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l NTRODUCT i ON 

T h i s  r e p o r t  p r e s e n t s  t h e  r e s u l t s  o f  t h e  s t u d y  o f  O r b i t i n g  Research 

L a b o r a t o r y  and L o g i s t i c  S p a c e c r a f t  Checkout Requirements as  t h e y  r e l a t e  t o  p r e -  

l aunch  o p e r a t i o n s  a t  MILA. The s t u d y  was pe r fo rmed  j o i n t l y  b y  t h e  F l o r i d a  D i v i s i o n  

and t h e  Systems Research and A n a l y s i s  D i v i s i o n  o f  TRW Space Technology L a b o r a t o r i e s  

f o r  NASA under  t h e  terms o f  c o n t r a c t  NAS16-1706. 

The p r i n c i p a l  o b j e c t i v e s  o f  t h i s  s t u d y  were t o  e s t a b l i s h  recommended modes 

o f  o p e r a t i o n  f o r  t h e  assembly,  checkout  and launch  o f  s p e c i f i e d  O r b i t i n g  Research 

L a b o r a t o r i e s  and L o g i s t i c s  S p a c e c r a f t  a t  MlLA and t o  de te rm ine  t h e  r e s u l t i n g  

impact  on  KSC resources  i n  terms o f  f a c i l i t i e s ,  equipment,  p rocedures  and p e r s o n n e l ,  

The s t u d y  encompassed a1 1 p lanned  MlLA p r e - l a u n c h  o p e r a t  i ons  r e l a t i n g  t o  

O r b i t i n g  Research L a b o r a t o r i e s ,  L o g i s t i c  SpacecraFt ,  crew and ca rgo .  A summary 

o f  t h e  s t u d y  t a s k s  and sub tasks  i s  p r e s e n t e d  i n  an accompanying c h a r t .  P a r t i c u l a r  

m p h a s i s  was p l a c e d  on t h e  sub tasks  r e l a t i n g  t o  f a c i l i t i e s ,  acceptance checkout  

ecju ipment (ACE) and sc i e n t  i F i c  equipment (ORL exper imen ts )  , s i n c e  new requ  i rements 

i n  these  a r e a s  rep resen ted  t h e  g r e a t e s t  p o t e n t i a l  impact on MlLA resources .  

V a r i o u s  ORL, L o g i s t i c s  S p a c e c r a f t ,  and I ~ u i i c h  v e ; i i c l e  c o m b i i m t i o n s  were 

s t u d i e d .  The ORL's fa1  1 i n t o  t h r e e  b a s i c  c l a s s e s :  Thc ; \ ~ o 1 1 0  E x t e n s i o n s ,  t h e  

S i n g l e  Module Space S t a t  i o n  (sMSS) , and t h e  Mu1 t i -Module Space S t a t  i o n  (MMSS) . 

Three l o g i s t i c  s p a c e c r a f t  were s t u d i e d :  The Apol l o  LS, t ; le  M o d i f i e d  A p o l l o  LS 

(MODAP) , and t h e  Bal l i s t  i c  LS (BALLos). Launch veh i c l c  s tudy  was conf ined t o  

t h e  S a t u r n  I B  and t h e  S a t u r n  V ,  and was r e s t r i c t e d  t o  s p a c e c r a f t  i n t e r f a c e  

c o n s i d e r a t  i ons .  



LIST OF ABBREVIATIONS 

ACE Acceptance Checkout Equipment MODAP M o d i f i e d  A p o l l o  

AE A p o l l o  Extens ions MORL Manned O r b i t a l  Research Lab (DAC)  

A/S Ascent Stage MOSS Manned O r b i t a l  Space S t a t  i on  

' BPC Boost P r o t e c t i v e  Cover N E Nozzle Ex tens ion  

B U Backup N S Nozzle S imu la to r  

CGM Cargo Module OGC Operat ions & Checkout ( ~ a c i  1 i t y )  

C M 

C SM 

D/ S 

ECS 

EDS 

E IF 

E IT  

ELS 

FH S 

G &N 

I CA 

LC 

LEM 

LES 

LET 

LM(D) 

LM(I)  

L S 

L/V 

MMSS 

Command Mod u 1 e 

Command & Serv ice  Module (Hated) 

Descent Stage 

Environmental  Con t ro l  System 

Emergency D e t e c t i o n  System 

Exper iment l n t e g r a t  i on  Func t i on  

Exper iment I n t e g r a t i o n  & Tes t  

E a r t h  Land ing  System 

Forward Heat S h i e l d  

Guidance and Nav iga t i on  

l n teg ra  t ed  Checkout ~ r e a  

Launch Complex 

Lunar Excurs ion  Module 

Launch Escape System 

Launch Escape Tower 

Labora to ry  Modd 1 e (bependent) 

Labora to ry  Module ( Independent) 

L o g i s t i c s  Spacecraf t  

Launch Veh ic le  

Mu l t i -Modu le  Space S t a t i o n  

OFTL 

ORL 

OSF 

P IB 

RC S 

RF 

S / C  

SC S 

S LA 

S M 

SMSS 

SP S 

STF 

S / V  

SVP 

S- IB 

S-v 

TVA 

WGB 

Ordnance F i e l d  Tes t  Lab 

Orb i t a  1 Research Labora to ry  

Ordnance Storage Fac i 1 i t y  

Pyro techn ic  I n s t a l l a t i o n  B ldg  

React ion Cont ro l  System 

Rada r-Bores i g h t  Fac i 1 i t y  

Spacecraf t  

S tab i  1 i z a t  ion Con t ro l  System 

Spacecraf t  LEM Adapter 

Serv ice  Module 

S i ng l  e-Module Space S t a t  ion 

Se r v  i ce  P ropu 1 s i on  System 

S t a t i c  Test F a c i l i t y  

Space Veh ic le  (L/V + S / C )  

Serv ice  Pack 

Saturn I-B 

Saturn V 

Thrus t  Vector A l ignment  

Weight and Balance 







LAUNCH SCHEDULE 

The p o t e n t i a l  manned space f l l g h t  schedule,  r ev i sed  28 December 1964, 

was issued by NASA Headquarters f o r  a s tudy  base l i ne .  To f a c i l i t a t e  a n a l y s i s  

o f  t he  impact o f  t h i s  program on M I L A  resources, c e r t a i n  r e p r e s e n t a t i v e  t ime  

p e r i o d s  have been se lec ted  f rom the  b a s e l i n e  schedule; d u r i n g  these p e r i o d s ,  

s i g n i f i c a n t  s tep  f u n c t i o n  changes occur  i n  ORL a c t i v i t i e s .  

Case I represents  a  change i n  launch r a t e  o f  Apo l l o - t ype  spacec ra f t ,  f rom 

three-month t o  two-month i n t e r v a l s ,  A lso,  the  AE c o n f i g u r a t i o n   p pol lo X - 5 )  i s  

i n t roduced  i n t o  t h e  program d u r i n g  t h i s  p e r i o d .  

Case I I shows two Apol 10-type spacec ra f t  ( ~ u n a r  Apol l o  and X - 6 )  launched 

a t  one-month i n t e r v a l s .  

I n  Case I l l ,  t h r e e  Apo l l o - t ype  spacec ra f t  (Lunar Apo l l o  and X - 6 )  a r e  

launched a t  one-month i n t e r v a l s .  

I n  Case I V ,  t he  SMSS and t he  t h r e e - s i x  man L o g i s t i c  Spacecraf t  a r e  i n t r o -  

duced i n t o  the  program, c o n c u r r e n t l y  w i t h  the  AE (Apo l l o  X - 6 ) .  AE resupp ly  i s  

a l s o  shown. Backup l o g i s t i c  spacec ra f t  a r e  shown as r equ i r ed  and t he  SMSS/LS 

launch sequence i s  i n  accordance w i t h  t h e  DAC MORL study.  The SMSS launched by 

a Saturn V i s  manned a t  launch, w i t h  an A p o l l o  Command Module i n s t a l l e d  i n  t he  

hangar a rea .  

Case V shows t h r e e  SMSS's launched i n  a  four-month p e r i o d .  Two o f  these 

a r e  manned launches, u t i l i z i n g  a Saturn V.  The t h i r d  i s  a  Saturn I B  unmanned 

launch, which i s  then manned and supported i n  accordance w i t h  the  DAC MORL Study. 

L o g i s t i c  spacec ra f t  w i t h  a p p r o p r i a t e  backup a r e  i nd i ca ted .  

Du r i ng  t h e  t ime p e r i o d  represented by Case V I ,  f o u r  SMSS1s a r e  i n  o r b i t ,  

r e s u p p l i e d  by t he  t h r e e - s i x  man LS. The Mul t i -Module Space S t a t i o n  i s  launched 

and i n i t i a l  manning i s  accomplished by the  GALLOS. Backup l o g i s t i c  spacec ra f t  

a r e  p rov i ded  i n  a l l  cases. 
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SELECTED CASES 
FROM 

PROGRAM LAUNCH SCHEDULE 

CASE I 

CASE I1 

CASE I11 

CASE I V  

CASE V 

CASE VI 

A S - I B L A U N C H  BACKUP LS READY 
A S - V  LAUNCH -- BACKUP/EMERGENCY LS ON PAD 





FU
E

L 
C

E
LL

 L
A

B
O

R
A

T
O

R
Y

-A
P

O
L

L
O

-S
E

R
V

IC
E

 M
O

D
U

L
E

 

FL
U

ID
 S

Y
S

TE
M

S
 T

E
S

T 
F

A
C

IL
IT

Y
-G

E
M

IN
I 

H
Y

P
E

R
G

Q
Ll

C
 S

Y
S

TE
M

S
 

TE
ST

 F
A

C
IL

IT
Y

-G
E

M
IN

I-
A

P
O

L
L

O
 

' 
FU

E
L 

C
E

LL
 S

Y
S

TE
M

S
 T

E
S

T 
F

A
C

IL
IT

Y
 ' 

/
/
 

A
P

O
LL

O
-S

E
R

V
IC

E
 M

O
D

U
L

E
 

/
 

L
 H

Y
P

E
R

G
O

LI
C

 S
Y

S
TE

M
S

 
S

Y
S

TE
M

S
 T

E
S

T 
TE

ST
 

F
A

C
IL

IT
Y

-A
P

O
L

L
O

 
S

U
P

P
O

R
T 

B
U

IL
D

IN
G

 

/ 
E

N
V

IR
O

N
M

E
N

T
A

L
 S

Y
S

TE
M

S
 

TE
ST

 
F

A
C

l L
lT

Y
 





STUDY CONFIGURATIONS 

A p o l l o  Extens ions 

Several  c o n f i g u r a t i o n s  o f  the A p o l l o  Extens ions were se lec ted  as 

s tudy models, t o  be used i n  t h e  development o f  recommended modes o f  ope ra t i on  

and f o r  impact a n a l y s i s .  

The minimum mod   pol lo was se lec ted  as the  f i r s t  s tudy model and was 

des ignated A p o l l o  X - 1 .  A  two-man crew was assumed, s i nce  t h i s  p o s s i b l e  

c o n f i g u r a t i o n  represented a  s i g n i f i c a n t  change f rom Lunar Apo l l o .  

Both a  dependent LEM s h e l l  and a  dependent new Labora to ry  Module were 

cons idered f o r  the  second s tudy  model, des ignated A p o l l o  X-2. The dependent 

Labora to ry  Module was se lec ted ,  s ince  i t  represented t h e  major change f rom 

Lunar A p o l l o ,  and s i nce  g r e a t e r  impact on KSC resources was i nd i ca ted .  

The independent LEM l a b o r a t o r y  was cons idered i n  a  subsequent model, 

des igna ted  A p o l l o  X - 5 .  Ascent s tage p r o p u l s i o n  was assumed f o r  t h i s  model, 

t o  p r o v i d e  a  wo rs t  case b a s i s  f o r  f a c i l i t i e s  and checkout equipment u t i l i z a t i o n .  

The independent LEM l a b o r a t o r y  w i t h  ascent  stage p r o p u l s i o n  removed 

combined w i t h  a m o d i f i e d  LEM descent s tage was es tab l i shed  as another  s tudy 

model, des ignated A p o l l o  X - 6 .  

To complete t he  s tudy models f o r  A p o l l o  Extens ions,  an A p o l l o  CSM w i t h  

b o t h  a  dependent and independent Labora to ry  Module was se lec ted .  Th i s  was 

des igna ted  Apol l o  X'-4. 

S i n q l e  Module Space S t a t  i on  (S,MSS) 

The Langley Research Center/DAC Manned O r b i t a l  Research Labora to ry  

(MORL) was se lec ted  as a  s tudy model f o r  t h i s  c l a s s  space s t a t i o n .  Both t h e  

A p o l l o  and t he  M o d i f i e d  A p o l l o ' ( i 0 b ~ ~ )  L o g i s t i c  Spacecraf t  were cons idered 

i n  connec t ion  w i t h  the  SMSS. 

Mu l t i-Module Space S ta t , i on  ,(MMSS) 

The s tudy  model se l ec ted  was based on the  Lockheed Study: three-arm 

r a d i a l  segmented elements sur rounding a  c e n t r a l  hub. Th i s  ORL i s  manned and 

supported by the  ~a  1 i s t  i c  Log i s t  i c  Spacecraf t  (BALLoS) . 



COMMAND MODULE 

SERVICE 

LAU NCH ESCAPE SYSTEM 
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s/C LEM ADAPTER 
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RECOMMENDED MODES OF OPERATION 

As a  p roduc t  o f  t h e  subtask and t a s k  analyses and o f  t h e  

o p t i m i z a t i o n  and t r a d e o f f  s t ud ies ,  recommended modes o f  o p e r a t i o n  

were developed f o r  each o f  t h e  s tudy c o n f i g u r a t i o n s .  

The t ime-based f u n c t i o n a l  f l o w  diagrams rep resen t i hg  t he  

recommended mode o f  o p e r a t i o n  f o r  the  assembly, checkout and launch 

o f  t he  v a r i o u s  s tudy c o n f i g u r a t i o n s  a re  a  composite o f  f u n c t i o n a l  

f l o w  and t ime l i n e  diagrams. The t ime sca le  on these diagrams i s  

read h o r i z o n t a l l y  and i s  i n  work ing  days. A t w o - s h i f t  o p e r a t i o n  i s  

assumed w i t h  t h i r d  s h i f t  .cleanup. No con t ingenc ies  a r e  cons idered.  

Ma jo r  spacec ra f t  e lements a t e  i d e n t i f i e d  v e r t i c a l l y  and t he  ope ra t i ons  

r e l a t i n g  t o  a  g i v e n  module may be i d e n t i f i e d  by l o c a t i n g  t he  module on 

the  v e r t i c a l  1 i s t i n g  ahd f o l l o w i n g  i t  througl; h o r i z o n t a l l y .  S i m i l a r l y ,  

f a c i l i t y  u t i l i z a t i o n  a t  any g i ven  t ime may be e s t a b l i s h e d  by read ing  

f a c i l i t y  and spacec ra f t  e lements v e r t i c a l l y .  
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ACE ASSUMPTIONS 

Non- i n te r f e rence  o f  Lunar Apol 1 o  opera t  ions by ORL opera t  ions. 

No cont ingency t ime i s  considered. 

Four (4) ACE s t a t  ions a r e  p r e s e n t l y  planned, two (2 )  f o r  spacecra f t  suppor t  

and two (2)  f o r  LEM suppor t .  

The f o u r  (4) ACE s t a t  ions cou ld  e a s i l y  be mod i f  ied t o  support  spacecraf t  

subsequent t o  Lunar A p o l l o  requirements.  

ACE m o n i t o r i n g  (downl ink o n l y )  i s  r equ i red  f o r  system l e v e l  t e s t s .  

Con t rac to r  supp l i ed  GSE w i l l  be used t o  c o n t r o l  the system l e v e l  t e s t s .  

Complete ACE s t a t i o n s  ( u p l i n k  and downl ink)  w i l l  be used f o r  a l l  t e s t s  

s t a r t i n g  w i t h  a l t i t u d e  chamber t e s t s .  

Redundant ACE s t a t i o n s  a r e  used du r i ng  the  l a s t  48 hours o f  the  launch area 

opera t  ions.  

An ACE s t a t i o n  w i l l  be committed t o  support  a  s p e c i f i c  spacecra f t  f rom a 

s p e c i f i e d  t ime subsequent t o  a l t i t u d e  chamber t e s t s .  

There i s  no ACE requirement subsequent t o  launch. 

Post recovery t e s t s  and mockup support  have no t  been taken i n t o  c o n s i d e r a t i o n .  

The ins t run len ta t ion  o f  a l l  c o n f i g u r a t i o n s  w i l l  be compat ib le  w i t h  ACE 

equipment. 
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