by t r a n s l a t i o n  t h r u s t e r s .  Two 4000 l b .  

r e a c t i o n  c o n t r o l  sys tem p i t c h  down R .C .S .  t h r u s t e r s  n e a r  t h e  b a s e  of t h e  c a r r i e r  

f i r e  i n  c o n j u n c t i o n  w i t h  two 4000 l b .  t r a n s l a t i o n  t h r u s t e r s  i n s t a l l e d  i n  t h e  

c a r r i e r  forward of i t s  launch  c . g .  t o  t r a n s l a t e  t h e  c a r r i e r  away from t h e  o r b i t e r  

w i t h o u t  d i s t u r b i n g  t h e  o r b i t e r  f l i g h t  p a t h .  
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