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The r e s u l t s  o f  a n  
Computer Review were p u b l i s  
t h a t  t h i s  was a l lquick- look" ,  it de te rmined  t h a t  a 
d e t a i l e d  approach  s h o u l d  be  t a k e  t h  r e s p e c t  t o  l a u n  
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i n t e r l o c k  p h i l o s o p h y  and d e s i g n  c r i t e r i a  and i t s  implemen ta t ion .  
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s c r i p t i o n  o f  t h e  S a t u r n  I B  I n t e r l o c k  sys tem f o r  t h e  pu rpose  o f  
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I n  t h e  c o n t i n u a t i o n  o f  t h e  i n t e r l o c k  e f f o r t ,  t h e  
f o l l o w i n g  a c t i o n s  a r e  proposed:  

1. C o o r d i n a t i o n  o f  an  i n t e r l o c k  p h i l o s o p h y ,  a  d r a f t  o f  
which i s  i n c l u d e d  a s  Appendix H.  

2 .  Compi la t ion  of d a t a  on S a t u r n  V/Apollo s i m i l a r  t o  
t h a t  c o n t a i n e d  i n  t h i s  memorandum. 

3. F o r  b o t h  S a t u r n  IB-V/Apollo, c o o r d i n a t e  an examina t ion  
o f  t h e  i n t e r l o c k  sys tems f o r  agreement w i t h  t h e  
proposed  d e s i g n  ph i losophy  and p r e p a r e  e v a l u a t i o n  
r e p o r t s  . 
The a s s i s t a n c e  p rov ided  by MSFC,TC and KSC p e r s o n n e l  
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1. INTRODUCTION 

I n  t h e  f i n a l  moments p r e c e d i n g  l aunch ,  t h e  s t a t e  
o f  a S a t u r n  I B  v e h i c l e  i s  changing a t  a  r a p i d  r a t e .  P r o p e l l a n t  
t a n k s  a r e  i n  t h e  p r o c e s s  of  b e i n g  p r e s s u r i z e d .  Upper s t a g e  
e n g i n e s  a r e  t h e r m a l l y  c o n d i t i o n e d  f o r  i g n i t i o n  d u r i n g  t h e  
a s c e n t  phase .  E l e c t r i c a l  power s u p p l y i n g  t h e  v e h i c l e  i s  
t r a n s f e r r e d  from ground s u p p l i e s  t o  v e h i c l e  b a t t e r i e s ,  and 
f i rs t  s t a g e  e n g i n e s  a r e  s t e p p e d  t h r o u g h  t h e i r  i g n i t i o n  sequences  
i n  t h e  p r o p e r  o r d e r  t o  minimize induced shock on t h e  v e h i c l e  
s t r u c t u r e .  

T h i s  ph i losophy  o f  r e q u i r i n g  a  system t o  be i n  t h e  
p r o p e r  s t a t e  b e f o r e  t h e  n e x t  a c t i o n  i s  t a k e n  t o  o p e r a t e  t h e  
sys tem o r  t o  change t h e  system t o  t h e  n e x t  l e v e l  o f  r e a d i n e s s  
i s  implemented i n  t h e  i n t e r l o c k  system. 

Each of t h e  s i g n i f i c a n t  changes i n  t h e  s t a t e  o f  t h e  
v e h i c l e  can  be r e p r e s e n t e d  by predetermined d i s c r e t e  a c t i o n s  
o r  i n d i c a t i o n s  which r e c o r d  t h e  i n i t i a t i o n  and/or  comple t ion  
o f  t h e  change. For example, t h e  p roper  o p e r a t i o n  o f  a n  
e n g i n e  can  be r e p r e s e n t e d  by t h e  f a c t  t h a t  i t  has  a t t a i n e d  
90% o f  i t s  r a t e d  t h r u s t .  The f a c t  t h a t  t h e  p r o p e l l a n t  t a n k s  
a r e  p r o p e r l y  p r e s s u r i z e d  can be r e p r e s e n t e d  by t h e  f a c t  t h a t  
t h e  t a n k  p r e s s u r e  i s  above a  c e r t a i n  v a l u e  and below a n o t h e r .  
The f a c t  t h a t  t h e s e  v e h i c l e  s t a t e  v e c t o r s  o r  s t a t e  i n d i c a t o r s  
e i t h e r  a r e  d i s c r e t e  i n  n a t u r e ,  o r  can be r e p r e s e n t e d  by d i s c r e t e  
t h r e s h o l d  v a l u e s ,  a l l o w s  them t o  be c o n t r o l l e d  l o g i c a l l y  
by a  combinat ion  of  b i n a r y  d e v i c e s  such a s  r e l a y s  o r  f l i p -  
f l o p  c i r c u i t s .  I n  e s s e n c e ,  t h i s  combinat ion o f  r e l a y s  i s  
a  s p e c i a l  purpose  d i g i t a l  computer used t o  c o n t r o l  t h e  
t r a n s i t i o n  o f  t h e  v e h i c l e  from one s t a t e  t o  a n o t h e r  and t o  
r e p o r t  on t h e  v e h i c l e ' s  s t a t e  o r  change o f  s t a t e  by a c t i v a t i n g  
d i s c r e t e  i n d i c a t i o n s  t o  o p e r a t i o n a l  pe r sonne l  and t h e  l aunch  
c o n t r o l  computer.  



I n  t h e  S a t u r n  program t h e s e  s p e c i a l  purpose  d e v i c e s  
are known as t h e  " I n t e r l o c k s "  o r  t h e  " I n t e r l o c k  System". 
They c o n s i s t  o f  one sub-par t  p e r  s t a g e ,  an  i n t e g r a t i o n  sub- 
sys tem which t i e s  t h e  s t a g e  a s s o c i a t e d  ESE t o g e t h e r ,  and a 
t i m i n g  d e v i c e  c a l l e d  t h e  Automatic Launch Sequencer  (ALS). 

Although t h e  i n t e r l o c k  sys tem i s  used th roughou t  
t h e  l a u n c h  countdown i n  a s a f e g u a r d i n g  r o l e  ( i . e . ,  b e f o r e  
power i s  a p p l i e d  t o  any s t a g e  t h e  i n t e r l o c k  sys tem must 
i n d i c a t e  t h e  p r o p e r  vehicle/GSE s t a t e ) ,  i t s  r o l e  changes t o  
one o f  c o n t r o l  l a t e  i n  t h e  o p e r a t i o n s .  A t  t h i s  t i m e  i t  i n i t i a t e s  
o r  pe r fo rms  t h o s e  f u n c t i o n s  n e c e s s a r y  f o r  l aunch .  

These c h a r a c t e r i s t i c s  a l l o w  t h e  i n t e r l o c k s  t o  be  
s e p a r a t e d  i n t o  t h r e e  g e n e r a l  c a t e g o r i e s  w i t h  r e s p e c t  t o  t ime:  

a .  I n t e r l o c k s  used p r i o r  t o  T-163 seconds  ( s ta r t  o f  
t h e  ALS). 

b. I n t e r l o c k s  used from i n i t i a t i o n  of  t h e  ALS t o  
i s s u a n c e  o f  t h e  eng ine  I g n i t i o n  Command. T h i s  
w i l l  i n c l u d e  some i n t e r l o c k s  from a  above. 

c .  I n t e r l o c k s  used from t h e  i s s u a n c e  o f  t h e  eng ine  
I g n i t i o n  Command through t h e  Launch Commit s i g n a l  
and v e h i c l e  l i f t o f f ,  i n c l u d i n g  some i n t e r l o c k s  
from a  and b  above. 

Th i s  p a p e r  w i l l  be concerned mainly w i t h  d e s c r i b i n g  
t h e  S a t u r n  I B  i n t e r l o c k  sys tem and i t s  o p e r a t i o n  f o r  c a t e g o r i e s  
b  and c  above,  i n c l u d i n g  t h e  i n t e r l o c k  requ i rements  which 
must be  met i n  o r d e r  t o  i n i t i a t e  t h e  ALS. 

Dur ing t h e  i n v e s t i g a t i o n  o f  t h i s  s u b j e c t ,  v i s i t s  
were made t o  KSC, MSC and MSFC f o r  d i s c u s s i o n s  w i t h  some o f  
t h e  p e r s o n n e l  d i r e c t l y  concerned.  F u r t h e r  coniments on t h i s  
memorandum a r e  i n v i t e d .  

Dur ing t h e  meet ings  a t  t h e  c e n t e r s ,  it was de termined 
t h a t  a s t a t e m e n t  o f  i n t e r l o c k  phi losophy was n e c e s s a r y .  A 
s t a t e m e n t  o f  i n t e r l o c k  d e s i g n  phi losophy and c r i t e r i a  h a s  been 
d r a f t e d  and i s  i n  t h e  f i n a l  s t a g e s  of  i n t e r c e n t e r  c o o r d i n a t i o n ,  
a  copy b e i n g  p rov ided  as Appendix H. 

I n  o r d e r  t o  make t h e  SIB i n t e r l o c k  sys tem and i t s  
f u n c t i o n a l  r e l a t i o n s h i p s  more e a s i l y  unders tood,  t h i s  paper  i s  
p r e s e n t e d  i n  t w o . p a r t s .  The f i r s t  p a r t  summarizes t h e  g e n e r a l  
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sequence  o f  i n t e r l o c k  f u n c t i o n s  and o p e r a t i o n s  ( S e c t i o n  2 ) .  
T h i s  i n c l u d e s  comments concern ing  t h e  c o n s t r a i n t s  which must 
be c o n s i d e r e d .  The second p a r t ,  c o n s i s t i n g  o f  Appendices A 
t h r o u g h  G ,  p r e s e n t s  t h e  i n t e r l o c k  sys tem i n  more d e t a i l .  

2 .  SUMMARY DESCRIPTION 

The o v e r a l l  S a t u r n  I B  i n t e r l o c k  system i s  f u n c t i o n a l l y  
shown i n  F i g u r e  1 from T-163 seconds t o  l i f t o f f .  T h i s  i s  a 
comple te ly  a u t o m a t i c  sequence and i.s c o n t r o l l e d  by an  Automatic 
Launch Sequencer .  The ALS i t s e l f  i s  s t a r t e d  i n  t h e  Launch C o n t r o l  
C e n t e r  ( L C C )  by a manually i n i t i a t e d  s i g n a l  c a l l e d  t h e  " F i r i n g  
Command. If 

A " P r e p a r a t i o n  Completef' i n t e r l o c k  c h a i n  i s  used 
a s  a p r e r e q u i s i t e  f o r  i s s u a n c e  o f  t h e  F i r i n g  Command t o  e n s u r e  
sys tems r e a d i n e s s .  Once t h i s  i n t e r l o c k  c h a i n  i s  completed,  
t h e  F i r i n g  Command Switch i s  enab led  and when manually o p e r a t e d  
w i l l  s t a r t  t h e  ALS. The F i r i n g  Command s i g n a l  a l s o  s i m u l t a n e o u s l y  
pe r fo rms  e n a b l i n g  and i n h i b i t  f u n c t i o n s ,  and bypasses  t h e  
P r e p a r a t i o n  Complete i n t e r l o c k  c h a i n ,  The ALS t imed o u t p u t s  
i n i t i a t e  a c t i o n s  which change t h e  s t a t e  o f  t h e  space  v e h i c l e  
and/or  GSE, most o f  which must be r e f l e c t e d  i n  i n t e r l o c k  f u n c t i o n s .  
A second i n t e r l o c k  c h a i n ,  c a l l e d  "Ready f o r  I g n i t i o n f f ,  i s  t h e n  
b u i l t  up t o  p r e p a r e  f o r  eng ine  i g n i t i o n .  T h i s  must be completed 
by T-3 seconds .  If completed by t h a t  t i m e ,  an  " I g n i t i o n  Commandff 
s i g n a l  i s  i s s u e d .  I f  t h e  Ready f o r  I g n i t i o n  i n t e r l o c k  c h a i n  
i s  n o t  completed by T-3 seconds ,  t h e  countdown w i l l  be s topped  
a u t o m a t i c a l l y  by a  "Cutof f f f  s i g n a l  which de -energ izes  t h e  ALS. 
The Cutof f  s i g n a l  i s  i t s e l f  t h e  r e s u l t  of  a n  i n t e r l o c k  c h a i n  
which i s  a c t i v a t e d  when s p e c i f i c  o p e r a t i o n a l  pa ramete r s  a r e  
u n s a t i s f a c t o r y  . 

Once t h e  I g n i t i o n  Command i s  i s s u e d ,  i t  s t a r t s  a  
second a u t o m a t i c  sequencer  c a l l e d  t h e  Automatic I g n i t i o n  
Sequencer  (AIS) .  The I g n i t i o n  Command a l s o  s . imul taneously  
bypasses  t h e  Ready f o r  I g n i t i o n  i n t e r l o c k  c h a i n  and performs 
e n a b l i n g  and i n h i b i t  f u n c t i o n s .  One of  t h e s e  f u n c t i o n s  e n a b l e s  
t h e  a u t o m a t i c  Cu tof f  i n t e r l o c k  c h a i n .  Up t o  t h i s  p o i n t  i n  t h e  
countdown, s toppage  o f  t h e  ALS could  on ly  be accomplished by 
a  Manual Cu to f f  Switch.  

The n e x t  m i l e s t o n e  i s  "Commitff. T h i s  o c c u r s  a t  
T-0 and r e q u i r e s  a  new i n t e r l o c k  c h a i n  be completed f o r  
i s s u a n c e  o f  t h e  Commit s i g n a l .  During t h e  3 second i n t e r v a l  
from I g n i t i o n  Command t o  Commit, t h e  SIB eng ines  have been 
i g n i t e d  fo l lowed  by t h r u s t  bui ld-up.  Engine Cutoff  i n t e r -  
l o c k s  a r e  a l s o  p rov ided  f o r  a  s a f e  shutdown i n  c a s e  o f  a  Cu to f f  
s i g n a l  p c i o r  t o  Commit, o r  f o r  a  f a i l u r e  t o  l i f t o f f  f o l l o w i n g  
Commit. 
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The r e l a t i o n s h i p  o f  t h e  i n t e r l o c k s  w i t h i n  t h e  p r i n -  
c i p a l  i n t e r l o c k  cha in s  i s  summarized i n  t h e  fo l lowing :  

a. P r e p a r a t i o n  Complete 

A P r e p a r a t i o n  Complete I n t e r l o c k  cha in  c o n s i s t i n g  o f  
two pr imary groups - t h o s e  which a r e  common t o  t h e  F i r i n g  
Command and Ready f o r  I g n i t i o n  c h a i n s ,  and t h o s e  p e c u l i a r  t o  
t h e  F i r i n g  Command cha in  - i s  u t i l i z e d  t o  en su re  system 
r e a d i n e s s  t o  a c c e p t  t h e  F i r i n g  Command. O f  bhese ,  t h e  common 
i n t e r l o c k s  cover  pa ramete r s  t h a t  shou ld  no t  change between t h e  
F i r i n g  Command and Ready f o r  I g n i t i o n .  Those p e c u l i a r  t o  t h e  
F i r i n g  Command a r e  ones which a r e  s u b j e c t  t o  change i n  s t a t u s  
b e f o r e  t h e  I g n i t i o n  Command and/or  ones which i t  i s  no t  cons ide red  
n e c e s s a r y  t o  sample a g a i n .  The parameters  compris ing t h e s e  
groups  a r e  summarized i n  F igu re  2.  ( A  more d e t a i l e d  d i s c u s s i o n  
i s  p rov ided  i n  Appendix A supplemented b y  F igu re s  A - 1  and A-2). 
With t h e  complet ion  o f  t h e  P r e p a r a t i o n  Complete i n t e r l o c k s  and 
t h e  Range S a f e t y  O f f i c e r  Permiss ion Switch,  t h e  F i r i n g  Command 
may be i s s u e d  by manually c l o s i n g  t h e  F i r i n g  Switch. Th i s  
s t a r t s  t h e  ALS a t  T-163 seconds .  

b.  F i r i n g  Command 

The F i r i n g  Command s i g n a l  i s  h e l d  i n  a s  soon as it i s  
i s s u e d  by a l o c k i n g  c i r c u i t ,  t h u s  e l i m i n a t i n g  t h e  P r e p a r a t i o n  
Complete i n t e r l o c k  cha in .  The F i r i n g  Command a l s o  performs 
many d i r e c t  f u n c t i o n s  a s  w e l l  as s e r v i n g  t o  enab l e  o r  i n h i b i t  
o t h e r s .  O f  p a r t i c u l a r  importance i s  t h e  s t a r t  command t o  t h e  
ALS. (The s p e c i f i c  o u t p u t s  and f u n c t i o n s  performed by t h e  
F i r i n g  Command and t h e  ALS a r e  shown i n  Table I ,  Appendix B . )  
Once t h e  ALS i s  s t a r t e d ,  i t  w i l l  con t inue  u n t i l  T-3 seconds 
( o r  t ime  f o r  i g n i t i o n )  u n l e s s  s topped  by a c t u a t i o n  of  t h e  
Manual Cutof f  Switch.  

c .  Ready f o r  I g n i t i o n  

The second i n t e r l o c k  cha in  mi l e s tone  i s  termed "Ready 
f o r  I g n i t i o n . "  The parameters  compris ing t h i s  i n t e r l o c k  cha in  
are summarized i n  F igu re  3  (w i th  a more d e t a i l e d  d i s c u s s i o n  
i n  Appendix C supplemented by F igures  A - 1  and C - 1 ) .  Th i s  cha in  
c o n s i s t s  o f  two main groups,  which a r e  (1) t h e  "no change" 
pa ramete r s  a l s o  common t o  t h e  F i r i n g  Command and ( 2 )  t h o s e  
p e c u l i a r  t o  Ready f o r  I g n i t i o n  which r e f l e c t  complet ion o f  
a c t i o n  i n i t i a t e d  b y  t h e  F i r i n g  Command s i g n a l  and/or  ALS. 



Completion o f  t h e  Ready f o r  I g n i t i o n  cha in  must be accomplished 
p r i o r  t , o  T-3 seconds .  

d .  I g n i t i o n  Command 

The Ready f o r  I g n i t i o n  s i g n a l ,  t h e  Time f o r  I g n i t i o n  
s i g n a l  ( f rom ALS) and absence  o f  t h e  Cutoff  s i g n a l  a r e  combined 
a t  T-3 seconds  t o  i s s u e  t h e  I g n i t i o n  Command ( s e e  F i g u r e  4 ) .  
Once i s s u e d ,  t h e  I g n i t i o n  Command i s  locked i n .  I f ,  however, 
t h e  Ready f o r  I g n i t i o n  i n t e r l o c k  cha in  has  no t  been completed 
by T-3 seconds ,  t h e  ''Sequence F a i l u r e t 1  r e l a y  w i l l  be ene rg i zed  
and t h e  Cutof f  s i g n a l  i s s u e d .  

The I g n i t i o n  Command s i g n a l  performs many d i r e c t ,  
e n a b l i n g  and i n h i b i t i n g  f u n c t i o n s .  (enumerated i n  Appendix D )  
O f  t h o s e  f u n c t i o n s ,  t h e  fo l l owing  are of  p a r t i c u l a r  impor tance  
w i t h  r e s p e c t  t o  t h e  i n t e r l o c k  system: 

(1) S t a r t s  I g n i t i o n  Sequencer 

( 2 )  A c t i v a t e s  t h e  Commit Backup Timer and t h e  Launch 
F a i l u r e  Timers. 

( 3 )  Enables Cut o f f  f u n c t i o n s  from t h e  fo l l owing  i n t e r l o c k  
c h a i n s  : 

( a )  SC Ready 

( b )  EDS Ready 

( c )  F i r e  De t ec t i on  System 

( d )  Networks 1 and 2 OK 

( e )  SIVB Ready t o  Launch 

( f )  I U  Ready t o  Launch 

(4) Reduces t h e  SIVB Ready t o  Launch f u n c t i o n  t o  a 
moni to r ing  of "Ppwer T r a n s f e r  Complete" and t h e  
absence  o f  e l e c t r i c a l  networks mal func t ion .  

( 5 )  Reduces t h e  I U  Ready t o  Launch i n t e r l o c k  cha in  t o  one 
c o n s i s t i n g  o f  vo l t age  moni to r ing  and t h e  absence o f  
LVDA F i r e  Commit I n h i b i t .  



e .  Cu to f f  Func t i on  (T-3 t o  T-0) 

The Cu to f f  f u n c t i o n  and paramete r s  a p p l i c a b l e  i n  t h e  
p e r i o d  from I g n i t i o n  Command t o  Commit a r e  summarized i n  F igu re  5 
( a l s o  d i s c u s s e d  i n  Appendix G and F igu re  G - 1 ) .  I f  t h e  Cutof f  
s i g n a l  i s  i n i t i a t e d  d u r i n g  t h i s  p e r i o d ,  some of  t h e  immediate 
a c t i o n s  which w i l l  o ccu r  a r e ;  ALS s t o p ,  eng ine  shutdown, v e h i c l e  
r e t u r n  t o  ground power, and f u e l  and LOX t a n k  ven t i ng .  

f .  Commit 

The Commit requ i rements  a r e  summarized i n  F igu re  6 
(and supplemented by Appendix E and F igu re  E - 1 ) .  The Commit 
i n t e r l o c k  c h a i n  requ i rements  a r e :  

( 1 )  A l l  Engines Running ( m a j o r i t y  v o t i n g  o f  t h r e e  
" t h r u s t  OK" sw i t ches  i n  each eng ine )  

(2)  Absence of t h e  Cutoff  S i g n a l  

(3)  Time f o r  Commit (T-0 from t h e  ALS o r  T t0 .3  second8 
from t h e  Commit Backup Timer)  

When t h e  above Commit cha in  i s  s a t i s f i e d ,  t h e  Commit 
s i g n a l  i s  i s s u e d  and locked- in .  The Commit s i g n a l  t h e n  performs 
t h e  f o l l o w i n g  major  f u n c t i o n s :  

( 1 )  Energ izes  swing arm r e t r a c t i o n  mechanisms 

( 2 )  I n i t i a t e s  SIB LOX and f u e l  mast r e t r a c t i o n  

( 3 )  Energ izes  SIB c a b l e  mast r e t r a c t i o n  mechanisms 

4 Bypasses a l l  eng ine  Cutoff  parameters  excep t  from 
t h e  Launch F a i l u r e  Timers, o r  t h e  Emergency Manual 
Cutoff  Switch 

( 5 )  De-energizes c e . r t a i n  e l e c t r i c a l  power buses .  

g. Launch F a i l u r e  Cutoff  

If l i f t o f f  does no t  occur  a f t e r  Commit, shutdown may 
be i n i t i a t e d  a t  any t ime by t h e  Emergency Cutoff  Switch '  ( d i s c u s s e d  
i n  Appendix G ) .  Also,  i f  l i f t o f f  does no t  occur ,  shutdown w i l l  
be a u t o m a t i c a l l y  i n i t i a t e d  a t  T+5 seconds by t h e  Launch F a i l u r e  
Timers which were s t a r t e d  w i th  t h e  I g n i t i o n  Command ($ee F igu re  
7 \ 



3. CONTINUING WORK 

' Thi s  pape r  ha s  been concerned s o l e l y  w i t h  d e s c r i b i n g  
t h e  e x i s t i n g  S a t u r n  I B  i n t e r l o c k  sys tem and i t s  o p e r a t i o n  from 
t h e  c i r c u i t r y  point-of-view. 

A s  a r e s u l t  o f  t h i s  review,  i t  can be  concluded t h a t  
from a  l o g i c  s t a n d p o i n t  t h e  c i r c u i t r y  has  been w e l l  des igned .  
It does n o t  p o s s e s s  p r o t e c t i o n  a g a i n s t  s i n g l e  c i r c u i t  component 
f a i l u r e s  found i n  many v e h i c l e  e l e c t r i c a l  sys tems;  however, i t  
i s  a c c e s s i b l e  du r ing  t h e  l aunch  o p e r a t i o n  t o  a l low f o r  r a p i d  
r e p a i r  and/or  work arounds .  

Due t o  l a c k  o f  i n f o r m a t i o n  on s e n s o r  r e l i a b i l i t y  and 
q u a l i t y  and a l a c k  o f  d e t a i l e d  v e h i c l e  system knowledge, t h e  
a u t h o r s  cannot  j u s t i f y  and comment on t h e  need f o r  each i n t e r l o c k  
pa r ame te r  o r  t h e  e . f fec t  o f  s e n s o r  impe r f ec t i ons  a t  t h i s  t ime .  

Cont inuing e f f o r t s  i n  t h e  a r e a  of i n t e r l o c k s  shou ld  
accompl ish  t h e  fo l l owing :  

a .  Examine t h e  Apollo S a t u r n  I B  i n t e r l o c k  syst'em f o r  
agreement w i t h  t h e  de s ign  phi losophy and c r i t e r i a  
now be ing  coo rd ina t ed  w i t h  KSC, MSC, MSFC, MA, and 
MO. It is '  env i s i oned  t h a t  t h i s  e f f o r t  would be 
execu t ed  by t h e  Development Center  performing a  
d e t a i l  i n t e r l o c k  de s ign  review of t h e  b a s i c  system, 
w i t h  MAS ma in t a in ing  adequate  t e c h n i c a l  l i a i s o n  w i t h  
t h e  review e f f o r t  t o  pe rmi t  c o o r d i n a t i o n  o f  opera-  
t i o n a l  r equ i rements  and p o s s i b l e  i n t e r l o c k  changes 
w i t h  KSC and MSC. 

b .  Eva lua t e  t h e  S a t u r n  I B  i n t e r l o c k  system from a  s e n s o r  
and paramete r  point-of-view. 

Conduct a s i m i l a r  i n v e s t i g a t i o n  and e v a l u a t i o n  o f  t h e  
S a t u r n  V i n t e r l o c k  sys tem.  1 

2032-CHE 
HES- Imp 

2031-SGE 

S .  G .  Embrey a 

Attachments 
F igu re s  1-7, Refe rences ,  
Appendix A-H and F igu re s  A 1 - G 1  
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F I R I N G  COMMAND TO GSE 

CLOSED 

COMMIT - t L  I FTOFF 

T + 5 SECOND 
LAUNCH FA1 LURE 

TIMER 

SHUTDOWN 

F l  GURE 1 - SATURN I B INTERLOCK SYSTEM 



l NTERLOCKS COMMON TO 
"PREPS COMPLETE" AND 
READY FOR I G N I T I O Y "  

SAFETY SWiTCHES ARMED 
F L I G H T  SEQUENCE ZERO 
EDS READY 

U M B I L I C A L  ARMS OK 
3 0 0 0 #  FUEL P R E S S U R l Z l H G  SWT OK 

7 5 0 #  CONTROL PRESS OK 
3 0 0 0 #  CONTROL PRESS OK 
P D  SYS READY 

PREVALVES OPEN 
7 5 0 #  BRD PRESS OK 

I G N I T I O N  SEQUENCE READY 
I G Y I T I O N  P E R M I S S I O N  
SC READY 
I U  READY 

F l  GURE 2 - PREPARATION COMPLETE INTERLOCKS SATURN I B 

PREVALVE GRD CONT PRESS OK 
LAUNCH SEQUENCER READY 
S- I V B  READY 

SWITCH CLOSURE 



I l NTERLOCKS COMMON I 
T O  " P R E P A R A T I O N  
COMPLETE AND "READY 
FOR I G N I T I O N  C H A I N S  

RANGE SAFETY 
S- I VB READY TO LAUNCH 
GAS GENERATC .OX 
I N J E C T O R  PURGE ON 
THRUST CHAMBER F U E L  
I N J E C T I O N  PURGE ON 
PWR TRANSFER COMPLETE 
P R O P E L L A N T S  PRESSUR l ZED 

- 
r-. 

l NTERLOCKS PECUL i AR 
T O  READY FOR I G N I T I O N  

READY FOR l GN I T I O N  -- - 

). 

F l  GURE 3 - READY FOR l GNlT lON INTERLOCKS SATURN IB 



I I TIME FOR IGNITION / 

READY FOR IGNITION 

(FROM READY FOR IGNITION 
I NTERLOCK CHAIN) 

*NOTE: 
I F  "READY FOR IGNITION" I S  NOT PRESENT 
WHEN "TIME FOR IGNITION" I S  GIVEN, THE 
SEOUENCE FAILURE RELAY WILL BE ENERGIZED 

L TO OTHER GSE 

F l  GURE 4 - l GNlTlON COMMAND .I.NTERLOCKS SATURN I B 



" I G N I T I O N  COMMAND 

SE 

SC NOT READY 

EDS NOT READY 

NETWORKS # I  & 2 NOT OK 

I U  NOT READY TO LAUNCH 

S- IVB NOT READY TO LAUNCH 

F I R E  DETECTION 

L l FTOFF FA1 LURE: 
L l  FTOFF SUPERVl S l  ON 

8-SECOND LAUNCH F A I L U R E  TIMER 

PREMATURE COMMIT: 

T I M E  FOR COMMIT 

A L L  ENGINES NOT RUNNING 

MANUAL CUTOFF SWITCH 

NOTE: 
EMERGENCY MANUAL SHUTDOWN 
SWITCH I S  A D l  FFERENT FUNCTION 

FIGURE 5 - CUTOFF FUNCTIONS AFTER IGNITION COMMAND - SATURN I B  



ALL ENGINES RUNNING 

ALS T-Q 
S l GNAL 

T+O.3 SECOND 
BACKUP T IMER 

NOT CUTOFF 

POWER SWING ARM RETRACT 

POWER HOLDDOWN RELEASE 

POWER LOX & LH, MAST 
RELEASE 

FIGURE 6 - COMMIT SATURN I5 



FIGURE 7 - ENGINE CUTOFF FUNCTlQN SATURN I B  
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APPENDIX A 

INTERLOCK REQUIREMENTS FOR FIRING COMMAND 

1. Genera l  

A P r e p a r a t i o n  Complete i n t e r l o c k  c h a i n  must be 
completed as a p r e r e q u i s i t e  t o  i s s u a n c e  of  t h e  F i r i n g  
Command and s ta r t  o f  t h e  Automatic Launch Sequencer  (ALS) 
a t  T-163 seconds .  The use  of such a  P r e p a r a t i o n  aomple te  
i n t e r l o c k  c h a i n  i s  e s s e n t i a l  a s  ( a )  a s s u r a n c e  must be p rov ided  
t h a t  a l l  o p e r a t i o n s  on t h e  s p a c e  v e h i c l e  and GSE t h a t  must 
b e  performed p r i o r  t o  t h e  au tomat ic  sequence are complete 
and t h a t  t h e  sys tems a r e  pe r fo rming  p r o p e r l y ,  ( b )  w i t h  t h e  
s t a r t  o f  t h e  Sequencer  a l l  l aunch  o p e r a t i o n s  f o r  a nominal  
l a u n c h  are a u t o m a t i c  and ( c )  p o s i t i v e  d e t e c t i o n  o f  c r i t i c a l  
sys tem f a i l u r e s  i s  needed,  

The m a s t e r  i n t e r l o c k  c h a i n  f o r  P r e p a r a t i o n  Complete 
i s  shown i n  F i g u r e  A - 1 ,  w i t h  t h e  n e x t  lower l e v e l  o f  d e t a i l  
shown i n  F i g u r e  A-2.  A b r i e f  d e s c r i p t i o n  o f  t h e  pa ramete r s  
f o r  t h i s  i n t e r l o c k  c h a i n  f o l l o w s .  

2 .  I n t e r l o c k s  Common t o  P r e p a r a t i o n  Complete and Ready 
For  I n n i t  i o n :  

Bus 1 ~ 1 1 6  Power 

The i n t e r l o c k  c h a i n  i s  powered by t h e  SIB 
o r i e n t e d  l aunch  bus ,  1 ~ 1 1 6 .  The i n t e r l o c k  r e l a y s  
a r e  i n  g e n e r a l  powered by o t h e r  buses .  

b .  S a f e t y  Swi tches  Armed (K-63) 

Th i s  i n t e r l o c k  i s  based on a n  i n d i c a t i o n  t h a t  
t h e  SIB s t a g e  s a f e t y  s w i t c h e s  are armed. 

c .  F l i g h t  Sequence Zero (K-223) 

T h i s  i n t e r l o c k  combines two f u n c t i o n s  (SIB 
s w i t c h  s e l e c t o r  r e s e t  t o  an  a l l  z e r o  i n d i c a t i o n  
and t h e  s t a g e  l o g i c  s e t  t o  i n d i c a t e  z e r o )  f o r  
r e a d i n e s s  o f  t h e  SIB f l i g h t  sequence .  
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d. EDS Ready (K-291) 

The EDS interlock is discussed in Appendix G. 
This parameter is used both as a Preparation 
Complete requirement and a Cutoff parameter up 
to Commit. 

e. Umbilical Arms OK (K-87) 

This is an interlock to reflect the readiness 
of the four swing arms to retract upon liftoff. 
It combines indications of the umbilical release 
750 psi GN pressure and retract 1500 psi hydraulic 
accumulate? liquid level and pressure for each 
swing arm, 

f. 3000 PSI Fuel Pressurizing Pressure OK (K-101) 

The parameter for this interlock is the pressure 
in the SIB 3000 psi helium fuel pressurizing 
spheres reflecting their readiness to operate. 

g. 3000 and 750 PSI Control Pressure OK (K-13 and K-14) 

These two related interlocks reflect the SIB 
3000 psi GN2 control sphere pressure and the 750 
psi control manifold pressure obtained from the 
control spheres by pressure reducers. 

h. SIB Propellant Dispersion System Ready (K-84) 

To determine that the SIB propellant dispersion 
system is ready, the following parameters are combined: 

(1) RSCR #1 and #2 ON 

(2) RSCR #1 and # 2  not on ground power 

(3) EBW #1 and #2 not ON 

(4) Safety and Arm (S&A) devices armed 

i. Prevalves Open (K-67) 

This interlock monitors whether all SIB fuel and 
oxidizer prevalves are open (normally open except 
for engine failure and line break). 
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750 Ground P r e s s u r e  OK (K-94) 

Th i s  i n t e r l o c k  moni tors  t h e  p r e s s u r e  o f  bo th  
t h e  750 p s i  He holddown arm r e l e a s e  and c a b l e ,  
f u e l ,  and LOX mast 750 p s i  GN2 r e t r a c t  sys tems.  

k. I g n i t i o n  Sequencer Ready (K-78) 

The two primary i n p u t  pa ramete r s  t o  t h i s  
i n t e r l o c k  a r e  I g n i t i o n  Armed and I g n i t i o n  
Sequencer Zero I n d i c a t i o n .  

1. I g n i t i o n  Permiss ion (K-47) 

Th i s  i n t e r l o c k  i s  ope ra t ed  by c l o s u r e  o f  t h e  
I g n i t i o n  Permiss ion Switch on t h e  Pad Sa fe ty  
Pane l  and i s  a l s o  a p r e r e q u i s i t e  f o r  I g n i t i o n  
Sequencer Zero I n d i c a t i o n .  

m. I U  Ready (K-60) 

The I U  Ready i n t e r l o c k  i s  used throughout  t h e  
au tomat ic  sequence,  bu t  u t i l i z e s  d i f f e r e n t  
pa ramete r s  du r ing  va r i ous  phases  o f  t h e  au tomat ic  
sequence.  The primary parameters  on which t h e  I U  
Ready s i g n a l  i s  based f o r  t h e  P r e p a r a t i o n  Complete 
cha in  a r e :  

(1) 400 c y c l e  power ON 

( 2 )  56 Vol t  OK 

( 3 )  LVDA F i r e  Commit I n h i b i t  no t  p r e s e n t  

( 4 )  Switch S e l e c t o r  V e r i f i c a t i o n  IU Power ON 

( 5 )  CAT Zero 

( 6 )  ST 1 2 4  System Ready 

( 7 )  Networks OK 

( 8 )  Con t ro l  Vol tage  OK 

( 9 )  Guidance Release  no t  p r e s e n t  

( 1 0 )  Guidance A l e r t  no t  p r e s e n t  
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n. S p a c e c r a f t  Ready (K-104) 

Manual Switch.  

3. I n t e r l o c k s  P e c u l i a r  t o  P r e p a r a t i o n  Complete Chain 

a. Purges Armed (K-143) 

Th is  i n t e r l o c k  r e f l e c t s  t h a t  t h e  LOX dome, gas  
g e n e r a t o r  i n j e c t o r ,  and b o a t t a i l  de luge  purges  
have been p r epa red  t o  a ccep t  a l a t e r  s i g n a l  t o  
commence purg ing .  Th i s  r e q u i r e s  t h a t  t h e  Manual 
Purge Command and Automatic O f f  Command no t  be 
p r e s e n t  f o r  any o f  t h e  purges .  

b .  P reva lve  Ground Con t ro l  P r e s su re  OK (K-275) 

Th is  i n t e r l o c k  r e q u i r e s  t h a t  t h e  750 p s i  GN2 
p r e v a l v e  ground c o n t r o l  system be p r e s s u r i z e d .  

c .  Launch Sequencer Ready (K-118) 

Th is  i n t e r l o c k  moni tors  t h e  r e a d i n e s s  o f  t h e  ALS 
t o  accep t  t h e  F i r i n g  Command. Requirements a r e :  

( 1 )  D l ,  D2, and D3 Zero IndPca t ion  

( 2 )  Time Pu lse  Switch 

( 3 )  Sequence A r m  Switch 

( 4 )  Cutoff  S i g n a l  no t  p r e s e n t  

d.  SIVB Ready (K-33) 

A s  w i t h  t h e  SIB, some of  t h e  parameters  of  t h i s  
i n t e r l o c k  a r e  a l s o  common t o  t h e  Ready f o r  
I g n i t i o n  i n t e r l o c k  cha in .  The parameters  on which 
t h i s  i n t e r l o c k  depend f o r  P r e p a r a t i o n  Complete 
a r e  : 

( 1 )  SIVB Parameters  Common t o  both  Ready f o r  
F i r i n g  Command and Ready f o r  I g n i t i o n  

( a )  R e c i r c u l a t i o n  OK 

( b )  Cont ro l  S tage  P re s su re  n,ot h i g h  
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( c )  Engine Ready 

( d )  APS Module #1 and #2 Buees ON 

( e )  4D110 Bus power 

( f )  Absence o f  APS #1 and #2 Regula to r  
S t  andby 

( g )  RSCR # 1  and #2 ground power no t  ON 

( h )  RSCR # 1  and #2 ON i n d i c a t i o n  

( i )  S&A Unit Armed 

(j ) EBW # 1  and #2 no t  ON i n d i c a t i o n  

( 2 )  SIVB Parameters  P e c u l i a r  t o  P r e p a r a t i o n  
Complete 

( a )  P r o p e l l a n t  U t i l i z a t i o n  (PU) Power 
ON i n d i c a t i o n  

( b )  PUAc t ive  

( c )  F l i g h t  Mu l t i p l exe r  Group ON 

( d )  F l i g h t  XTMR Group ON 

( e )  I n f l i g h t  Relays ON 

( f )  F l i g h t  S u b c a r r i e r  O s c i l l a t o r  
Group ON 

(g) O r b i t  XTMR Group ON 

( h )  Recorder  Measurement Group ON 

(i) Hydraul ic  Pump ON 

( j )  Aux i l i a ry  Hydraul ic  Pump In 
F l i g h t  Mode P i l o t  Relay Reset  
no t  p r e s e n t  

( k )  Ul lage  Rocket P i l o t  Relay r e s e t  

A l l  o f  t h e  i n t e r l o c k s  enumerated above are i n  s e r i e s  
and f u n c t i o n  as a  mas te r  "AND" g a t e .  Closure  of  a l l  t h e s e  
i n t e r l o c k s  i s s u e s  a  s i g n a l  s i g n i f y i n g   reparation Complete a n d '  
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t h a t  t h e  sys tems a r e  ready  f o r  i s s u a n c e  o f  t h e  F i r i n g  Command. 
Th i s  P r e p a r a t i o n  Complete s i g n a l ,  when combined i n  s e r i e s  w i t h  
F i r i n g  Command P i l o t  ( o b t a i n e d  by c l o s i n g  t h e  F i r i n g  Switch  
on t h e  SIB F i r i n g  Pane l )  and t h e  Range S a f e t y  i n t e r l o c k ,  i s s u e s  t h e  
F i r i n g  Command (K-27) .  It i s  no ted  t h a t  once i s s u e d  a  ho ld ing  
c i r c u i t  l o c k s  i n  t h e  F i r i n g  Command. Thus, subsequent  l o s s  o f  
any o f  t h e  i n t e r l o c k s  does no t  n u l l i f y  t h e  F i r i n g  Command 
s i g n a l .  
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INTERVAL FROM FIRING COMMAND TO READY FOR IGNITION 

A t a b u l a t i o n  o f  t h e  o p e r a t i o n s  which a r e  performed 
a f t e r  i s s u a n c e  o f  t h e  F i r i n g  Command a t  T-163 seconds t o  l aunch  
i s  g iven  i n  Table  I. During t h e  pe r i od  from i s s u a n c e  of t h e  
F i r i n g  Command t o  t h e  Time f o r  I g n i t i o n ,  o p e r a t i o n s  a r e  i n i t i a t e d  
i n  two ways -- d i r e c t l y  by t h e  F i r i n g  Command o r  by t h e  ALS. 
I n  a d d i t i o n  t o  d i r e c t  i n i t i a t i o n  o f  o p e r a t i o n s ,  t h e  F i r i n g  
Command performs o t h e r  i n h i b i t  and e n a b l i n g  f u n c t i o n s .  Some, 
b u t  n o t  a l l ,  o f  t h e  a c t i o n s  i n i t i a t e d  by t h e  F i r i n g  Command and 
ALS a r e  r e f l e c t e d  i n  t h e  Ready f o r  I g n i t i o n  i n t e r l o c k  cha in .  
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TABLE I 

FIRING COMMAND FUNCTIONS AND 
AUTOMATIC LAUNCH SEQUENCER OUTPUTS 

EVENT 

T-Time ( s e c o n d s )  F i r i n g  Comniand F u n c t i o n s :  

1. I s s u e s  s ta r t  s i g n a l  t o  Automatic Launch 
Sequencer  (ALS). 

2.  S tops  SIB LOX t a n k  rep len i shment .  

3. Closes  SIB LOX v e n t  v a l v e s  by i n -  
h i b i t i n g  "open command,ll (K28/126OAl). 

4 .  S tops  SIB f u e l  b u b b l i n g  and p r e s s u r i z e s  
t a n k s  by t h e  f o l l o w i n g  sequence:  
F i r i n g  Command i n h i b i t s  " f u e l  v e n t  open 

T-163- iring command" (K37/1260Al) which c l o s e s  t h e  
Command ( s e e  v e n t s .  Vent c l o s u r e  p l u s  an  e n a b l e  by 
f i g u r e  A-2 t h e  F i r i n g  Command i s s u e s  " f u e l  p r e s s u r i z i n g  
f o r  p r e r e q u i s i t e s  ) command1' (K232/1260Al). Vent c l o s u r e  

i n h i b i t s  " f u e l  bubb l ing  l i n e  c o n t r o l  
v a l v e  openff command. 

5 .  Enables SIB a u x i l i a r y  h y d r a u l i c  pump 
t h e r m a l  by-pass mode. 

6 .  S t a r t s  S I V B  LOX t a n k  p r e p r e s s u r i z i n g .  

7.  I n h i b i t s  such as: v e n t i n g  o f  p r e s s u r i z i n g  
and c o n t r o l  s p h e r e s ,  RSCR t r a n s f e r  t o  
e x t e r n a l ,  S&A d e v i c e  safe commands, SIVB 
LH and LOX p r e s s u r i z a t i o n  f o r  d r a i n ,  
an& APS commands. 

ALS s i g n a l  t o  K119/1260Al, p l u s  
F i r i n g  Command e n a b l e  i s s u e s  a  
s tar t  command f o r  SIB LOX bubb l ing .  

ALS s i g n a l  t o  t h e  f i r i n g  a c c e s s o r y  
equipment e n a b l e s  t e r m i n a t i o n  o f  SIVB 
LOX t a n k  rep len i shment  upon r e a c h i n g  - 
100% f l i g h t  mass. 
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Table I 

FIRING COMMAND FUNCTIONS AND 
AUTOMATIC LAUNCH SEQUENCER OUTPUTS 

T-Time ( seconds  ) EVENT ( C o n t l d )  

ALS s i g n a l  t o  f i r i n g  a c c e s s o r y  equip-  
ment s t a r t s  SIVB LH2 t a n k  p r e p r e s s u r i z a -  
t i o n .  

ALS s i g n a l  t o  K212/1260Al, s t o p s  
SIB LOX bubb l ing .  End of  LOX 
b u b b l i n g  p l u s  r e p l e n i s h  v a l v e  c l o s u r e  
(accompl ished a t  T-163) i s s u e s  SIB 
LOX t a n k  p r e s s u r i z a t i o n  command. 

ALS s i g n a l  t o  f i r i n g  a c c e s s o r y  equipment 
e n a b l e s  t e r m i n a t i o n  of  SIVB LH t a n k  
rep len i shment  upon r e a c h i n g  10 % f l i g h t  
mass. 

a 
ALS camera c o n t r o l  s i g n a l .  

ALS s i g n a l  f o r :  

Pad f l u s h  

Camera c o n t r o l  

I n h i b i t  AGCS computer 

One ALS T-28 second o u t p u t  i s s u e s  
a  s i g n a l  f o r  SIB, SIVB and I U  power 
t r a n s f e r  t o  i n t e r n a l .  

A second T-28 second ALS s i g n a l  s t a r t s :  

LOX dome purge 

Gas g e n e r a t o r  LOX i n j e c t o r  purge  

Thrus t  chamber f u e l  i n j e c t o r  purge  

ALS s i g n a l  ( th rough  K318/1260Al) 
i s s u e s  t h e  LOX main f i l l  s h u t o f f  
command t o  t h e  f i r i n g  a c c e s s o r y  
equipment.  
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Table  I 

T-Time ( s econds )  

FIRING COMMAND FUNCTIONS AND 
AUTOMATIC LAUNCH SEQUENCER OUTPUTS 

EVENT (Cont 'd )  

ALS s i g n a l  causes  t h e  guidance  r e -  
l e a s e  a l e r t  s i g n a l  t o  be i s s u e d  t o  t h e  I U .  

ALS s i g n a l  ( t h rough  K264/1260~1) 
o p e r a t e s  c ab l e  masts 2 and 4 r e t r a c t  
va lve s  1 of t h e  l aunche r  arm r e t r a c t  
and s imu la t ed  l i f t o f f  v a l v i n g .  

ALS s i g n a l  causes  t h e  guidance  r e -  
l e a s e  s i g n a l  t o  be i s s u e d  t o  t h e  I U .  

ALS t ime f o r  I g n i t i o n  s i g n a l .  ( s e e  
F igure  D - 1  f o r  I g n i t i o n  Command 
r equ i r emen t s ) .  The Ready f o r  I g n i t i o n  
i n t e r l o c k  cha in  must be completed by 
t h i s  t ime ( s e e  F igure  C - 1 ) .  

ALS Time f o r  Commit s i g n a l  ( s e e  
F igu re  E - 1 ) .  

Backup t i m e r  "Time f o r  Commit". 

Launch F a i l u r e  Timer ou tpu t .  
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READY FOR IGNITION 

1. Genera l  

A s  d i s c u s s e d  i n  Appendix A ,  a  P r e p a r a t i o n  Complete 
i n t e r l o c k  c h a i n  must be completed a s  a  p r e r e q u i s i t e  f o r  i s s u a n c e  
o f  t h e  F i r i n g  Command. A second i n t e r l o c k  c h a i n  f o r  t h e  
Ready f o r  I g n i t i o n  s i g n a l  must be completed by T-3 seconds .  
Some o f  t h e  i n t e r l o c k s  i n  t h i s  second c h a i n  a r e  common t o  t h e  
P r e p a r a t i o n  Complete c h a i n ,  w h i l e  o t h e r s  a r e  dependent  on 
comple t ion  o f  a c t i o n  i n i t i a t e d  by t h e  F i r i n g  Command and/or  
ALS. The Ready f o r  I g n i t i o n  i n t e r l o c k  c h a i n ,  which i s  shown 
i n  F i g u r e s  A - 1  and C - 1 ,  i s  composed o f  t h e  f o l l o w i n g :  

2 .  I n t e r l o c k s  Common t o  P r e p a r a t i o n  Complete and Ready f o r  
. I g n i t i o n .  

These a r e  enumerated i n  Appendix A ,  

3. I n t e r l o c k s  P e c u l i a r  t o  Ready f o r  I g n i t i o n  

I U  Ready (K60) 

T h i s  i s  t h e  same i n t e r l o c k  r e l a y  as f o r  P r e p a r a t i o n  
Complete, b u t  based on s l i g h t l y  d i f f e r e n t  p a r a m e t e r s .  
The pr imary  d i f f e r e n c e  i s  t h a t  t h e  ALS T-10 second 
and T-5 second o u t p u t s  must have caused Guidance 
Re lease  A l e r t  and Guidance Re lease  s i g n a l s  t o  be 
i s s u e d  t o  t h e  I U  w i t h  a  LVDA F i r e  Commit Enable 
s i g n a l  o u t  o f  t h e  I U .  

b. Range S a f e t y  (K32) 

Based on c l o s u r e  o f  RSO Permiss ion  Switch.  

c .  SIVB Ready f o r  Launch (K34) 

(1) I n t e r l o c k s  Common t o  SIVB Ready f o r  F i r i n g  
Command and SIVB Ready f o r  Launch were g iven  
i n  Appendix A .  

( 2 )  I n t e r l o c k s  P e c u l i a r  t o  SIVB Ready f o r  Launch 

( a )  LOX f i l l  and d r a i n  v a l v e  c l o s e d  -- R e f l e c t s  
v a l v e  c l o s u r e  i n i t i a t e d  by F i r i n g  Command. 
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( b )  LH f i l l  and d r a i n  va lve  c lo sed  -- 
R e  $ l e c t s  va lve  c l o s u r e  i n i t i a t e d  by ' 

ALS T-113 second s i g n a l .  

( c )  LH2 d i r e c t i o n a l  vent  i n  f l i g h t  p o s i t i o n .  

( d )  LOX t a n k  p r e s s u r i z e d  -- R e f l e c t s  
p r e s s u r i z a t i o n  i n i t i a t e d  by t h e  F i r i n g  
Command. 

( e )  LH2 t a n k  p r e s s u r i z e d  -- R e f l e c t s  
t a n k  p r e s s u r i z a t i o n  i n i t i a t e d  by t h e  
ALS T-113 second s i g n a l .  

( f )  Power t r a n s f e r  complete -- Monitors  
( 1 )  complet ion t o  t r a n s f e r  t o  i n t e r n a l  
power i n i t i a t e d  by t h e  ALS a t  T-28 
seconds and ( 2 )  absence  o f  network 
f a i l u r e s .  

d.  Gas Genera to r  LOX I n j e c t o r  Purge ON and Thrus t  
Chamber Fue l  I n j e c t o r  Purge ON 

The r e a d i n e s s  o f  t h e s e  systems was i nc luded  i n  t h e  
P r e p a r a t i o n  Complete i n t e r l o c k  cha in  (K143). 
The systems a r e  t u r n e d  on by t h e  ALS T-28 second 
ou tpu t  and t h i s  i n t e r l o c k  moni tors  t h e i r  p r e s s u r e .  

e .  Power T r a n s f e r  Complete (K-8) 

The s i g n a l  f o r  power t r a n s f e r  i s  i s s u e d  by 
t h e  ALS a t  T-28 seconds.  Th i s  i n t e r l o c k  
moni tors  complet ion o f  SIB, SIVB, and I U  
t r a n s f e r  t o  i n t e r n a l  power and absence  of  
networks mal func t ion .  

f .  P r o p e l l a n t s  P r e s s u r i z e d  (K-40)  

Th i s  i n t e r l o c k  moni tors  t h e  p r e s s u r i z a t i o n  o f  
t h e  SIB f u e l  and LOX t a n k s .  The p r e s s u r i z a t i o n  
i s  i n i t i a t e d  by t h e  F i r i n g  Command and ALS 
T-103 second o u t p u t .  

The complet ion  o f  t h e  i n t e r l o c k  cha in  d e s c r i b e d  above o p e r a t e s  
t h e  Ready f o r  I g n i t i o n  mas te r  i n t e r l o c k  (K59, 1250A1). Closure  
o f  t h i s  i n t e r l o c k  i s  a  p r e r e q u i s i t e  f o r  i s suance  of  t h e  I g n i t i o n  
Command a t  T-3 seconds as d i s cus sed  i n  Appendix D. 
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IGNITION COMMAND UP TO COMMIT (T-3 SECONDS TO T-0 SECONDS) 

A s  i n d i c a t e d  i n  Table  1, Appendix B,  t h e  ALS i s s u e s  
t h e  Time f o r  I g n i t i o n  s i g n a l  a t  T-3 seconds .  F igu re  D - 1  shows 
how t h i s , i s  i n t e r l o c k e d  w i th  t h e  Ready f o r  I g n i t i o n  s i g n a l  
(K-59) and power from t h e  l aunch  bus t o  g e n e r a t e  t h e  I g n i t i o n  
Codnand s i g n a l  (K-68).  A s  a l s o  shown, t h e  3.3 second Commit 
Backup Timer (K-96) and t h e  7 . 5  and 8 second Launch F a i l u r e  
Timers (K286/77) a r e  s imul taneous ly  a c t i v a t e d  w i th  t h e  I g n i t i o n  
Command. It i s  impor tan t  t o  n o t e  t h a t  once t h e  I g n i t i o n  Command 
i s  i s s u e d ,  it i s  locked i n  by recombining t h e  s i g n a l  w i th  power 
from t h e  main GSE bus.  The r ea sons  f o r  t h i s  were covered i n  t h e  
s e c t i o n  on Cutoff  f u n c t i o n s  and engine  shutdowns (Appendix G I .  
The I g n i t i o n  Command s ta r t s  t h e  I g n i t i o n  Sequencer which i n  t u r n  
f i r e s  t h e  SIB eng ine s  i n  p a i r s  a t  1 0 0  m . s .  i n t e r v a l s  ( f i g u r e  
- 1 ) .  The I g n i t i o n  Command a l s o  performs t h e  fo l l owing  f u n c t i o n s :  

1. Vent ing  o f  t h e  f u e l  l i n e .  (Fue l  
sphe re s  supp ly  vent -valve  open . )  

2 .  Enables t h e  deluge  purge va lve  t o  a c t i v a t e  i n  
t h e  even t  an  eng ine  ou t  occurs .  

3.  I n h i b i t s  t h e  f u e l  vent  opening c o n t r o l  va lve  from 
o p e r a t i o n  (excep t  by t h e  Cutoff  s i g n a l ) .  

4. Enables t h e  gas  g e n e r a t o r  LOX i n j e c t o r  purge 
va lve  c o n t r o l  t o  remain powered a f t e r  a Cutoff  
s i g n a l .  (Th i s  purg ing  o p e r a t i o n  has  a l r e a d y  
commenced a t  T-28 seconds bu t  i s  powered by t h e  
l aunch  bus.  The I g n i t i o n  Command a l lows  t h i s  
o p e r a t i o n  t o  con t i nue  i n  t h e  event  o f  Cutoff  
because t h e  Cutoff  s i g n a l  w i l l  de-energize  t h e  
l aunch  bus.  ) 

5. Unsafes t h e  engine  CONAX va lve  s q u i b s .  (The 
CONAX squ ib s  a r e  r e q u i r e d  i n  t h e  engine  shutdown 
sequence . )  

6. Enables t h e  i n d i v i d u a l  engine-out  commands from 
t h e  Combustion S t a b i l i t y  Monitor ( i f  u s e d ) .  



BELLCOMM, INC. 

Appendix D 

7 .  Enables  t h e  fo l l owing  c u t o f f  i n t e r l o c k  g a t e s  
t o  i s s u e  t h e  Cutoff  s i g n a l  i n  t h e  even t  t h a t  t h e  
pa ramete r  r e p r e s e n t e d  i s  u n s a t i s f a c t o r y :  

a .  SC Ready 

b .  EDS Ready 

c .  F i r e  De t ec t i on  System 

d. Networks # 1  OK 

e .  Networks #2 OK 

f .  SIVB Ready t o  Launch 

g. I U  Ready t o  Launch. 

I n  t h e  nominal sequence o f  o p e r a t i o n s  fo l l owing  t h e  I g n i t i o n  
Command, main p r o p e l l a n t  i g n i t i o n  r e s u l t s  i n  t h r u s t  bui ld-up.  
Three " t h r u s t  OK" v o t i n g  r e l a y s  i n  each eng ine  w i l l  s a t i s f y  t h e  
A l l  Engines Running i n t e r l o c k  when s u f f i c i e n t  t h r u s t  has  been 
ach i eved  based on m a j o r i t y  v o t i n g  by t h e  p r e s s u r e  sw i t ches .  
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REQUIREMENTS FOR ISSUANCE OF COMMIT 

A s  shown i n  f i g u r e  E-1, t h e  Commit i n t e r l o c k  (K-86) 
g a t e  i s  comprised o f  t h r e e  pa ramete r s :  

1. A l l  Engines Running (K-81) - I n  t h e  nominal sequence of 
e v e n t s  f o l l owing  I g n i t i o n  Command, main p r o p e l l a n t  
i g n i t i o n  r e s u l t s  i n  t h r u s t  bui ld-up.  Three I f t h r u s t  
OK" r e l a y s  i n  each engine  o p e r a t e  on a  m a j o r i t y  
v o t i n g  o f  t h e  p r e s s u r e  sw i t ches  du r ing  t h i s  p e r i o d .  
A s  soon a s  s u f f i c i e n t  t h r u s t  ha s  b u i l t  up i n  a l l  
eng ine s ,  t h i s  s i g n a l  i s  s e n t  t o  t h e  Commit g a t e .  The 
s i g n a l  must be s e n t  p r i o r  t o  t h e  Time f o r  Commit 
s i g n a l  o r  Cutof f  w i l l  be s e n t  ( s e e  f i g u r e  G - 1 ) .  

2 .  Time f o r  Commit (K-71) - A s  shown i n  f i g u r e  E-1, 
t h i s  s i g n a l  i s  o r i g i n a t e d  from e i t h e r  o f  two sou rce s .  
A t  T-0, t h e  ALS i s s u e s  a  s i g n a l  and 0 .3  seconds 
l a t e r  t h e  Commit Backup Timer (K-96) a l s o  i s s a e s  a 
s i g n a l ,  e i t h e r  o f  which i s  combined w i th  power from 
t h e  l aunch  bus t o  g e n e r a t e  t h e  Time f o r  Commit s i g n a l .  
The ou tpu t  from e ' i t h e r  t h e  ALS o r  t h e  Commit Backup 
Timer w i l l  l ock- in  t h e  Time f o r  Commit s i g n a l .  

3 .  Cu tof f  (K-72) - The Commit s i g n a l  cannot  be i s s u e d  i f  
t h e  Cutoff  s i g n a l  i s  p r e s e n t .  
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COMMIT T-0 SECONDS 

I s suance  o f  t h e  Commit s i g n a l  nominally c o n s t i t u t e s  
a p o i n t  o f  no r e t u r n .  Only a f a i l u r e  t o  l i f t o f f  w i t h i n  5 seconds 
w i l l  a l l o w  t h e  SIB eng ines  t o  be a u t o m a t i c a l l y  shu t  down and t h e  
space  v e h i c l e  remain on t h e  pad. 

A s  shown i n  F i g u r e  E-1, once t h e  pa ramete r s  f o r  t h e  
Commit i n t e r l o c k  g a t e  a r e  s a t i s f i e d ,  t h e  Commit s i g n a l  (K-86) 
i s  i s s u e d  and t h e  f o l l o w i n g  a c t i o n s  a r e  i n i t i a t e d :  

1. Holddown r e l e a s e  # 1  and # 2  - t h e  r e l e a s e  mechanisms 
a r e  ene rg i zed  by t h e  Commit s i g n a l  i n  a d d i t i o n  
t o  i n i t i a t i n g  LOX mast r e t r a c t i o n  and f u e l  mast 
r e t r a c t i o n  by t h e  same D . C .  power modules. 

2. Swing arm r e t r a c t i o n  - t h e  commit s i g n a l  causes  
t h e  r e t r a c t i o n  mechanism t o  be ene rg i zed .  

3. Causes a l l  Cutoff  g a t e s  t o  be bypassed ( s e e  
F i g u r e  G - 1 )  w i th  t h e  excep t i on  of  t h e  7 .5  and 8  
second Launch F ' a i lu re  Timers; a l s o  t h e  Emergency 
Manual Cutoff  Switch. 

4. De-energizes t h e  fo l l owing  buses  : 

a. Commit Bus ( ' 1~113 ) .  
t 

b. Launch Bus ( '1~116)  - through l o s s  o f  1D113. 
t c .  I U  o r i e n t e d  power t r a n s f e r  bus ( 6 ~ 1 2 1 ) .  

d.  I U  o r i e n t e d  i n d i c a t i o n  bus ( ' 6~119 ) .  

e .  I U  o r i e n t e d  Commit bus ( ' 6~131 ) .  

f .  I n d i c a t i o n  Bus ( ' 1~119) .  

g. SIVB o r i e n t e d  Commit bus ( ' 4~113 ) .  

h. SIVB s t a g e  i n d i c a t i o n  bus ( ' 4~119) .  
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5. De-energizes t h e  Combustion S t a b i l i t y  Monitor 
( i f  it has  been used) .  

Release  of t h e  holddowns and e j e c t i o n  of  t h e  f u e l  
and LOX masts occur  s imul taneous ly ,  a l lowing  t h e  space v e h i c l e  
t o  commence l i f t o f f .  A l l  e l e c t r i c a l  c ab l e s  remain connected t o  
t h e  v e h i c l e  u n t i l  a f t e r  v e h i c l e  f i rs t  motion ( i n  case  o f  l i f t o f f  
f a i l u r e ) .  The re fo re ,  t h e  Commit s i g n a l  ene rg i ze s  and arms t h e  
u m b i l i c a l  a r m  r e l e a s e  and r e t r a c t  system. When t h e  v e h i c l e  l i f t s  
o f f ,  t h e  u m b i l i c a l  swing arm c o n t r o l  swi tches  c l o s e  a c t i v a t i n g  t h e  
e j e c t  and r e t r a c t  va lves .  
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CUTOFF FUNCTIONS AND ENGINE SHUTDOWNS 

F igu re  G - 1  shows t h e  f u n c t i o n a l  r e l a t i o n s h i p  o f  t h e  
pa ramete r s  which comprise t h e  Cutoff  (K72) i n t e r l o c k  g a t e s  
and shutdown o f  t h e  SIB eng ine s .  The Cutof f  modes a r e  con- 
s i d e r e d  o p e r a t i o n a l l y  i n  t h r e e  c a t e g o r i e s .  

1. P r i o r  t o  I g n i t i o n  Command 

A s  shown i n  F igu re  G - 1 ,  t h e  only  two ways t h e  Cut- 
o f f  s i g n a l  can be i s s u e d  p r i o r  t o  t h e  I g n i t i o n  Command 
a r e  : 

a .  Sequencer F a i l u r e  Cutoff  - This  can only  occur  a t  
T-3 seconds when t h e  T i m e  f o r  I g n i t i o n  s i g n a l  
( ~ 7 6 )  i s  s e n t  by t h e  ALS and t h e  Ready f o r  
I g n i t i o n  i n t e r l o c k  cha in  i s  no t  complete.  

b.  Manual Cutoff  - This  mode can be u t i l i z e d  a t  any 
t ime ,  bu t  w i l l  n o t  cause  an  eng ine  shutdown a f t e r  
t h e  Commit s i g n a l  i s  i s s u e d .  

2. I g n i t i o n  Command up t o  Commit 

These Cutof f  modes ( s e e  F igu re s  G - 1 )  a r e  i n  a d d i t i o n  
t o  t h e  manual c a p a b i l i t y  a l r e a d y  mentioned. 

a .  SC Ready Cutof f  - Enabled by t h e  I g n i t i o n  Command, 
t h i s  i s  c u r r e n t l y  a  sw i t ch  f u n c t i o n  f o r  t h e  unmanned 
Sa tu rn  I B  l aunches .  

b.  EDS Ready Cutoff  - Enabled by t h e  I g n i t i o n  Command, 
t h i s  Cutoff mode i s  e s s e n t i a l l y  comprised o f  a 
l a r g e  number o f  parameters  f o r  t h e  SC and t h e  I U  
( s e e  F igu re  E-1), any one o f  which can cause  Cut- 
o f f  i f  no t  i n  t h e  d e s i r e d  c o n d i t i o n .  

c .  Networks # 1  and #2 Vol tage  OK Cutoff  - Enabled by 
t h e  I g n i t i o n  Command, t h i s  Cutoff  mode i s  i n i t i a t e d  
i f  t h e  Networks #1 and # 2  v o l t a g e s  from t h e  wide- 
range  v o l t a g e  moni tors  a r e  no t  s a t i s f a c t o r y .  
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d .  I U  Ready Cutoff  - Enabled by t h e  I g n i t i o n  Command, 
t h i s  Cutof f  mode e s s e n t i a l l y  r e p r e s e n t s  on ly  f o u r  
pa ramete r s ,  any one of  which can i n i t i a t e  t h e  Cut- 
o f f  s i g n a l  th rough  a  mal func t ion .  Three o f  t h e s e  
a r e  e l e c t r i c a l  power parameters  (56  Vo l t s  O K ,  
400 Cycle Power and Cont ro l  Vol tage  O K ) .  The 
f o u r t h  pa ramete r ,  aQsence o f  LVDA F i r e  Commit 
I n h i b i t  ( s e e  F igu re  A-2), i s  an ou tpu t  from t h e  I U .  

e .  SIVB Ready t o  Launch Cutoff  - Enabled by t h e  
I g n i t i o n  Command, t h i s  Cutoff  mode moni tors  t h e  
SIVB power t r a n s f e r  swi tches  i n  t h e  i n t e r n a l  
p o s i t i o n  and t h a t  networks mal func t ions  have no t  
occur red .  

f .  F i r e  De t ec t i on  Cutoff - Also enab led  by t h e  I g n i t i o n  
Command, t h i s  Cutoff  mode i s  s l i g h t l y  d i f f e r e n t  
from t h e  o t h e r  modes enab led  by t h e  I g n i t i o n  Command 
i n  t h a t  an  ou tpu t  i s  r e q u i r e d  from t h e  F i r e  De tec t ion  
System " r a t e  o f  r i s e "  thermocouples i n  o r d e r  t o  
complete t h e  g a t e  and send t h e  Cutoff  s i g n a l .  As 
shown i n  F igu re  G - 1 ,  t h e  Cutoff  g a t e s  a l r e a d y  
mentioned a r e  kep t  from i n t e r l o c k i n g  by a  p r e v i o u s l y  
e s t a b l i s h e d  ou tpu t  s i g n a l .  Cutoff  w i l l  be s e n t  i f  
t h e  s i g n a l  should  drop o u t .  It should  be no ted  t h a t  
t h e  i n t e r l o c k s  i n  ( a )  t h r u  ( e )  above a r e  a l s o  p a r t  
o f  t h e  Ready f o r  I g n i t i o n  i n t e r l o c k  cha in .  

g. Thrus t  F a i l u r e  Cutoff  - A t  T-0 seconds ,  t h i s  Cutoff  
g a t e  w i l l  g e n e r a t e  t h e  Cutoff  s i g n a l  i f  s u f f i c i e n t  
t h r u s t  has  no t  bu i l t - up  i n  a l l  engines  t o  a c t i v a t e  
t h e  A l l  Engines Running r e l a y .  

h .  Premature Commit Cutoff  - If  t h e  Commit s i g n a l  i s  
i n a d v e r t e n t l y  a c t i v a t e d  p r i o r  t o  t h e  Time f o r  Commit 
(K7l)  s i g n a l  from t h e  ALS, t h i s  g a t e  w i l l  send t h e  
Cutoff  s i g n a l .  The CommJt s i g n a l  normally e n e r g i z e s  
t h e  Vehic le  Cutoff  Bus ( 1 D 1 4 ) .  Thus, i f  t h e  
Vehic le  Cutoff  Bus i s  a c t i v a t e d  be fo r e  t h e  Time 
f o r  Commit s i g n a l ,  t h i s  i n t e r l o c k  cha in  w i l l  be 
completed and Cutoff  w i l l  be s e n t .  

3. Commit t o  L i f t o f f  

a .  L i f t o f f  F a i l u r e  Cutoff  - A s  p r ev ious ly  mentioned, 
t h e  two Launch F a i l u r e  Timers a r e  a c t i v a t e d  
s imul taneous ly  wi th  t h e  I g n i t i o n  Command. E igh t  
seconds l a t e r ,  t h e  t ime r s  a c t i v a t e .  If l i f t o f f  



has  n o t  occu r r ed ,  t h e  Cutoff  s i g n a l  w i l l  be 
s e n t  ( s e e  F igures  D-1  and G-1). 

It she-uld be n o t e d  t h a t  t h e  nominal eng ine  shutdown 
sequence  o f  o p e r a t i o n s  i s  accomplished by f i r i n g  t h e  eng ine  
CONAX v a l v e  s q u i b s .  Th i s  r e s u l t s  i n  c l o s u r e  o f  t h e  main LOX 
v a l v e s  c a u s i n g  t h e  turbopump speed and p r e s s u r e  t o  decay.  Th i s  
i n  t u r n  c l o s e s  t h e  main f u e l  va lve .  The i n t e r l o c k  sys tem i s  
se t  up such t h a t  a  Cutof f  s i g n a l  i s s u e d  p r i o r  t o  t h e  I g n i t i o n  
Command w i l l  no t  f i r e  t h e  eng ine  CONAX va lve  s q u i b s .  Th i s  i s  
t h e  r e a s o n  f o r  lock ing- in  t h e  I g n i t i o n  Command s i g n a l  ( p r e v i o u s l y  
r e f e r r e d  t o  i n  Appendix D) when it i s  i s s u e d ,  and making i t  a n  
i n t e g r a l  p a r t  o f  t h e  Cutoff  p a t h  t o  t h e  SIB eng ines  ( s e e  
F i g u r e  G - 1 ) .  

The Emergency Manual Cutoff  Switch i n i t i a t e s  eng ine  
shutdown and Cutoff  i n  a s l i g h t l y  d i f f e r e n t  manner t h a n  any o f  
t h e  i n t e r l o c k  modes u t i l i z i n g  t h e  K-72 Cutoff  r e l a y .  A s  shown 
i n  F i g u r e  G - 1 ,  t h i s  sw i t ch  i s  no t  i n t e r l o c k e d  i n  bypass ing  t h e  
K-72 c u t o f f  g a t e s .  It d i r e c t l y  i n i t i a t e s  t h e  engine  shutdown 
sequence  by f i r s t  send ing  an  engine  shutdown s i g n a l  t o  t h e  
i nboa rd  eng ines  and t h e  Launch Sequencer.  One hundred m . s .  
l a t e r ,  t h e  I g n i t i o n  Sequencer sends  a shutdown command t o  t h e  out -  
board  eng ine s .  The 4-4 Cutoff  Timer (K116) sends  a backup 
Cu to f f  s i g n a l  t o  t h e  ou tboard  eng ines  300 m . s .  a f t e r  t h e  inboard  
eng ine  shutdown command.   he' impor tan t  d i f f e r e n c e  between t h e  
Emergency Manual Cutoff  mode and t h e  modes i n v o l v i n g  t h e  Cutoff 
i n t e r l o c k  g a t e  i s  t h a t  t h e  emergency mode can be i n i t i a t e d  
a t  any time--even a f t e r  Commit has  been s e n t .  The only  o t h e r  
eng ine  shutdown c a p a b i l i t y  (from t h e  GSE) a f t e r  Commit i s  
t h r u  t h e  Launch F a i l u r e  Timers. The Emergency Manual Cutoff  
Switch p rov ide s  a backup i n  c a se  t h e  t i m e r s  should  f a i l .  Th i s  
s w i t c h  i s  n o t  i n t ended  t o  be used p r i o r  t o  t h e  I g n i t i o n  Command, 
even though i t  would e v e n t u a l l y  cause  t h e  i n t e r l o c k e d  Cutoff  
s i g n a l  t o  be i s s u e d .  S ince  t h e  emergency mode d i r e c t l y  f i r e s  
t h e  i nboa rd  eng ine  CONAX va lve  s q u i b s ,  a s  opposed t o  t h e  
Cutof f  s i g n a l  which cannot  r e ach  t h e  v e h i c l e  u n t i l  a f t e r  t h e  
I g n i t i o n  Command, an Emergency Cutoff  p r i o r  t o  I g n i t i o n  Command 
would n e c e s s i t a t e  r e p l a c i n g  t h e  eng ine  CONAX ya lve  squ ib s .  

I n  r e f e r e n c e  t o  F igu re  G - 1 ,  once t h e  I g n i t i o n  Command 
s i g n a l  i s  i s s u e d ,  a Cutoff  s i g n a l  from any source  ( i n c l u d i n g  
t h e  Emergency Manual C u t o f f )  r e s u l t s  i n  t h e  same e v e n t s .  Those e v e n t s  
o f  major i n t e r e s t  ( w i t h i n  300 m . s .  a f t e r  t h e  Cutoff  s i g n a l )  a r e :  
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1. Inboard  eng ine  shutdown command ( i nboa rd  eng ine  
CONAX v a l v e  s q u i b s  immediately f i r e d ) .  S i g n a l  
t o  I g n i t i o n  Sequencer and 4-4 Cutoff  Timer. 

2 .  100 m.8 .  a f t e r  t h e  inboard  eng ine  shutdown command, 
t h e  I g n i t i o n  Sequencer sends  a shutdown command 
t o  t h e  ou tboard  eng ines .  

3. 300 m . s .  a f t e r  i nboa rd  eng ine  shutdown command, t h e  
4-4 Cutof f  T i m e r  a c t u a t e s  and sends  a backup shutdown 
command t o  t h e  ou tboard  eng ine s .  

4. Power t o  t h e  ALS i s  i n t e r r u p t e d  caus ing  sequencer  
shutdown. 

5. De-energize t h e  t h r u s t  chamber f u e l  i n j e c t o r  purge 
v a l v e  c o n t r o l  ( p r i o r  t o  t h e  A l l  Engines Running 
s i g n a l  which a l s o  does t h i s ) .  

6 .  Locks t h e  Cutoff  s i g n a l  i n .  

7 .  Energ izes  eng ine  purge t o  on. 

8.  Energ izes  t h e  gas g e n e r a t o r  LOX i n j e c t o r  purge  va lve  
c o n t r o l .  

9 .  Energ izes  LOX dome purge va lve  c o n t r o l .  

1 0 .  Energ izes  f u e l  ven t  opening c o n t r o l .  

11. Launch bus i s  de-energized which r e t u r n s  
t h e  v e h i c l e  t o  ground power. 

1 2 .  Loss o f  t h e  launch bus de-energizes :  

a .  EDS Ready (K-24)., 

b .  Commit Back-up Timer (K-96) .  

c .  Time f o r  Commit (K-71). 

d. F i r i n g  Command (K-26). 

13 .  Closes  LOX and f u e l  p r eva lve s .  

1 4 .  Opens f u e l  vent  va lve s .  

15 .  S t a r t s  de luge  purge .  
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1. SUBJECT: Apol lo /Saturn  Launch I n t e r l o c k s  

2.  PURPOSE: Th i s  document s e t s  f o r t h  t h e  o b j e c t i v e ,  de s ign  
phi losophy and c r i t e r i a  f o r  de s ign  of  launch i n t e r -  
l o c k s  i n  t h e  Apol lo /Saturn  program. 

3. OBJECTIVES: 

A s  l i m i t e d  and r i g i d  launch o p p o r t u n i t i e s  w i l l  be 
a v a i l a b l e  f o r  t h e  Saturn/Apol lo  mi s s ions ,  i t  i s  impor tant  t h a t  
t h e  checkout  and l aunch  system be des igned t o  g ive  maximum 
a s s u r a n c e  t h a t  : 

(1) A l aunch  w i l l  be achieved i f  t h e  space  v e h i c l e  and 
e s s e n t i a l  GSE a r e  i n  p rope r  o p e r a t i n g  c o n d i t i o n ,  and 
conve r se ly ,  

( 2 )  A s a f e  and o r d e r l y  ho ld  o r  shutdown a c t i o n  w i l l  be 
t a k e n  i f  e s s e n t i a l  r e a d i n e s s  c r i t e r i a  a r e  n o t  met a t  any 
p o i n t  i n  t h e  countdown. 

Accordingly ,  means s h a l l  be provided t o  a s c e r t a i n  
t h e  r e a d i n e s s  o f  a l l  e s s e n t i a l  space  v e h i c l e  and GSE sys tems,  
and t o  p rov ide  f o r  a p p r o p r i a t e  manual o r  automated r e a c t i o n  i n  
e v e n t  o f  d i s c r e p a n c i e s ,  

4. SCOPE: 

I n t e r l o c k s  are system elements  u t i l i z e d  t o  p rov ide  
a s s u r a n c e  t h a t  each s t e p  i n  t h e  countdown sequence w i l l  p roceed 
i f ,  and on ly  i f ,  a l l  e s s e n t i a l  r e a d i n e s s  c r i t e r i a  a r e  met. 
I n t e r l o c k s  f a l l  i n t o  t h r e e  g e n e r a l  c a t e g o r i e s  wi th  r e s p e c t  t o  t ime :  

(1) I n t e r l o c k s  employed p r i o r  t o  s t a r t  of  t h e  Automatic 
Launch Sequencer which p rov ide  t h e  ba se s  f o r  ho ld  o r  
workaround d e c i s i o n s ,  o r  p r o t e c t  hardware and personne l .  

( 2 )  I n t e r l o c k s  employed from s t a r t  o f  t h e  Automatic 
Launch Sequencer t o  i s suance  of  I g n i t i o n  Command, which 
w i l l  s t o p  t h e  countdown process  i f  r e a d i n e s s  c r i t e r i a  
a r e  n o t  met. 

( 3 )  I n t e r l o c k s  employed between i s s u a n c e  of I g n i t i o n  
Command and Launch Commit, which i n i t i a t e  shutdown if 
c r i t e r i a  e s s e n t i a l  f o r  l i f t o f f  a r e  no t  met ,  
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CRITERIA FOR INTERLOCK SELECTION 

A t  each  s t e p  i n  t h e  countdown t h e  i n t e r l o c k  sys tem 
s h a l l  i n c l u d e ,  and be l i m i t e d  t o , t h o s e  f u n c t i o n s  and c o n d i t i o n s  
which a r e  p r e r e q u i s i t e  t o  p roceed ing  t o  a s a f e  launch which w i l l  
accompl ish  pr imary miss ion  o b j e c t i v e s .  S e l e c t i o n  o f  each i n t e r l o c k  
w i l l  be based  on demons t ra t ion  t h a t :  

(1) The f u n c t i o n  o r  c o n d i t i o n  i s  a p r e r e q u i s i t e  f o r  pro-  
c eed ing  t o  l aunch .  

( 2 )  It i s  i n t e r l o c k e d  whi le  and only  whi le  i t  i s  a  p re -  
r e q u i s i t e  f o r  p r o g r e s s i o n .  

( 3 )  The measured parameter  i s  t h e  b e s t  a v a i l a b l e  i n d i c a t o r  
o f  t h e  r e q u i r e d  c o n d i t i o n .  

( 4 )  A l l  pa ramete r  l i m i t  v a lue s  a r e  s u b s t a n t i a t e d  by 
adequa te  e n g i n e e r i n g  and t e s t  d a t a ,  The l i m i t s  s h a l l  
be as wide as p o s s i b l e ,  c o n s i s t e n t  w i th  crew s a f e t y  
and miss ion  succe s s .  

CRITERIA FOR DESIGN AND IMPLEMENTATION 

The de s ign  and implementat ion o f  each i n t e r l o c k  
f u n c t i o n  s h a l l  p rov ide  h igh  a s su rance  t h a t  t h e  countdown w i l l  
p roceed  i f ,  and on ly  i f ,  t h e  f u n c t i o n  i s  s a t i s f a c t o r y .  

( 1 )  I n t e r l o c k s  s h a l l  be accomplished d i r e c t l y  and au to -  
m a t l c a l l y  by hardware when r e l i a b i l i t y  and response  t ime  
c o n s i d e r a t i o n s  demonst ra te  t h i s  t o  be t h e  p r e f e r r e d  method 
o f  meet ing b a s i c  o b j e c t i v e s  o f  crew s a f e t y  and miss ion  
r e a d i n e s s .  

( 2 )  For  equipment de s ign ,  t h e  I g n i t i o n  Command s h a l l  
be r ega rded  as t h e  beg inn ing  o f  t h e  miss ion ,  and a l l  
GSE and i n t e r l o c k  c i r c u i t r y  t h a t  could  i n i t i a t e  cu t -  
o f f  a f t e r  I g n i t i o n  Command s h a l l  be des igned and q u a l i f i e d  
a s  Miss ion C r i t i c a l  hardware. 

( 3 )  The s e n s i n g  system and i n t e r l o c k  c i r c u i t r y  s h a l l  be 
des igned  t o  have r e l i a b i l i t y  b e t t e r  t h a n  t h e  system be ing  
s ensed .  

( 4 )  Wherever p o s s i b l e ,  s e n s o r s  t h a t  a r e  used f o r  i n t e r - -  
l o c k i n g  s h a l l  be d i s c r e t e  s e n s o r s ,  and should  d i r e c t l y  
s e n s e  t h e  media o r  component t h a t  i s  b e i n g  measured. 
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( 5 )  A f t e r  i n i t i a t i o n  o f  F i r i n g  Command, t h e  computer 
d i s c r e t e  ou tpu t  s h a l l  be i n h i b i t e d  and any d i s c r e t e s  
r e q u i r e d  t o  be i s s u e d  d u r i n g  t h i s  p e r i o d  come from t h e  
Automatic Launch Sequencer / Ign i t ion  Sequencer.  

( 6 )  The c a p a b i l i t y  t o  bypass i n t e r l o c k  cha in s  i n  t h e  
even t  o f  an i n t e r l o c k  mal func t ion  s h a l l  be p rov ided  i n  
t h e  LCC. The bypass implementa t ion  which w i l l  be used 
on ly  i n  t h e  even t  o f  s u b s t a n t i a t e d  i n t e r l o c k  mal func t ion ,  
s h a l l  p rov ide  a c c e s s  t o  t h e  lowest  r e a sonab l e  l e v e l  o f  
i n t e r l o c k  f u n c t i o n s .  

( 7 )  A l l  pa ramete r s  i n c o r p o r a t e d  i n  t h e  i n t e r l o c k  sys tem 
s h a l l  be a v a i l a b l e  f o r  independent  v e r i f i c a t i o n  i n  t h e  
LCC. F a i l u r e s  which w i l l  l e a d  t o  a  ho ld  o r  a c u t o f f  
s h a l l  be  p o s i t i v e l y  i n d i c a t e d  and d i s p l a y e d  i n  a  manner 
which w i l l  a s s u r e  e a r l i e s t  p o s s i b l e  r e c o g n i t i o n  f o r  
a n a l y s i s  and a c t i o n .  
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