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3 - 5 - 1  S & s ~ ~ t e p  R e w L o _ U .  the d a t a  h a n d l i n g  
m b s y s t e m  c o n t a i n 8  a l l  t h e  telemetry p r o c e s s i n g  
c a p a b i l i t y  on t h e  spacecraft- fie subsystem 
processes malog, - r i a l  d i g i t a l  and b i l e r e l  
t e l e m e t r y  data f rom t h e  s c i e n t i f i c  i n s t r u m e n t s  
and s p a c r a f t  s a B s y e t e m s  for t r a n s m i s s i o n  Po 
e a r t h ,  T h e  s u b s y s t e m  p r o v i d e 0  t i m i n g ,  c l o c k  and 
status s i g n a h ;  data s a m p l i n g  and f o r m a t t i n g ;  
c o n ~ o l u t i o n a l  e n c o d i n g ;  and b i p h a s e  m o d u l a t i o n  
for the s p e c e c r a f t .  A func t iona l  b l o c k  d i a g r a m  
f o r  the subsy8tam is pxe tmated  in Figure 3-5-6-1 
[Appendix C) 

The s u b s f s t e n  consists of e i g h t  (8) Data I n p u t  
E o d u l e s  (DLds) , two (2) r e d u n d a n t  PCM Encoders 
(PCEBs), two (2 )  r e d a n d a n t  T e l e m t r y  P r o c e s s o r s  
( T B s ) ,  On t h e  s p a c e c r a f t  e q u i p m e n t  s h e l f ,  t h e s e  
units a r e  a r r a n g e d  a s  shown im f i g u r e  3.5-1-2- 
A 1 1  t h e  d e t a  h a n d l i n g  e n b y s t e m  u n i t s ,  e x c e p t  t h e  
D X a s ,  are a m n e c t o d  t o  the s w i t c h e d  l o a d s  bus.  
The DIM8 r e c e i v e  s e c o n d a r y  power from each P C E E ,  
E a c h  DL1 is power s t r o b e d  ON j u s t  p r i o r  t o  
p r m e s s i n g  a t e l e m e t r y  i n p u t ,  and upon 
c o m p l e t i o n ,  t h e  D I E  returns a u t o m a t i c a l l y  t o  t h e  
standby node- Discrete and q u a n t i t a t i v e  commands 
are used t o  c o n t r o l  the func t ions  o f  all t h e  
subsys tem u n i t s .  Figure 3-5.1-3 shows t h e  major 
c r o s s s t r a p p i n g  between t h e  elements of the 
s u b s y s t e m .  

The d a t a  h a n d l i n g  subsys tem r e c e i v e s  all 
Uleuetry d a t a  i n p u t s  t h r o u g h  t h e  e i g h t  (6,  DIES 
and m u l t i p l e x e s  these i n p u t s  i n t o  a PCH/PSS 
square  wave s u b c a r r i e r  t h a t  is s e n t  Po t h e  
s p a c m a f t  t r a n s m i t t e r s .  Bach DXB ig e 32- 
c h m n e l  rardw access c o n n u t a t o r  w i t h  a single 
i t i p u t  c o n t r o l  l i n e  and a  s i n g l e  P u l s e  Ampl.it l lde 
Modulated (PM) cmtput d a t a  P i n e ,  The D I E S  
p r o v i d e  u s a r - i l e d i c a t e d  r e a d  e n v e l o p e s  and a 
camon gated r e a d  dock t o  a l l  users of serial 
digital. telemetry; s n d  a 1 m i l l i a a p e r e  p r e c b i o a  
current p u l s e  soraroa of a nominal  294 
m i c r o s e c o n d s  d u r a t i o n  for users of r e s i s t i v e  
t r a n s d u c e r s  (i-e,, c o n d i t i o n e d  a n a l -  c h a n n e l s ) ,  
The 1 m i l l i a m p e r e  p r e c i s i o n  c u r r e n t  p u l s e  source 



R e v i s i o n  , 

I 

is d e v e l o p &  i n  each PCRB and p r o v i d e d  on a  
s i n g l e  l ine  to  e a c : ~  Din. Analog d a t a  
( c o n d i t i o n e d  or  n o u - c o n d i t i o n e d )  is sampled ,  
bu f f e r ed  and g a t e d  t o  t h e  o u t p u t  d a t a  line a s  a 
single PBI p u l s e ;  ssrial d i g i t a l  d a t a  is g a t e d  t o  
the o e t p u t  d a t a  U n e  a s  & b i t  sari01 words; and 
b i l e v e l  d a t a  is s a m p l e d  in p a r a l l e l  8--bit bytes 
and a l s o  g a t e d  t o  the o u t p u t  d a t e  l b e  a6 8 - b i t  
serial  words, T b e  01/O?P c o n t r o l  of each 
i n d i v i d u a l  DIU is thmlogh t h e  P a  BYCODBB D I R  
COBfPOL q u a n t i t a t i v e  cosmand, i-e., PCBQl for 
PCBE1 and PCEQ2 f o r  PCIIB2. T h i s  conmand is sent 
t o  t h e  PCBE in the case of a f a i l u r e  uhem a  DIE 
d o e s  n o t  a o t m a t i c a l l y  r e t u r n  t o  standby aft-  
being used t o  procass a t e l e m e t r y  i n p u t .  T h e  
MIBPP s i a t u s  of each DIB hi n o t  t e l e r e t e m d  
becatme i t  can b e  determine? f r a  the sense of 
the telemetry d a t a ,  T h  DIES p r o v i d e  t h e  
s tandardized  telemetry i n t e r f a c e  with a l l  t h e  
scientific i n s L r u m e n t s  and s p a c e c r a f t  mbsystem 
users, 

PBe X t l B  a c c e p t s  t h e  P M  a n a l o g  a n d  s e r i a l  d a t a  
from al l  t h e  D I N S ,  pmceases and  s y a c h r o n i z e s  t h e  
d a t a  and  g e n e r a t e s  a non-retnrn-to-zero-level 
pulse-eode-eodulated (BRZ-L/gCE) o u t p u t  b i t  
stream to  each m- Phe PCAE p e r f o r p s  aL e i g h t  
bit a n a l o q - t o - d i g i t a l  (An) c o n v e r s i o n  on the 
a n a l c q  d a t a  and mgemrates the d i g i t a l  d a t a -  
I n f o m a t i o n  fros t h e  TP to se]LecP t h e  teleaetry 
d a t a  c h a n n e l  required by t h e  selected telemetry 
f o r m a t  is relayed by t h e  PCOE t o  t h e  DIES, P o r  
routing t o  c h a n n e l s  t h a t  r e q u i r e  a conditioning 
c u r r e n t ,  t h e  PCEB p r o v i d e s  a precision 1 
~ i l l i a ~ p e r e  marrant pulse soorce t o  each D I I I -  
The K A $  r e c e i v e s  a q u a n t i t a t i v e  command to 
control t h e  O B f l F E '  s t a t u s  o f  t h e  D U B ,  a s  
ment ioned above ,  Comaanding a Dl0 OM enables t h e  
X l l X  d a t a  b p u t  l i n e  a n d  a l s o  e n a b l e s  the DPB to 
be power strobed OI v i a  the c o n t r o l  line, A 
d i s c r e t e  O B / O I P  coerland ia a l s o  r e c e i v e d  by t h e  
P C l B  to c o n t r o l  t h e  power sta tus  of t h e  u n i t ,  
i.e,, PC0 EBCDDBB 1 O E D  OFF (PC019 or KBA9), 
PC0 EBCODEB 2 0B/0 OPP (PC029 o r  PCEB9) sod PCB 
EBCODEBS OPP (Xllj7 or PQAB) T h e  t e l e m e t r y  
O%/OP? s t a t u s  b p r o v i d e d  by DPCBIS f o r  PCEB1 and 
DPC82S f o r  P a E 2  
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The TP is the main unit i n  t h e  d a t a  h a n d l i n g  
s a b s y s t e m .  T h e  TP contains t h e  m a s t e r  s p a c e c r a f t  
c l o c k  t h a t  g e n e r a t e s  a U  t h e  t i m i n g  signals 
r e q u i r e d  bp the s o b y s t e m ,  tbe s c i e n t i f i c  
i n s t r u m e n t s  a n d  o t h e r  spacecraft s a b s y r r t e m s ,  T h e  
TP p r o v i d e s  the 2 9 - b i t  spacecraft t h e  code, 4096 
s e c c n d  ckock, c l o c k  s i g n a l s  (1-e., 32 ,768  HI a n d  
2048 Hz), t e l e m e t r y  s y n c h r o n i z a t i o n  s i g n a l s  
time., m a j o r  f r a m e  ra te ,  a h o r  f r a m e  r a t e  a n d  
telemetry word rate) a n d  the b i t  rate s t a t u s  
s i g n a l s .  A d a t a  minor frame c o n s i e a s  of 6 4  
t e l e m e t r y  word8 consisting o f  e i g h t  b i t s  e a c h  
(512 bits total), There a r e  64 m i n o s  f r a m e s  i n  a 

m a j o r  frame. A subcornmutated format a l s o  
~-oasists of 64 teleretrg v o r d s ,  e x c e p t  t h a t  e a c h  
word i n  t h e  s u b c o a m u t a t e d  f o r n a t  a p p e a r s  o n l y  
o n c e  i u  a unique word p o s i t i o n  i n  t h e  minor 
frame. T h e r e f o r e ,  it takes  o n e  m a j o r  frame to 
c o m p l e t e  a s u b c o a m o t a t e d  f o r e a t -  T h e  l!!ultiprobe 
s p a c e c r a f t  h a s  assigned t o  i t :  4 pre-programred 
minor f raae  formats, one 41) p r q r a m m a b l e  m i n o r  
frame f o w a t  a n d  t h r e s  (3) p r e - p r o g r a n a e d  
subcommuta t ed  f o r m a t s ,  ae i d e n t i f i e d  i n  T a b l e  
3 . 5 1 - 1  Tbe t e l e m e t r y  data words required b 
t b e s e  f o r m a t s  a r e  s s p g e n t i a l l y  a d d r e s s e d  by  t .he  
TP and a r e  s e n t  from t h e  DlLBs t h r o u g h  t h e  PCEE. 
T h s  TB r e c e i v e s  the telemetry d a t a  by a d d r e s s i n g  
t h e  PCHE, and  a n d i t i o n s  it for t r a n s m i s s i o n  to 
the spacecraft ccmannications sabsgateem 

The d a t a  promming in t h e  TP includes 
c o n v o l u t i o n a l l y  e n c o d e d  or uncoded  d a t a  a n d  
b i p h a s e  m o d u l a t i o n  of tbe d a t a  o n t o  the 16,389 Re 
s q u a r e  r a v e  subcarriar.  The f n n c t i o n s  of t h e  TPs 
are c e n f i g u r d  b y  t h e  T B U B B T P P  PROCESSOR COBTBOL 
g a a n t i t a t i v e  command, i - e m ,  T K O 1  f o r  TP1 a n d  
T X q A  f o r  TP2. Uinor f r a m e  f o m h  word 3 g i v e s  
the t e l e m e t r y  s t a t u s  of the TPs. 



3.52 U&t D e s ; m I  The f o l l o w i n g  sections 
provide d e t a i l e d  descriptions of t h e  u n i t s  within 
the data handling a u h y s t e m ,  

3.5-2.1 pat4 I n p u t  aod&, The 8x0 receives ana log ,  
s e r i a l  digital and b i l e v e l  da ta  from the 
s c i e n t i f i c  instruments and apacecsaft subysteas  
and rwtes t h e s e  d a t a  t o  t h e  TP r i a  the PCRB. 
The DIH receives control signals, t h e  1 
milliampere p r e c b i o n  current p u l s e  source and 
power f mr t h e  PCBIf- M e  D I E  p r o v i d e s  a read  
c l o c k  and read envelopes to users of serial 
d i g i t a l  data; and relaya the p r e c i s i o n  current 
p u l s e  source to asera of conditioned analog and 
b i l e v e l  c h a n n e l s ,  The r d n  components  of  the DfH 
are the m u l t i p l e x e r ,  landester  decoder and 
c o n t r o l  logic, read envelope and c l o c k  generator, 
aod power control- I n  the f o l l o w i n g  sections, 
these components  are d a s c r i b e d -  



3 5 2 -1 E u I t i a L m .  The m u l t i p l e x e r  rsceires t h e  32 
t e l e m e t r y  c h a n n e l  b p o t s  f r o a  t h e  use rB .  Bach 
i n p u t  i s  p r o t e c t e d  egalnst  damage from 
o v e r v o l t a g e s  as large as +W v o l t s  and -30 v o l t s ,  
The m u l t i p l e x e r  b i m p l e m e n t e d  by using e i g h t  (8 )  
4 4 a n n e l  i n p u t  m u l t i p l e x e r s  v h i c h  a r e  c o n t r o l l e d  
by two (2) Y-channel switches t h a t  e a c h  provide a 
o n e - o o t - s f - f o u r  decode. C u r r e n t  s v i t c h e s  a re  
a l s o  c a n t a b e d  i n  t h e  a u l t i p l e x g y .  t h a t  o p e r a t e  
s y n c h r o n o u s l y  m i t b  the m u l t i p l e x e r  i n p u t  
s w i t c h e s .  The p u r p o s e  o f  the m r r e n t  s w i t c h e s  is 
to c o w m a t a t e  t h e  1 m i l l i a m p c s e  p r e c i s i o n  c u r r e n t  
p u l s e  source i n t o  t h e  s e l e c t e d  m u l t i p l e x e r  
c h a n n e l ,  S i x  (6) p r e c i s i o n  c u r r e n t  palse  s o u r c e  
i n p u t s  a r e  p r o v i d e d ,  with each i n p u t  a l l o c a t e d  t o  
a u n i q u e  4 - c h a n n e l  i n p u t  m u l t i p l e x e r -  

d C o n t x 0 1  - 3-5-2 .1 .2  w h e s t e r  Decden an The 
R a n c h e s t e r  d e c o d e r  i n  t h e  D I B  r e c e i v e s  a lO-bit 
E a n c h e s t e r  cod& c h a n n a l  a d d r e s s  word f o r n a t t e d  
by t h e  Y a E .  It d e c a i e s  t h e  a d d r e s s  v o r d  a n d  
g e n e r a t e s  a two-phase  b i t  c l o c k  a n d  B B Z  serial  
d a t a .  T h e m  s i g n a l s  a r e  p r o v i d e d  to t h e  c o n t r o l  
l o g i c .  T h e  c o n t m l  l o g i c  p r o v i d e s  t h e  proper 
coding  t o  t h e  m n l t l p l e x e r  t o  select tho i t w i r e d  
c h a n n e l  By selecting t h e  U-channe l  m a l  t i p l e x e r  
and c h a n n e l  w i t h i n  t h e  r n l t i p l e x e r  . Prcqramming 
pins a r e  u s e d  i n  t h e  u n i t  connector to chmse t h e  
a p p r o p r i a t e  d i s t r i b u t i o n  o f  a n a l o g ,  s e r i a l  
d i g i t a l  a n d  b i l e - m l  chanae ls  f o r  t h e  D X H .  The 
m n t r o l  l o g i c  p r o v i d e s  t k e  r e a d  c l o c k  and  read  
envelope o u t p u t s  t o  t h e  user's from t h e  maie 
(i-e., programming) solected f o r  t h e  D I E  and t h a  
channel  a d d r e s s  u o r d  , 

3.5.2.1.3 pead  B s ~ e b o ~ e  >FIB Q o c k  G @ ~ e f a t o z .  The r e a d  
e n v e l o p e  and c l o d  g e n e r a t o r  c i r c u i t  p r o v i d e s  t h e  
c o n t n o b  s i g n a l s  m q u i x a d  f o r  s e r i a l  d i g i t a l  d a t a  
t r a n s f e r  from t h e  osers. The  c i r c u i t  consists of 
a o n e - o u t - o f - s i x t a e n  d e c o d e r  m a t r i x  t h a t  
g e n e r a t e s  t h e  s i x t e e n  m a d  envelope s i g n a l s  and a 
c l c x k  a a p l P f i e r  that p r o v i d e s  b u f f e r i n g  o f  t h e  
g a t e d  read  c l o c k  s i g n a l  frw the c o n t r o l  logic. 
The r e a d  e n v e l o p e  s i g n a l s  a r e  g e n e r a t e d  i n  
q n c h r o n i z a t i o n  w i t h  t h e  s a a p l i n g  of  each  8 - b i t  
s e r i a l  d i g i t a l  word. Up t o  s i x t e e n  s e r i a l  d a t a  
c h a n n e l s  may be accomodated by w i r i n g  t h e  d a t a  



l i m  to t h e  a p p r o p r i a t e  i n p u t  channe l  ( i -0. .  
C ~ R E B ~ S  0 t h r o ~ g h  15) m 

3-5-2-9.6 power C o a t a -  The DXE is t u r n e d  on a n d  off  by a 
v a r i a b l e  ri8t-h p d s e  o n  the c o n t r o l  l i n e  f rom t h e  
PCLIB, P u l s e 8  of 2 m i l l i s e c o n d s  a n d  230 
m i c r o s e c o n d s  w i l l  t u r n  t h e  D I E  OIfi a n d  a 36- 
m i l l i s e c o n d  p n l s e  m i l l  t u r n  OPP t h e  D I I .  The D I E  
is p o w e r - s t r o b e d  a s  c means of o i n i a i z i n g  p o v e r  
d i s s i p a t i o n  during idle o r  n o n - i n t e r r o g a t e  t i n e s .  
Power f o r  t h e  unit is p r o v i d e d  by +15 POP* anu 
-15 v o l t  regulated o a t p u 0 a  and  g round  f r o m  the 
?CUB t h a t  a r e  i n p u t t e d  t o  wirer switches, The 
power  switches a p p l y  t h e  +35 v o l t s ,  -IS t o l t s ,  
and  ground t o  the internal e l e c t r o n i c s  when an 
a d d r e s s  word is detected o n  the c o n t r o l  line, 
When there am n o  f u r t h e r  p u l s a s  o n  the c o n t r o l  
line, tlm E a n c h e s t e r  d e c o d e r  sensee t h i s  a n d  
sends a sicpal to the power c o n t r o l  c i r c u i t r y  to 
r e t u r n  the DIE to tbe s tandby c o n d i t i o n .  

3.5.2.2 pCfl bc-- T h e  PCRE aazepbs PAR analog and 
d i g i t a l  d a t a  f r o m  t h e  D I b  a t d  f o r e u l a b e s  an 
B R Z - L P C I  (Poa-fleturn ti3 Zero l e v e l / P u l s e  Code 
F l o d u l a t i o n )  oatp*. d a t a  s t r e a m  t o  t h e  T O E -  The 
main P u n c t i o a a l  m m p o n e n t s  o f  t h e  PC3E are the 
n u L t i p l e x e r ,  e o a p a r a t s h  a n d  &/D c o n a e r t e r ,  
Ranchester decoder and  amoda -  l o g i c ,  DIE 
decoder, a d  power s u p p l y .  Them f o n c t j  22s are  
described in t h e  f o l l o w i n g  s e c t i o n s ,  

3 - 5  - 2 -2 -1  -1,exer. T h e  m u l t i p l e x e r  r e c e i v e s  t h e  PA!! 
d a t a  i n p u t  from each o f  the e i g h t  (8) D I R s  a l o n g  
w i t h  a reference ground, T h e  m u l t i p l e x e r  
c o n s i s t s  o f  a d i f f e r e n t i a l  c o e m ~ t a t . o r  t h a t  
d i f f e r e n t i a l l y  multiplexes the PAR data  a n d  
r e f e r e n c e  g roond  from each D I E  t o  t h e  c o m p a r a t o r ,  
A d i s t r i b a t o r  c o m m n t a t e s  a p r e c i s i o n  1.000 
milliampere t0 -5 p e r c s n t  r e f s r o n c e  c u r r e n t  (294 
m i c r o s e c o n d s )  t o  t h e  selected DL: for  signal 
c o n d i t i o n i n g  s f  t r a n s d e c e r  r s e i s t i v e  i n p n t s ,  The 
precision current s o u r c e  is o u t p u t t e d  f rom t h e  
m u l t i f l a x e r  to each D I N  on Q d e d i c a t e d  l ine .  

3.5 -2.2.2 -tor nncl EA, COA- - The c o m p a r a t o r  
mnsiets o f  a u n i t y  g a i n  d i f f e r e n t i a l  a m p l i f i e r  
f o l l o w e d  by  a  p r e c i s i o n  v o l t a g e  c o m p a r i s o n  



Section lo. 
D o c .  No. -4 0 
O r i g .  I ~ s s a t e  5R2n8 
R e v i s i o n  Eo, 

c i r c u i t .  ?he o u t p u t  o f  t h e  c o m p a r a t o r  g o e s  t o  
t h e  B/D c o n v a r t e r .  T h e  d i f f e r e n t i a l  i n p u t  from 1 

the m o l t i p l e x e r  is c o n v e r t e d  i n t o  a  s i n g l e - e n d e d  
s i g n a l  by the d i f f  e r e n t i a i  a m p l i f i e r  i n  t h e  
c o m p a r a t o r .  T h e  t r e a t m e n t  of t h e  d a t a ,  as analog 
or d i g i t a l ,  c o n t r o l l e d  by t h e  A D  b i t  i n  a 20-  
b i t  i n s t r u c t i o n  and adds- v o r d  s u p p l i e d  by t h e  
TP. ? o r  analog i n p u t s ,  the c o m p a r a t o r  compares 
the i n p u t  s i g n a l  t o  a k n w n  reference, The 
reference ic p r o v i d e d  by a  d i g i t a l - t o - a n a l o g  
feedback cirmit  in the A/O c o n v e r t e r  c o n e i s t i n g  
o f  a b i n a r y  v o l t a g e  w i g b t e d  msistor l a d d e r .  
s w i t c h e s  and  a pmcision -5.120 vdc m f e r e n c e  
s u p p l y .  The o u t p u t  o f  t h e  c o m p a r a t o r  is e n d e d  
i n t o  $ - b i t  d i g i t a l  words  by t h e  A / D  c o n v e r t e r  
which e n p l o p s  a  s k a r e s s i v e  a p p r o x i n a t i o n  
t e c h t i q u e .  T o  p r o c e s s  d i g i t a l  d a t a ,  t h e  r e g i s t e r  
and s w i t c h e s  a r e  f o r c e d  a h a l f  s c a l e  for t h e  
e n t i r e  vord ti- s o  t h a t  the l a d d e r  bs g e n e r a t i n g  
a c o n s t a n t  +2.56 v o l t  r e f e r e n c e -  T h u s ,  the A/D 
c o n v e r t e r  f u n c t i o n s  a s  a  fixed t h r e s h o l d  d e t e c t o r  
for m a k i n g  o n e - z e r o  d e c i s i o n s  on the incoming 
d i g i t a l  d a t a ,  

3 -5 -2  -2.3 p n n c h e s t e r  J J e c c u 3 ~  find A ~ s c b t e d  I.&- The 
R a n c h e s t e r  d e c o d e r  r e c e i v e s  a 2 0 - b i t  i n s t r u c t i o n  
a n d  a d d m a s  ~ o r d  from t h e  TP for t h r e e  (3) times 
in s u c c e s s i o n -  The decoder g e n e r a t e s  a c o h e r e n t  
b i t  c l o c k  f r a  the i n c o m b g  2 0 - b i t  u o r d s ,  t h a t  
provides t imfr rg  t o t  t h e  bit c o u n t e r  c i r c u i t .  I n  
a d d i t i o n ,  the c o b e r e n t  b i t  c l o c h  e n a b l s s  t h e  
% r i a l  t r a n s f e r  of t h e  i n s t r  c t i o n  and a d d r e s s  
portion (minus 8 - b i t  s y n c  code) o f  t h e  20-bit 
word i n t o  a 1 2 - b i t  s h i f t  register. The  11 
i n s t r u c t i o n  and &.dres s  b i t s  t i & . ,  A / D  b i t ,  5 
DIE a d d r e s s  b i t s  a n d  5 c h a m e l  a d d r e s s  b i t s )  of 
the 20-bit vord c o n s t i t u t i n g  t h e  first 
interrogate s u b c y c l e  a r e  p a r a l l e l  transferred 
into an  11-bit holding r e g i s t e r  by t h e  1 2 t h  b i t  
i n  the s h i f t  r e g i s t e r .  The 5 - b i t  channel a d d r e s s  
is p a r a l l e l  t r a s l s f e r m d  d u r i n g  the  2ad 
i n t e r r o g a t e  s a b c y c l e  i n t o  t h e  a d d r e s s  g e n e r a t o r  
where i t  is converted i n t o  a 1 0 - b i t  mrd required. 
by t h e  D X H s  c o n s i s t i n g  of a 5 d i t  sync f o l l o w e d  
by t h e  c h a n n e l  address- 



3.5 -2-2-4  Be-. The DIU Becodtar p m v i d e s  the 
c h a n n e l  address i n f o f a a t i o n  to each 0XI o n  s 
d e d i m t d  o u t p u t ,  The B U  d e c o d e r  circait 
receives p a r a l l e l  DEE a d d r ~ m  b i t s  from t h e  
h o l d i n g  r s g i a t e x  t o  select t h e  DICI outpat line, 
the serinl 1 0 - b i t  cbansael a d d r e s s  word fmn t h e  
address generator to select. t h e  D I B  cbanne l  and 
power cm9rol comagrrtb fmm tha power control 
cireait t o  t u r n  on and Off t h e  DXHs- The O l l P P P  
c o n t r o l  pulses t o  the D I E s  go o u t  on  the same 
l ines  a s  t h e  1 0 - b i t  c h a n n e l  a d d r e s s  word, The 
pouev control  c i r c u i t  mcehres t h e  FCI! ELICODBB 
DII COBTBOL q n m t i t a t i r e  conmand (PCBQl for PCBBl 
and PQQ2 f o r  PCLIB29 an4 provibm n pulse width  
modulated  t e c h n i q u e  to cmtrol the D I E S .  Command 
b x e c u t i o n  ie s y n c h r o n i z e d  to t h e  beginning of t h e  
minor frame. 

3.5.2.2-5 -pwmr SP,-- The PmB has aa h t e s n a l  powar 
m p p l g  t h a t  o p e r a t e a  from t h e  +20 v o l t  s m i t c h s d  
l o a d s  bus and is c o s a a n d a b l e  OP aad OPP. A 
series m g u l a t o r  p r o r i d e s  r e g u l a t i o n  o f  the ingot 
bus rolaga and an eleckrie corsveraion  u n i t  gBCU) 
g e n e r a t e s  all t h e  secondary v o l t a g e s  required by 
t h e  PQIB, i n c l a d i n g  the power s o p p l i e d  to  t b e  
DIMS. The Y C B B  power aupplies e r e  carmaeded 0 8  
and OFF by t h r e e  discrete  commands, $.el, P C R  
$BGDDBR 1 0H/2 OPB (PCB19 or PCBA9) , PC1 BBlCODEB 
2 O U / l  O?P (PCB29 OF PCllB9),  and PCLl EBCODBRS OPP 
(PCB1P or B C l A P )  . The Ol/OPP s t a t u s  is p r o v i d e d  
t o  t e l e m e t r y  a s  DBC3IS for PCBE1 and DPCHZS for 
PCCIE2- 

3-5 -2 -2 -6 &&ma1 m n A  Siw, The ?CUE r e c e i v e s  
both  q u a n t i t a t i v e  and d i c c r e t e  commands from t h e  
C O N E ,  fie f o 9 l o u i n g  sectA.ons describe t h e  
iate-1 r e s p o e o e  of t h e  PCRE to  t h e  d i f f e r e n t  
carrands received- 

3 - 5 - 2 - 2 - 6 - 1  PCB W E P  BISU OOBpOb -e Coma&- 
P o w e r  s o n t m l  for tho DXBs is p r o c e s s e d  by t h u  

DICI power o o n t r o l  circuit i n  t h e  PCRE. The 16- 
b i t  q r a a n t i t a t i v e  command (f ,e , ,  b i t s  25 t h r o u g h  
40 of t h e  u p l i n k  command format) (PCRQI for PCIIB? 
or PCFlQ2 for P a = )  is stiosm3 in a 76-bi t  s h f i t  
register,  and the verification p u l s e  a t  t h e  end 
of t h e  q u a n t i t a t i v e  a r a a a o d  is i g n o r e d .  lach 



Revision 

pa ir  of b i t a  i n  a g i v e n  c o s ~ a n d  word c o n t a i n  t h e  
power O P f l R  hformation for a D I B .  Power 
c o n t r o l  for the D I E 8  i s  i m p l e m e n t e d  u s i n g  a p u l s e  
width modulation t e c h n i q m .  C o u a n d  bxecation i~ 
s y n c h r o n i z e d  to  the t w g i n n a n g  of a minor frame by 
u s i n g  the second n e g a t i v e  t r a n s i t i o n  of t h e  minor  
frame signal following receipt of a mm~and to 
t r i g g e h  ttme (3)  m e - a d s  w h o m  periods 
represent t h e  power OHPIP s t a t e s  of e DIPI. t h e  
proper p u l s e  ia gated to t h e  DIf l  addresa l ine  a s  
a f u n c t i o n  of the i n f o r m a t i o n  c o n t a i a a d  in t h e  
command vord. A code of m O l m  or mllm w i l l  
genocate a 36-miUisecond p u l s o  which  r i l l  tarn a 
D I E  O W ,  P code of or m l O m  will tarn a D I E  
0 8 ;  a code g a n o t r a t e s  a 230 ~ i c r a s c c o h d  
p u l s e ,  and a W I O Q  -do generates  a 2 r i l l i s e c o n d  
p u l e e .  

3.5.2-2-6n2 PC8 E n c o d e r  O H  P @ . c r e t e  Corrmand, T h e  PC!¶ 
Encoder OR command (i.e., P C B 1 9  or P C U A 9  for 

PCHB 1: PCIlB29 or Xi309  for PCUR 2) is s d i a c r e t e  
command sooted through a n  i n p u t  buffer t o  t h e  
latch which c o n t r o l s  t h e  X E B  power. This 
eomeand sats t h e  l a t c h ;  a vo l tage  is f e d  back 
f r o =  the regalaTor t o  keep t h e  la tch  set  and PCEB 
power 0 8 ,  The 01 s o u a n d  to  a PCUE 
s i r ~ l t a n e o u s l y  turns OPP t h e  other K E E ,  

3.5.2.2-6-3 pctI gncsder OPP P=rete C o r n .  Zne PCH 
Encoder OPP command (ice,, PC!! IP or PCEPPr) I s  a 

discrete command routed to an i n p u t  bqffar and to 
the l a t c b  which c a n t r o l s  tha PCBB power. T h i b  
command wiU reset t h e  l a t c b  ,tnd tho3  t a r n  PCBE 
power OFF. The OPB c o n i i a ~ d  t o m s  o f f  b o i h  k C B E s  
a t  t h e  saae time. 

3 -5 -2 -3 Te3eret.u I K o c o a ~ .  T h e  TP co;\trols a l l  
fanctj-one of tbe d a t a  handling s a b s y s t e a ,  Pta TP 
mqoests teleretq d a t a  Zmr t h e  DI8s through t h e  
PCBs, organizes t b e  d a t a  i n t o  t e . l e a e t r y  formats 
a n d  transmit8 a PCB/PSK s u b c a r r i e r  t o  t h e  
s p a c e c r a f t  tranemitters. A 1 1  s p ~ c e c r a f t  t h b g  
is derived f r o m  the nastor clock c o n r a i n e d  dn tn4  
TP. 

The major f u n c t i o n a l  coaponents of t h e  TP a r e  
timing, i n p u t  iatedace,  output i n t e r f  ace, 



contraller and patser s ~ p p l y .  Ia the fol1owk.g 
mctioae, each of these e o m p o n e n i s  are d e o c r ~ d .  

3-5-2.3-1 Zimiriq. A 2 a 0  (I,OQ8,576) Hz crystal oscillator 
w i t h  a 50 ppm s t a b i l i t y  18 psovided i n  t h e  TB as 
a t i m i n g  referaace f o r  t h e  s c i e n t i f i c  
i n s t r u n e a t s ,  spoecraf t  s u h s y a t e m s  and TP- The 
c r y s t a l  o s d u e t a r  is mad as t h e  frequency 
standard for the t h i n g  U c r k ,  A countdown c h a i n  
in the t i e ing  b l o c k  prc  ?des b u f f e r e d  32,768 Bz, 
2008 Ex and word r a t e  siqnals t o  users. 

The o p e r a t i n g  t e l e m e t r y  b i t  r a t e  o f  the Ti5 is 
selected by s e n d i n g  the 'PESEREPBI PROCESSOR 
COBTWL q u a n t i t a t i r c t  commanb (i.&-, TPCQl f o r  TPO 
or TPCQP f ~ r  T P 2 ) .  B i t s  29 t h r o u g h  32 of t h e  
u p l i n k  cwmand  format a r e  c d d  t o  select t b e  
d e s i r e d  b.: t raa, a s  d e f  i a e d  i n  PC-455 
(Reference: P a r a g r a p h  1.5.1) . T h i s  4 - b i t  c o d e  
is  s e n t  t o  t h e  t h i n g  b l o c k  f rom the "mtroller 
v h k b  receivm it f r o m  the command i n p u t  logic 
( p a r d .  o f  i n p u t  i n t e r f a c e ) .  A c h a n g e  t o  the b i t  
rate is implemented a t  t h e  b e g i n n i n g  o f  t h e  n e x t  , .  
minor  f r a m e  following m c e i p t  of t h e  q r l a n t i t a t i r e  
command. Yhe t i m n g  b l o c k  a l s o  t r a n s n i t s  a 
signal Cvicse the s e l e c t e d  b i t  r a t e  t o  t h e  
=ztmll@r . 
The countdown c h a i n  provides a word fate s t a r t  
signal t o  the c o n t r o l l e r  t o  start t b 9  p r o c e s s i n g  
of a t e l e m e t r y  sord- The c o n t r o l l e ~  completes 
the p r o c e s s i n g  of o n e  voxd i n  l e sa  than  3.9 
u i l l i s e c o n d s  and goes i n t o  a n  i d l e  s t a t e  w i t h  t h e  
c o n t r o l  logic strobed off  t o  c o n s e r v e  Dover- The 
c o n t r o l l e r  i s  r e a c b v a t e d  by a new word  rate 
s t a r t  signal from the t i ~ i n g  b l o c k P  T h e  
t e l e m e t r y  wrd retrieved from a DIE d u r i n g  t h e  
c u r r e n t  process ing  cycle is transmit ted  doring 
t h e  n e x t  telemetrg word time. 

T h e  b i t  r a t e  ~ t a t o s  s i g n a l s  ( i -eu,  foor ( 4 )  
o u t p u t  s i g n a l s  g i v i n g  t h e  logic c o d i n g  for t h e  
o p e r a t i n g  b i t  raba) a r e  s e n t  t o  t h e  scientific 
bnstm~ent usom from t h e  t b h g  block. 

3-5-2 .3-2  l a p u t  Z P & ~ .  The input interface c a a p o n e o t  
e o n s b t s  of t h e  command inpot h g i r  Mock and t h e  
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a61 hrrpot logic b l o c k ,  811 i n p u t  hforuathon is 
buffered tBroggh s t a n d a r d  i n p a t  b u f f e r s  and all 
serial i u p a t s  e r e  stored in s h i f t  regib-tets which 
are interrogated by the tantroller. 

The command i n p u t  logic block receives the 1 6 - b i t  
( i -e . ,  b i t s  25 t h o u p  9 0  o f  t h e  a p l b k  mmmasrd 
format) TEZEHB4BT PROCESSOR S O R ~ O L  q a a ~ t i t a t i a e  
connand ('PPCQI o r  TPCQA)  fro^ the CO6 ( j  -ea, COB 
3 for TP'P and 038 1, for TF2) and s t o r e s  i t  i n  a 
s h i f t  register. After the command has k s n  
m n p l e t e l y  received by the PB, a flip-flop is set 
in the covnand input logic b lock  by the 
q u a n t i t a t i v e  cormad m s t f h c a t i o n  paL?e- TLa 
o u t p u t  of the f l i p - f l o p  is s e n t  to t k e  
controller. During fptemal mod ti- zero 
( i . 0 - ,  first word o f  i n t e r n a l  minor fraae to  be 
t r m s n i t t e d  Prr n e x t  telemetry word t h e  is a TP 
outpat ]  . the controller s e n s e s  t B 4  state of the 
f l i p - f l o p  and transfers  the  content^ of t h e  s h i f t  
r q i s t s r  i n t o  Sbe m n t r o l l e r n s  Random A c c e s s  
Eeeory (RAE) - As a r e s u l t ,  the command will be 
e c t e d  upon i n  the next t e l e m e t r y  v o r d  time, o h i c h  
is t h e  t ise of t h e  first word sf  t h e  minor frame 
outputted by t h e  TP, If two (2 )  or Bore 
y a n t i t a t i m  coamands are =rat in the period of a 
min~.- f ra~e, only the l a s t  t r a n s m i t t e d  amaand 
w i l l  be procestwd a t  t h o  b e g i n n i n g  of the aeaQ 
minor frame- 

The K H  i n p u t  l o g i c  b l o c k  reccl~es PCB daLa 
i n p o t s  froia whichever  02 the t w o  12) P C I E s  is OH. 
T h e  PC!! interroqate legit b l o c k  s e n d s  a tslesetsp 
channel  address  Oo t h e  PCRB and a s  a r e s u l t ,  8 
b i t s  of d a t a  are transferred to  t h e  PCil input 
logic b l o c k ,  The mtumjIlq d a t a  i s  clocked in 
using a 32,768 Bz clock gsnerated within the P C B  
i n t e r r o g a t e  logic block. The faput  data  i s  
stored in a & i f t  tegister i i r  t h e  PCB i n p u t  l o g i c  
block w i t h i n  one telemetry vord time slot, and fa 
t r a n s f e r r e d  t~ t h e  d a t a  oatput  l o g i c  block for 
o u t p u t  a t  the selected b i t  race during the next  
t c l m e e f y  word tire slot- 

3 . 5  -2.3.3 P a t p u t  I n t e ~ f a o a .  The o u t p u t  i n t e r f a c e  c o v p o n e n t  
c o n t a i n s  the PC8 xnterrogate 1-ic block, the 
data output l o q i c  block, A11 o a t p a t s  are 



Prima.;l t i m i n g  aud contml of the K U B  i s  
aceoaplished by the Llsnchester coded Qbhphnse) 
addre-ss and b s t r a c t i o n  format provided by t h e  
PCB in9aacqete  logic  B l o c R .  The address  and 
i n s t r a c t b o a  f o r m a t  consists 0.t a 20-bi t  word s s p Q  
a t  2ne (65,5361 bits p s s  s e c o i i d ,  T h i ~  20-bit 
word c 3 n t a ~ s  an 8--bit s y n c  p a t t e r n  p l u s  1 b i t  
wed t~ s h i f t  t h e  r e m a i n i n g  11 bits i n t o  a 
holding registor,  T h e  first d a t a  b i t  i n s t r u c A s  
the  f C i l E  as  to whe?Aer t h e  m q u e s t ~ d  telmsetry 
data is a n a l o q  or d i g i t a l ,  the n e x t  f i v e  453 data  
S i t s  select the DXH t h a t  is to km interrogated 
and t h e  l a a t  f i v e  ( 5 )  B i t s  r e p r o s e n t  t h e  channel  
address  of t h e  selected D M .  This 20-bit word is 
s e n t  three (3) tbes in order t c ?  p r o r i d e  t h e  
proper  t h i n g  for the P S B B -  

The data  o u t p u t  logic b l o c k  brs r e s p o n s i b l e  for 
s y n c b r o n i a i n g  a s  output d a t a  u i P h  t h e  selecCerl 
te lemhry b i t  LUIQ woad r&iltos- PBt a t o  b e  sen2 t o  
the transponden PLP l o a d e d  Pa t s  a temporary 
i n t e r n 1  shift register dar ing  the tct14rmtry word 
tine s l o t  i f  is mceive2 from t h e  FCEE.  A t  the 
89- of  t h e  ~ e x t  telemets-p iaord t i n e  slot, it is 
t r a r i ~ f e r s s d  inPo an e x t e r n a l  s h i f t  register which 
is s e r i a l l y  c l s e k e d  a t  t h e  ssX-ad h i t  mte- 
The B&tc map be a r n v s l u t i o a o ~ l g  e n c o d e d ,  sen* 
d i r e c t l y  to  t h a  bkphase r o d u l a t o r ,  or c o m a n d e d  
off  by ww oP the c ~ d i n g  w i t h i n  tka TP COBPBOL 
q u a n l i t a t i r s  command. P h n  tbe d a t a  i s  
i ~ n ~ o 1 u e i o a a U j j  e n d e d ,  t h e  consolutioaal 
encoder i s  reset after tBa hiat  b i t  oP the th ird 
sync word (i-e., 24th Bit of t h e  winor Eraae) is 
s h i f t e d  i n t o  t h e  sncder. .  Data out of $he 
c o n v o l u t b o n a l  ensodsr is c l a c k o d  ib-a  the BBphaae 
mdolatos at 66,384 Ba ic order t o  p m v i d e  



cahemnm w i t h  the subcerzier, After t h e  d a b  is 
biphase modulated, it  ha b u f f e r e d  t o  t h e  
s p a c w a f t  interface l e v e l s  a d  seat t o  t h e  
t r a n s p o n d e r ,  The d a t a  o u t p o t  lsgic block  a l s o  
prowides  t h e  4396 s e c o n d  c l o c k  outpat t o  tbe 
command processor and the major  and e i n o o  frame 
r a t e  s i g n a l s  t o  the  scientikic instrmsnta and 
spaccwzraft suhqstems, a s  s e e n  in Piga~m 3.5-9-1, 

3.5-2.3.4 . The c o n t r o l l e r  frP t h e  core of &Be 
'PP- T e l e m e t r y  miaoe Pram and mbeomrstatgd 
f o r m a t 6  and control s i g n a l s  a re  s t o s d  w i t h i n  
P s o g r a ~ s a b l e  Bead Onbp aemories ( P B O R s )  c o a t a i n d  
in the cont ro l le r= .  The t i m i n g ,  i n p u t  interSace 
and o u t p u t  i n t e r f a c e  f u n c t i o n s  are  l i n k e d  to t h e  
m n t r o l l e s  tf a da ta  bus over which d a t a  a n d  
control sig~!ais a r e  s e n t ,  The c m n t r o l l e r  also 
perfarms a r i t h n e t i c  a n d  logic m a n i p u l a t i o n s  w i t h  
d a a  a n d  s t o m s  m r t i n e n t  data in t h e  RAdo  

Dpon 'PP power t u r n - o n  ( v i a  TLU19 or 'PLRB9 for  
P I ;  BLR29 o r  TLm9 f o r  - a ) ,  '& c o n t r o l l a r  
erecotes  a n  iai9ial izatAcm r o u t i n e .  The 
cone nadable  functions i n i t i a l i z e  to the s t a t e n  
sbown in Table 3oS.2.3 -4 -7 -  After 
initialization, tbe c m n t m l l e r  goes h t o  t h e  i d l e  
s t a t e  a n d  m i t s  for t h e  t e l e m e t r y  word rate s t a r t  
s i g n a l  from the u a i n g  b l o c k -  Dpon r e c e i p t  of 
the t e l m a e t r p  word r a t e  s t a r t  s i g n a l ,  . o n t e n t s  of 
i n t e r n a l  registers are transfarred Po re 
external d a t a  r e g i s t e r s  t h a t  interface w i t h  o n i t s  
o u t s i d e  the TF'. T h i a  a s s u r e s  tbat t h e  o u t p a t  
rnterdace w i l l  b e  s p n c h r c m o a s  w i t b  the selected 
telemetry word r a t e ,  The spacecraft time code 
u p d a t e  is t h e  f i r s t  r o u t i n e  ezecnted a l t e r  
,zeceipt of t h e  telemetq word r a t e  start s i g n a l -  
The t i n s  code is i n c r e f i x a t s d  a s  a f u n c t i o n  of b i t  
rate, i .e., a t  t h e  highest b i t  rats (2048 H2) , 
t h e  i n c r e m e n t  hs In56 second and a t  t h e  ioras t  
bit = to  ( 8  Ba), t h e  incremnt is 1 s e c o n d .  

If  a new comaand h a s  b e e n  r e c e i v e d  by the c o r n a n d  
input logic Block and 'the i n t e r n a l  t e l e a e t r g  word 
Pi.@ slot is t e l e s ~ t r y  word zero, t h a  ccra~and is 
troa~ferred m t o  t h e  d a t a  bus and sc2oted w i t h i n  
the E B B  for:  l a t e r  access- I f ,  b u e v e r ,  the 
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Direct l l e ~ o r y  Acm6s (DEA) b i t  is set in  the tP 
(X38TBOL q ~ a n t h t e k i 9 e  command, the command is 
p r o c s s s e d  a s  a i l i s e c t  u e m o r p  access comaand, 
i - e , ,  the command hs being u s e d  t o  c o n f i g u r e  t h e  
p r o q r a m m a b l e  format, At t h i s  p o i n t ,  the i n t e r n a l  
registars that c o n t r o l  b i t  rate select ard  TP 
o u t p u t  f u n d i o n s  a r e  loaded so t h a t  t h e  e x t e r n a l  
r e g i s t e r s  can lm loaded e t  t h e  n e x t  t e l e m e t r y  
word t i n e  s l o t ,  which will be te lemetry v o r d  z e ro  
o f  t h e  n a x t  o i n o r  f r a m e .  If t h e  c u r n n t  
t e l e m e t r y  word is the l a s t  t e l e m e t r y  u o r d  of a 
m a j o r  f r a m e ,  t h e  t h s e a  (3) most s i g n f f  i c a n t  t i e 0  
code words (i.e,, thme 8-bit words) a r e  sampled 
and stored for l a t e r  readout-  PexP,  the v a r i o u s  
bits w b i c b  r e p r e s e n t  m i n o r  frame r a t e ,  major 
f r a m e  r a t e ,  and t h e  YO96 s e c o n d  r a t e  a r e  maaked 
o u t  of the c o u n t e r s  which are s tored i n  t h e  B A R  
a n d  a r e  t r a n s f e r r e d  v i a  the d a t a  bus t o  the d a t a  
o a t p ~ t  l o g i c  B l s d  . 
T h e  c o n t r o l l e r  f o r m  a 10 bit a d d r e s s  for t h e  
s ino r  f r a m e  format m a r o r y  composed  sf 4 B i t s  for 
the commaadtld forn3t t y p e  and 6 b i t s  f o r  t h e  
contents of the talemet.-y uord c o u n t e r ,  A 12-bit 
word is then r e t r i e v e d  rrom t h e  m i n o r  fraee  
furmat uemoey. Four (4 )  B i t s  o f  t h h  word s e n e  
to c l a s s i f y  this word i n t o  o n e  of six types. 

First, the % ~ s - m a l ~  t y p e ,  which is the most 
p r e v t i l e a t ,  s i g n i f i e s  t h a t  the  r e p a i n i n g  8 b i t s  
are a DIE a d d r e s s  a n d  aro Po be s e n t  t o  t h e  X B E .  
T h e  r e t u r n i n g  conmutated telenetrp word is p l a c e d  
i n  a n  i n t e r n a l  register which w i l l  h tiransterred 
a a n  e x t e r n a l  o u t p u t  register st t h e  next 
t e l e m e t r y  word t h e  s l o t .  

T h e  s e c o n d  t y p e  of Por~et word is t h e  
s u b c o a m a t a t e d  u o r d .  O i t h i n  t h e  &pace t h a t  w a u l d  
n o r m a l l y  b 6  t h e  D I B  address  bits, t h e r e  am two 
( 2 )  b i t s  to  I n d i c a t e  t b  subcorn type. T h e s e  t v o  
( 2 )  bits a r e  c o n n e c t e d  t o  the 6 bits o f  m i n o r  
f r a m e  c o u n t  t o  f o r m  a n  8 - b i t  address f o r  t h e  
subcor f o r m $  meaory w h i c h  is e i o i l a r  to t h e  
m i n o r  fnme fo saa t  memory. The 12-bit word 
r e t r i e v e d  fron t b e  snbeom f o h a a t  mamorg is 
treated s imi lar ly  to t h e  12-bit word r e t r i e v e d  
from the minor f rame format memory. 
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T h e  t h i r d  type of d o m a t  vosd i s  t h e  internal 
u o r d .  Pive (5)  og t h e  eight ( 8 )  remaining b i t s  
a r e  used t o  indicate an  internal s t a t u s  word 
storad i n  t h e  R A f l  to be  o u t p o t t e d  d u r i n g  t h e  next 
t e l e m e t r y  word time slot. 

The f o u r t h  t y p e  of format word is t h e  sync vord 
vhere t h u  a c t u a l  sync code i s  s t o r e d  i n  t h e  
remaining 8 bits of t h e  1 2 - b i t  format word. 

The f i f t h  format word t y p e  i s  the  proqraaaable 
f o r a a t  word w h i c h  contains a s c r a t c h - p a d  ceeorg 
a d d r e s s  u s e d  t o  f e t c h  the programmed D I H  and 
channel number- 

The s i r t h  P o r o a t  word t y p e  is the PA3-rend uord. 
Uhen t h i s  word is e n c o u n t e r e d ,  t h e  minor f r a a e  
c o u n t  is used a s  an addresa Po fetch a word from 
t h e  scratch-pad and insert it i n t o  t h e  d a t a  
s trean,  
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I 1 - -  --------- 
PABAUEPIU IIIPIAL CORDXTLOES ------ 1 -------------- 1 

1 Bit Baka -to-- 16 B i t s  Per Second ~ 
1 I I 

I I 

l Frame Pornat ~ Orbiter Engineering Pornat 

1 C o n r o l ~ + i o ~ a l  mcoder 
I 

OH 
I 

; Data  
I i Subcarrier 
I 

Time Code Word 
I 

4 ~ i n u t e s  16 Seconds prior 
to P u l l  Scale Clock B e a d i n g  

3.5-2-3-5 r)atwfers: D f  eT;o Zelenetrv Processo&- The 
Telemetry Processor calls for data from a DXB by 
f imt  i n i t i a t i n g  a n  Frrterroqate cycle w i t h i n  the 
PC! E n c o d e r .  T h i s  interrogate cycle t a k e s  p l a c e  
entirely w i t h i n  t h e  abusgg time segment of 
controller a c b i 7 l t . y  shown Fa F i g u r e  3.5-2-3-3, 
T h e  telemetry p r o c e s s o r  sends a 2 0 - b i t  H a n c h e s t e r  
w d e d  a d d r e s s  -or, its PCB interrogate logic t o  
the PQl E n c o d e r ' s  Banchester d e c o d e r  c i r c u i t r y .  
T h e  20- -b i t  cads sent three a a c c e d v e  t i n s  Po 
c r e a t e  t h r e e  s ~ b c y c l e s  a s  men in Figure 
3.5-2.3-2. Edwems, t h e  2 0 - b i t  address code is  
n o t  u s u a l l y  t h e  sane for t h e  f i r s t  sebcpcle as i t  
is for the  second and t h k d  s u b c y c l e s .  

The f i r s t  2 0 - b i t  a d d r e s s  code consists o f  an 8- 
b i t  sync p a t t e r n ,  pins oae b i t  t o  s h i f t  t h e  
s e a a i n i n g  9 1  d a t a  bits i n t o  a h o l d i n g  register: 



Section Po ,  3 , 9 , 2 . 3 . 5  
Doc, No, X - 4 0 3  
Orig. Issue Date 5 ( a m  
B e v i s i o n  Bo. 

0 0 0 0 0 0 0 0 1 X X f X X X X X P X ~  
BSB t f LSB 

(or 2Ot h) 1 I DIl S e P ~ c t  
LS B D I H  Channel - select 

I n t r o d u c t d o n  
Pattern 

Shift B i t  

The 11 d a t a  b i t s  c o n s i s t  of a n  l/D b i t  which 
indicates t h e  t y p e  of t e l e m e t r y  d a t a  required, 
i,e., a n a l o g  o r  d i g i t a l ;  5 DIE s e l ec t  b i t s  ( o n l y  
3 of the 5 a r e  r e l e v a n t  to t h e  Pioneer Venus 
Program which  uses 8 Dlds); a n d  5 D I E  c h a n n e l  
select b i t s ,  The s e c o n d  and t h i r d  2 0 - b i t  a d d r e s s  
codes differ from t h e  first c o d e  o n l y  i n  t h a t  t h e  
D I U  c h a n n e l  select bits a r e  ~ l w a y s  coded a s  
c h a n n e l  16 (10000) . A 1 1  o t h e r  b i t s  are  
  den tical- In the e v e n t  t h a t  c h a n n e l  16 of a  
q i v e n  DIR is b e i n g  i n t e r r o g a t e d ,  then all b i t s  of 
all tbrm 20-bi.t address codes w i l l  be the same. 

The s e c o n d  a n d  third 20-bit address codes are 
g e n e r a t e d  f o r  t i m i n g  p u r p o s e s  o n l y .  T h e i r  DIa 
c b a n n e l  select b i t s  are coded t o  c h a n n e l  1 6  
b e c a u s e  c h a n n e l  16 (as w e l l  a s  c h a n n e l s  07 
through 31) d o e s n ' t  c r e a t e  a r e a d  e n v e l o p e  which 
could canse a l o s s  of s y n c h r o n i z a t i o n ,  i f  a r ead  
e n v e l o p e  h a d  a l r e a d y  b e e n  generated during the 
first s u b c y c l e .  

X n  t h e  first i n t e r r o g a t e  s u b c y c l e ,  t h e  PCB 
e n o o d e r ' s  H a n c h e a e r  d e c o d e r  c i r c u i t r y  receives 
t h e  20-bit address code s e r i a l l y  s h i f t e d  w i t h  ISB 
f i r s t .  As the a d d r e =  code b i t s  e n t e r  t h e  
Hancbes t . e r  decodes c i r c u i t r y ,  t h e y  a r e  used t o  
create c l o c k i n g  s i q o a l s .  The RanchesOer decoder 
c i r c u i t r y  accumulates the d a t a  i n t o  G 1 2 - b i t  
shift r e g i s t e r ,  T h e  f i r s t  8 Bits, ia-, t h e  
~ o g i c a l  zeroes E ~ D c  p a t t e r n )  pass  s t r a i g h t  
t h r o u g h  t h e  r e g i s t e r  - The 12th LSB b i t  of the 
c o d e ,  i . e . ,  t h e  l o g i c  .Im f o l l o v i n g  the s y n c  
p a t t e r n ,  t r i g g e r s  the p a r a l l e l  transfer of t h e  
f o l l o w i n g  11 d a t a  b i t s  t o  an 1 1 - b i t  h o l d i n g  



S e c t i o n  No. 2 ! j A 2 . 3 . 5  
D o c .  Bo, P C 4 0 3  
Orfg. Issue Date s 2 / 7 8  
B e v i s i o n  lo. 

R e v i s i o n  

r e g i s t e r .  Upon d a t a  transfer, the  12-bit shift 
register is i n m e d i a t e l y  r e ~ e t ,  

I n s t a n t l y  ~ f t e r  the 1 1 - b i t  holdFtlg register 
receives the data,  the 5 DXE aelect bits and the 
5 D I E  channel select b i t s  are decoded by t h e  PCM 
e n c o d e r g s  DIE decoder c i r c u i t r y  and a d d r e s s  
g e n e r a t o r  c ircuitry,  respectively, T h i s  Fs 
p o s s i b l e  because t h e  cantants of the P l-bit 
h o l d i n g  r e g i s t e r ,  exc lud ing  the b/D b i t ,  are 
hard-wired to the DIN dea>der c i r c u i t r y  and t h n  
address g e n e r a t o r  circuitry. 

The DIE decoder uses 3 of the 5 9 I E  select b i t s  
to a c t i v a t e  an add reas line to  t h e  s e l e c t e d  DIR I 
T h e  address  g e n e r a t o r  uses the 5 D I B  channel 
select b i t s  t o  e n c o d e  a 30-bit a d d s e 5 s  code- ?he  
10-bit addre- c d e  esrs i s t s  of a 5 - b i t  sync 
p a t t a r n  followed by t h e  5 DIB c b a n n e l  
bits, USB first: 

i J-1  
Sync Pattern Dm Channel  

Select 

The address g e n e r a t o r  ahso  r e c e i v e s  a d e l a y e d  5 -  
b i t  D I H  select code for the DIE p r e v i o u s l y  
interrogated- P h i s  d e l a y e d  5 - b i t  code is usfd to  
i n h i b i t  or enable t h e  sending o f  a f i l l  a d d r e s s  
which  is generated  in the address q e n e r a t o r -  The 
%bit DI8 select code cows from a 6-bit h o l d i n g  
register w i t h i n  the PCB encader.. Bowerer, t h e  5 
D I M  select b i t s  f r o n  t h e  6 - b i t  h o l d i n g  register 
and t h e  f i l l  a d d m s a  g e n e r a t e d  by the address 
g e n e r a t o r  a r e  of a b o r  importance with respect t o  
t h e  P i o n e e r  Venus Program. I n  the Pioneer Pea- 
Program, t h e  fill a d d r e s s  is d e r i v e d  d i r e c t l y  
frm t h e  2nd 20-bit address c o d e  of t h e  
i t e r r o g a t i o n  cycle, It  s h o u l d  Be n o t s d  t h a t  the 
B / D  bit is one of tbe delayed 6 b i t s  f r o n  the 6- 
b i t  ho ld ing  reg is ter .  The B / D  b i t  must b e  
delayed for one sobcycle period to proper ly  
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i n s t r a c t  the PCE oncoder as A / D  converter  
c i r c a h t r y  . 
A t  t b e  ladway p o i n t  of t h e  LSB of the 1st 2O-biO 
i n t e r r o g a t e  s u b c y c l e  (as seen b F i g u r e  3-5.2-3- 
2), t h e  f i r s t  10-bit addreas c o d e  g e n e r a t e d  by 
the address g e n e r a t o r  is s e r i a l l y  s h i f t e d  (FlSB 
f i r s t )  f r o m  the PCB encoder's DI!! d e c o d e r  t o  t h e  
s e l e c t e d  H a n c h e s t e r  d e c o d e r  c i r m i t r y -  

I n  t h e  2nd i n t e r r o g a t e  s a b c p c l e ,  t h e  PtX 
encoder's R a n c h e s t e r  d e c o d e r  c i r c u i t r y  receives 
t h e  2nd 20-bit a d d r e s s  and g e n e r a t e s  c l o c k i n g  
s i g n a l s .  The d a t a  b i t s  a r e  p r o c e s s e d  i n  t h e  saae 
manner as  in the 1st i n t e r r o g a t e  s u b c y c l e ;  b u t  
the 1 0 - b i t  a d d r e s s  code t h a t  i s  g e n e r a t e d  by t h e  
address g e n e r a t o r  w i l l  s e r v e  t h e  p u r p o s e  of t h e  
f i l l  a d d r e s s ,  

A t  t h e  HSB o f  the 3 r d  2 O d i C  b n t e r r o q a t e  
s u b c y c l e ,  t h e  fill d b i r e s s  l e a v e s  t h e  PCB 
e n c o d e r ' s  D I E  d e c o d e r  and goes t o  the D I ! l b s  
E a n c h e s t e r  d e c d e r .  T h e  f i l l  a d d r e s s  is u s e d  b y  
the DIR t o  c r e a t e  clocking s i g n a l s  which w i l l  
a l l o w  an 8 - b i t  word of  d a t a  t o  be clocked frcm 
the D I I  t o  t h e  PQ encder .  

I f  c o n d i t i o n e d  d a t a  is b e i n g  s a m p l e d ,  a 1 -000  m A  
p r e c i s i o n  c u r r e n t  o u t p u t  (see Figure 3 -5 2 -3-2) 
is  a l s o  s e n t  f r o m  t h e  PCB e n c o d e r  t o  t h e  s e l e c t e d  
D I E  w i t h i n  4 nicmseconds a f t e r  the f i l l  a d d r e s s  
leaves t h e  P a  encoder, If s e r i a l  d i g i t a l  d a t a  
is Being sampled, t h e n  t b e  50% r i se  time p o i n t  of 
t h e  r e a d  envelope (see Pigure 3-5.2-3-3)  would 
o c c u r  w i t h i n  t h e  same  Q m i c r o s e c o n d s  time s p a n  a s  
the l e a d i n g  edge of t h e  p r e c i s i o n  c u r r e n t  omtpn t  
p u l s e .  T h e  read  envelope and r e a d  c l o c k  ( a l s o  in 
Figure 3.5-2.3-3) are sent t o  u s e r s  by t h e  DIE t o  
t ransfer  d a t a  into t h e  Dm- 

W i t b i n  29 u c r o s e c o n d s  a f t e r  t h e  2nd HSB of t h e  
f i l l  a d d r e s s  loaves t h e  PC1 e n c o d e r ,  a n  8 - b i t  
t e l e m e t r y  d a t a  word b c l o c k e d  f r o m  the DIE (see 
Figare  3-5.2-3-2) t o  t h e  PCB e n c o d e r .  

T h e  PCB e n c o d e r  mceives t h e  PAR o r  b g i t a l  d a t a  
froa the Dm, and r e g e n e r a t e s  the d a t a  i n  non-  
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r e t u r n - t o - z a r o  pulse ccde modalated ( I R P - L m R )  
fon, .  Tbe P a  encoder noes c l o c k i n g  s i g n a l s  
generated from the  3rd 20-bit i n t e r r o g a t e  
s u b c p c l e  t o  s e r i d l y  shift t h e  8 - b i t  t e l e m e t r y  
data  word (ESB f isst) to  t h e  t e l e m e t r y  processor 
(see Pigore 3-5.2.3-2) - 
Data vhich  is routed 40 the transponder 1s f i r s t  
stored in an internal r e g i s t e r  of  the t e l e m e t r y  
processor's data  o u t p u t  l o g i c .  P t  the n e x t  
t e l e a e t r y  word t h e ,  the data Fs transferred t o  
an external register which i n t e r f a c e s  d i r e c t l y  
with the t r a n s p o n d e r -  

3 .S.2,3.6 Powex SQPPJX. T h e  poorer s u p p l y  g e n e r a t e s  t h e  
vol tage  f o a s  r e q u i r e d  by t h e  i n t e r n a l  PP 
functions- The p a v e r  s u p p l y  p r o v i d e s  current 
l itait ing,  u n d e r v o l b g e  detect ion and s h a t d o v n ,  
overvoltage detection and shutdovn ,  negative 
v o l t a g e  i n p u t  clamping, and bas f u s i n g .  Power 
strobing is used t o  comerre energy - I n  
addition, t h e  power s u p p l y  provides i so la t ion  
k e t u e e n  the bus return and t h e  s i g n a l  returns, 
and b u f f e r s  tAe  discmte i s p u t  coaaands  t h a t  t o n  
t h e  TP on and off, The PB power supplies rsceiae 
three ( 3 )  8iscrete cwmBds t o  control t h e  Ol /DPP 
s t a t u s  of the units, i - e m ,  PP1 011/2 OPP (TLLP19 or 
FLBAS), TP2 08/1 OF? (TLBZ9 or P U B 9 )  and TPs OF? 
( T U  lp or TLEAj3') . T h e  Oll/OPP mlemetry s t a t u s  of 
the power m p p l i e s  is g i v e n  by D T L B 1 S  for TPI and 
DTLB2S  for TP2. 

3.5-2.3-7 Internal  Coamaa Besvonse- The TP rece ives  h t h  
q u a n t i t a t i v e  and discrete coamends from the COBS 
to  c o n t r o l  t h e  conf&gnratdon and operation of the 
u n i t .  The following sections d e s c r i b e  the 
i n t e r n a l  response of t h e  TPP t o  t h e  d i f f e r e n t  
commands received. 
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3 .S02,3,7. 1 T B L m E X B P  PBOCBSSOB M P T B Q L  Q u a n t i t a  t i re  
Coanand.  The 16-bit q u a n t i t a t i v e  command 

(ile-, bits 25 t h r o u g h  40 of t h e  uplink command 
f o n a t  (?PCP1 f o r  TB1; TPCQA f o r  TP2) used t o  
m n f i g u r e  the TP is  s t o r e d  i n  a t e m p o r a r y  h o l d i n g  
register (i-e., external register) in t h e  c ~ n a n d  
i n p u t  l o g i c  block, After t h e  command h a s  h e n  
r e c e i v e d  by the comaand input  l o g i c ,  a f l i p - f l o p  
is set by the v e r i f i c a t i o n  p u l s e .  The c o n t r o l l e r  
,senses t he  s t a t e  of t h e  f l i p - f l o p  d u r i n g  t h e  
i n t s s n a l  word zero i n p u t  time and t r a n s f e r  t h e  
c o n t e n t s  o f  the t e m p o r a r y  h o l d i n g  register h t o  
the c o n t r o l l e r B s  BAR v i a  the d a t a  bus. A s  a 
r e s u l t ,  t h e  l a t e s t  TP O H T B O L  q u a n t i t a t i v e  
comand w i l l  b e  acted  upon a t  t h e  s t a r t  o f  t h o  
n e x t  a i n o r  f ram, I n f o r m a t i o n  t r a n s f e r  is t h e n  
a c c o m p l i s h e d  r i a  t h e  d a t a  b u s  t o  a n  i n t e r n a l  
r e g i s t e r  by a synchrorrous t r a n s f e r  u s i n g  t h e  word 
rate s i g n a l .  The i n f o r m a t i o n  b i t s  are d e c o d e d  
and used t o  w n t r o l  t h e i r  s p e c i f i e d  f u n c t i o n s ,  

B i t  36 of the 1 6 - b i t  q u a n t i t a t i v e  comaand is u s e d  
t o  d e t e r n i n e  w h e t h e r  a d i r e c t  memory a c c e s s  ( D H A )  
o p e r a t i o n  is t o  take p l a c e .  XP t h e  MA b i t  is a 
l o g i c  t h e  T P  COEJTBOL q u a e t n t a t i v e  command is 
used to c o n f i g u r e  t h e  p r o g r a n s a b l e  f o r m a t ,  A 
l o g i c  i n d i c a t e s  a n o r a a l  c o w a n d ,  A 
p r c x g r a m ~ a b l e  f o r m a t  c o m a n d  is l o a d e d  d i r e c t l y  
into the B A f l ,  and c o n t a i n s  informatic .  regarding 
Dl!! number,  D I R  c h a n n e l ,  and  d a t a  t y p e  o f  Qbe 
t e l e m e t r y  signal (s) ro be sampled. The s t r u c t u r e  
of the 16 b i t s  o f  d a t a  for t h e  p rog rammable  
f o r m a t  command is  g i v e n  in PC-455 ( R e f e r e n c e :  
P a r a g r a p h  1.5- 1) - 
The normal emnand c o n s i s t s  of 15 i n f o r m a t i o n  
bits and  one  spa= b i t  ( B i t  3 7 ) -  B i t s  2 5  t h r o u g h  
28 are decoded t o  p r o v i d e  f o r m a t  selection, and 
b i t s  29  through 32 a t e  deeded t o  p r o v i d e  b i t  
rate selection - B i t  38 c o n t r o l s  t h e  s u b c a r r i e r  
OBJOPP s t a t e ;  b i t s  3 9  a n d  40 c o n t r o l  t h e  
C o a v o l u t i o n a l  Bncoder /Daa  modes. The s t a t u s  o f  
t h e s e  t ime  f u n c t i o n s  a r e  n o t  p r o v i d e d  i n  
telemetry. 

3.5.2.3.7.2 4~1-J Prme;or 98 a t e  Cosawq. The  
T e l e ~ e t r p  Processor 01 command (i.e,, TL819 or 
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T L U 9  l o r  TPI; TId29 o r  TLHB9 f o r  TP2) is a 
d i s c r e t e  command r o o t e d  to t h e  i n p u t  o f  a latch 
which c o n t r o l s  t h e  TP power, T U B  command sots 
t h e  l a t c h ;  a v o l t a g e  is Esd back from the 
r e g u l a t o r  t o  k e e p  tLe l a t c h  set and t h e  TP power 
08. The OE cornand to a TP i~ also  used t o  
s i m ~ l t a n e o u s l y  t u r n  off t h e  o t h e r  TP, 

3.5.2-3-7 - 3  T e l ~ m e t r ~  Processor O P P m t e  Comaaaq. The 
Telemetry P t a c e s s o r  OPP coamand ( i -e  -, T U l P  or 

TLMAm is a discrete command rooted t h m u g h  an 
i n p u t  buffer t o  t h e  latch w h i c h  c o n t r c r l u  the TP 
power- T h i s  c o ~ e b a n d  w i l l  remt t h e  la t4 i  a n d  
t h u s  command the TP power OPP, T h i s  OPP command 
sirroltansously turns off b o t h  TBs, 

3 -5  -4 S-tiopaA P s a r r A ~ t i o q .  T h e  f o l l o u i a g  s e c t i o n s  
describe i n  d e t a i l  t h e  o p e r a t i o n a l  
c h a r a c t e r i s t i c s  of t h e  d a t a  h a n d l i n g  s u b s y s t e ~ ,  

prwramr~able F 3.5 .3-1  ormat O P a o n s ,  T h e  TP c o n t a i n s  
one  ( I )  minor  frame f o r m a t  t h a t  can be progtar r re t i  
in-flight. Up t o  e i g h t  d i f f e r e n t  analog ,  serial 
d i g i t a l  o r  b i l e v a l  words can be inserted i n t o  t h e  
programmable f o r m a t  by use o f  t h o  PP COHTBOL 
quantitative command, The p r i m a r y  p u r p o s e  o f  
this f o r m a t  is t o  increase t h e  gample  ra te  on 
single o r  a u l t i p l e  t e l e a e t r f  c h a n n e l s  f o r  
spacecraft d i a g n o s t i c  puhposes ,  Houever,  i t  is  
also useful fo r  r e c e i v i n g  s e l e c t e d  t e l e m e t r y  
c h a n n e l s  d u r b g  special m i s s i o n  r a n e u v e r s  a n d / o r  
even-, The f o l l o u i n g  s e c t i o n s  describe hbe 
o r g a n i z a t i o n  o f  the  p rogramaab le  f o r m a t ,  t h e  
method f o r  l o a d i n g  i t ,  the v e r i f i c a t i o n  of tba 
f o n a t  c o n t e n t s  and o t h e r  operational 
c o n s i d o r e  t ions 

3 . 5 3 1 1  Format Or&rrtiop, The programmable f o r m a t  f a  
organized into t h e  s t a n d a r d  64 word minor  f r a m e  
format (see P i q u r e  3 ,53 .1-1-1)  used b y  t h e  other 
1; m i n o r  Lnme f o r m a t s  o n  the U a l t i p r o b e  and 
O r b i t e r  s p a c e c r a f t s ,  T h e  f i r s t  e i g h t  words of 
the 69 words a t e  pm-prog+ammed a n d  c a n n o t  BB 
changed. The f i r s t  w v e n  uords t ime, ,  u o r d s  0 t o  
6 )  a r e  s t a n d a r d  to a l i  16 minor  f r a m e  forsate  and 
tne d e f i n i t i o n  o f  these wrds b g i v e n  in P C 4 5 4  
(Beference: P a r q r a p b  1-5.2). Word s e v e n  is 
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u n i q u e  to the prcqraumable f o r m a t .  This word 
c o n t a i n s  t h e  full contents of t h e  Bandor Access 
Aemoq  ( B A S )  i n  the TP, Tbe R I B  c o n t a i n s  32 
sutriee consisting o f  8-EbB words of i n f o r m a t i o n ;  
e i g h t  of these e n t r i m  art+ used t o  s t o r e  t h e  DIB 
a d d r e s s  i n t o r n a t i o n  associated w i t h  t h e  e i g h t  
p roq iaamed  telemetry u o r d s .  S e c t i o n  3 -5 -3 -1  -3  
w i l l  descr ibe  t h e  c o n t e n t s  of t h e  BAY in d e t a i l ,  

! '?s  remain l ing  56 u o r d ~  in t h e  f o r m a t  a r e  u s e d  t o  
p.,cqram t h e  selected telemekry u o r d s ,  T h e s e  5 6  
wcj.Js can  be c o n s i d e r e d  t o  contain a mini-minor 
f rane  t h a t  is e i g h t  words l o n g  and r e p e a t e d  seven 
tims. T b a t  is, w o r d s  3 t o  15, 1 6  t o  2 3 ,  2 4  t o  
31, ~ B C . ,  a l l  c o n t a i n  i d e a t i c a l l y  t h e  same 8 word 
t e l e c e t q  f o r m a t -  Each mini -r in f i r  frame c a n  be 
p r a q r a o ~ e d  i n t o  any c o m b i n a t i o n  o f  t e l e m e t r y  
words a d d r e s s a b l e  t h r o u g h  a DIH, I n t e r n a l  words, 
such a s  s p a c e c r a f t  t h e  code ( d y n a m i c  a n d  
static), format and  b i t  rate s t a t u s  a n d  r l n o r  
frame c o u n t ,  c a n n o t  be se lec ted  for t h e  
proqrammable format. T h e  e i g h t  w o r d s  in t h e  
m i n i - m i n o r  frame can b e  a l l  the same, a l l  
d i f f e r e n t  , or  any in t e s a e d i a t e  c o s b i n a  t i o n .  T h e  
method f o r  p r o q r u m ~ i n g  t h e  E o r a a t  is explained in 
the n e x t  s e c t d o n .  

Piqare 3.5.3 .I -1-2 shows  a n  example of a 
p rog rammable  f o r r a t -  Bus Voltage Limiter C u r r e n t  
(PLIB'PI) h a s  b e e n  i ss ign& t o  a f t o r n a t a  u o r d s  i r  

t h e  8 uord  f o r m a t  f o r  the mini-minor f r a m  (uorda 
8, 10,  92, PUr  16r  18, s tc- ,  QO word 62 )  0 

AP?!I?UDB A E I S D B B E E B T  for A D P l  (PLlTR1Z) has b e e n  
assigned t o  e v e r y  e i g h t h  word, s t a r t i n g  w i t h  word 
9, ADP hitatus has b e e n  a m i g e e d  t o  every  f o u r t h  
uord, s t a r t i n g  w i t h  uo rd  d l .  P i n a l l y ,  PSI* 
B r i g h t n e s s  ( B & I B B E )  h a s  been a s s i q n o d  t o  every 
e i g h t h  u o r d ,  s t a r t b g  w i t h  word 13. 

3.5.3.1.2 P ~ W L : C I R P ~ ~  m d  $t&,,pa t-, The 
prcq r tm~eb le  f o r m a t  is c a n f i g a r e d  by t b e  aae of 
those v e r s i o n s  of t h e  TP CCIPTEIOL q u a n t i t a t i v e  
command t h a t  ara identified a s  t h e  PBOGBA8BBBLE 
FOBUAT c o m ~ n d 6  in PC455 (tPCQ2 and 'PPCQ3 for 
T P I ;  TPCQB and  TPSQC f o r  TPZ) , To i n i t i a l l y  set 
u p  t h e  format, it takes nine (4) t r a n s m b s f o n s  o f  
t h e  q u a n t i t a t i v e  c o l ~ a ~ d  to  the TP. ?he c o n t e n t s  
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of each command ia stored into  a d i f f e r e n t  
l o c a t i o n  i n  the MA to be used l a t e r  by the TP in 
t h e  execution of t h e  format. Thc ~ r d e r  i n  w h i c h  
the carrmands a r e  s e n t  ie not important because 
each cornnand c o n t a i n s  the RAH address into which 
the forva t  i n f o r m a t i o n  is  s t o r e d -  

T h e  structure o f  t h e  PBOGBAilEABLX POREAT werafoas 
of t h e  TP COBTBDL q u a n t i t a t i v e  co~mend are g i v e n  
i n  P C 4 5 5  ( R e f e r e n - :  P a r a g r a p h  l . 5 . 1 ) ,  b u t  m i l l  
a l s o  be d i s c u s ~ e d  h e r e ,  Bj t~ 25  through  40 of 
t h e  n p l i n k  command format are u s e d  for all 
q u a n t i t a t i v e  command data ,  POL t h e  P B O G B A E B A B L B  
!WRLIAT c o m m n d s ,  b i t s  33 through  3 5  are  not w e d  
and  can either be l o g i c  POe or logir .IP b i t s ,  
bat  b i t  36 m u s t  always b e  l o g i c  m ' m .  B i t  3r is 
used to select TP COBTBOL CPOa) or BB';RAIUABLB 
POBBllT v e r s i o n s  of the 7P COBTBOL command. 
T h e  B b B  a d d r e s s e s  Ci,e., 2 3  t h r o u g h  31) a r e  
defined i n  b i t s  37 through 40 a n d  bits 25 P h r o u y h  
32 a r e  used i n  two d i f f e r e n t  ways, d e p e n d i n g  on 
w h i c h  t y p e  of PBOGRAIIBABLE POBELr' command s e n t  
t o  t h e  RAE. 

T h e  f i r s t  t y p e  o f  a n n a n d  (TPCQ3 o r  TPCQC) is 
used t o  define w h e t h e r  t h e  selected c h a n n e l s  a r e  
analog (conditioned or m a c o n d i t i o n e d )  o r  d i g i t a l  
(serial d i g i t a l  o r  a n  8-Bit bilevel word). l 'h i s  
command m u s t  b e  s e n t  t o  BP3 address 2 3 ,  and t h e  
c o n t e n t s  of b i t s  2 5  t h r o u g h  32 m n s t  d e f i n e  
whether  t h e  0 programmed t e l e m e t r y  words a r e  
a n a l q  OK d i g i t a l ,  The eight comaand bits ( i - e , @  
25 through  32) are ass igned as follows t~ the 
e ~ q h t  ireleaetry words; bit 2 5  - word 3 ,  bit ?6 - 
word 4 ,  b i t  27 - word  5, b i t  28 - uord 6 ,  b i t  29 
- word 7 ,  bit 30 - word 0, b i t  31 - word 1 and 
bit 32 - word 2. A l og i c  denotes an a n a l o g  
telemetry word and a l o g i c  "Om denotes a d i g i t a l  
telemetry word. In summary, bits 25 through 32 
d e t ~ n e  the t y p e  of t e l e a e t r g  w o r d ,  B i t s  33 
through 35 a r e  not d s e ~ ,  b i t  36 ~ u s t  be a l q i c  
O l m  a n d  b i t s  36 t h r o o g h  4O must b e  b i n a r y  23 
where bit 36 1s the LISB, t o  p r o p e r l y  t r c i n s e ~ t  
P h i s  first type of co~mard.  

The second type of comaand (TPCQZ or T P t Q U )  is 
used '_o loiid t h e  Dm address i n f o r m a t i o n  



a s s o c i a t e d  w i t h  the nelected O e l e e e t r y  words i n t o  
the hAH. B B U  addresses 24 through 31 are used t o  
store t h e  b inary  c d e  f o r  the Dl! and t h e  DIN 
channe l  t h a t  i~ assigned t o  t h e  t e l e p e t r y  words 
t o  be  psogranmed i n t o  the format. Programmed 
words 0 t h r o u g h  7 ape ass igned t o  R A 5  addressas  
2 U  through  31  respacl ively .  B i t s  25 through.  27 
d e f i n e  t h e  328 and b i t s  28 through  32 define t h e  
D I E  c h a n n e l ,  Aim 25 and 28 are t h e  RSBs fop t h e  
two axles. T h e r e f o r e ,  t e l e a e t r g  words 0 thr:?uqh 
7 of the mini-minor frare are stored into B88 
a i  .resses 24 through 31 m 8 p c t i s e l y -  After a l l  
t h e  BAJS l o c a t i o n s  are f i l l e d  and a c h a n q ~  ia 
required to a DI8 or DIM c h a n n e l  a d d r o s s ,  o f i l y  e 
single command w i t h  the murect6d D I E  information 
and its associated BAH ~ a d m s s  has t o  be  sent t o  
the  TP, provided the new teleeebry word is the 
same as t h e  o l d  O s l e w t r y  w o r d  it r e p l a c e s  
regarding analog or digital ca tegories 
(otherwise, the c o r r e c t e d  f i r s t  coasand must 
precede t h b  single cramand), 'Phe c o n t e n t s  of 
the R A 8  a r e  permanent for d l  time that p v 8 r  is 
a p p l i e d  ko t h e  TP. 

Once B A D  locations 23 through 31 are l o a d e d  w i t h  
the csrrtst m f o r a a t n o n ,  the prsqramsab le  f o n a t  
can be s e l e c t e d  by u s i n g  t h e  TB C O E I H O L  v e r s i o n  
of t h e  TP COBTBOL q n a n t i a t i v e  command, The ccbdo 
for t h e  p r o q r a s ~ a b l e  format ia WOIPm and i t  e a s t  
be  inserted in bit locations 25 through 28 oP the 
uplink comaand f o r u a t -  The other codes ia t h e  
q n a c t i t a t i v e  command for format, bit ra te .  DSU 
mntml, etc., mast ha for the current s t a t u s  o f  
the TP if o n l y  t h s  foseat is b,eing chanqed t o  the 
programmable E o r n t .  The structure f o r  t h e  TP 
CORTBQL v e r s i o n  is gioem in PC-455 { B e f e r e n c e :  
Paragraph 1.5.1) . Tha programmable format  s t a r t r ~  
a t  t h e  n e x t  minor frane after the  format  select 
command is s e n t ,  

3 -5- '  - 1 - 3  B ~ n r a t  Q e r i d d ~ C L L ~ ~ .  Tho Dm address information 
l o a d e d  into the BB,_ ;Locations, and c m s e o o e n t l y  
the t e l e r e 4 s p  c b a r r n e b  prrsgraramed into the 
fomaat, cac o s l y  b e  v e r i f i e d  t b m u g ' ,  t h e  u s e  of 
the f m , t  i Q s e l g ,  Binor frame teletlstrg won3 7 
contains a c c m p l e t e  r e a d m t  of the 32 HAW 
l o c a t i o a e ,  Ths f i r s t  entry i n  the RM ( l o c a t i o n  
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0) is  read 00t i n  D ~ P O S  frame 0 0 8  tb ~ a j o r  
frame and all the foilowiiag 818 l o c a t i o n s  are 
read oat in the f o l l o o i n g  minor frames, Since 
them a r e  b4 @inor fmms  59 a major f r a ~ e ~  t h e  
coeplete EM readouk i r a  accoaplbhed twice i n  
each sajor f ~ a a e .  

Pigare 3,5,3.9-3-I d e f  iaes t h e  contents  of a l l  
k A R  locations,  S t a r t i n g  w i t h  adnor fraoe 24 of 
the major fraae, t h o  e ight  programmed teleasojrg 
words c a n  be v e r i f i e d -  It an error is detected, 
a new co~mand can &e s e n t  to the B A H  to  corrsct 
t h e  c c n t e n t s ,  The coslracd m u  be sernt w h i l e  t h e  
progreaeabbs format is in operation, 

3-5.3.1-9 Q P e a Ls and Conr?bderafAa&- 
The- are a number of csohstmhts and 
considerations when operating t h e  programaable 
forpat.  These a r e  as follows: 

(a)  BhFl locaehoss U through  31 are r a n d o r  
when the TP is first powered on- 
Fheref ore, the programmable f s r e a t  
s h o u l d  n o t  be m-anded into use before 
loading  t h e  desired telemetry ~ o e d s ,  

(b) RAa  locations O thraogh I5 are  
i n a c c e s s a b h  by command, so t h e y  c a n n o t  
i n a d v e r t e n t l y  b e  e l terad - kloweoer, 
loeat ims 16 through 38 can be accessed 
by cammaad, Location l e  c o n t a i n s  the 
most s i g n i f i c a n t  w o r d  of t k  dynamic 
tias c d e  and therefom, care should be 
exercised to p s e v e n t  this vord fron 
being h a n g e d  bg s a n d i n g  a comeand t o  
"chis l a c a t i o n -  L o c a t i o n s  I7 through 22 
are sp=es hut c o u l d  be used t o  s t o r e  
i n f o r m a t i o n  b e c a u s e  t h e y  are 
a d d r e s s a b l e  a ~ d  are read out i n  t h e  
t e l e m e t r y  foraat .  

( c )  A11 comnands to the TP when l o a d i n g  t h e  
R A E  s h u n l d  b e  spaced  hy one a i n o r  
frane, If ttaa commands are received i n  
the s p a c e  of one minor frame,  t b e  f i r s t  
command ulll be %qnor&. 

( d )  the content8 of t h e  BBR are peroanent 
w h i l e  t h e  TP f a  powered, C o n s e q a a n t l y ,  
the programmable foraat can be u s a d  
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3 2 TeA@~etm BosmoO apd Bit Bat e m r a t i  o T h e r e  
&re l b  a inos  frame f m n a t e  enB 13 b i t  rates t h a t  
cap be ccrma3ded b n t o  o p e r a t i o n  on e i t h e r  t h e  
orbiter or BvaPtigrobe apacecra f t s -  Detailed 
i n f o r n a t i o n  about foreat Layout a n d  overhead 
v o i d s  t o n  w c h  farmat 13 c o n t a i n e d  in PC-b54 
( R e f e r e n c e :  Paragraph 1-5-2) - B i t h s r  s p a c e c r a f t  
u f U  raspsnd to a comaand c o n t a i n i n g  any 
t e l e m e t r y  f o m a t  a n d  any b i t  rate-  However, 
cawmonal i ty  Betvsen t h e  two s p a c e c r a f t s  e x i s t s  
t o t a l l y  o n l y  f o r  t h e  b i t  xates, There a r e  fdve 
45) formats  that operate p t o p e r l y  on t h e  
hnltiproka and 1 4  on t h e  Q r b i t e r ,  C o n s t q o e n t l p ,  
o n l y  t h r e e  (4) f orsa t s s  are m e s o n ,  i d a - ,  t b e  ACS, 
Coer~ead Bewry Beadout and P r o a ~ a r n n a b l e  f o r r a t s -  

I f  a t e l e a e t q  format dosigned f o r  t h e  Orbiter is 
coamanded i n t o  operation on t h e  G u l t A g r o b ,  t h e  
TP w i l l  addrsss the D I H  d a a a e l s  i n  a c c o r d a n c e  
wi th  t h e  Orbiter  pre-progranmed foxaat .  Rs a 
result, t h e  f o r m a t  w i l l  cantair; d a t a  t h a t  is 
l c a s t i n y l e a s  to the g r o u n d  a o f t w a r e  vlucL is 
progr samed  t o  r e c e i v e  known t s l a o e t r y  p a r a m e t e r s  
in @ a s h  prrrd ~f the cammanded. S o n r a t .  However, 
t h o  d a t a  can b e  eade u s e f u l ,  i f  a e c e s s a q ,  by 
u s i n g  PC-4 % ( B e l e r e n c e :  P b r a q r a p h  1.5 -2) t o  
cornpar<? the d i f f e r o n ~ e s  bwtve@n t h e  DIE 
a s s i g n e e n t s  on the two s p a c e c r a f t s .  T h e r e f o r e ,  
cautiou should be aaercitimd when c o r a a n d i n j  
t e l e e e t ~ y  l o w a t ~  to insuse t h a t  tAe c o r r e c t  
formats a r e  used o n  each s p a c e c r a f t ,  

Xnfomabfos regasding TB d a t a  times is shown i n  
T a b l e  3.5.3-2-1, 

T h e  f c r s i a a t s  and b i t  s a t e s  are  con~onded into 
o p e r a t i o n  khroogb t h e  TP CQYTROL g u a n t h 4 e t i v e  
cornsand, (T'PCQ1 ~ n -  TPCQI, a s  e x p l a i n e d  in BC-455 
(Reference: P a r a g r a p h  1,!5 , l ) .  B i t s  25  t h r o u g h  28 
of the upl ink  c a w a n d  f o r m a t  a r e  u s i d  t o  code t h e  
t e l e e e t r y  f o r m a t s  and b i t s  29 t h r o u g h  32 a r e  u s e d  
f o r  t h e  t a l e m e t r y  b i t  mtes. Pe le rne t rg  
v e r L f i c s t i t m  is through GOEB 3 of a l l  16 



Sec t ion  8 0 .  3.5,3.2 
D o r ,  No. PC403 
Qrlig- Issue D a t e  5/22/78 
R e v i s i o n  Bo- 

telemeiq n i n o r  frame farraks.  The  f irst four 
( O )  b i t s  of this 8 + i P  word gives Pha s t a t u s  of 
the f o r m a t  s e l e c t e d  and the rencnining f o u r  ( 4 )  
bits g i v e s  the status of the bit rate selected. 
T h e  4 -b ih  c o d e s  in t h i s  gomat word a r e  i d e n t i c a l  
t o  t h e  codes used to  command t h e  f o r m a t  and/or 
bii r a t e  into o p e r a t i o n -  

On0 constraint on t h ~  u s e  of this command is t h a t  
two d i f f e r e n t  quantitative commands should n o t  Be 
s e n t  to t h e  TP in the space  of o n e  ninor frame 
time, Since t h e  coamands are l o a d e d  dnto a shift 
register when r e c e i v e d  a d  h e l d  u n t i l  t h e  n e x t  
minor frme,  on19  the last command w i l l  b e  
execuba d .  

k n o t h e r  c o n s i d e r a t i o n  is t h a t  ehe s t a t n s  of the 
C o n v o l n t i o n a l  Encoder and Data c o n t r o l  b i b  ( b i t s  
39 and 9 0  of t h e  a p l i n k  ammead 8 o r d )  must k 
inserted i n  t h e  p a n t i t a t i r e  coanand t o  insure a 
mode chanqe d o e s  n o t  t a k e  p lace ,  such a s  
c o w a n d i n g  OFF the data o u t p u t  of the TP 
( R e f e r e n c e :  FaraqrapB 3.5,t'Bb. 

The spacecraf-t s h o u l d  n o t  be  o p e r a t i n g  in a 
t e l e m e t r y  domat t h a t  m a d s  o a t  c o a s t  time when 
any one of the p r o b e s B  coast timer is  b e i n g  
load&- T h i s  m y  o n z e  an attempt to 
s i m u l t a n e o u s l y  write d n t o  and read o u t  o f  t h e  
coast t i m e r ,  t h u s  j e o p a r d i z i n g  v a l i d  w r i t e - i n  of 
t h e  d e s i r e d  mas: W e  (Reference:  P c r a g r a p h  
1.5.18). 
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Betis ion 

8 sec 

96  set 

32 sec 

4 8  sec 

I mln 4 sec 

1 m u  3 b  sec 

2 min 8 sec 

3 mih 12 sec 

4 m i n  16 se~c 

8 e i n  32 sec 

17 sin 4 sec 

3 4  g i n  8 sec 

1 hr 8 a h  16 sec 

3.5-3-3 PC3 Encoder O ~ e x a t i ~ .  The PCdEs  a r e  t u r n e d  OH 
and Om by t h r -  discz-ete coarands,  i-em, PCEI 
ENCODBR 1 O Y P 2  OFF (PCB19 or BCIJA9) , P C B  ENCODER 
2 OR/? OP9 (PC829 or PCNB9) and PC! BRCODBBS OBF 
(PCB 1P or BCBBP)  . B h e n  w e  PCB is commanded OH, 
the  other P C B  13 s i m u l t a n e o u s l y  cownanded sPP. 
T h i s  p r e v e n t s  the telemtry d a t a  from h i n g  
s c r a a b l d  by two PmFs n e s p d i n g  t o  t h e  
instructions from "the operating TP. 
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A t  i n i t i a l  spacecraft f u r n o n ,  a T t t l e m t r g  
Processor s h o u l d  be turned 01 b e f o r e  the F C R  
B n c o d e r  is t u n e d  ON, I f  s ~ b s e q u e n t X y ~  t h e  TP 
is t u r n e d  OFF a u d  U.en OW,  or t h e  ? P a s  a m  
s u i t c h e d ,  D I N  08 o a t u s  s b o u l d  be r e - e s t a b l i s h ~ d  
by e i t h e r  a D I E  e o n f  i g u r a t i o n  conmand,  or by 
t n r n i n q  t h e  PCU Encoder OF% a n d  ON a g a i n  t o  
e s t r b l i s h  i n i t i a l  s o n d ~ t a o n s  ( R e f e r e n c e :  
P a r a g r a p h  l . S - l 8 )  . 

3.5.3 - 4  Spacecraft 'Lime C o b  O p e r a t i o n s .  T h e  spacecraft 
time c o d e  c o n s i s t s  o f  a 2 4 - b i t  c ~ d 2  @ C L O K 1 ,  
DCLOKZ a n d  DCLOK3) t h a t  is i n c e r t e d  i n t o  t h e  
f i r s t  t b r e e  8 - b i t  words o f  Subcom A of a l l  t h e  16 
m i n o r  f r a m e  fortrats T h e  time esde h a s  a 
r e s o l u t h o d  of 1 2 5  s i l l i s e c o n d s  and can c o o a t  time 
for 29.27 days- At t h e  b e g i n n i n g  o f  e a c h  e e j o r  
k r a ~ e ,  t h e  time c o d e  i s  updated a n d  f r o z e n  f o r  
t h e  e n t i r e  maj.jr f s a s o .  T h e  m a j o r  frame, a s  I t  
e x l t s  t h e  TP, is d e l a y e d  30.5 m i c r o s e c o n d s  
r e l a t i v e  t o  U n i v e r s a l  tj-ma. The accnrltcy of t h e  
time c o d e  is a f an@.ior  of t h e  50 ppa s t a b i l i t y  
of t h e  TP master oscillator. 

The spacecraft tire c o d e  a l s o  a p p e a r s  i n  t h e  ACS, 
E n g i n e e r i n g  a n d  Command R e a o v  R e a d o u t  f o r m a t s -  
The 8 RSEs of t h e  t i n c  c d e  IDCLOK1) appears i n  
t h e  Command Remorg R e a d o u t  f o r m a t ,  t h e  9 LSBs  
( D C L U K 3 )  a p p e a r  in t h e  ACS format and t h e  15 LSBs 
(DCLORL a n d  DCLOB3) are i n  t h e  Engineering 
f o r m a t .  d r i g i n a l l y ,  them time code e n t r i e s  rere 
i n t e n d e d  Po be  t h e  d y n a m i c  t ime cede t h a t  is 
updated o n  a t e l e m e t r y  u o r d  b a s i s  by t h e  TP, b d t  
throoqb a p r o g r a m i n g  error, t h e s e  tune code 
w o r d s  a r e  the same a s  t h a s e  i n  S o b c o ~  A, 
Therefore ,  it s h o u l d  be r e c o q n i z e d  t h a t  these 
tine c o d e  words 131 t h e  minor frame d o  n o t  p r o v i d e  
a n y  a d d i t i o n a l  time c o d e  i n f o r e a t i o n .  

4 0 9 6  Se o 3 -5 - 3  - 5  . T h e  TP g e n e r a t e s  a 
Sq Q I T t W ~ ~ ~ _ e ~ ~ O d  of 0096  5@~0.86 
t h a t  is used a s  an accurate t i m i n g  r e f e r e n c e  bp 
t h e  command p r o c e s s o r  t o  s t a r t  t h e  comeand  
nerioq, Yhen t h e  S t o r e d  C o m ~ a n d  L o g i c  (SCL)  
w i t h i n  t h e  COHOARD PBOSESSOR i s  commanded i n t o  
t h e  TIMED START mode, t h e  SCL w a i t s  u n t i l  t h e  
naxt o n e - t o - z e r o  t r a n s i t i o n  o f  t h e  9 0 9 6  s e c o n d  
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clock a n d  then starts processing the c o n t e n t s  of 
the command memory - 
The 4096 second c lock  i~ der ived  in the TP fsor 
t h e  24-bit time code t h a t  is i n s e r t e d  into t h e  
first three cords of Subcum A of a l l  t h e  m i n o r  
frame f o r m a t s ,  The 6 e t x n d  USE of DCLOR2 is use6 
as the c l o c k ,  i.9-, the b i t  t h a t  c h a r g e s  s t a t e  
every 2908 seconds. The time code is u p d a t e d  a t  
t h e  b e q i n u i n q  o f  each  m a j o r  f raae .  T h e r e f o r e ,  
the o c c n r L e n c e  of the 40% second c l o c k  can be 
t e s o l - m d  t o  t h e  L i e  o f  o n e  major frame w i t h o u t  
a n y  s p e c i a l  procedures, A t  2048 Bps t h e  
r e s o l u t i c . 2  i s  15 s e c o n d s -  'Po i m p r o v e  t h i s  
r e s o l u t i o n  t o  o n e  m i n o r  frame time, a command c a n  
Be inserted i n t o  t h e  ccmmand meuory t h a t  c h a n g e s  
the s t a t e  or mode o f  a p a r a n e t e r  telemete-d i n  
the mnor frame, By d o i n g  t h i s ,  t h e  r e s o l u t i o n  
ean be i m p r o v e d  t o  2W m L l l i s e c o n d s  a t  2096 b p s .  

There i u e  three errors a s s o c i a t e d  w i t h  t h e  use o f  
t h o  a096 second clock that a r e  i n h e r e n t  i n  t h e  
way t h e  c l o c k  is i a p l e m e n t e d  i n  t h e  TP a n d  u s e d  
by the SCL. The e x r o r s  are t h e  1 2 5  m i l l i s e c o n d  
r e s o l u t i o n  i n  s t a r t i n g  t h e  S C L p  t h e  b i t  r a t e  
d e p n a a n c e  of the clock o u t p u t  in t h a t  t h e  2 4 - b i t  
time w d e  s u p d a t e d  o n  a word b a s i s ,  and the 
s t a b i l i t y  o f  t h e  c o r m a n d  p r o c e s s o r  w h i c h  effects 
t h e  e x e c u t i o n  s f  events when time delays a r e  
prcqrammed in t h e  comnand memory. These errors 
are d i s c u s s e d  in detail in S e c t i o n  3.6.3,2.3,2. 

Cornand R e s p o n s e .  T a b 1 9  3 - 5 - 4  -1 p r e s e n t s  t h e  
command r e s p o n s e s  f o r  the dat.s h a n d l i n g  
subsystem. T h e  t a b l e  lists s v e r y  command that  
d a r e c t l p  affects the s u b s y s t e v  and t h e  t e l e a e t r y  
i n d i c a t i o n  t h a t  v e r i f i e s  t h e  p r o p e r  e x e c u t i o n  o f  
the c u r s l e n d .  T h e  mnemonics  for each of  t h e  
command a n d  telenetry p a r a m e t e r s  a re  also 
i n c l u d e d .  



T e l e m e t r y  
Frocrs f lor  
Control  
(TI'CQI o r  
TPCQA). 
nn -7 xxxx 
(Rlt  Iinte 

.*lrct\ 

71th 

Orhltf  r E n v  (0000) 
RUN Engr  (0001) 
I 3 u ~  Entry  (0010) 
P r r ~ r m m R b l e ( O 0 1 1 )  
ACS (0100) 
C o m m m d  Memory 

Rrndout (0101) 
Plnyback (0110) 
Dab Memory 

R e a d m t  (0111) 
Inunch/Crulee(1000) 

P e r l a p s l s  R (1010) 
Per l i lps le  C (1011) 
P e i l a p s l s  I1 (1100) 
F e r l n p s l s  E (1101, 
Aponpals A (1110) 
Aponpsle I7 (1111) 

Renpansc  - ..-D 

T h r  f o r m a t  s e l e c t  command 
s e l t c b  o n r  of t h e  m l s s l o n  
selcct i ible formnta.  E x c ~ u -  
tlon of t h r  wlcctcd Pormnt 
c h m ~ e  I H  m l n o r  f r n m e  
aynchronourc. 

a bp4 (0000) 
1 C  b p s  (0031 j 
32 bps (0010) 
64 b p s  (0011) 

M m m o n l c  
u .- 

I n k  m a 1  
;\'ord 3 

Interns1 
Word 3 

The blt  r s t c  uclcct  commnnd 
wlwb one of 1 3  mlnslon 
wlc.ctnble b l t  r n t r s .  t.xccu- 
tlon of the . w l c c t d  blt r n t r  

1 2 8  b p s  (0100) 
170-2/3 bps (0101) 
25fi b p ~  (0110) 
341-2/3 hp.q (0111) 
512 hpn (1000) 
682-2/3 b p s  (1001) 
1024 bpa (1010) 
2048 bps (1011) 
4096 bw (1 I n )  
(where  x - don' t  
c n r e  b l h ) .  

TELEMETRY VERIRCATlON 

c h m ~ r  !H m i n o r  frnmc, 
HynchronaIH. 

- 

Indlontlon and/or Remarke 
._.- . - .  I- 

Format :  

Orh l tc r  Englner-rlnd: (3000) 
n u s  E n g l n r r r l n ~  (0001) 
I ~ U H  Ent ry  (0010) 
P r o g r n m m n b l c  (0011) 
ACS (0100) 
Commnnd Memory Rcndout (0101) 
Plnyhnck (0110) 
Dntn h1c.mor-y Readout (0111) 
I.nunch Crulkf  (1000) 
P e r l n p ~ l s  A flool) 
P e r l n p s l ~ ~  B 0 0 1 0 )  
Perl-apsls  C (1011) 
Pcr!npsls n (1100) 
I ' e r l n p ~ I s  E ( i101) 
Aponpals A C l l l o )  
Aponprllfl n (1111) 

Bit Ratc: 

0 bps  (0000) 
1 6  b p ~  ( o w l )  
32 bpq (0010) 
G.1 bps  (0011) 
128 b p s  (0100) 
170-2/3 h p ~  (0101) 
2 5 f  b p ~  (0110) 
341-2/3 hp.1 (0111) 
512 b p ~  (1c430\ 
082-2/3 b p s  ( 1 w 1 )  
1024 hps (11 10) 
204H b p s  (1011) 
4091; b p s  (1 I n )  
whrrcax c-don't cnrc.blts e q u ~ l  lo that whlch wrm cmder 

g g e = g  w o u  



COMMAND 

Proc r s so r  
C ~ I l t d  
fTPCQ1 o r  
T K Q A ) ,  
SI'BC - E/D 
( S u h n r r l e r  
Cmtrol )  

Telemetry 
Proccmsor 
Uont rol 
(TPCQI o r  
T K Q A ) ,  
ronv - E/D; 
b t n  = E/D 

Conlrol 
( T P C Q Z  o r  
TFTQRI ,  
n m  - 0 - 7 ,  
(Program- 
nnble formal 
Dm1 selcrt) 

Subcarr ler  ON,'OFF 
OX: 1 
OFF: 0 

Convolution;ll 
Encoder/Dntn - 
I'ncncnded 1 11 o r  

Encoded: 01  

Dak OFF: 00 

DIM Channel .Selc.ct 
(0 to 31)  (00000 to 

11111)  

The convolutional encoder by- 
paes/encode command by- 
pnsaea o r  encodes the k l r -  
m d r y  dntrc nnd  control^ the 
modulation on the subcarr ler  
p r lo r  to trnnHml~elon. 

Executlon of 111 programmnbl 
mode select comm.uldn n re  
mlnor f r n m r  nynchroncue. 
The DIM and channrl w l e c t  
commands w l r c t  one of right 
telemetry slpxnln to bc 
d w ~ l l e d  on. Any comblnntlon 
of up to elght telemetry wordt 
cnn Iw nelccted. 

'I ELEMETRY 'ERIFIC ATION 

No t r lemct ty  Indlz!ntlon; chrck Ill: c a r r l e r  fo r  
a b ~ e n c e  o r  pr*.ncnw of subcarr tcr .  

No telemetry lndlcaflon; propcr o p r n t t o n  with o r  
wlthout convolutionnl decoder. If dnta h m  been 
cornmnnded OFF, lo s s  of f rnme sync lock occurs. 

Same nr, commnnded code; appcars In RAM play- 
bnrk tn mlnor f r ame  format  word 7. 

Sami, 3 s  commandc-d code; .xppears ln RAM play- 
back In mlnor fr:une format word 7. 



TABLE 3.6.4-1 (Contlnucd) 

Telemetry  
P rocesso r  
Control 
VPCW o r  
TPcQB,. 
RAM"24-31 
(Prqrnm- 
mnhle form& 
RAM 
Addrena) 

Telemetry  
Proceaaor 
Control 

VKe3 o r  
TKW) 
HXXX - D/A 
(Prvgrnm- 
mnbleformnt 
Dldtul o r  
Annlog 
Select). 

COMMAND I TELEMETRY VERIFICATION 

M l o a t l o n  and/or Rema* 
uDIl 

RAM Addre-3s I Addrefiscv for I ' rqrnmmnblr  
I m n t l a n  (24 to 31) words 0 to 7. 

I\nnloe(/DI@d Ihto Thle command q x o l f l e s  
&ether cnch of the 8 

Annlogr 1 
progrnmmnblc arordcl n r c  

DldM: 0 
nnnlog o r  dlgltnl. 

RAM Addrcan 1 Addreas fo r  Annl&Ildtnl 1 

PC31 Encoder 1 ON/ Msorete  command whlch will 
2 OF F. turn PCM Enaodrr 1 ON m d  

F T M  Encoder 2 OFF. 
- 

PCB1 Encoder 2 ON/ Dtscretr  command &dch  4 1 1  
1 OFF turn PCXI Encoder 2 ON nnd 

PCM Encoder 1 OI,-F'. 

No telcmctry Lndlcntlon; vertflcntlon of dab above 
vcrlflee c o r r e c t  nddrcsH locntlon. 

Snrne afi commnndcd m e ;  pppenrs In RAM plny- 
buck In mlnor frnrne word 7. 

N/ A I No telemetry Indlcatlon; vertflcatLan of datn &ow 
i verlflee co r rec t  nddrees locntlon. 

L)IT,?IIS I T M  Encodcr 1 ON/OFFr ON ( I w c  1). 
I DWMBS I'CM Encoder 2 ON/OFF: OFF ( I a g l c  0). 1 
, DPChl2S I T M  Encoder 2 ON/CFF: Oh' (1-c 1) 

II ITMlS M'M Encoder 1 ON/OI.'F: O F F  ( I m c  0 )  

~- 

PCM E n c t d e r ~  OF'F I X s c r r t r  commnnd f i l c h  dl1 N/A Ism of d l  Downlink Telemetry. 
turn boih X M  Emxdcrfi  OFF. 



TELEMETRY VERIFXCATION 

Indlcstlon nnd/or P r r n n d  

Qumtlhtlvr.  command u.wd to 
turn OFF a f n l l d  DIM. In 
norrnnl opcratlon, nl l  IUMrr 
n r c  autumnttcnlly Lurncd Oh' 
two mlnor f r n m e ~  nftcr 
reczlpt of the PC33 Encor f~ r  
Oh' commnnd. 

Dlhl 0 
Dl31 1 
D M  2 
DIM 3 
DIM 5 
111.11 5 
nm 13 
Dm1 7 
Codlngt 

ON: 00 o r  10 

OFF:  01 o r  l l 

S o  Dm1 t c k m r t r y  ~ t a t u n ;  cor rec t  t r lemctry  from 
dl Dl318 In thr ON condltlon. T c l c m ~ * r y  Tmm 
OFF- IIIhls I H  hdetcrmlnnte. 

Dlacret. com-nnnd h l c h  d l 1  
turn Tr l rmc t ry  P r o c e ~ m r  1 
Oh' ;md Tclcmctry P m m m r  
2 OFF. 

I n w r r t c  commmd whlch d l 1  
turn Telrmetry  I ' rocramr 2 
O N  a n 1  Trlcmetry  F r o c r ~ m r  
1 OFF. 

Tr lcmctry  Proceaso, 
1 ON/2 OFF. 

TcIrmrtry  P r o c r s w ~  
2 ON/l OFF. 

T r l ~ m r t t y  Procr.s- 
iorfl OFF.  

mwre t r .  commnnd A l c h  wlll 
turn bath Tr l rme t ry  Proces- 
WrH OFF. 
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FIGURE 3.5.1-3. MUCTIPROBE DATA HANDLIN : SUBSYSTEM REDLINDANCY B L K X  DIAGRAM 



WORD R A m  
S T a R T  SIGNALS 

-TE 
CYCLES 

BIT  RAT€ CK 
THIS E X  - lm4 HI 

W A D  TIME 
I I N T E R N A L I  

O U T P U T n o R O  
U I I Y B E R  
D I N  D A T A  
TRANSACTION 

DS'J 
I W T R D I  

C W T R O L L E R  
ACTIVITY 

C D Y Y A N O  
R k S P J I I Y  

f f ~ E C r k O  BIT  

START OF MINOR F R A U L  

1 
V a R D  U J W T E R  - 01 WORD COUNTE U - XI I WORD COUNT€ H - 0 I bUIRD COVNTE4 - 1 

I W H l l  R F T R I C V F n  DURING I,? 1 w n u  f l l  r f l l l  vl  o  D u n l N G  63 1 W U C 1  HLTHICVFD D U R I M .  0 

/ INDICATES D A T A  THANhbt  R t  -1 TO 
I N T C R N A L  OUTPUT n r  G I ~ T E  A 

N O T F  M O R L  T I M I N O  l N F O R Y A T l O N  I S  C O N -  A l N L D  I N  
R L F L R t N C t ~  1.3.m a !.b.ZQ. 

F i g u r e  3. 5. 2 .  3- 1. Telc 'netry P rocesso r  Timing 



Time 

01u W A N N E  
SELECT SELECT 

I I 
1 I DIM CHANNEL 
I I A D D R E S S  
I I - 

PCM ENC. 1 0  S E L C C T E D  
DIM 
J2.laa Ibpl El &I I I - I I 

3052 p 5 ~ c ?  o 1% + p MU CHANNEL ' I ' 

4 p U E C U A X  I 
CURAENT 
OUTPUT FROM 41 
PCM ENC-TO DIM 

I 

P C Y O A T A  T O  TEL C M E T R V  1 2 3 4 1 ) 6 7 8  
P R O C E S M R  
32.7- k-. NRZ - 30 62 I S E C  r 0 1% 

Figure  3 . 5 . 2 . 3 - 2 .  PCM Encoder Timing  Diagram 



MUTES: (11 REAO ENVELOPE P A L L  TIM€! 9HALL 3JOT EXCEED I rUEC 
FOR T H E  4 p SEC T O L E A a r . C E  CONDITION 

Figure 3.5.2 .3-3.  DXM Serial  D i g i ? a l  T h i n g  Diagram 



FIGURE 3.63.1.1-I. PROGRAlYlilABLE FORMAT MRONE MINOR FRAME 



FIGURE 3.5.3,l.l-2. EXAMPLE OF PROGRAMMABLE FORMAT FOR 
ONE MINOR FRAME 
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3.6-1 1, fha command uabsystem 
contains  a U  t h e  camand processing c a p a b i l i t y  on 
the sp.cecmft- Tho s a b s y s t e r  pmrid.s  t h e  
c a p a b i l i t l  to  d u n d e ,  process and d i s t r i b u t e  
g m n d  c o r u n d m  t o  spacecraft subsys t ems  and 
s c i o a t i f i c  116trmentu a 0  mL1 a8 a t o r e  commands 
f o r  l a t e r  execution, F i r i n g  p u l s e s  u e  alro 
prov ided  foz: p y r o t e c h n i c  dericea- Cormando may 
b either bi8crrte or  y o u t i t a t i t e ,  A f u n c t i o n a l  
block diagram of tlro sobsystem is prmentmd in 
Figure 3-6.1-1 (Appendi. C) , 

The subsystem aossbts of two (2) r edundan t  
Conand Processom ( C O B ) ,  -ten (7) Q u a n d  
Output nodolcm (008s) and two (2) P y r o t e c h n i c  
C o n t r o l  U n i t  (PC&) - On the spacecraft qmiprest 
shelf, these u n i t r  are a r r u r g d  as ohom i n  
Figure 3.6.1-2, The two (2) CPs a re  connected t o  
the t x m e a t f a l  bas and a r e  30t capable  of being 
commanded off - A 1 1  sewon (7) COlIr waive 
mcondary pomr f r a  each  CP- The associated 291 
is pover s t r o b e d  on  p r i o r  to t h e  i s s u a n c e  of 9 
c o n a n d  o u t p u t -  After the cormand 16 issued. t h e  
COE t u n s  itself oSf, The PCU xmceives  c o n t r o l  
p o w r  f rom t h e  eaaent ia l  brs and squib d r i v e r  
power f ma a  l o v e r  v o l t a g e  t a p  from the 
s p a c e c r a f t  b r t t e r i e m  to minimize e s s m t i a l  bas 
voltage d r o p s  d ~ r i n g  pyrotechnic  device f i r i n g s ,  
F i g u r e  3-6-1-3 shovs the major c r o s s - s t r a p p i n g  
between the a l o m o n t s  of the w b a l s t e m m  

Rea-time groul td -genara ted  commands are 
t r a n a m i t t d  v i a  the BP u p l i n k  t o  t h e  s p a c e c r a f t  
r e o e i v e r s -  Each receiwr is connec t ed  t o  a 
s i n g l e  CP, i - em,  t h e r e  i a  n o  c r o s s - s t r a p p i n g .  P 
specific reee iveS/CP combin r t i on  is  selected by 
tbansrlittirg the PI c a r r i e r  i r e q ~ e n c p  a s s o c i a t e d  
w i t h  the r e c e i v e r  in the desired p a i r -  On e i t h e r  
t h e  RoJtiproLm epacacraft or O r b i t e r  s p a c e c r a f t ,  
there is a unique RP carrier f p q a e x y  asaigned 
to each r e c e i v e r -  The u p l i n k  f o n a t  i a  
RCBfFSlt/PI a d  the cormand subcarrier o u t p u t  t o  
the CP in RCCI/?SC, The tone fnsquency  for a 
logic 'Im iB 250 HI and for a logic Wm is 100 
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S e c t i o n  lo, 2 1  

ne, and t h m  c o u a n d  hit rate iB 4 bits per 
secod- 

The u p l i n k  command format is 48 bit8 l o n g  and is 
detailed i n  the lorsr portion of F i g o r e  3,6,1-1, 
This format prwidm tbe capability to  a i l d r e s s  
either the Ilultiprobe ~ p a c m f t  or O r b i t e r  
s p a c e c r a Z t ,  to addmass either CP, Po p-eeu 
seal--me auands or stor-e c o u a n d s  in 
memory for later - e t e 6 t i o n ,  to  store t i s o  a e l a y e  
in memory and to d i s t r i b u t e  two types of couands 
to  s p a c e c r a f t  users, n a n e l y  discrete and 
quantitative comunds. A Ue-bit preaeble  of 
al ternat ing l o g i c  nlm and logic 'Om tones (250 Ez 
and 100 Bz reapsctire~p) is required o n c e  prior 
to sending a s i n g l e  command or m u l t i p l e  
c o r t f g ~ o ~ s  canad8 to t h e  spacecraft, 

The two B s  u e  croso-strappod such that the 
optput  of the P S I  d e m d o h t o r  portion of each CP 
can be processed by either CP, B y  w i n g  the 
a d d r e s s  bit in tbe upl l?k  o o u a n d  format ,  either 
CP c a n  h mlected t o  p r o c e s s  tha transmitted 
uplink commrM, The PSI demodulator verifies t h e  

\ 
13 b i t  sync coda prior to  sending  the t r a n s m i t t e d  
c o n a n d  to t h e  central command prccsssing p o r t i o n  
( P i g a r e  3.6-1--3) af t h e  real-time processor of 
either CP, In the cantr8.l portion, the 
a p n c e c r a f t  addrans,  the CP addrass  and the p l y  
code are  v e r i f i e d  before t h e  command i s  routed to  
the, addtesssd Q)ZL or to the comaand memory- The 
wlycode is  used t o  deteut errors i n  t h e  28 
i n f o r m a t i o n  bits (Ira-, b i t s  13 thronqh 40) of 
the conmaad format, 

The subsystem c o n t a i n 3  two command memories (one 
in each CP), each  ol' u h k b  can stom 12b e n t r i e s -  
Each entry, which can be a discmte or 
quantitative command or a time delay, fs 24 b i t s  
long and iE c o n t a i n e d  in b i t  locations :7 through 
40 of the comaad form&t, Once t h e  command 
seqmonce ia loaded i n t o  remory, t h e  m q u e n c e  can 
be e r e c u t o d  by sead ing  a  r e a l - t i n e  s t a r t  command, 
closure of the epawcrait  separation s w i t c h  or by 
me of t h e  9096 seamd clock from the Telemetry 
Processor- n o  oO96 ~ e c o n d  clock is used a s  an 
a m r a t e  tim reference to s t a r t  t h e  m e m x y  a t  8 
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l a t a r  t h e .  T h e  d e l a y s  from 125 m i l l i s e c o n d  to 
291 hour s  c a n  be load& i n t o  each s l o t  o f  the 
command memory, The command r e s o l u t i o n  a n d  time 
d e l a y  r e s o l u t i o n  f o r  t h e  memory is 825 
mil l isecondsI  ComraPds issued from t h e  memory 
are e x e c u t e d  w i t h i n  125 r i a o s e c o n d s ,  n o t  
i n c l u d i n g  delays s u c h  a s  m e c h a n i c a l  r e l a y  
r e s p o n s e  t i ~ e ,  f i l i n g  i n  &he CP p e r m i t e  n e a r l y  
<=oncmxrent processing of commands from t h e  meaory 
and BP u p l i n k m  RF u p l i a k  commands t o  o n e  CP a n d  
memory corrands from the o t h e r  Q? n u t  not 
a d d r e s s  t h e  sane COH w i t h i n  62-5  m i l l i s e c o n d s  t o  
a v o i d  l o s s  of both c o a n a n d s .  

The CP r o u t e s  all colaeaab t~ the i n d i v i d u a l  COBS 
f o r  d i s t r i b u t i ~ a  t o  the users, Each COB c a n  
s u p p l y  b4 discrote s o m a a n d s  a n d  4 q u a a t b t a t i v e  
commands. D i f  desent subsystem and s c i e n t i f i c  
i n s t r u m e n t  uaers are a s s i g n e d  t o  t h e  s e v e n  ( 7 )  
COBS-  P h o s t  a l l  ce~mmaads are r e d u n d a n t ,  SO t h e  
prinarp a r n a a d  is smt t o  o n e  C 0 8  and the 
r e d u n d a n t  ( o r  r h c f - ~ 3 )  command t o  a d i f f e r e n t  
COB. 

The s u b s p s t e ~  &so g r o o i d e e  the f i r i n g  p u l s e s  f o r  
a l l  p y r o t e c h n i c  d e v i c e s  on t h e  spacscraft t h r o u g h  
two PCU8, Bach X U  receivss t h e  s t a n d a r d  
discrete cmmand o u t p u t  from t h e  C O H s  a n d  c u r r e n t  
a m p l i f i e s  these p u l s e s  t o  the l e v e l  r e q u i r e d  t o  
a c t u a t e  the p y m  d e v i c e ,  Each PCU coirtabs six 
(6) s q u i b  e i v e r s  e a c h  o f  which can p r o v i d e  a 
minimm of 5 amps f i r i n g  c u r r e n t  t o  three (3) 
squibs- Each X U  h d i v i d e d  i n t o  t w d  e q u a l  
r e d u n d a n t  h a l v e s  s o  M a t  p y r o t e c h n i c  d e v i c e s  w i t h  
r e d u n d a n t  squibs caa b e  timed s i ~ t i l t a n e o a s l g  - 

3 - 6 - 2 - 1  -and R-, fie CP is the main e l e m e n t  i n  
t h e  cemmand s u b s p s 0 s m .  t h e  CP r e c e i v e s  a RCE/PSS 
subcarrier f r o m  tbe t r a n s p a n d e r  i n  t h e  
c o u u n i c a t i o n s  subsystem and  relay6 c o n t r o l  
a i g n a b  t o  t h e  C W e  t o  p r o v i d e  b o t h  d i s c r e t e  a n d  
q u a n t i t a t i v e  coclmads t o  s o b p s t e m  and  s c i m t i f  i c  
i n s t m a e n t  users, A s h i f t  register memory is 
p r o v i d e d  in the CP which ho lds  a maximum of 128 



e n t r i e s  80 t h a t  oommrnds and t i n e  d e l a y s  can ba 
stored and t h e n  executed a t  a later time. 

When e s s e n t i a l  b ~ s  power  is a p p l i e d  t o  t h e  CP 
i n i t i a l l y ,  the u n i t  w i l l  t u r n ~ ) n  w i t h o u t  
g e n e r a t i n g  any s p u r i o u s  oolaaeds, 1O takes Pson  
0 to  60 s a c o n d s  f o r  the 8 t o  bacose o p e r a t i o n a l  
a f t e r  t h e  e s s e n t i a l  bus pouer is a p p l i e d ,  due t o  
the c y c l i c  fuse in t h e  CP (Refer to S e c t i o n  
6 . 2  - P h e n  power is a p p l i e d  t o  the CP, the 
SCL renains OPP u n t i l  commanded 08; receioor 
r e v e r s e  l o g i c  c o n f i g u r a t i o n  w i l l  be  random, 

The %&)or r 'unctlmal components of the CP, as 
shown i n  P i g u r e  3-6-2-1-1,  am the PSK 
d e s o d a l a b r ,  stored cnmnand l o g i c ,  receiver 
reverso logic, real t i m e  p r o c e s s o r ,  te lemetry  
l o g i c ,  output  c o n t r o l  l o g i c  and power s u p p l y -  Xn 
the f o l l o w i n g  sections, taesa c o m p o n e n t s  a re  
described. 

3 -6.2 -1,1 FSR p p ~ ~ d ~ ; l a t o g  The PSK d a r o d u l a t o r  p m v k d e s  
t h e  interface with t h e  coanun ica t i en  s u b s y s t o a  
for u p l i n k  real-time command process ing -  Each CP 
contams a s i n g l e  PSK demodula tor  t h a t  is 
connected by a three w k e  interface t o  a s i n g l e  
t z a n s p n d a r ;  them is cs c r o s s - s t r a p p h n g  b e t w e n  
transponders and d e a c x i u l a t o r s .  T h e  PS R 
d e n o d d a t o r  i~ selected by frequency~elect ian of 
the spacecraft transponder connected t o  it- 
Either of the two mdundant CPs c a n  be selected 
for  processing t 5 0  o u t p u t  of  e i t h e r  of t h e  
m d n n d a n t  PSK demodolabors by u s e  of the address 
b i t  i n  t h e  uplink mmmand format; i-e, ,  there is  
c r o s s - s t r a p p i a g  between t h e  PSK d e m o d u l a t o r s  a n d  
the c e n t r a l  comnand processing portions of the 
real-time processor of euch CP. The c e n t r a l  
p o r t i o n  of t h e  C P  p r o v i d e d  p o r e r  f r o m  t h e  
e s s e ~ t i a l  h s  and a 1024 Bt t i n i n 9  s i g n a l  t o  the 
?SK deuodula t o r ,  

The i n p u t  R R  abmand mbcurier is c o n v e r t e d  t o  
a r e t u r n - o - z e m  (82)  da5a o u t p u t ,  a Bib tiring 
clock a n d  a sync code v e r i f i c a t i o n  p u l s e ,  Ybese 
three s i g n a l s  a r e  wed in ternaLly  in t h e  CP and 
ase a l s o  c t o a s - s b r a p p e d  to  the redundant CP. The  
PSK comoand subcarrier cmsbte of mne 
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frequeaciers 0% 100 Bo and 250 82,  r e p r o ~ e n t i n g  
logic item and l o g i c  o n e  d a t a  r e s p e c t i v e l y .  The  
h i t  rate of t h e  PSA i n p u t  zLs U bits per second. 
The d e m o d u l a t o r  alm r e c e i v e s  a transpondsr in- 
l o c k  s i g n a l  f rom the t r a n s p o n d e r  t h a t  indicates 
when t h e  t r a m p o r d e r  is p h a s e - l o c k e d  t o  an u p l i n k  
carrier- It thie signal in a l o g i c  zero (i-e., 
n o  carrier) t h e  B e n o d u l a t o r  is i n h i b f  eed from 
detecting the uplink sync p a t t e r n s  a n d  
c o n s e q o e n t  lp, the s y n c  code v e r i f  i c e t i o n  p u l s e  
o u t p f i t  t o  the CCs will be a logic  zero. The sync 
code v e r i f i c a t i o n  o u t p u t  p r o v i d e s  a pulse t o  b o t h  
CPs a f t e r  a v a l i d  13-bit s y n c  code b a s  been  
detected, 

A s  s h o r n  i n  the f u n c t i o n a l  block d i a g r a m  i n  
Figure  3.6.1-1, the PSR s u b c a r r i e r  s i g n a l  is 
first a p p l i e d  t o  a n  i n p u t  a m p l u i e r  staga. T h e  
a m p l i f i e r  d r a v e s  3 bandpass fi l ters,  o n e  t a n e d  to 
the l o g x  zero subcarr ier  t o n e ,  a second tuned t o  
t h e  logic o n e  tiubcarrier t o n e ,  and  t h e  t k i r d  
tnnevi t o  t h e  I400 iix noise r e f e r e n c e ,  t h e  o u t p u t  
of each f i l t e r  i s  r e c t i f i e d  through a p r e c i s i o n  
h a l f  -uave r e c t i f i e r  t h a t  gives both s n e g a t i v e  
and  positive o ~ t p u t .  The p o s i h v e  output  
associated with the m l m  filter is sum& with t h e  
n e q a * d v e  outpna a s s o c i a t e d  ~ i t h  t h e  W m  f i l t e r  i n  
a c o n v e n t i o n a l  amglifher s u n i n g  s t a g e .  Prom 
here, t b e  o u t p u t  o f  t h e  a m p l i f i e r  is fed to  a low 
pass f i l t e r  thaQ d r i v e n  a h a r d  l b i t e r  which  
c o n v e r t s  t h e  p o s i t i v e  a n d  n e g a t i v e  m l t a r g e s  i n t o  
'PZL l e v e l s -  The resulting l i ~ i t e r  o o t p u t  is 
sampled and t e m p o r a r i l y  h e l d  i n  a f l i p - f l o p  
b e f o r e  baing c l o c k a d  o u t  t o  t h e  real-time 
processor by the bit s y n c h r o n i z e r m  

The  n e g a t i v e  o u t p u t s  o f  both t h e  .Im a n d  P O m  
fUtes/rect.ifiens a m  s e n t  t o  t h e  FSK demodulator 
squelch c i r c u i t  along w i t h  t h e  a t p u t  of t h e  
n o i s e  f a t a r ,  T h e  s g o d c b  is a c o m p a r i s o n  
c i r c u i t  t h a t  cwpams the e n e r g y  i n  t h e  noise 
f i l t e r  bandwidth t o  the W Q a l  energy i n  the two  
t o n e  f i l te r  b a n d w i d t h s  i n  order t o  d e t e r n i n e  
w h e t h e r  a s u h c a r r i e r  is p r e s e n t  or  n o t .  The  
n o i s e  f i l t e r  i9 an a c t i v e  two-pole f i l t e r  v i t h  a 
a e n t e r  f r e q a a ~ c y  of 1000 Hz. Since t h e  noise 
i n p u t  t o  t h e  tczrre f i l t e r s  is a  f u n c t i o n  of t h e  
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i n p u t  s i yna l  etrenqth ta the t r a n s p o n d e r ,  t h e  
o a t p u t  of the noise f i l ter  is u s e d  a s  t h e  
reference t o  d e t e r m i n e  i f  a s ignal  irr pmseat o r  
n o t -  'Ph i s  m e c R - , u z a t i o n  LA c a l l e d  a v a r i a b l e  
threshold qrmPcPI, Tbe o o t p n t  of t h e  n o b e  
f i l ter  is wet t o  mctifier and integrator 
circuits bdose bezag compared  w i t h  the 
integrated o u t p u t  of t h e  tone f i l t e r s .  T h e  
comparator c ircui t  p r o v i d e s  an e n a b l e  signal t o  
t h e  biQ s y n c h r o n i z e r  when a s i g n a l  is present and 
i n h l b i t e  the b i t  s y n c h r o n i z e r  when there is n o  
s~bcarr ix  i ~ p ~ t m  The status oP t h e  s q u e l c h  
s t a t e  f s p m r i b d  i n  telenetq by CDIDlS f o r  CP1, 
and CWDZS Cor CP2 ( A  l o g i c  .Im i n d i c a t e s  t h e  
C e m o d  is unsqoelchesi, a n d  a l o g i c  F n d i c a t e s  
t h a t  t h e  d e a d  i s  s q u e l c h e d )  - The perforran- of 
the squelch circuit  is a function of u p l i n k  
r e c e i v e d  signal strength. Pot an i n p u t  level o f  
-110 dBm o r  g r e a t e r ,  t h e  PSA d e m o d u l a t o r  u i l l  
r e m a i n  n u n a q a e l c h e d D  i n d e f i n i t e l y  i n  t h e  a-ce 
of a sobarrrier-  However,  f o r  lower signal 
strengths the P S E  demdulator w i l l  when 
the mbcarrier i s  removed ( i -em,  t h e  uplink 
command is completed) a s  a franctfoa of  s i g n a l  
level ,  T h e  characteristic of t h e  s q u e l c h  c i r c u i t  
Fs given i n  P i g u m  3,61211-1-1- 

The c l o c k  that  i s  used t o  o u t p u t  tbe d a t a  from 
t h e  PSg d e m o d u l a t o r  b generated by t h e  b i t  
s y n c h r o n i a e r .  The b i t  synchronizer receives a 
1024 Ha sqaare wave from t h e  output c o n t r o l  l o g i c  
aad  d ~ w i d e s  it to a 4-bit p e r  second v a r i a b l e  
p h a s e  clock- T h e  p h a s e  of t h a  clock is set 
d u r i n g  the a c q o i s i t i o n  t i r e .  Pt t h e  b e g i n n i n g  o f  
a c o r ~ a n d  s e q a e n o e ,  a preamhle of 48 bits of 
a l t o m a t i n g  logic ones and zeros must be 
t r a n s m i t t e d -  A f t e r  s q u e l c h  La r e l e a s e d ,  t h e  
f i r s t  zero-o-ne d i l a  transition from t h e  hard 
l i m i t e r  resets t b e  bit syncbranizer t o  a phase 
which  r i l l  cause tk d a t a  f l i p - f l o p  to be c l o c k e d  
a t  t h e  o p t i a n a  sarcglo t i=-  T h e  p h a s e  of t h e  
clock is a u t o m a t i c a l l y  a d j u s t e d  in e i t h e r  
d i r e c t i o n  t o  an  accoracy o f  o e e - s i x t e e n t b  of a 
bit time a s  requi red b y  the incoming d a t a -  A f t e r  
i n i t i a l  r e w t t i n g  of the b i t  s y n c h r t m i i z e r ,  the 
positions of the transitions in i ncowing  d a u  
w i t h  reapect to the phme of the cl& are 



c o n s t a n t l y  mooitoredm A s  l o n g  a s  t h e  t r a n s i t h o ~ s  
fall w i t h i n  e given t i r e  mwio80v., t h e  t i m i n g  
uiLl remain aechagped. If a d a t a  t r a n s i t i o n  
occurs b e f o s e  or  a f t s t  t h e  window, tke clock 
phase w i l l  b e  s h i f t e d  by o n e - s i x t e e n t h  o f  rr b i t  
time In the a p p r o p r i a t e  d i r e c t i o n  t o  m a i n t a i n  
o p t h u n  bit t i a i n g ,  T h i s  praces s  u i l l  c o n t i n u e  
fo r  ?..be dumOlcm of a couand 6eqnenc.e-  

3-6.2 -1 -2 &eel T$.m Pr9~easo~- The PSI d e m o d u l a t o r  
transmum RZ data, a  9 Rz clock a n d  the s y n c  c o d e  
v e r i ~ i c a t i c m  p u l s e  t o  the k a l  T i m e  Processor 
( B T P ) .  Thee  signals are received br the BTPs o f  
batb CPs, b u t  o n l y  the CP that detects t h e  
a p p r o p r i a t e  addzess b i t s  p r o c s e s s  the data from 
the a c t i v e  PSK h a o d d a t o r -  

Before the BTP w i l l  begin p r o c e s s i n g  t h e  i n c o e i n g  
upl ink  cornmod, ( e i t h e r  a real time wmPand or  n 
command intended t o  be stored f o r  l a t e r  
e x e c u t i o n )  the sync code v e r i f i c a t i o n  p u l s e  m u s t  
be r e c e i v e d  f r a  a n  a c t i v e  PSt  d e m o d u l a t o r ,  
After the ~ Q C  code verification p u l m  i s  
detected, the i n w r i n g  conmind is s i m u l t a n ~ u s l ~  
l o a d e d  Fnto a shift r e g i s t e r ,  fed t o  t h e  address 
check l q f c  and f e d  t o  t h e  p o l p n o m i p a l  code c h e c k  
l o g i c .  Prom the u p l i n k  oomrand f o r n a t  g i v e n  in 
P i g u r e  3-6.1-1, it can b e  o b s e r v e d  t h a t  b i t s  1 3 ,  
14 and 15 c o a t a i n  tbe spacecraft and CP address 
i n f o r m a t i o n ,  We E2P prfomrj two t ~ d d r e s s  checks 
on t h e s e  three bita. Lf t h e  titst eddreao check 
detects a n  error, the i n p u t  control  logic .b 
reset can-l the wxt s y n c  code rerificatlon pu1:ie 
is received. A t  this check, thore is  no 
teleaetrg i n d i c a t i o n  t h a t  the command ves n o t  
a c c e p t e d ,  The secorrd ad-ss cbck is perforreci 
WBW the 1-b b i t  ( i - e m ,  bit 47)  o f  the c o m a 8  
16 loaded i n t o  t38 s h i f t  register, A t  this h i r e ,  
the poljmmial code c h e c k  io a l s o  c o r p l e t e d m  
Once tbd sU%t r q i s t e r  l o a d d ,  t h e  p o l p n o m i n l  
code shesir aad tm eddmssl  c h e c k  a ta te8  a r e  
esmiaed, S f  ao errore are foaod, and the 
amman8 b t o  be r o u t e d  t o  a COB, a p r o c e s e h g  
p o b e  is s a t  oo the o a b p o t  c o n t r o l  logic. If 
the command FB t o  be rotated for  s t o r a g a ,  the 
somaad la roatetd d i r e c t l y  t o  t h e  SCL, I d  e i t h e r  
tbe p o l y n o d a l  code or sgcond address  check i~ 



E a b e ,  ;r reject b i t  (logic '19 ia s e n t  t o  
t e l e m e t r y  (i.em, CBEJXS, oham X = 1 for CP1 and 
x a f 6 ~  CPZ]. Tbe reject b i t  does not p r e v e n t  
the proc-siq of s u b s e q o e n t  c o m a n d s ,  and it c a n  
be reset by  t h e  c=P C'OlYPI6DBE q u a n t i t a t i v e  C O l l a n d  
(CPCQF f o r  CP1, or CFCQ2 for CF2) When a l l  
checks am s a t i s f a c t o r y ,  a ccunter i n  t b e  
telemetry l o g i c  is i n r r e 8 e n r e d  b y  on0 and the 
c u r r e n t  count ia p r o v i d e d  a s  t e l e f i e t r y  output 
CCBDXC, where X mas d e f i ~ ~ d  p r e r i o a s l p  

T h e  t i m i n g  in t b e  CP is d e s i g n e d  t o  a c c o m o d a t e  
real time and  stored c o n r a n d  executions nearly 
s i u u l t a n e o u s l y ,  T h e  main dock g e n a m t s s  8 Bz 
( i . 9 0 ,  62.5 rsec h a l E  period) t h e  slots t h a t  are 
assigned a l t e r n a t e l y  to red time and s t o r e d  
command p r o c e s s i n g .  B i t  16 ic, t h e  u p l i n k  command 
foxmat is used to determine whether t h e  o u t p u t  is 
t o  g o  t o  t h e  o u t p u t  c o n t r o l  ~ Q ~ I C  o r  stored 
command l o g i c -  If t h e  data are t r a n s f e r r e d  s o  
the o u t p u t  c o n t r o l  logic section, t h e  BTP adds  a 
m r s d u m l a a t  code ch=km B i t  to the o u t g o i n g  word 
t o  i n d i c a t e  w h e t h e r  the i n f o r m a t i o n  is w e l i d  o r  
invalid, i .e,,  t o  i n d i c a t e  t h a t  the d a t a  b i t s  
here  n o t  picked ap an error i n  transmiss ioa ,  Tho 
o u t p u t  conk01 logic r e s p o n d s  a t  t h e  proper time 
t o  t h s  pnocoseing pulse frw t h e  BTP by sending 
bark to the OTP a h i g h  speed o u t p u t  clock p u l s e  
(generated A D  the ou tpu t ;  c o n t r o l  l o g i c  f o r  t b e  
purpose of t r a a s t e r r i n g  i n  d a t a )  t o  B t a r t  t h e  
ou tpo t  y r o o e s a  a t  the start of the nazt r e a l a i n e  
t i o o  slot. 

3 .6.a.lm3 $toxed C~pmgpd Loqic- T h e  Stored Conrand  Logic 
(SU) c o n s b t e  o f  t h e  c o w m i  menorp, menoq 

c o n t r o l  l o g i c  ,and c ~ n f i g o r a t i o n  control loqic. 
The SCL p r o r i d e a  the capability f o r  s p a c e c r a i t  
control  s h a u  real-+Lime commznde t h r o u g h  t h e  BI 
u p l i n k  am n o t  a r a i l a b l e .  Any command t h a t  c a n  
be ex txu ta t?  from OBsa g r o u n d  i n  z e a l - U s e  can b e  
stosed i n  t h e  c o l e a n d  mmry and g x e c u t e d  under 
c o n t r o l  of t h o  3CL. A 1 1  s t o r ed  comaand s n a m o t i i c s  
carry, as B s i x t h  ~ ~ l p h a n m e r x c ,  t h e  letter 'Am 
for  CP1, o r  t h e  letter 'Be for C P 2 .  Seqaeaces o f  
co rmandc  u i t h  p r e d e t s r ~ i n e d  tima d e l a f s  can LEI 
executed by  p r o g r a u i n g  a e  command meory u i t h  
L o t h  conmud d a t a  and  time dolay information,  
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The marnand m r o q  is a 3072 b i t  s h i f t  r e g i s a r  
organized i4s 128 wards (each word a c c ~ n m n d  or  c 
time delay) at 24 b i t s  each (imeP, b i t s  17 
tbmugh 40 of the uplink command f o r p a t ]  , Bit 16 
of the a p l h k  a m a n d  format i f 3  used to &elect 
the command aemsp and bit 17 specUFss w h e t h e r  a 
ccamnand or time &lap (CRfiQl for CPI;  C5TQ2 for 
CP2 for  a t h e  d e l a y  comresnd) is be ing  
t s a a s e i t t e d  t o  the  comsasrd memory. The t i a e  c o d e  
contained m the delay  b o d  is 23 bit l o n g s  
and is decremnCed a t  an 8 Hz r a t e  (P-e,, in 125 
m i l l i s e c o n d  +..!creaeats) a a t U  aem is reached, a t  
which t h e  ths n a x t  2 4  b i t s  a r e  read f r o n  the  
n s o r y .  Each thm d e l a y  word can Be coded t o  
provide ti= d e l a y s  fron 125 ~ F h l i a e c o n b  to 291 
hours  with a r e s o l o t i o n  of 125 a i l l i s e o o n d s -  
Tim d e l a y  words can be  programed consec \ cu t ive ly  
in uewhy.  S i x e  the alternat ing real-tine and 
storeid comcand p s o a e s s i n g  s l o k s  a r e  62.5 
milliseconds in l e n g t h ,  t h e  saxhum mate a t  which 
words 4 c o ~ ~ a n - d ~  or t h e  delays) can be ezreceted 
frcm the coomnd mesory is o m  per 125 
e i l h h c m d s ,  

The  SCL provides several othur f u n c t i o n s  i n  
add i t ion  t o  the  execution of s t o r e d  c o m a n d s  a ~ d  
t i n e  d e l a y s ,  T h e s e  are load,  v e r i r i a f A o n  and  
manand wmrp o p e r a t i o n a l  f anc t ionn .  Sec t ion  
3-6-3.2 descsxbes  Qbe opera t ion  of t h e  SCL and  
the SCL s t a t e  d i a g ~ a m .  

The SCL in each Ci? i s  designed s o  t h a t  a f a i l a m  
of o n e  SCL u i l l  not interfere with the o p e r a t i o n  
of tbe otAer S U ,  An SCL OPP d i s c r e t e  command 
(HBR1j3 fox SCL I a d  ISMU f o r  SCL 2) is p r o v i d e d  
t o  0- ~ f f  the SCL ia case of a failure of t h e  
conf igura t ion  c o n t m l  logic- 

3.6 -2-1.4 u u t  Con-. tbs O u t p u t  C o n t r o l  Logic 
mceives i n p u t s  d r a i  the r e a l - t i n e  processor aud 
SeL, To sart the output process, t h e  SCL or 
seal*i.e procamor trussits an e n a b l e  flag t o  
t h e  oatput control logic to i n d i c a t e  t h a t  it 
dtaprw3 to be semiced , A t  the b g i R n i n g  of t h e  
proper Bine s l o t  ( i-e. ,  mal-ti= for the r e a l -  
time pmcerpsot ur stored for S C L ) ,  a s i g n a l  is 
s e n t  &or the input select logic in the ootynt 



tamezal to the output. ;Pt regiater of Obe real- 
time prucssor or SCE, The O o t p e t  Shift Register 
( W R )  in tb o a t p u t  cont,ml l o g h e  sands a c l o c k  
to k h e  real-tim preosssar or SCL tc. a l l o w  t h e  
f n k o r m a t i o n  to  be b a d 4  in the output s h . i . f t  
register. Tka o u t p t  control l - ic  yenerates the 
real-time an3 s t o r e d  cormand p r o c e a s i n y  time 
a l o t s  for  the CS. 

BBea the COll a d d r e s s  p o r t i o n  of ? h e  cord is 
l ~ d d  i n t o  the O S B ,  i t  is sent t o  the o u t g e t  
d ~ o d e r  to d e t e r n i n e  which C'OB ts to receive  t h e  
i n f o r m i h i o ~ ,  Once the CCH is s e l a c t d ,  a 2 
m i l l i s e c o s d  introdrrctiolr p u l s e  is s e n t  Po t h e  
C.WD During t h e  i n t r o d u c t i o n ,  t h e  i n p u t  vord is 
loaded i n t o  t h e  OSB.  ??he c h e c k  b ~ t  at  t h e  a d  of 
the input word is then e a e p l d  to determine i d  
the cosrand data b i t s  are v a l i d ,  l f  t h e  check 
b i t  is false, the o u t p u t  grocers is terminated. 

T h e  c o n t r o l  b i t  cmnkained in hbe u p l i n k  f o r m a t  
t h a t  s p e c i f i e s  vhether rha conaand d~ d ~ s c r e t e  or 
quant ieae i re  is h e n  i n t e r r o g a t e d .  when this is 
complete, the l o g i c  ij; set w i t h i n  t h e  6SB t o  
sh i f t  out r e f o r m a t t e d  data t o  t h e  E a n c h e s t e r  
e n c o d e r .  T h e s e  d a t a  then g o  to  t h e  o u t p u t  
decoder  s t a g e  where i t  i s  routed t o  the selected 
COB o u t p u t  buffe.:, 

3.6-2.1.5 w ~ r  BeKer;sa h-, The Receiver Bevarse 
l o g i c  (BBL) u; u m d  to automsticelly s w i t c h  the 
antenna c o n n ~ ~ o n a  to  t h e  spamcreft receivers 
and s e l e c t  t h e  o m 1  antenna n o r s i n a l l y  every 36 -4 
hours t % V  sec. T h s  is n e c a s s a r g  to maintain 
c o n t r o l  of She spaacrrrft i n  the case of a 
recaives f a i l u r e  when c o m u n i c & t i o n  to t h e  
spacecraft  is rhrooph an a n t e n n a  c o n n e c t e d  to  t h e  
f a i l e d  r e c e i v e r .  Yhe status of the time code 
s t o r e d  i n  t h e  BBL Oimr is g i v e n  i n  9.1  hour  (t4 
mc.) L a c r e a e n t s  by t u o  b i t s ,  bits B and 7, of CP 
status word I ,  which is telemetry o u t p u t  B B E B X C ,  
where X was ?reriously dt&ined-  

Tbe BBL accepts an intarnal 4 Hz clock and counts 
2,. -asr~ods ( P - e . ,  3 6 . 9  hours )  before executing 
the r e c e i v e r  reverm f a u c t i o n s .  T h e  timer is 
mset when power i s  app l i ed  to t h e  CP and 
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w h e n e v e r  a v a l i d  camand is r e c e i v e d  by eitber 
CP, Dndea norm1 c o n d i t i o n s ,  there is n o  way t o  
defeat the 0peral;lon of the timer. When t h e  
timer r u n s  out, two pulses v i l l  aiwaps be 
g e n s r a t e d ,  oae t o  select the omi and one to 
sswem the positam of the RP witch that 
c o n t r o l s  tb antenna connections t o  the 
re- ive re. 

The p u l s e  generating circaits are act ivated by a 
t r a n s i t i o n  o n  the timer o p t p o t  or  fro^ t h e  CP 
C O Y P 1 6 D ~  quaneftatiaa command w e d  to c o n t r o l  
the BBL, Wheil a normal or reverse p u l s e  is 
received fro. tha c o n t i q u a t i o n  c o n t r o l  a s  a 
r e s u l t  of t h e  q u a n t i t a t i v e  command, the selected 
state is set and a norrial  or reverse pulse is 
generated-  I n  this case no  select o a n i  p u l s e  is 
geaeraeed. When t h e  timer goes t o  =roe a select 
oani pulse 1s generated; and, if the BRL is in 
t h e  normal sta te ,  a reverse p u l s e  is g e n e r a t e d  
and the RBL enters t h e  reverse s ta te ,  ard v i c e  
v e r s a ,  The s t a t e  of t b e  ERL is  prov ided  to 
U l e m e t r ~  as b f i e v d  signal CBBWXS, where X pas 
def b e d  earlier, 

3-6-2-1-6 -- 'Phe telemetry logic p r o v i d e s  
the Cl? status and cornand w m o r y  d a t a  t o  the Data 
-put  E o d u l e s  &DIBs) for i n s e r t i o n  i n  the 
t e l e m e t r y  data s t r a m .  The sta tus  cons is ts  of 
forv =rial d i g i t a l  data words shi f ts8  0120 on 
four d i f f e m a t  lugs i n  response t o  D I B  read 
e n r e l o p e s  iimd a clack and two b i l e v e l  telemetry 
~ u t p n t s ,  The serial digital data r o d s  are 
updated ant inwmly  u n t i l  they  ase read into the 
DUs. The contents  of t h e  coamand R ~ B O E J  can h 
v e r i f i e d  by one of t h e s e  serial d i g i t a l  data 
oobprnts bp u s i n g  t b  cmnand mersq haadout  
d o m a t  and placbag  t h e  SCL in the read ~ t a t o  
(refer to  Sect ion 3.6.3.2)- Table 3.6.2-1-6-8 
shes  the word f~rmiits for t h e  f o n t  serial 
digital words. See Appendix L for f u r t h e r  
details , 

3m6-2,1-7 &flex SUPP&. Tbe p e r  bcrpplp for the CP B a 
nool-coemeadable s u p p l y ,  T h e  f u c - t i o n s  perf o m e d  
bg t h e  power sopply  are g e n e r a t i o n  of secondary 
v o l t a g e s  f ~ r  the EP and CtM6, c u r r e n t  l i m i t i n g ,  



undervoltage and a v e n o l t a g e  detection and 
a b ~ t d o w n ,  power s t r o b i n g  end cyclic p o v s ~  c o n t r o l  
for overcurrest c o n d i t i o n s -  The u n d e r v o l t a g e  and 
srorvo l tags  set points a m  beyon2 tbe W / Q L  
h m i b  for tke main BUS  line^; the l a t t e r  w i l l  
t s i p  before the fosaer w i l l .  

When ua o v e r c u r r e n t  condition ( i - e . ,  current > 
660 ~ k l l i a n p e r e s  :20B) is detected, P b e  cyc l rc  
power contho1 cin-'IPit torn6 t h o  power s u p p l y  o f f  
w i t h i n  approxisaoe ly  1.1, seconds. The power 
s u p p l g  rmaine off f u r  a p p r o x l r e t e l y  6 0  seconds 
and t h e n  it is turned  back o n ,  I f  t h e  
overcurrent c o n d i t i o n s  r e a a n ,  the power s u p p l y  
is aga in  turned aff  i n  approx i ru te ly  1-5  seconds. 
T h i s  cyc l ic  act ion reasixbs a s  long a s  the f a u l t  
reaoins;  once the f a u l t  is cleared the power 
s u p p l y  x e a a i n 6  o n -  

3 - 6 . 2 - 1 . 8  I ~ & s p s l  c ~ ~ m p o p ~ j q .  The cP mceiwes b o t h  
q u a n t ~ t a t i v a  and discrete commands from t h e  COEIs 
to control t h e  coafiguxation and operation of tbe 
u n i t .  The f o l l o w i n g  sec -ons  describe the 
internal response of t h e  CR to t h e  d i f i e ren t  
cornands r e c e i v e d .  

3 - 6 - 2 - 1 - 8 . 1  C? GQUBXGPBB Q m w  LCmI f o ~  
" . The 1 6 - b l t  q u a n t i t a t i v e  

command (i .eon b i t s  25 t h o g b  40 02 t h e  u p l i n k  
coamand format) used t o  a m f i g u r e  t h e  8 is 
s h i f t e d  into a t e g i s Q e t  Pa t h e  c o n f i g u r a t i o n  
control logic  i n  t h e  SCL.  Bits 33  throngh CO of 
t h e  qjoantatatiwe copnand word are decoded and  
p r o c e s s e d  by the e a f i g n r a t i o ~  control lcqic; the 
other 0 B i t s  am not used, The v e r i f i c a t i o n  
p u l s e  a t  t h e  end of the q u a n t i t a t i v e  cowaaad is 
u s e d  to i n i t i a t e  t h i s  p r o c e s s i n g .  Two of the 
bits ( b i t s  39 and 40) are used to  select t h e  CP, 
I t  i? d e s i s e b l e  to code h i t s  19 and 90 so as 4 0  
select %itberm aoapmd processor ( m e  11). By 
fse lestang Bbe %ithorn code i t  w i l l  n o t  be 
necessary to mat& t h e  CP p e l e c t  code (codo 0 1  
for  cnl ~ n d  code 1Q for -2) i n  b i t s  3 9  e n d  4 0  t o  
t h e  CP &elacted by B % t  15. If the CP i n  not 
s e l e c t e d  (code B O ) ,  no f ~ r t 8 . r  y m c e s s i n g  is 
done- Bwever,  U' tbo CP 18 8e1ectedD the other 



b i t s  are decal& a d  used to c o n t r o l  t h e i r  
s p e c i f i e d  fucOicm&3, 

Two b i t s  o f  t J a @  ~ a a n t i t a t i v e  c o n r a n d  (bits 33 and  
34) are d e c o d e d  to p s o v i d e  a pulse t o  clear the 
coaaartd counter and reject status f l i p - f l o p  i n  
the t e l e r e t r y  logic (i-em, code 11) or,  t o  
c o n t r d l  the -iwer revoPse f u n c t i o n s  i n  the 
receiver r s v e r s e  l o g i c -  B i t h e r  t h e  n o r m a l  omnl  
antenna/reosiver con£ b g o x a t i o n  ( c o d e  8 1) or the 
revlerse  mn.i antenm/receires c o n f i g u r a t i o n  ( c o d e  
10) can ba selected. When a n o r m a l  or r e v e m  
puhse  rs recedoud fror the c o n f i g u r a t i o n  c o n t r o l  
logic, t h a  r e c e i v e r  = v e r s e  l o g i c  w i l l  generate a 
m a a l  or reverse cursand, d e p e n d i n g  upon which 
is ccimmanded- These com~laeds a r e  r o u t e d  to 
suitch drivers i n  the c o m u n i c a t i o n s  enbystem t o  
select t h e  dmire8 omni a n Q e n n a / r e o e i r e r  
c o n f  i g u s a t  ion 

The  o t h e r  fornr b i t s  of t k e  q u a n t i t a t i v e  c o m a n d  
(bits 35 tbxough 38) are decoded bg the 

c c ? o f % g u r a t i o n  contml l o g i c  t o  prodace  SCL 
c o n t r o l  oommands, Tbree of these c o a n a n d s  (SCL 
C L g A B f l Y  (STQBCPPD = C L E B l  or C L E B Z )  , I B D B X  
(STORCUD = X b l D X l  or  119x2) a n d  SCL OPT (STORCIYD = 
OPPl or OFPA)) am g e n e r a t e d  by the  c o n f i g u r a t i o n  
c o n t r o l  logic, The other o o e r a a d s  a r e  u s e d  t o  
c o n f i g u r e  the SCL to v a r i o u s  operation states 
(see Pxgure  3-b.3-2- Io S U  S t a t e  Diagram). T h e s e  

commands am only p a r t i a l l y  processed by the 
c o n f i y ~ r a t i o n  coatrol l o g i c .  S i g n a l s  a r e  sent 
from the c a n f i g o m t i o n  c o n t r o l  logic t o  the SCL 
c o n t r o l  logic where processing of t h e  SCL state 
a m m e n d  c ~ e p l e t e d ,  

A s  shown i n  the SCL Sta t e  Diagram, state c h a n g e s  
in t h e  SCL are n o t  o n l y  dependent on  i n c o m i n g  
c o u a n d s ,  b u t  are also affected by O b  p r e s e n t  
SCL s t a t e  and o t h e r  s i g n a l s  sucb a s  the 
s e p a r a t i o n  s w i t c h  and t h e  409b s e c o n d  clock. 
Allowable s t a t e  changes are e to ted  i n  a Besd Only 
Eemory (BOB) i n  SBe SCL control l o g i c .  Each R O B  
l o c a t d o n  ccmtains  four bits n e p r e s e n t i n q  e n  SCL 
s t a t e -  me BOB addxess is d e t e r m i n e d  by t h o  
command frca the ccu,afageraOPon c o n t r o l  logic, t h e  
present SCL state, and obhag c o n t ~ o l  ~ i g n a l a ,  



The s ta te  m a  u a l p  change a t  the b e g h n i n g  of a n  
SCL ti.e s l o t ,  Ubr the t i n e  s l o t  ands  t h e  new 
state is  selected by reading t h e  content o f  t h e  
804 at the s p e c i f i e d  address- This l a y  o r  may 
e o t  be the a ta te  s p e c i f i d  i n  t h e  coamarrd, 
d e p e n d i n g  aa the aUoraUe state changes i n  SCL 
o p e s a t i o n .  

The SCL CLB4P/OI,  XEDBX, and SCL OPP ccmaEiids a r e  
decoded by t h e  c m f i g u m t i c n  c o n t r o l  l o g i c  and 
p r o c e s s e d  daring t h e  v e r i t i c a t b o z l  pelse t i n e  of 
t h e  q u a n t x t a t i v e  command, The CLEABjOB c a m a n d  
sees a latch which cantsole the SCL power and 
txiggers t h a  initial c o n d i t i o n  c i r c u i t -  Them 
c i r c u i t s  are also i n  t h e  c o n f i g u r a t i o n  c o n t r o l  
l o g i c ,  T h e  CLRAB/Oll command t u r n s  on pouer t o  
the SCL a n a  clears t h e  memory. If power is 
already  o n ,  the meoq i s  j u s t  c l l e a r e d .  The OFF 
command remts t h e  l a t c h  w h i c b  c o n t r o l s  t h e  SCL 
power a n d  thns turns o f f  t h e  SCL power, T h e  
I f f D B X  c o r n a n d  is r o u t e d  t o  t h e  memory c o n t m l  
l o g i c  and advances  t h e  memory u n t i l  t h e  first 
memory a Z o t  is a t  the s h i f t  r e g i s t e r  output. 

3 , 6 . 2 . 0 . ~ 2  SCL OPB D ~ ~ c ~ ~ Q ~ Q ~ ~  ~h e SCL 011 c o n n a n d  
( i .em,  BML,a) i s  a dlscrete command proviaed a s  

a backup t o  the SCL OPP command p r o v i d e d  i n  t h e  
q u a n t i t a t i v e  coamana for c o n f i g u r i n g  t h e  S a m  
T h i s  m i w m d  is m u t e d  t h r o u g h  an i n p u t  b u f f e r  i n  
tbe c o n f i g u r a t i o n  c o n t r o l  l q i c  t o  t h e  l a t c h  
which c o n t r o l s  t h e  SCL power-  Phis comaad w i l l  
reset the latch and thu comoana SCL pouer OPP. 

3.6.2-2 w d  OuQpo$ w ~ .  T h e  Command O u t p u t  S o d u l ~  
(COB) p r o v i d e s  a s ~ z n d a r d i z e d  command in tertace 

t o  all s u b s y s t e m  and scientific i n s t r u m e n t  users 
T h e r e  are a i r  (6) CDW o n  the B u s  spacecraft and 
a s e v e n t h  on t h e  L u g e  Probe. Power, g r o d d i n g  
and c o n t r o l  signals are p r o v i d e d  t o  mch COO f t c a  
both CPso Each 8 0 8  d i s t r i b a * r s  four ; 4 ]  
quaati'tatiee commands and 64 4iscrete commands 40 
s p a c e c r a f t  users , Bacb q u a n t i t a t i v e  command 
c o n r p i e t s  o f  a clock, envelope a d  data l i n e -  P 
b a c k u p  d i s c z e t a  eoarmd i n p u t  is p r o v i d e d  t o  e a c h  
601 t o  ccemand $t off in t h e  e v e n t  t h a t  a fa i lore  
-re t h a t  cause3 t h e  power t o  r e m a i n  a n  a f t e r  
the completdlrpa 0% processing a eomnaPd; %ha u n i t  
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is e o n a l l y  power strobed t h r o u g h  the control  
b p u t  0 

468 COH has o n l y  two o p e r a t i n g  nodes: s t a n d b y  and 
p r o c e s s i n g -  The power  d i s s i p a t e d  by the CDf! is 
1.6 e i l 1 i w a t t - s  [ m s d s u ~ )  d u r i n g  s t a n d b y  and  1.1 
watts (maxirum) d u r i n g  processing of a command. 
A t rue  o f f  state u i t h m t  power c o n s u m p b o n  does 
n o t  e x i s t  ia the COB, I n  a d d i t i o n ,  taere is 1.6 
m i u i w a t t s  d o r h g  s t a n d b y  and 1-0  w a t t s  d u r i n g  
p r o c e s s i n g  t h a t  is d i s s i p a U t d  w i t h i n  t h e  CP a u e  
t o  the inefficiency of t h d  power  s u p p l y .  The COII 
OPP command is i a p l e m e n t d  t o  i n ~ u r e  t h a t  a n  
internal l w i c  f a i l u r e  would n o t  m a i n t a i n  a 
c o n t i n u o u s  2 - 0  w a t t  (maximum) lmd on t h e  
battery, The a d d i t i o n  of this command p e r m i t s  
the COR to be retnrned to the s t a n d b y  mode. I n  
the e v e n t  the COB has t o  be commanded o t f ,  t h a t  
OPP command is s e n t  t h r o u g h  a d i t f e m n t  COA- ( A  
COE that irs hung u p  i n  the W!im s t a t e  may p r o c e s s  
commands n o r m l l y ,  d e p e n d i n g  on  t h e  n a t u s e  o f  t h e  
f a i l u r n ,  b u t  w i l l  be a n  u n d e s i r a b l e  s t e a d y  s t a t e  
load, Cmtaur f a i l u r n s  c o u l d  p r e c l u d e  t b e  
f u r t h e r  use of the COH). T h e r e  is no direct 
telemetry i n d i c a t i o n  t h a t  a COE h a s  f a i l e d  i n  t h e  
p r o c e s s i n g  mode. T h i s  t y p e  of f a i l u r e  c a n  Be 
i n v e s t i g a t e d  by  s e n d i n g  a f e u  o p e r a t i o n a l l y  safe 
commands t o  tne suspect COB and m o n i t o r i n g  the 
a s s o c i a t e d  telenetry f o r  t h e  e x p e c t e d  r e s p o n s e s .  
A failure to r e s p o n d  t o  a l l  t h e  comaands  s e n t  is 
a p o s i t i v e  indica t ion  t h a t  a t  least a s e g m e n t  of 
the cOU rs n n  l o n g a r  u s a b l e .  

The i n p u t  c o n t r o l  v o r d  to t h e  CON couists of an 
i n t r o d u c t i o n ,  data d n d  a t u r n - o f f  s@quance. T h e  
u t r o d u c u o n  consists of a logic mlm l e v e l  f o r  
a p p r o x i m a t e l y  t w o  m i l l i s m m n d s ,  T h i s  permits t h e  
power strob circtiit t o  t u r n  power on for i n i t i a l  
c o n d i t i o m  to he e s t a b l i s h e d  a n d  f o r  t h e  
ascillator t o  r e a c h  steady s t a t e -  A f t e r  t h e  
introduction e n d s ,  t h e  d a t a  i n p u t  b e g i n s  a n d  is 
s e n t  t o  the m a n c b e s t e r  decoder- The output of 
the aanchester  d e c d e r  i8 s h i f t e d  hato a s h i f t  
r e g b u r  in 882 f o r e -  

The control l o g i c  then d e t e r r i n -  from t h e  
c o n t r o l  b i t s  i n  the shift r e g i s t e r  whether t h e  
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ammaad is d b c s e t e  or q u a n t i t a t i v e -  I f  t h e  
caeaeptl is d i s c r e t e ,  t h e  o u t p o t  l i n e  a d d r e s s  is 
decoded  and the o u t p u t  i s  t r a n s m i t t e d  when the 
hyperpa- is r e c e i v e d -  Por a q u a n t i t a t F v e  
c o n a n d ,  t h e  sirtaea d a t a  b i t s  a m  transierred t o  
the correct q u a n t i t a t i v e  c o m a n d  o u t p u t -  The 
c o n t r o l  l o g i c  gemrates tho  envelope a n d  clock 
signals frau t h e  aanchester d e c o d e r  and g a t e s  
them ts the o a t p u t .  The COB s h u t s  down a f t e r  t h e  
last b i t  of the quantitative command o r  remova l  
of h y p e r p u l s e  f o r  a discrete comaand. During 
p r m e s s i n g ,  checks are made in the c o n t r o l  lsgic 
and  n a n c h e s t e r  decoder c i r c u i t s .  I f  a d a t a  
t r a m i t i o n  does not occur a t  t h e  p r o p e r  time, t h e  
p a r i t y  checlt fails, or  t h e  h y p e r p u l s e  a r r i v e s  
early, the o u t p u t  WLU b e  i n h i b i t e d .  

A t  t h e  end of  a q u a n t i r a u v e  coreand, a v e r i f i -  
c a t x o n  p u l s e  is sent a s  part of the o u t p u t .  This 
pulse indicates that the  c o r s e c t  quantitative 
comaand l e n g t h  w a s  t r a n s m i t t e d  fro. t h e  C 8 E  t o  
the  u s e r ,  BOP a q n a n t i t a t i v e  command, i f  the 
l e n q t b  o f  the comaand is different t h a n  16 b i t s ,  
the incorrract number of b i t s  w i l l  be s e n t  t o  t b e  
oser w i t h o u t  the~ v e r i f i c a t i o n  p u l s e ,  

3,6.2,1-1 W r a a l  Comaand Beswnse. Each COB r e c e i v e s  o n e  
d i s c r e t e  command, c a l l e d  the cnR OFF command, v i a  
a d i f f e r e n t  a)I, t o  torn t h e  COZ of f  in case i t  
d w s  n o t  reset from t h e  process command rode 
(x .e., c o n U n u o u s l  y OH state) - The c o m a n d  Ps 
g iven  b y  COBXp fo r  t h e  BILB s p a c e c r a f t ,  where X = 
1, 3 and 5, and X U l #  f o r  the  Large P r o b e o  Vben 
X = 1, the cormand turns o f f  COBS I and 2,  when X 
= 3, t h e  cadnand t u r n  of f  COfls 3 and 4 ,  and  when 
X = 5, t h e  c a m a n d  tnrns  off  CORs 5 and 6 .  

The COlJ OFB cormand is r o u t e d  t o  a n  i n p u t  b u f f e r  
a m f i g u r e d  t o  o p e r a t e  m t h e  menor1 node,  In 
n o r m a l  o g e r a t l m ,  the i n p u t  s i g n a l  f r o m  t h e  CP 
w ~ l l  tarn unit power ON and l a t c h  t h e  i n p u t  
buffer 01, A t  the  c o m p l e t i o n  of command 
p r o c e s s i n g  t h e  latch is turned oft b y  a s i g n a l  
froa the c o n t r o l  logic, The COll OPP command i s  
p r o v i d e d  a s  a backup to turn the latch (and thus 
p u e r )  off i r i  a s e  o f  a failure i n  t h e  control  
l o g i c  - 
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3 -6  -2  -3  mtshnrc G - m ~ l .  Dnpf. The P y ~ o t e c h n i c  
C o n t r o l  O n i t  (PCIC) is esed t o  provide f i r i n g  
pulses for s p a o e c r a f t  pyrotechnic d e v i c e s ,  ?he 
PCD r e c e i v e s  a s9andard 35 ~b m i l l i e e c o n d  p u l s e  
from the COB8 and current a m p l i f i e s  the pulse to  
a minimum o f  f i v e  amperes i n t o  a 1 i5% ohm l o a d ,  
The o u t p u t  curreat p a l m  is of t h e  same d o r a t i o n  
a s  t h e  input p P l s e -  The Bus s p a c e c r a f t  c o n t a i n s  
two identical X O s .  

Bach P C U  consists of two folly r e d u n d a n t  h a l v e s ,  
ln each h a l f  them are thee squib d r i v e r s  each 
w i t h  t h r e e  o u t p u t s .  A s q n i b  d r i v e r  is a d i t a t e d  
by Pirst sending an  arm command and t h e n  
f o l l o m i n q  1t u i t h  a g i r e  c o n m a d ,  One arm 
c i r c u ~ t  e n a b l e s  one squib d r i v e r  and a second arm 
c irca i t  e n a b l e s  the m ~ h i n g  two  s q u i b  drivers, 
Bach PC0 c c m t a i n s  an a u t a a t i c  disarm uhlch 
d i s a r m s  the X U  18.5 i O - 5  seconds after it is  
armed- An a m  d e l a y  c i x c u i t  is  a l s o  i n c l u d e d  
t h a t  d e l a y s  the a r u n g  o f  the PCD for 4 i2 
seconds after receipt of t h e  arm command, 
These t i n ~ n g  relationshps are shocln in P i g a m  
3.6m2-3-1.  

The fully redundant structure of the PCU e n a b l e s  
two independent signals to f h e  one redundant 
squib, A s i n g l e  command from a C O I  is cross- 
s t r a p p e d  to a squ ib  d r i v e r  in each ha l f  t o  fire 
both halves of redundant s q u i b s  s i m u l - -  aneouslp , 
The f a n g  s i n u l t a n e i t y  for this configuration Fs 
leas than 250 microseconrLs. 

3 - 6  -2-3.1 k p t e r r ~ ~ A  Coi~i~apd g-psg. W e  PCU r e t x i v e s  
three d ~ f f  e s e n t  t y p s  of discrete conmands, i - e , ,  
A R M ,  P l B E  and O I S A B R -  The internal response t o  
r h e s e  c o l ~ a n d s  is hescribed UI the f o l l o v i n g  
n e c t i o n s ,  

3 6 2 . 3 1 1  KD PBB&cmW Co-4- The PCU m a  { i , e - ,  
O B D l l  or O B D A I ;  -D l3  or O B D A 3 ;  O E D 2 1  or 

OBDB1; O E D 2 2  or OPDBZ)  crwrard is used t o  
p r o v i d e  p u e r  tQ t b e  squib drivers so t h a t  a 
sobsequent P I R E  m a a n d  w i l l  fire t h e  associated 
squibs- Pmm the r e c a i p t  of t h e  AbI! command, a 
timer i n  the PCU d e l a y s  arning of the s q n i b  
drivers by 4.0 r2-0 ~;econds and disarms t h e  



d-rivera afber 1FI-5 ~ 4 - 5  m c o n a e .  The P U B  
cmnand met be  r e c e i v e d  b e t s e e n  t h e s e  e v e n t s  ~f 
the mqoiba am t o  be fired- (100% m u r a a c e  of 
PIRIPG b o b t a i a e d  if the PIBB comoaad is 
r e c e i v e d  between 6 and 1 9  s e c o n d s  after  t h e  bIIll 
eornand is receiwd) , T h e  A R B  command is r o u t e d  
t o  b o t h  redundant sections of the PCP- 

T h e  ABIJ c o u a n d  16 a m p l i f i e d  t o  t h e  l e v e l  
r e q u i r e d  i n  t h e  PC0 by a d i s c r e t e  i n p u t  b u f f e r .  
The o u t p u t  of t h i s  bof fan w i l l  set a s w i t c h  which 
s u p p l i e s  28 v o l t s  to the  associated a r m / d i m r m  
s w i t c h  and resets the switch which  supplies 28 
v o l t s  t o  t h e  other a m p d i s a r m  s w i t c h .  The o a t p a t  
of t h e  di scre te  buffer a l so  s t a r t s  t h e  timer i n  
tbe @XI- After a delay of n a b a l l y  4.0 s e c o n d s  
a  signal from the  timer w i l l  a c t i v a t e  ( a n )  t h e  
s a l e c t e d  a r o / d x s a r m  s u x t c h  u b i c h  w i l l  a p p l y  
b a t t e r y  voltage to t h e  associated squib d r i v e r s .  
Atter a t o t a l  d e u y  of n o m i n a l l y  18 .5  m c o n d s  a 
a ignal  f r o m  the timer r i l l  d ~ s a r m  the em/diearm 
sw1bch and thus meove b a t t e r y  v o l t a g e  f r o m  t h e  
squib d r i v e r s ,  

The two P C D  a r a  coamands  are i n t e r l o c k e d -  I f  one 
.armm circuit is energized (i.e-, r e l a y  c l o M ) ,  
s e n d i n g  a oomrand to t h e  mxosd marom r e l a y  sill 
a r m  it, b u t  w i l l  ndisuram the o t h e r  e r n / d b a m  
r e l a y -  In o t h e z  w o r d s ,  b L h  marus relays c a n n o t  
be cloyed a t  t h e  esme t i m e  ( R e f e r e n c e :  1 .5-10)  . 

2 - 1 2  gCU P U R  D h - 0  C Q U -  T k  PCU P U B  
( i .e . ,  O b D l 2  o r  O B D 1 2 ;  O m 1 4  o r  (PBDB4;  OED15 or 

08016; O B D 2 3  an QBDB3; OBDN or O R D W ]  command is 
r o u t e d  to  the s q d b  d r i v e r s  t h r o u g h  a n  i n p u t  
b u f f e r .  Power will o n l y  be s u p p l i e d  t o  t h e  i n p u t  
b u f f e r  and squib d r i v e r  when t h e  a s s o c i a t e d  
arm/dham switch ig arm&, The oqoib d r i v e r  
a n p l i f i e s  the s q u b  f i r e  c m a e d  and is capab le  
of a u p p l y h g  c u r r e n t  t o  fir0 t h r e e  squilm, If 
the command is t o  fire r s d o ~ d a n t  sqaibe ,  14 is 
connected to two i n p ~ t  buffers by w i r i n g  e x t e r n a l  
t o  t h e  m. 

3 6 . 2 3 1  E m ~ t a  C o n u .  Pha PCU DISAPII 
(1-em, ORDIP or 09DAm f o r  PCU 1; O B D Z P  o x  

oaOBP £or PCU 2) camrand rs p r o v i d e d  as a 



- 
DOC. B O -  PC-403 
O r i g .  U s o e  Date s 2 f ? 8  
R e v i s i o n  lo. 

b a c k u p  for t h e  D I S A R H  comaand g e n e r a t e d  by t h e  
1b.5 s e c o n d  timer i n  t h e  PCD. This c o r n a n d  is 
r o u t e d  t h r o u g h  a n  i n p u t  b u f f e r  t o  t h e  a r m p d i s r n  
s w i t c h e s .  I f  tha  timer f a i l s  t o  d i s a r m  t h e  
a r n / d i s a r m  s w i t c h ,  t h i s  conand will d i s a r m  t h e  
a v i t c h  aod t h u s  mmve b a t t e r y  v o l t a g e  f r o m  tho  
squib drivers- The BXSAFAE command is routed t o  
b o t h  r e d u n d a n t  s e c t i o n s  of t h e  PCn. Pne DISIBB 
command c a n n o t  tmncate the 18.5 s e c o n d  timer 
count ( i - e  ,, disarm p r i o r  t o  c o m p l e t i o n  o f  the 
n o m i n a l  18.5 second delay) when . t h e  t i n a r  13 
d u n c t i o n i n g  properly. 

mil 3 -6  - 3  . The f o l l o r h n g  s e c t i o n s  
describe t h e  o p e r a t i o n a l  usage of t h  eomsand 
subsystem, i n c l u d i n g  real-are conmand, stored 
command a n d  p y r o t e c h n i c  d e v i c e  o p e r a t i o n s ,  

3.6,3.1 B e a - T i m e  Cornand W t i o n s ,  All real-time 
aommand o p e r a t i o n s  w i t h  the s p a c e c r a f t  a re  
t h r o u g h  the RP uplink. B PCCI/FSR/Pl! u p l i n k  
c a r r i e r  is t r a n s m i t t e d  t o  the spacecraft 
r e c e i v e r s .  The  s p a c e c r a f t  contains two 
t r a n s p a n d e r s ;  each contains a f r e q u e n c y  
addressable receiver The r e c e i v e r s  d e m o d u l a t e  
the u p l i n k  c a r r i e r :  and  p e o v i d e  an PCR/PSK 
s u b c a r r i a r  s i g n a l  Oa t h e  BSK d e a o d u l a t o s  i n  the 
CP. Each r e c e ~ v s r  1s c o n n e c t a d  t o  o n e  PSR 
d e n o d u l a t o r  mithcmt any  = a s - s t r a p p i n g  . T h e  
o u t p u t  o f  each PSB d e n o d a l a t o r  is c r o s s - s t r a p p e d  
t o  t h e  cen?xal command p m c e s s r n g  c i r c o i t x y  i n  
eacb CP, U n s e q w n t l y ,  a i t h a -  CP c a n  na u s e d  t o  
b r o c e s s  r o a l - t u e  mmnands - 
C o u a n d s  are s e n t  to t h e  s p a c e c r a f t  a t  4 b p s  
w i n g  t h e  U8 bit c a m a n d  f o r m a t  g i v e n  i n  F i g u r e  
3 . 6 -  P r i o r  fa  s e n d i n g  the 48 b i t  command 
word, a 48  b i t  pmamble be s e n t  t o  
s g r t c b r o n h e  the  PSK d e m o d u l a t o r  w i t h  t h e  l a c o m i n g  
command. The preamble s h o u l d  be a n  a l t e r n a t i n g  
patbsro  G logic '1' a n d  l o g i c  .Om t-ci-3- i n  
either o r d e r ,  i-e., 1010 . . o r  0101 . . . The 
h q i c  .Iw tone ~s 250 ti2 and t h e  l o g x  t o n e  
is 100 Ha. After the i n i t i a l  preamble is s e n t  t o  
the s p a c e c r a f t ,  the PSK d e n a d u l a t o r  w i l l  reaain 
s y n c h r o n i z e d  i f  the t o n e  f r e q u e n c y  1s changed a 
minimum of o n c e  i n  e v e r y  P 8  b i t  t i ras .  
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Therefom. i f  08 b i t 6  o f  logic tones am s e n t  
doll ow^^ by 40 b i t s  of lcqic eon t o n e s ,  and thie 
p a t t e s u  repeated e o n h i n o o u s h y  , t h e  command 
word may be mnt w i t h o u t  p m c s d i n g  it w i t h  t h e  
p r e a l h l e .  E o a e v a r ,  uhen a c o n n a n d  is fxansn i t t ed  
it i s  neceasarp that t h e  first Bit of t h e  comaand 
be started u i t b i n  1/16 o f  a b i t  t i ~ e  of t h e  P a l s  
b i t  t r a u s l t i o n  time or t h e  PSI  d e n o d d a t c r  w i l l  
g o  oa t  o f  q n c h r o n i a a t k o n .  T h e r e f o r e ,  t h e  PSR 
demodulator w i l l  renaia l ocked-up  for 48 b i t  
t ~ n m  w i t h o u t  a t r a n s ~ t i o n  i n  t h e  tone 
f r e q u e n c i e s ,  and once l o c k  is  lost tbe p r e a m b l e  
must be sent priah t o  t r a n m i t t i u g  a n o t h e r  
00p.and uord- 

The 4 8  b i t  cormand format c o n e h t s  of a 13 b i t  
fixed s y n c  p a t t e r n ,  28 b i t s  o f  a d d r e s s  
infonation and m n a n d  data and s e v e n  b i t s  of 
coding f o r  t h e  po lynomia l  d e  c h e c k  performed by 
the CB. The 13 bit s y n c  p a t t e r n  is g i v e n  i n  
P l g n r e  3.6.1-1- T h e  seven p o l y n o m i a l  c o d e  bits 
are generated frw t h e  2 0  d a t a  b i t s  a n d  are a 
f u n c t i o n  of the m n t s n -  o f  t h e s e  bits, The A R C  
c o u a n d  software au toma t i ca l ly  c r e a t e s  t h i s  seven 
bit d e  and a t t a c h e s  it t u  the e n d  of the 
c o u a n d  word-  Tbe CP d d e s  t h e s e  s e v e n  bits 
a n d  o m s  this i n f o r n a t i o n  to deteraim i f  an 
error i n  $ r a n s l i m i o n  has occr~rred i n  t h e  26 d a t a  
bits receimd by tb CP. T b i s  procedure  de-s 
randon eaoke of any of the f o l l o w i n g  t y p e s :  
s i n g l e  B i t ,  d o u b l e  b i t ,  odd  number of b i t s ,  a l l  
b u r s t s  o;! l e n g t h  s e v e n  bibs or less,  98.411 o f  
burs-  of l e a g t b  e i g h t  b i t s  a n d  99.29 af l o n g e r  
than b u r s t s  of length e i g h t  b i t  rand- errors. 
l f  a n  errur 16 d e t e c t e d  by t h e  CP, a c o ~ n a n c i  
reject f l a g  is set i n  CP telemetry o u t p u t  C W X S ,  
whare X equh 1 f a  CP 1 and X e q u a l s  2 for CP 
2 -  

rhe spacecraft and CP &dress  i n f o r m a t i o n  h 
c o n t a i n e d  in bits 13, 14 and 15 of t h e  command 
f o r a e t .  T o  the E l d t i g n o b e  s p a c e c r a f t ,  a 
OOQe o o d e  mst h p l w d  i n  b i t  . oca tAons  13 a n d  
1 4 -  The  S d @ C t d o n  0f t h e  CP ~ 8 ' d  t o  FrOC08S t h e  
u p l i n k  ~ 0 ~ 8 a L d  word is a c c o r p l h . b e d  by b i t  15, A 
'OD ~n this b i t  p o s i t i o n  selects C P  1 and a mlo 
selects CP 2 ,  I n  t h e  s h d f  l a y o u t  g i v e n  i n  
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F i g u r e  3.6-1-2, CP 1 is the b o t t o ~  unit. As a 
f u , % h a  remindar, the PSK d e e d u l a t o r  i n  e i t h e r :  
C P  i s  c o n n e c t e d  Oo a t r a m p o n d e r  t h a t  is 
f r e q u e n c y - w l e c t e d ,  whereas %be r e a a i n d e n  of e a c h  
CP i a  selected b y  b i t  15 o t  t h e  coseand word,  

B i t  l b  is used t o  specify whether t h e  command 
word u to be executedl i n  real-time or s t o r e d  i n  
t h e  coemand memory t o  be erecuted a t  a l a t e r  
t i r e ,  If t h i s  b i t  i s  a logic 'Irn, t h e  command 
will. be executed i u n e d i a t e l y  and if it i s  a l o g i c  
W m ,  the P a l l o r i n q  24  b i t s  ufll he s t o r e d  in t h e  
command mewry. Beforo sending a command t o  t h e  
meaory, the S L  must  be comaand& t o  s t a t e  14 
(Loadugp o r  the ccmraad will be i g n o r d ,  

P o r  real-time esanmbs, bit 17 can be oither a 
l o g i c  .Im or a l o g i c  .Om ( i - e l ,  a d o n 3 t  careB) 
-use t h i s  bit i s  wed t o  specify w h e t h e r  t h e  
f o l l o w i n g  data bxts c o n t a i n  a txne d e l a y  o r  
command i n f o r n a t i o n  in t h e  stored mmmand f o r n a t .  
If c o ~ m a n d s  are a s n t  t o  the SCL a n d  a l o g i c  BOD 
is selectaa, t b e  d a t a  w i l l  be p r o c e s s e d  as a t i n t .  
delay, bat  i f  a logic -1' Fs selected, t h e  d a t a  
w a l  be + a h e n  as coding f o r  a command. Ii tine 
d e l a y  informat ion is e n t e r e d  i n t o  t b e  command 
word,  t h e  f o l l o u i a g  U b i t s  ( i - e - ,  bits 18 
t h r o u g h  40) a r e  used f o r  coding t h e  time delay. 
The 23 bxt code f o r  thf, time d e l a y  is t h e  b i n a r y  
r e p r e s e n t a t i o n  f o r  t h e  d 2 s i r e d  t i n e  i n  i n c r e m e n t s  
uf 125 ~ U l i s e c o n d s  p l u s  a b i a s  of 125 
m ~ l l h c o ~ d s .  Tbmfore ,  b i n a r p  O is equal. to 
125 m i l l i . ~ e c o n d s ,  binary 1 e q o a ~ s  2 5 0  
ni l l i secands ,  etceter? The binary n u s h r  is  
l o a d e d  LSB first, so t h a t  bit 18 i n  t h e  c e ~ s a n d  
format  is  the LSB a n d  bit 40 is t h e  B S B .  The 
telemetry w e r i f i c a U o n  of d e  memory c o n t e n t s  
( i . e . ,  CREBI )  w i l l  be read out  LSB -st f o r  t h e  
time d e l a y s  a s  loaded,  

The required time delay between two events can be 
c a l c a l a t e d  by a s n g  the i o l l o r i n g  g e n e r a l  
q u a  t i o n  : 



where: 

n1 = memory l u c a t m n  (slot number) of 
the a a u m d  e n t q  from which t ine  
delay bagins 

n2 = ~emry locat ion (slot number) cf 
the epmand entry b e i n g  t i n e d -  

Coneand ABC in slot 5 .  
Comand ZXZ LSI slot 7 .  
Desire 10 s o c o n d s  d e l a y  betmaen commands: 

Therefore the 23 Bits o f  command data  in the 
o o m a ~ d  word are 

01 \ ? O O l O O O O O O O O O O O O O U O O  
f 6 

bxt 1 8  b t t  43 

when b i t s  U3 to  40 a m  u s e d  for stored command 
i n f o r m a t i o n  ( b i t  17 = - 1 3  i n  the stored command 
formal, t h e s e  b i t s  are structured t o  pxm'ride two 
types of e o a m a n d e  - d i s c r e t e  and q u a n t i t a t i v e ,  
B i t  22 fs rased t o  mbct e i t h e r  a discrete 
command ( i  . em,  l q b c  .Om) or a q u e n t i t a t i r e  
command ( i - e , ,  logic .Im). For d i s c r e t e  
commands, b i t s  1 8  through 2 1  select the COI t o  
w h i c h  th.- command is t o  3e routed and bita 35 
t h r o u g h  40 d o s i g m t r  t. ,e COE o u t p u t  allocated to  
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the user connect& t o  the COB. These two sets of 
codes are  conventioael b i n a r y  representations for 
t h e  d e c i m a i  noebhr placed on Ohem l o c a t i o n s ;  
i . e o ,  COP, u to CCW 7 is s p e c i f i e d  a s  0 0 0 0  t o  0 1 1 %  
and COB o u t p u t s  O to 6 3  are coded as  009080 to 
I I l l ? P ,  COB 0 is a f i c t i t i o u s  a n i t  for s e n d i n g  
an all  zeroes t e s t  cro~nsnd to t h e  spacecraft- 
COB 4 is located ordg on t h e  Large Probe 
spacecraft, but f o r  t h e  kdultipmbe spacecraft (as 
well as the O r b i t e r  spaeecrcaf t) , i t  b used for 
s e s d i n g  an a i l  ones test cosmand- Output 6 3  t o  
COE 7 is dot assigned t o  any user on t h e  
B u l t i p r o b e  spaeecraf h. B i U  23 to 34 ahe a l l  
zeroes for d i s c r e t e  coamands , 

Bhen a q u a n t i t a t i v e  comaad is der;~ . red,  b i t s  I8  
to 2 1  also select the a)R, but b i t s  23 and 2 4  are 
coded  t o  swcilq t h a  C O I  q n a t t i t a t i e e  c o ~ n a t d  
output, i.e~, COB output  0 e q u a l s  00 and COB 
o u t p u t  3 equals 11, S i a a e n  bits eE@ a l l o c a t e d  
to code t h e  g n z a t i t a t i s e  da%a in t h e  cotamand, 
T h g s s  d a t a  b i t s  are in l o c a t i o n s  2 5  t h m o g h  40. 
khe a > ? o c a t i o n  of these B j t s  in t h e  q u a n t l ? . a t i v e  
c o m a n d s  t o  each of t h e  spacecraft subsystem 
users is specified an P C 4 5 5  ( B e f e r e n c e :  
Pzrayraph 105.1)- 

The t h e  t o  process a c o m a a d  in t h e  CP fx-om t h e  
time i t  enters the PSK RoaodtiLator to the % h e  it 
rs sent to a CO0 is z aininua of -3-5 
~ I l l i s e c w d ~  and a ~axlmum of +I37 a i l b i s e c o n d s .  
The a c t u a i  time i s  rmdoe (ctaifom d i s t r i b u t i o n ) ,  

3 - 6  -3-2 ed C o s ~ a e d  O p e p t i o n ~ ~  The use of the stored 
connand cagabi l i ty  c n  t h e  spacecraft  begins w i t h  
t h e  loading o f  t h e  consand nemory through the u s e  
of real-time commands v i a  the  RF l i n k d  The 
cornand won3 format s e q ~ ~ r e d  t o  p lace  comnsnds 
( i -e . ,  discrete ar q u a u t i t o t i v e )  a n d  time delays 
in t h e  m e ~ o g y  was diseasmd in t h e  previous 
s e e  ion. 

Ths operational ese of the command uenory is 
c e n t e ~ e d  ;mmd the state diagram for t h e  SCL. 
The S U  - ~ n s i s t ~  o f  the c o n f i g u r a t i o n  control 
l q i c  w h i c h  prucesses;  command h p u t s  t o  t h e  SCL, 
t h e  control l o g i c  and t h e  cornfaand memory- Piguse 



3-6.3.2-1 p r e s e n t s  t h e  coaplete SCL s t a t e  
d i a g r a ? .  In order t o  d e s c r i b e  the w e  of s t o r e d  
a m m a d s  on the spacecraft, a d e t a i l e d  
e x p l a n a t i o n  of the  SCL is p r e s e n t e d  i n  the 
f o l l o w i n g  sect i o n s  - 

3 -6 -3-2.1 X n ~ t i a J  Ir~1 icqLio .n  of Pus P o w e r m d  S C L  O R / D P B  
& n U ~ o i .  When t h e  e s s e n t i a l  bus i s  connected t o  
t h e  CP for Obe first t ~ n e ,  t h e  SCL i s  i n i t ~ a l i z e d  
to  b e  in t h e  OPF s t a t e ,  To t u r n  the SCL OH, t h e  
CP C O B P I G O R B  q a a n t i t a t r v e  comaand must be s e n t  t o  
the spacecraft, T h e  coding P o t  the CP COBPIGUBR 
g a a n t i t a t i v e  cmaand is given in PC-455 
(Referents: Paragraph 1 . 5 . 1 ) -  Subsequent OH/0PF 
control of the SCE is By the g u a n t l t a t i v e  command 
s i n c e  t h e  CP cannot be c o s a a n d e d  off. B backup 
discrete comaand, SCL OBP, is also available in 
case there is an SCL failure v k i c h  prevents the 
SCL from b a n g  cmmnded 04f by the ; u a n t i t a t i r e  
c o r n a n d .  tiowewer, An the case o f  an overcurmot 
c o n d i t i o n  that causes t h e  c y c l i c  f u s e  to turn off 
t h e  CP,  the SCL wiU b e  t u r n e d  o f f  and remain o f f  
after t h e  t a o l t  is cleared and t h e  CP power 
s u p p l y  o p e r a t i o n  resues ,  For t h i s  case, t h e  SCL 
w i l l  b r a  to  b e  c o m a n d e d  b a c k  on i f  SCL 
o p e r a t i o n s  are r e q u i r e d .  The OIJ/OFP s t a t u s  of 
the eP and t h e  SCL are  p r o v i d e d  i n  telemetry 
outputs CPYBXS and C S C U S ,  r e s p e c t i v e l y ,  where X 
@ d u a l s  1 or 2 dor C P 1  or CP2, r e s p e c t i v e l y .  

3-6-3-2-2 m a r c i t i o n  f ~ r  S C L  0 ~ e ~ a t A p n . s -  The f o r m a t  f o r  
the u p l i n k  c a m a n d  vord for l o a d i n g  commands a n d  
time delays u t o  t h e  memory i s  g i v e n  in P i q u r e  
3 . 6 - 1 - 1  u d  was discussed in S e c t i o n  3 - 6 - 3 . 1 ,  
The steps that n e e d  t o  be taken t o  p r e p a r e ,  l o a d  
and v e r i f y  t h e  mtasory c o n t e n t s  h a t o r e  executing 
ehe s e q u e n c e  are  g i v e n  a s  f o l l o u s .  

3 . 6 , 3 . 2 , 2 . 1  m p q  OA the S Q -  T o  w i n  ultb, the SCL 
n u s t  b e  corsaeanded o n  w ~ t h  the CP C O N P I G D B B  

quantitative c o ~ a a a d  u a i n g  o n e  ot t h e  t u o  
CLRAPflR corrand  rcdes i n  t h e  q u a n t i t a t i v e  
command structure as defmed i n  PC-455, 
Csference: Paragraph 1.5 - 1 .  Uhen t h i s  coaaand  i s  
e x e c u t e d  by t h e  CP, the SCL Ps F n ~ t B a h i z e d  t o  be 
l n  t h e  Stendby State (SCL state I S ) ,  a l l  remory 
s l o t s  read  z a o ,  a n d  t h e  naeory address pointor 
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u i l l  i n i t i a l x a e  a t  a d d r e s s  0 ,  The SCL O B P P P  
s t s t n s ,  s t a t e ,  arsd eeaarg addre=  are p r o v h 4 d  t o  
t a l e a e t r y  as C S C U S ,  CiOGKd and CakxIxC, 
respectively, where E equals  1 or L f o r  YCL 1 or 
SCL 2,  respectively. The s t r u c t u f  e o t  t h e  s e r i a l  
digital telemtsp o u t p u t s  a s s o c i a t e d  w i t h  t h e  SCL 
a r e  g i v e n  ln X - 4 5 4 ,  Reference: Baragrapn 9-5.2,  
and in P i g a r e  3.6-1-1, Prior t o  t u r n i n g  on t h e  
SCL, CSCLXS s h o u i d  be  %I., C M G X s  should be 
mllllm, C H X B X C  should be ~ I l l l l l ? ~  and C R B R X  
s h o u l d  be n 1 1 1 7 F l f l e ,  The telemetry o u t p u t  a f t e r  
comaanding o n  the  SCL should be for CSCLXS, 
m 1 1 8 1 m  for C U G X S ,  m O O O O O O O m  f o r  cas3xc and 
~ 0 0 8 0 0 0 0 0 m  f o r  C H E F U .  C%l@lX is  t h e  cromaand 
memory readout telwetry c h a n n e l ,  

3-b-3 .2 .2 .2  =a,danq- P r i o r  to s e a d i n g  commands t o  t h e  
~wmosy, the !XL  BUS^ b% t r a ~ s f e r r e d  to t h e  

Loading S t c i t e  ( S C L  state 14) , T h i s  is 
a c c o n p l i s b e d  by s e n d i n g  t h e  LOAD comand c o d e  
( 0 1 0 0 )  i n  tha q u a n t i t a t i v e  c o r n a n d ,  telaaetry 
s e r l f i c a t i o n  o f  CLWXS should be m%l?Oe, Bach  
SCL ccla ke l u a d e d  cmlg & m a  i ts  s s s d a t e d  
Coemana Processor ( i - e , ,  t h e r e  is no c r o s s -  
s t rappnPg  b e t u g e n  SCLs and CBs r e g a r d i n g  l o a d i n g  
0% SCLs) , 

When l o a d i n g  the  c m a a n d  n e r o r y ,  the a d d r e s s  
pointer,  C U B X C ,  w f l 1  d i s p l a y  the n e x t  o e n o r y  
L o c a t i o n  P o  be l o a d e d .  When t h e  memory i s  f u l l ,  
the address pgbter w i l l  recycle t o  a d d r e s s  0, 
and a n y  a d d i t l o n i i l  inputs w i l l  be u r l t t e n  over 
existing c o n m ~ i a d s  P3 t h e  remorg. 

After l o a d i n g  the d e s i r e d  cwamand sequence iu t h e  
memory, the S Z A l D B P  c o r ~ a n d  must b e  sent t a  take 
t h e  SCL out of the Loading S t a t e ;  n o  other 
command w i l l  t r a n s f e r  tho SCL o u t  of t h e  L o a b i ~ g  
S t a t e .  The SCL d o e s  n o t  automaticaAlp transfer 
to t h e  S?andbg sta te  when t h e  aeaory  i s  
c o m p l e t e l y  l o a d e d ,  

3.5-3-2.2.3 P e r r f i c a a .  T h e  c o n t e n t s  o f  t h e  casmand 
mesosp caa be wentied prior to axecutinq the 

~ o a d e a  saqwnce by c c e e a n d i n g  t h e  SCL i n t o  the 
Bead S t a t e  (SCL s t a t e  90). In t a r s  s t a t e  C L W X S  
1s o l O I Q m .  The Telemetry P r o c e s s o r  (TP) mast ba 
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then coseandadl into  t h e  C o m a e d  Renory Beadout 
format for the t e l e m e t r y  s y s t e m  t o  sample the 
c o n t e n t s  of the tearory. The commands t o  t h . e  
spacecraft hare to  b e  s e n t  in t h i s  order s o  as  t o  
p r e v e n t  s a a p l u g  t h e  reaorg o n  t h e  first sa~ple 
in less t h a n  an a g h t  bit b y t e .  The FB and CP 
ase unsgnckon lzed  so t h a t  t h e  Bead s t a t e  cou ld  
be started in tbe middle  olC a DU] read e n v e l o p e  
and c o u l d  catwe all s u b s e q u e n t  eight bit b y t e s  to  
be  skewed off by t h e  number o b  b i t s  contained i n  
the first s a n p l i n g  of  t h e  memory. 

I n  order to read  t h e  full c o n t e n t s  of t h e  command 
reaorg ,  She I B D B X  amra:.\d s h o u l d  b e  miant t o  ah2 
SCL t o  place the address pointer a t  address zero. 
T h e  I N D E X  c o m ~ a n d  has the  d o n i n a n t  parpose  of 
s e t t u s g  the oemorp address pointer t o  zero. X f  
the a d d r e s s  p o i n t i s r  1s not reset to z e r o ,  the 
telemetry output w i l l  b e g h  a t  the od&ress  
present uhen the first t e l e m e t r y  sample ht3 t a k e n  
and t e r n m a t e  when t h e  address p o i n t e r  i s  a t  
zero. It t h e  memory is sampled a n d  not in the 
Head S t a t e ,  t h e  telemetry output  will be all 
zeroes ~f the SCL LS o n .  A t  t b e  conplotion of 
reading out the command memory i n t o  t e l e m e t r y ,  
the SCL z r u t o a a t i c a U g  transfers back t o  t h e  
Standby s t a t e .  Yben reading t h e  memory, t h e  
mesor- a d d r e s s  p o i n t e r ,  U I L R X C ,  i n d i c a t e s  t h e  
next aemory l o c a t ~ o n  to  be s a m p l e d .  I f  t h e  TP is 
conmanded o u t  of a b  C Q B B P ~ ~  Benory B e e d o u t  
t o m a t  p r i m  t o  the c o m p l e t i o n  of t h o  ee%ory 
r s a d o u t ,  the SCL s h o n l d  be set h i ~ r k  =$:Ciress 0 
by sending t b  I P D U  ~ 0 ~ B a n d .  

T h e  Command ReEory l i eadout  forzat  1s d e s l g n a d  to 
read out meaory entrms frm SCL 1 and aenory 
entries from S U  L I n  each  m i n o r  f r m a -  A 
+ - l e ~ e t r g  word is e i g h t  bxts Pcmg s o  i t  Pekes 
t B m e  te?tsmehsp words t o  read out o n e  memory 
e n t r y  i n t o  t h e  n m s r  fram f o r m a t .  T h e  n i n o r  
frame f o m a t  i& d i v i d e d  m h a l f  w i t h  w o r d s  9 
t h m u g h  35 d e ~ 0 0 B d  t o  S C L  1 and words 37 t h r o u g h  
63 d e d h c e t d  to XI, 1 ,  T h e r e f o r e ,  v e r i f i c a t i o n  
ub t h e  eeiaoxg c o n t e ~ t a  i s  e c c o o p l i s h d  by waking 
a b ~ k  by b i t  cwparbson  of tbe 24 bit votds sent 
to  t h e  S C L  wzth the 8 B i t  t e l e ~ e t r p  word received 
i n  t h e  C o ~ m a n d  Bemory Beadout foo'8at- 
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3.G.J .2 .2 .4  Cri-na 2M-t~ 9f t m e a o r g .  If t h e  
wrong sagoanex 13 loaded or a new s e q u e n c e  is 

to be inserted i n t o  the W P O L - ~ ,  t h e  CLEAR command 
can m sent to the CP to  imd zeroes i n  a l l  the 
meaory Iccat ions .  This function c a n  only b e  
accoapl l shed   fro^ the Standby s t a t e ,  
B l t e r n a t i v e i g ,  the SCL can be coamanded oft froa 
my s t a t e ,  and t h e n  coraanded OF w i t h  t h e  
CkEhk/DB cwmand to load zeroes into t h e  memory 
d o t s ,  

A s i n g l e  e n t r y  in the c o r n a n d  memory c a n  be 
corrected or changed, i f  necessary. T b s  can b e  
d c c o a p l i s h e d  by f i r s t  a d v a n c i n g  the meeory to the 
a d d r e s s  locat ion ukm t h e  nev estrp i s  needed. 
T o  do this, the !XL B u s t  be conmanded l n t o  t h e  
S t a n d b y  s t a t e  (SCL S t a t e  15) and then ' t h e  ADYANCE 
ana STBBDBY comancb nust be s e n t  i n  pairs to 
advanm the addrass pointer by one s t e p .  The 
ADYABCh a m a n d  u i l l  move the counter, b u t  t h e  
SB'APDB? corarand is a l s o  ceeded to coaplete  hbe 
s e q u e n c e ,  r % b n  the S C L  u advanced to t h e  
locat ion  d a s n d ,  the SCL must be commanded to 
the L e a d i n g  s t a t e  gSCb s ta te  14) a n d  the neu 
e n t r y  to  b e  t r a n s a i t t e d  can then be entered into 
the smory by the u p U s k  comand format.  

T h s  proceas can be wesy t a e  consnminy ~ a 
corrgC%10~ 01: change h a s  t o  be made more than 
halfway into the sequence Bgcawe it t d k e s  Bore 
txae to rake a s i n g l e  co r recL ion  t h a n  lt does t o  
reload t h e  uhole sequence a g a i n ,  E v e n  tor  a 
sbort s e q u e n c e ,  it 16 ~ S S  t h e  c a n s a a i n g  P o  
reload the v h l e  sequence  up t o  t h e  p lece  where 
the new eatrg Bas to be wade, than  to seud twice 
the number of coiimauds t o  a d v a n c e  the X L  t o  the 
r e q u u e d  locat lono  However, f o r  the ca@ of a 
marglnal B P  link, l k  is probably aors  e g t i c i e n t  
t o  make s ing l e  or o u i t i p l s  corrections PA t h i s  
B a n n e r  than t o  r i s k  a d d ~ t b o n a l  errors in t h e  
retxansmission sf the se tquaace .  



1, a e c t i o u r  Po- J S S - J . L . 2  
4 D o c .  BO. * 

i orig. ~ s s o e  Date 
") 

C 
R e v i s i o n  Yo. 

ORIGINAL PAGE IS 
OF POOR QUALIW 

ADBAECB comaand c o u l d  be used t o  set t h e  memory 
address  pointer a t  t h e  address l o c a t ~ o n  oP the 
fr.rst command word i n  B h h  sequence, The A D V A N C E  
coneand must be followed by the STANDBY c o n r a n d  
t o  move the pohtar  w e  address location, Again,  
this capability w l j  e x i s t s  from t h e  Standby 
state.  In a d d i t i o n ,  i f  the second sequence has 
been completed and t h e  first sequence needs to be 
p e r f o r m e d  next, the l n d e r  command can be s e n t  t o  
place t h e  address p o u t e r  at t h e  a d d r e s s  location 
of t h e  f i r s t  command word of t h e  f b r ~ t  s e q u e n c e ,  

3-6-3-2-3 O t a s t l l o q  t h e  S U P  The S C L  can be started in 
three d ~ f f e r e n t  ways; namly, by a r e a l - t h e  
command, f r o a  the Q096 second  clock g e n e r a t e d  i n  
the TP or by the closorei of t h e  s p a c e c r a f t  
s e p a r a t i o n  switches. The 40% second clock g i v e s  
an a c c u r a t e  rederence pomt for d e l a y i n g  the 
s t a r t  of a costnand s e q u e n c e ,  and  the s e p a r a t i o n  
switch i n p u t  is wed f o r  s p a c e c r a f t  s e p a r a t i o n  t o  
start a special aamand s e q u e n c e  to s p i n - a g  the 
s p a c e c r a f t ,  The dollowing sections describe the 
d i f f e r e n t  vays t h e  S C L  can be s t a r t e d ,  

3 . 6 . 3 - 2 - 3 - 1  pmediate  S t i s & ,  To staKt the SCL r n  r e a l -  
t i n e ,  t h e  f H B 3 D X A T E  S T U T  command must be s e n t  

to the C P ,  The coriuaand R e B Q b g  ~ 1 1 1  b e g i n  
o y e r p t m f  v i t h h n  400 ai1liseco;lds a f t e l  t h e  
u p l ~ n k  conmnd is m c e i v e d  by the CP; r ea l - t ime  
c o a n a n d  p r a c e s s l n g  slots o c c u r  every  125 
m i l l i s e c o ~ d s ~  The aeual d e l a y  t i m e  depends on 
the t y p e  ot m e s a n d ,  the SP i n  use, and t h e  X L  
ln u s e ,  as  see^ m Table 3.6.3-2-3-1. After the 
SCL is started lt i e m e d i a t e h y  P r a n s f a r s  from t h e  
Standby State t o  am Snn S t a t e  (SCL state 12) and 
d e t e m l n e s  w h e t h e r  t h a  entry i s  a cosmand or a 
time del~y . It the entzy is a coemand,  t h e  SCL 
w i l l  trarasfer into t h e  Process Command state (SCL 
state B p  ; i f  t h e  entry is a time delay, t h e  SCL 
goes i n t o  t h e  Load Timer s t a t e  (SCL state 131, 
and extracts t h a t  entry i n  t h e  s e q u e n c e  o u t  of 
the memoq. She memory d d r e s s  pointer, CHEBXC, 
w i l l  then i n d i c a b  the next l o c a t i o n  i n  memory. 
The two SCLs c a n n o t  b started simultaneously 
w i t h  real-brme cosnands- Since it Oakes 12 
s w o n d s  ta  t s a u s ~ i t  a comaad to t h e  s p a c e c r a f t ,  
the closest the tuo S C U  can be started t o g e t h e r  
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is 92 s e m n d s ,  Eouever, i f  t h e  f i r s t  entry in 
one command geqoer~og is used t o  command the start 
of t h e  othem S U ,  both S U B  can be srtiirted w i t h i n  
250  millksecmds by sending o n e  real-time 
conmand. 

TXIIB DBLBX U 1 6 R  FOB C O B E 1 I D  
E E 0 O B I  O P E E A P I O B ,  POLLOUXBG BBCgIPT 

OP D P L l E K  C U I U P D  Bf CP 

3.6.3.2-3-2 giped S t a r & .  To start t h e  comand ~ e m o r y  from 
;he 4096 sacand c l s c k ,  the T I P I I D  START command 

must be s e n t  to f&e CP- T h e  4096 second c l o c k  is 
a cont inoops  square rave clock t h a t  is generated 
from the  2048 s e c o n d  bit of the spacecraft t i se  
code i n  each PP, The output  of each YP Fs cross- 
strapped to both Cgs as shown in P i g u r e  3-6.1-1, 
Consequently, both X L s  c a n  b e  started n e a r l y  
s i m o l t a a e o u s l g  by this nethod. .§lace t h e  two CPs 
operate asynchronously, the start of the two SCLs 
m o l d  be d i f f e r e n t  by a maxisum of 125 
milliseconds. Mhen t h e  PIBED START c o m a n d  is 
recenwed by the  SCL, it transitions from S t a n d b y  
to the T F s e d  S t a r t  O s t a t e  ( S C L  s t a t e  1 ) .  The 
te leaetrp  i m d i c a t i o l  for t h i s  state for  C L O G l S  is 
m O O O P m ~  If t h e  4096 s ~ a d  clock is a l o g i c  m O w  
when t h i s  s t a t e  Fs entered, the SCL w i l l  remain 
in this sta te  n n a i l  th6 c l o c k  changes to l q h c  
. I 9  (a -e- ,  from Q to 2QUa seconds in SCL s t a t e  
9 ) .  Uhan Lac 4U% s e c o ~ d  c l o c k  switches to logic 
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'Irn, t h e  S U  t s a n 8 f e r s  to the T b e d  Start 1 s t a t e  
( s n  s t a t e  5 ) .  a d  r e u u n s  there f o r  2048 s e c o n d s  
until t h e  d o c k  again switches t o  logic  EOrn, 
CLWXS is %POIm i n  t h e  Tired S t a r t  1 s t a t e ,  If 
the 4096 second c l o c k  IS a l o g i c  .Im when the 
T A E D  S T A R T  c o n n i a d  1s sent, i t  will t r a n s i t i o n  
i n a e d b t e l y  from S C L  s ta te  1 to S C L  s t a t e  5 ,  and 
r e a w n  there u n t i l  tbe 4096 s e c o n d  c l o c k  switches 
t o  l c l i c  @jrn (i.e-, d u r a t i o n  from U t o  2046 
s e c o n d s ) ,  The UOScb s e c o n d  c l o c k  i s  a s q u a r e  ware 
so that '-bere is aap le  t h e  t o  r e c e x v e  a 
t e l e ~ e + i y  status on t h e  l o g i c  s t a t e  of t h e  c l o c k  
(i .t+ . , t h e  secosd 11SB of DCLOKZ) - The SCL 
t r a n s f e r s  u m e d i a t e l y  m t o  t h e  Bun state when t h e  
clock s w i t c h e s  from l o g i c  t o  l o g i c  and 
t h e  renory begins t o  p r o c e s s  t h e  l o a d e d  s e q a e n c e ,  

The f i r s t  ccmrana In t h e  s q u e n c e  wall Le 
executed w i t h i n  129 P a  254 e i l l i s e c o n d s  ( fo r  a 
d x c r e t e  c o m ~ a n d )  o r  134 t o  255 m i l l i s e c o n d s  ( f o r  
a q u a n t - t a t i v e  cwmand)  o f  t h e  4096 s e c o n d  c l o c k  
transition b e c a u s e  t h e  CB a n  o n l y  prom:-s s t o r e d  
commands every 125 a i l l i s s c o n d s .  T h i s  is o n e  o f  
three error s o u r c e s  An s t a r t i n g  t h e  SCL. 

T h e  second error source is doe t o  t h e  way t h e  
clock i s  g e n e r a t e d  zn the TP. P b e  T P  o u t p u t s  t h e  
4096  s c c o n d  cJoch  t r a n s i t ~ o n s  s y n c h r o n o u s l y  w i t h  
t h e  word r a t e  c l o c k .  P h e r e f o r e ,  t h e  a c c u r a c y  of 
t h i s  o u t p u t  is a f n n c t r o n  o f  o p e r a t i n g  bit r a t e  
a t  the t1.e o f  t h e  o c c u r r e n c e  o f  h e  c l o c k  
t r a n s i t i o a  a n d  t h e  b i t  r a t e s  a s e d  p r i o r  t o  
s e l e c t i n g  t h e  bit rate used d u r i n g  t h e  
transition. The previous bit r a t e s  a f f e c t  t h e  
accuracy because some b i t  rates h a v e  word and  
minor frame periods t h a t  are n o t  i n t e g e r  
s u b a n d t i p l e s  o g  4096 seconds, T a b l e  3 .6-3.2,3-2 
p r e s e n t s  t h e  resal& of an analysis of the 
m a x i n n ~  i n a c c u r a c y  of t h e  4096 second c l o c k  d u e  
t o  t h e  TP, T h e  s e r t x a l  scale l a  tbe matrix is 
s e l f - e x p l a n a t o r y ,  bot t h e  h o r i z o n t a l  scale 
requires some d i s c u s s i o n ,  This ecale  shows t h e  
b g h e s t  bit rate that  the TP was c o a m n d e d  t o  
o p e r a t e  a t ,  f r o m  the t l n r  it was first t u r n e d  OD, 
u n t i l  rlw t ~ m e  i t  was commanded t o  t h e  b i t  rate 
a t  u h x h  t h e  4096 clock t r a n s i t ~ o n  P m k  place. 
T h i s  d o e s  n o t  mean t h a t  a l l  bit rates had t o  be 
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us& up to and including t h e  h i g h e s t  b l t  r a t e  
selected, but t h a t  a t  Least tho b i g h e s t  bit Kate 
uas selectad a t  some t i r e  p r i o r  t o  going i n t o  the 
b i t  rate a t  the t r a n s i t i o n ,  T B r s  scale starts a t  
16 b p s ,  because the TP is  i n i t i a l - i z e d  t o  s t a r t  
o p e r a t i n g  a t  t h i s  rate- 

A s u b t l e t y  i n  these results ia t h a t  t h e  ler?.jth of 
time i n  t h e  h i g h e s t  b i t  K a t e  h a s  a n  a f f e c t  on t h e  
a c m r a c y .  If  t h e  l e n g t h  of time is  j u s t  r i g h t  
the error u i l l  be  z e r o ,  but i f  the l e n g t h  o f  t i n e  
i s  some special value the uaximw e r r o r  given i n  
the t a b l e  w i l l  r w u l t .  This i s  Best ~ l h u s t r a t e d  
by a n  exanple .  T a k e ,  f o r  i n s t a n c e ,  t h e  c a s e  
w h e r e  t h e  h i g h e s t  b i t  r a t e  salected is 3 4 1  1/3 
b p s  and  t h e  b i t  ra te  a t  the t r a n s i t i o n  is 8 b p s ,  
I n  t h e  m a t r i x ,  t h e  maximum error i s  given as 500 
m i l l i s e c o n d s ,  One way t o  a r r i v e  a t  t h r s  maxieum 
e r r o r  ( and  .ihere arc) a number of c o m b i n a t i o n s )  i s  
t o  c o ~ a n c l  on  the ?P a n d  h a v e  i t  o p e r a t e  a t  16  
Bps f o r  135 m i n o r  f r a n e s  which is 40b4  s e c o n d s  
i n t o  the f i r s t  f u l l  4096 second t i s e  p e r i o a  
because the TP i s  initialized to start t h e  f i r s t  
80% c l o c k  p e r i o d  256 s e c o n d s  a f t e r  t u r n  o n .  
Then m a s a n d  on 341 1/3 b p s  : o r  21 ainor frames, 
vhlcb 1s a n  a d d i t i o n d l  31.5 s e c o n d s ,  T h ~ s  now 
g l o e s  a t o t a l  tire p e r i o d  of 4095-5 s e c o n d s ,  I f  
the TP is nau transferma t o  8 dps, t h e  4 0 9 6  
second c l o c k  w o l  t r a n s i t i o n  t o  E o q l c  * O m  a t  
4096-5, f o r  an error of  9 - 5  s e c g n d s ,  T h e  reason 
f o r  this is the vom p e r i o d  a t  b b p s  i s  1 s e c o n d  
and the transition must u ~ i t  un-1 the e n d  of  t h e  
t e l e m e t r y  word t o  occur. If t h e  s t a r t i n g  b i t  
r a t e  o f  16 b p s  w a s  m a i n t a i n e d  f o r  134 mmos 
fraaes i n s t e a d  o f  135 ( i - e . ,  403.2 seconds i n t o  
t h e  p e r i o d )  a n d  the 3 U 1  1/3 b p s  was  used f o r  a 4 2  
minor  frames rather than 20 (i.e-, a n  a d d i t i o n a l  
6 3  seconds l n t o  tbe p e r i d ) ,  t h e  error would b e  
zero after t h e  8 bps b i t  r a t e  was conmanded u t o  
crperauon. ZBFs i s  because o n l y  one s e c o n d  
r e e i r i n e d  i n  t h e  c l x k  period u n ~ c h  is coincident 
w ~ t h  the word period a t  d bps .  , T h e r e f o r e ,  It is 
o b v i o u s  t h a t  t h e  a r r o r  in  s t a r t i n g  t h e  command 
memory is h i g h l y  d e p e n d e n t  on t h e  bit rates and 
t ise periods o v e r  u h i c b  they a r e  used. 
C o I I ~ e g n 9 n t l g ,  this e f f e c t  must b accounted f o r  
i n  p r o g r a r n i a g  t h e  start o t  t h e  memory. I n  



a d d i t i o n ,  an I M B D U T B  START c ~ m m a n d  c a n  be s e n t  
t o  t h e  SCL when it is  e i f ~ ~ a r  i n  t h e  T i a e d  Start 0 
o r  Timed Start 1 states t o  o v e r r i d e  the use of 
t h e  4096 second doc&. 

T h e  t h i r d  error source i n  , s t a r t F n g  a command 
sequence or  e x e c u t i n g  a d e f i n e d  f u n c t i o n  is due 
t o  the s t a b i l i t y  of t h e  c w d l l a t o r  i n  t h e  CP, If 
-me d e l a y s  are us& i n  the c o u a a n d  s e q o e n c e ,  
either a s  t h e  f i r s t  e n t r y  i n  t b e  s e q u e n c e  o r  
interspersed t h r o u g h o u t  the s e q o e n c e ,  the 
v a r i a t i o a  i n  t h e  osc i l l a tor  freqeency will effect 
t h e  programed d d a p s .  T h h  will came t h e  
e x e c u t i o n  of t h e  f i n a l  e v e n t  t o  he .b error .  The 
longer the accmplated t u e  delay, t h e  largor 
w i l l  be t h e  u n c e r t a i n t y .  The o s c a l l e t o r  
s t a b i l i t y  is 50 ppm tsorst case. 

A d d i t ~ o n a l  d i s c u s s i o n  and exasples a r e  c o n t a i n e d  
in Beferance 1 -5 - 3 .  

3 .6-3 .2 -3 .3  .5&paratioa Sui- start. T o  m a r t  t h e  SCL f r o m  
the c l o s u r e  of P b 3  s p a c e c r a f t  separation 

s u i t c b ,  the A i l 5  S E P & ~ 1 1 0 8  SWITCH commend, w h i c h  
is p a r t  02 t h e  CP C O B P l G D B E  q u a n t i t a t ~ r e  command, 
must k s e n t  t o  the  C?.  T h ~ s  command euht  a l s o  
b e  sent t o  t h e  r e d u n d a n t  C P  to arm the r e d u n d a n t  
s e p a r a t i o n  s w i t c h  t h a t ,  upon closure, a c t i v a t e s  
t h e  sequence l oaded  i n  tBe r e d u n a a n t  CP command 
memory. The purpose of t h r s  command i s  t o  
p r e w a n t  a n  i n a d v e r t e n t  closum o r  premature  
c l o s u r e  of t h e  s e p a r a t i o n  s w i t c h  from s t a r t l r g  
the SCL a n d  causing t h e  spacecraft s p i n - u p  
s e q u e n c e  t o  begin- The ARE SBPAYATiObl S U I T C U  
comaaxad t r m f e x s  the SCL I n t o  S e p a r a t i o n  S t a t e  0  
(SCL s t a t e  0 ) .  The t e l e u e t r p  status of CLOGXS 
for this s t a t e  i s  % O O O m l  If t h e  s e p a r a t i o n  
s v i t c h  is  c l o s e d  (i-e. ,  SSBPXS equal to l o g i c  
"19 p r i o r  t o  s e n d u g  this command, t h e  Sa r i l l  
remain i n  s t a t e  4 ana n e v e r  s t a r t  t h e  spin-up 
sequence. Referring t o  P i g a r e  3.6 -1-1,  it can !m 
seen t h a t  eacb s e p a r a t i a n  s w i t c h  i s  connected t o  
o n l y  one CY.  Therefore ,  the premature cloaum 0 5  
o n l y  o n e  switch p r i o r  to the arm comami will not 
p r e v e n t  the s p i n - u p  s e q u e n c e  From o c c u r r i n g  
b e ~ u s e  t h e  n o r m a l  clcsurz? of t h e  o t h e r  s u i t c b  
w i l l  i n i t i a t s  a siuilsr s e q u e n c e  loaded in t h e  
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other SCL B e r o r y -  I n  a d d i t i o n ,  S e p a r a t i o n  S t a t e  
0 can b e  o v e r r i d d e n  by an  LIIIIEDIATE START c l - c ~ n a n d  
which  t r a n s f e r 6  the SCL to the Bnn Sta te  (SCL 
s ta te  12) .  If t h e  s e p a r a t i o n  switch i s  o p e n  
p r i o r  t o  seading  tb A81 command t h e  SCL 
transfers i n m e d i a t e l y  from S e p a r a t i o n  S t a t e  0 t o  
S e p a r a t i o n  S t a t e  I state (SCL s t a t e  4). Pbe  
t e l e m e t r y  s t a t n s  a s  g i v e n  by CLOGXS f o r  t h i s  
s t a t e  i s  m O 1 O O e D  T h e  SCL r e m a i n s  i n  t h b s  stat@ 
u n t i l  s e p a r a t i o n  s w i t c h  c l o s u ~ e ,  a t  w h i c h  time 
t h e  SCL j n n p s  t o  t h e  Hun S t a t e  a n d  executes the 
s p a - u p  sequence. C l o s i n g  o k  the s e p a r a t i o n  
swrtch causes a l a -h  l a  t h e  SCL t o  h s e t  w h i c h  
p r e v e n t s  s w i t c h  bounce from a f f e c t i n g  t h e  
o p e r a t i o n  of t h i s  f u n c t i o n .  I f  n e e d e d ,  the 
S e p a r e t i o n  Sta te  F s t a t e  c a n  be overridden by t h e  
I n B E D I A T B  STAPT mrraad.  

3.6.3 -2.4 S t o p p i ~ q  t h e  SSL.  A f t e r  t h e  9 C L  t r a n s f e r s  t o  t h e  
Bun S t a t e ,  i t  e x t r a c t s  a c o m a a n d  m e o o r y  word from 
t h a  memory a n d  5 e q i . n ~  t h e  p r o c e m i n g  c y c l e .  I f  
the  cornnand  memory word ls a c o m ~ a n d  ( e i t h e r  
d i s c r e t e  o r  q u a n t i t a t i v e ) ,  the SCL P r a n s i t x o n s  t o  
the P r o c e s s  Command S t a t e  (SCL s t a t e  b ) ,  and 
r e m a i n s  there, i n s t e c i d  of  r e t u r n l r q  t o  the Run 
S t a t e ,  as  l o n g  a s  the foUowiag command a e m o r g  
entries are  counands, She telemetry s t a t u s  w i l l  
r e r a i n  c o n s t a n t  a t  P I O O O m  for CLOGXS f o r  a l l  t h e  
t i m  t h a t  contiguous commands  a r e  p r o c s e a e d  out 
of  t h e  memory. To s t o p  tbe SCL f r o a  tkis s t a t e ,  
t h e  STOP c m n a n d  ~ t w t  be s m t  t o  t h e  C?. Bben 
this cornoand is remivrad b y  t h e  SCL,  a t r a n s f e r  
will made t o  the STOP 1 s ta te  (SCL s t a t e  - ) ,  
a n d  Lbe SCL w i l l  r e m a i n  i n  t h i s  s t a t e  u n t i l  
a n o t h e r  oorasand is r e c e i v e d -  The SCL w i l l  
complete p r o c e s s i n g  of the torrent comtaand b e f o r e  
it s w i t c h e s  o v e r  t o  S T O P  1 ,  A n  T B H E D I B T E  START 
c o r n a n d ,  a n  U W A K E  cornand o r  a STANDBY coenand 
f o l l o m e d  by a M O B  -.rand is needed t o  qeo o u t  of 
the S M P  1 n t a  te and  csmtFnue p r o c e s s i n g .  Ln 
thrs s t a t e  t h e y  are e f f e c t ~ v e l y  t h e  same command. 
The  APVAHCB c o t l a n d  causes t h e  SCL processing 
r o u t e  t o  go t h r o u g h  the Bun S t a t a  u k d e  t h e  
IEFIBDIPTE S Z A B I '  cotmand t e r m i n a t e s  d i r e c t l y  i n  
the Process C o m ~ a n d  or Lcad  Tuar  s t a t u s ,  TBe 
s a n p l i n g  of t:e t e l e m t r y  s y s t e m  is n o t  t a s t  
enough t o  d i s t i a g ~ h h  the d i f f e r e n t  p a t h s ;  t h e  
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w h a l e  p x o c e s s  t a k e s  p l a c e  i n  125 m ~ l l f = o c d s  
i n c l u d i n g  the a r t e c n t i o n  of t h e  comaand if the 
next e n t r y  i s  a a m a n d ,  I n  summary, rf e i t h e r  
command i a  s e n t ,  the SCL will e n d  u p  i n  t h e  
Process Comaand s t a t e  i f  t h e  n e x t  entry in memory 
is a commaua a n d  i n  t h e  l a a d  Timer S t a t e  (SCL 
s t a t e  1 3 )  rf the n e x t  entry 1s a time d e l a y .  

Yher t h e  S C L  is Pa t h e  L o a d  Tiner s ta te ,  
~ n d e p e n d e n t  oi hov lt g o t  there ( i - e l ,  f rot 
s t a t e s  2 ,  tl or 1 2 5 ,  t h e  SCL c a n  a g a i n  be s t o p p e d  
by sending t h e  STOP c o a m a n d .  F r o m  t h i s  s t a t e ,  
t h e  S C L  w i l d  g o  ta t h e  S t o p  2 s t a t e  ( S C L  s t a t e  3) 
and u i l l  q i v e  a t e l e m e t r y  readout on CLUGXS of 
n O O 1 l D .  I n  t h e  procecs oP c o u n t i n g  d o n  a time 
d e l a y  ( T  = .ID I n  P l j o r e  3 - 6 . 3  - 2 - 1  when the trme 
d e i a  y cornnand h a s  b e e n  e x e c u t e d ,  a n d  the t i ~ e  
c o u n t  has s o t  p e t  d e ~ r e n e n t e a  t o  zero), the SCL 
g o e s  to  and r e m a i n s  In the SUB 1 s t a t e  (SCL s t a t e  
9) a n t 1 1  t h e  t i ~ e  c o u n t  is decremented t o  zero 
(i . e . ,  T b e c o a e b  " O m )  , lf the P i n e  d e l a y  B a s  not 

b e e n  c o m p l e t a l y  c o o n t e a  aown v h e n  a STOP comuand 
is issued, the SCL w i l l  go to t b e  S t o p  2 state 
and hold t h e  last *time count i n  t h a  S u b t r a c t  1 
c o u n t e r  (T reaains T h e  t l ~ e  c o u n t d o v ~  c a n  
o e  resumad by s e n d u g  t h e  U A E D L B T E  Sl'ABr comaand 
a d  the SCL w i l l  r e t o r n  to t h e  Sob  1 s t a t e .  
B o u e v e s ,  lf the r e m a i n i n g  Q i ~ e  count n u s t  be 
s k i p p i ,  t h e  ADVALJCE command v f l l  extract the 
next eLtq  out o t  the renosy by t s a n s f ~ r r i n g  t h e  
SCL to tbe  B u n  S r a t e  - It, by c h s r r c e ,  the S T O P  
command a r r i v e s  j u s t  a f t e x  t h e  countdown of t h e  
t l e e  i aL3y  h a s  b m n  c o a p l e t e d ,  t h e  SCL u i l l  
advance  t o  t h e  S t o p  1 s t a t e ,  Telenerry s t a t u s  
vlll lm ~ s c o g n i z a b l e  in the Stop 1,  S t o p  2 ,  
Prczcess Command ( f o r  rany c o n t i g u o u s  commands] 
and Sub 9 ( f o r  l o n g  tame d e l a y s )  s ta tes ,  b u t  will 
n o t  be o b s e r v a b l e  for t h e  Bnn o r  Load T l ~ e r  
s t a t a s  M a u s e  t h o  SCL t r a n s t e r s  t h r o u g h  t h e s e  
s t a t e s  r a p ~ d l y ,  s a s p l m q  of. t h e  s t a t u s  of 
t h e s e  ~ t d t e s  will occur on a v a r y  infrequeat 
hasls. Licewise for very s h o r t  t i r e  d e l a y 5  or 
alternating c o m m a n d s  ind t ~ n e  d e l d y s  13 t h e  
aeaory, the Process Command a n d  Sub 1 s t a t e s  will 
n o t  o b s e ~ v e a  on a r e g u l a r  b a s i s .  
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3 -6.3.2 - 5  C l r p i e i d ~ t a o w  f R e s h i i n s  Commaad Seqqtaq-ces, 
The method f o r  l o a d i n g  cornrand w o r d s  i n t o  t h e  
memory through the u s e  of real-time c o w a n d s  h a s  
been d i s c u s s e d  i n  a p r e v i o u s  s e c t i o n -  Houever, 
there a r e  c e r t u n  facts t h a t  s h o u l d  be c o ~ s l d e r e d  
pr ior  t o  d e s i g n i n g  a s e q u e n c e  t o  be p l a c e d  in t h e  
a e m o r y -  The f a r s t  f a c t  is t h a t  t h e  SCL will 
c o n t l n u e  to process entries from t h e  heanry until 
commanded t o  s t o p .  T h e  SCL w i l l  cycle t h r o u g a  
all 128 memory s l o t s  a n d  t h e n  r e p e a t  t h e s e  
c n t r l e s  o v e r  ard o v e r  u n e l  t e r ~ ~ n a t m l  by a 
STANDBY, STOP or O P B  command, Hcwever, i f  for 
exeaple, o n l y  the first 20 s l o t s  a r e  used in t h e  
nemory for  a p a r b c u l a r  oommaud sequence, t h e  S C L  
u i l l  process these Z O  ea t s i e s  a n d  then s t e p  
th-ough e a c h  o f  the remaidl ing 108 s l o t s  in I P S  
r ~ i l l i s e c o n d  s t e p s  ( a s u a m g  e a c h  o f  these s l o t s  
c o n t a i n s  a l l  zeroes), T h e  SCL w l i l  m p e a t  this 
p r o c e s s  c o n t i n u o u s l y ,  u n l e s s  t h e  2 b t b  entry is 
o n e  of three s t o p - t y  pe coamanas m e n t i o n e d  a b o v e .  
An extension o f  t h i e  is  when m u l t ~ p l e  coslaand 
seque~ces  a r s  loaded i n t o  t h e  memory a t  one time. 
If each s e q u e n c e  I S  not t e m a n a t e d  By a S T A R D B I  
o r  SrOP c o r n a n d ,  a 11 t h e  s e q u e n c e s  ulll be 
executed in s s r ~ e s  and  c o n t i n a o n s l  y repeated,  

A s e c o n d  c o n s i d e r a t l m  1s t h a t  t h e  SCLs i n  both 
CPs c a n  be operated  s i m u l t m e o u s 3 y ,  a s  v i t h  the 
spacecra t t  s p i n - u p  o p G r a t l o n ,  b u t  t h a t  t h e  
coneancis i n  e a c h  sequence m u s t  n o t  a d d r e s s  t h e  
same C03 a t  t h e  s a n e  time i,?., w ~ t h u r  t h e  sane 
6 2 . 5  msec. p a r l o d -  I f  a  c o n t r o l  word 1s received 
d t  a  COB from both Z P s ,  the couaand v l l l  n o t  g e t  
processed t h r o u g h  t h e  C O B .  The t w o  CPs o p e r a t e  
a s y n z h r o n o u s l y ;  eack o s c i l l a t o r  I D  e a c h  C R  is  
L n d e p e n d o t t  w i t h  a 50  ppa  s t a b i l i t y  requiremano. 
A s  3 x e s n l t ,  command w o r G  o c c u p y i n g  t h e  same 
-lot, an a e e c l q  coald b e  executed a t  t h e  saae 
time. o r  m a y  s e c o n d s  a p a r t  w i t h  a s e q u e u c e  
c o n t a b i a g  Rang mnmancm and l o n g  time delays. 
rhls f a c t  muet be a c c o u n t e d  to r  In d e s i g n i n g  
p a r a l l e l  s e q u e n c e s .  

A n o t h e r  c o n s i d e r a t u n  is t h a t  b o t h  SCLs  c a n n o t  
s t a r %  prec i se l j  at  t h e  same t1.e because t h a  
s t srea  comrsand proaemmg time o l o t s  a r e  n o t  
synchronized b e t m e n  t h e  CPs. T h e r e f o r e ,  t h e  
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SGLs oorild s tart  as  nu& a6 025 ~ F l ~ e c o n d s  
apart r i t h  a s s i n &  clock frequencies Ln each CP. 

Another use of t b  S U  is f o r  seriea operation 
t o  e f f ec t ive ly  i n c r e a s e  the coamand memory t o  256  
locations. 4 h b  can be accoaplished b y  d e ~ i g n i n g  
the scaquecce In m e  c o a m a u d  memory to transfer to 
the  0 t h  :r cxamand mamory. ln example of t h i . :  
operation is g s e n  a s  fo l2ous:  

T h A s  @ x u p l e  sbom how the  two SCLs are used 
together t o  execute one L5b command s e q u e n c e  once 
w i t h o n t  r e p e a t u g  it a o t o s a t l c a l l y .  It rs 
assumed t h a t  both SCLs wqre c o ~ m a n d e d  on through  
real-time m u a n d r n g  p r l  tr t o  s tart ing the 
s e q u e n c e  A U  SCL 1 .  Por S L  1 ,  memory s l o t s  0 
abrouyh 125 axe used f o r  the t i r s t  p a r t  of t h e  
desired s e q u e n m ,  Snt the last two slots r u s t  be 
r e s e r v e d  to transter  over to SCL 2 acd term~nate 
SCL 1. in slok 116,  tbe S C L  2 I B R B D U T B  STAHT 
command is inserted t o  s tar t  SCL 2. Polloumg 
t h x s  mmraad ,  the SCL 1 STA89B11 c ~ a m a n d  is 
l n a s r t e d  i n  slot I17 t .o  place L:, 1 u, s t a n d b y  
and p m v e n t  it f r o m  r e p e a t i n g  ~ t s  s q u e n c e .  SCL 
2 w i l l  s t a r t  between 0 and 115 n l l l i r n c o n d s  a f t a s  
t h e  SCL 2 I I I E E D l L T B  START command i s  e x s c u t e d  
becatuse of t h e  asynchronous o p r i r a t i o a  of t h e  t u o  
C?s. P h c r e f o r ~ ,  the f u s t  conamd uord i s  memory 
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2 s h o u l d  be a 125 ahUSaecond t i n e  d e l a y  or a 
a u u a n d  tha t  is aot muted t o  t h e  snae COll 
through vh ich  the SCL 1 STPBlDBI soanand as 
p r o c e s s e d .  Uterference between t h e  SCL 5 
STABDBX c o e a a n d  and the  f irs t  consland i~ iaQnory 2 
w i l l  carme n e i t h e r  comeand to be executed and 
r e s u l t  in the SCL 1 seqaana? Be ing  repeated 
simtaltaaeously with  t h e  S61L 2 sea_nence,  The  
final command hB t h e  S C L  2 sequence  must be the 
sCL 2 S T U D B H  command t~ p m r e a t  ~ e p a t i n g  t h e  
m q u e x e  i n  SCL 2 -  

If there is no i s t w h l o n  to r e p e a t  the 256 word 
sqr;esce, the !XCBWDBP conaands  should be replaced 
with W F  coamands to consene power. Should i t  
b e  ;emred to repaat t h e  s q u e n c o  e o a t i n ~ o ~ s l y ,  
s l o t  126 in SCL 2 most canta in  t h e  START eoamand 
for SCL 1, ?here are a n a ~ b e r  of v d r a a t r o n s  t o  
this p x o c e d u r e ,  ht l n s i c a h l y  t h i s  i6 t h e  n e i h o d  
t h a t  gust be used  to o ~ r a t s  b o t h  SSLs in series. 

3 .ti - 3  - 2 - 6  S C L  Osieatanq w a . j , p t s .  The configuration 
control l o g i c  in t h e  CP c a n  mceive b o t h  real- 
t i n e  c o a s a n d s  a a d  s t o r e d  coaaands t o  cont ro l  t h e  
SCL o p e r a t i o n .  However, t h e r e  muse !M a migiaum 
3f 125 milliseconds between a ? '  c 3 g l b ~ l d s  r e c a a v c d  
,f t h e  S 6 L -  If a stored c o m a a d  sequzece is 
b e i n g  processed, a r e a l - t ~ w a  conaand should n o t  
Be s e n t  to t k e  S f Z  v i t b i n  125 m i l l i m x o n d s  o t  the 
t i p 6  t h e  SCL 16 o u t p u t t i e g  a corclgand t o  i t s e l f .  
S u c e  t h e  r e a l - t ~ e  e o m m w ~ d  and s tored  command 
prcxzesting t h e  s l o t s  are b2.5 m i l l i s e c o n d s  
a s a r t ,  i t  ~s p o s s i b l e  for t h e  SCL t o  receive two 
ooanands  a s  close t o g e t h e r  a s  6 2 - 5  m d l i s e c o n d s .  

S a s i l a r l p ,  if bat8 SCLs are  processing comaands, 
one SCL should ao8 s e n d  a cormand t o  t h e  other 
SCL w i t k i n  6 2 - 5  m i l l i s e c o n d s  of t h e  time t h e  
o t h e r  SCL is s e n d i n q  a ccprsand t o  itmlf or 
r e c a ~ v l n q  a r e a l d u e  m 1 1 ~ a ~ ' -  

3 - 6 - 3 3  P ; p m P a c m  0 p e g a P i o ~ -  ike operational 
aspec",a rshted  to pyrotechnic devices on the 
B r r l t i , x - s b e  spacecrd- t i a v o l v e  d 2  ri sg t ha Large 
and SMU Probe In -2light Disconnects (IPDs) , 
separation oP. t h e  Large a n d  seal1 Probes, and 



deglsprient oP mmntific instrument d s o l c e a ,  s u c h  
as the BP0S Breakout Bat and SUBS C ' a l  Gas- The 
felloring two s e c t i o n s  d e s c f i b c t  them o p e s a t l o n s .  

3.6.3-3.1 Se~sat iop-02  u- The l P D s  on the Larye a ~ d  
SmUh Probes are  separated  prior to the release 
of t h e  p r o b e s  frm t h e  Bas s p a c e c r a P P ,  To 
s e p a r a t e  t h e  Large Probe I B D ,  the ABPZ LARGE PROBE 
IPD hblD BNaS B / O  BAT coaaand ( O E D 1 3  or OBDh3) 
must firs. b e  &sent to PC13 1, Contiguous P a  P h i s  
a r B  conmand, tne P n E  LAHGB PBOBX IPU coaaand 
( O E D 1 4  or QBDAY) R u s t  be s e n t  i f  r e a l  time 

c o n u a n d s  a m  u s e d .  

The LPL) for each of the Small Probes  are 
s e p a r a t e d  in a similar way, except tbat a 1 1  three 
IPDs a r e  s e p a r a t e d  s i ~ u l t a a e o u s l y  - To arn t h e  
PCU for thu e v e n t ,  the BE9 SClbLL P 9 0 B B  U D  AND 
BNMS CAL GAS F E B O  command ( O R B 2 2  and OBDBZ) sust 
be s e n t  to PCe t  2 .  Foll.oai.ng Phis corclmaad the 
P I =  S B A L L  PYDBX XPD command (okD23 w QBDB3)  
l u s t  bs s e n t  c o s ~ g ~ o u e l y  to separate the XPDs- 
Again ,  tks is n g c e s a r g  if r e a l  t im c ~ n a a n d s  
are u-d for t b s  operstion- 

The probe shelf tesper i t tue ssassrs 8oBiQored on 
the Yos s p a c e c r a f t  will go to full s c a l e  when t h e  
UIbs s e p a r a t e -  These outputs are routed v i a  the 
IPDs for t e a e a e t q  in the Bus data h a a d l i n g  
s u h a p 6 t e e o  

Kxaagles of the  rPse of the a h v e  commands d u r l n s  
the mission a r e  shown in S e c t i o n s  4.2-2 aad 
rr -2-3- 

3 - 6 . 3 . 3 - 2  -8 a ~ d  !%dl Bpbea Separrati~n. T h e  U r g e  
Probe is separated fwm the Bus spacecraft by an  
arm and  fxre axanand s e n t  J F ~ e c t P y  to P C U  I ,  If 
t h e  coamands a r e  to he sent in rea l - t ime,  they 
m u s t  b~ c o n t k j u o u s -  T h e  arm cosmand is A B U  U R G E  
PBOBE S B P A U T X O B  (OYD11 or OWDBI) and t h e  f i r e  
cornand rs L h B U  PROBE SEPARATION ~ U R D l 2  or 
O B D B 2 ) .  P b n  aepaxatioa has occurred, telemetry 
output SUXLS iaPU go to logic  s O m -  

7 1 1 0  s a p a r a b o n  of the S m a l l  P r o k s  is described 
in S e c t i o n  3 . 6 . 3  -5. 
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o n l y  s c i e n t r f i c  dsstriamant t h a t  contains 
p y r o t e c h n i c  d e v i o o s  on the BPS spacecraft- The 
BYBS Bas squibs to d e p l o y  the B r e a k o f f  Hat and t o  
open the Cal 6as c o a t a i n e r .  

There is one arm and tbw f ire  coamands need& t o  
deplrdl  t h e  B m a k o f f  Hat. The a m  cmnaed is A R B  
L A W B  P B O B E  IPD M D  M d S  B f l  H A Y  ( O R D 1 3  or OBDA3) 
and tt two f ire  commands are FIB2 B1BS B/O HAT 
PsxsrRr (OILD:~) a i d  PIU BYBS BD H A P  S E Z O P D A B I  
( O B D l 6 ) .  $ a d  f i r e  cokraad a c t i v a t e s  two squibs, 
If the arm and f h e  comaads are sent ul r e d -  
time, t h e  arn cornand must  be sent prior to each 
one of t h e  f ire m ~ r a n d s  t o  d c t i v a t a  a l l  four 
s q u i b s .  

The C a l  Gas c o n t a i n e r  is broken by m e  p a i r  of 
aKm and f i r e  commands- For this e v e n t ,  the arm 
c o m a a d  is AM SHALL PROBE I P D  and  B H B S  CAL GAS 
PYBu ( O S D 2 2  or QkDb2) and t h e  firs c a m a n d  is 
BlRE BRES CAL G A S  PYBO ( O E D 2 4  or C I R D b 4 )  - Again,  
these coa~ands n u s t  be c o n t i g u o u s  i?. t h e y  are 
t r m s m i t t e d  b r e a l  time- 

Omgp,ti 3-6.3 - 4  w e i v e r  Bpvsxge o n @ .  The receiver 
reverse c a p a b i l i t y  in t h e  wanand s u b s y s t e ~  is 
d e s i g a o d  Po prevent l o s s  of uplink c o n t r o l  o f  t h e  
spacecraft for nore than 36 f r  h o u r s ,  The CP 
sends out two Qlscrete commands  a u t o a a  t i c a i l y  
evarg 3b  & 4  hours when no v a l i d  u p l i n R  corneanos 
are received in t h a t  t u s  perlo&, one command 1s 
used to select t h e  forward o n n i  a n d  t h e  o t h e r  i s  
s e n t  t o  d m g e  t h e  receiwes/antenna BY s w i t c h  t o  
t h e  normal or reverse p o s l t ; o n .  duen the s w ~ t c h  
i s  i n  t h e  normal  p o s r t i o n ,  the reverse  pulse 1s 
rjent m t ,  and v i a  versa - F o r  r e d u n t i a n c g ,  each 
CP psrforss  the saile function. 

Yhen p u e r  is mitial ly applied t o  b o t h  CPs t h e  
receiver reverse c a n t a r  in each  CP ui reset t o  
zero and e a c h  begins c o a n t i n g -  Lf a v a l i d  
c o l e a n d  is r e c e i v e d  bg e i ther CP,  t h e  c o u n t e s s  i n  
both C P s  am reset  t o  zero t h r o u g h  the  cross- 
s t r a p p i n g  b e t w e e n  a s ,  U n d e ~  n o a l n a l  c o n d l t l . o n s ,  
t .here  is no wag to d e f e a t  t h e  operation of this 
ta.cction once prsse power is applied to t h e  CPs. 



The a p p l i c a t i o n  af power Pray c a u s e  t h o  two CPs t o  
i n i t i a l i z e  i n  different logic states,  i - e . ,  cne 
CP map be in the eoraal state m a d y  t o  s e n d  cmt 
t h e  r e v e r s e  p u l s e  and the other i n  the reverse 
state r e a d y  to o u t p u t  the normal pulse- I n  order 
to place t h e  C P s  An t h e  same s t a t e ,  b o t h  CP 
configure comands, C X Q 1  and C X y 2 ,  B a s $  be s e n t  
u t h e  B e c a v e r  Normal mode, or b o t h  c o m a n d s  
must hre sent in &he Receiver Reverse mode. If 
t h i s  m n d i t i o n  is net corrected, t h 6  t u o  o u t p u t s  
from tha CPs will negaQe each other and t h e  
receiver switch m i l l  n o t  chaiige pcs i t ion ,  The 
logic state oi CP1 and CP2 ai. given in te lenetry 
as CaEYlS e?d C R E ? 2 S ,  r e s p e c t i v e l y ,  where logic 
"1" u normal and logic W g  is reverse. 

To insure t h a t  P . b  receiver reverse logic i n  both 
CPs a r e  in t h e  s u e  state, t h e  CP q u a n t i t a t i v e  
m u a n d  m u s t  Be mnt to each CP, B i t s  3 3  and 34 
of , h e  q u a n t i t a t i v e  coeeands nust  Be set t o  
t o  obtain t h e  normal stah and @ P O u  to g e t  t h e  
reverse state. If the D U t h e s  CPm a d d r e s s  Lor 
B i t s  39 and 40 ti.@-, m13°)  i s  n o t  u s e d ,  t h e n  
those two b i t s  m u s t  be c a r e f u l l y  s a l e c t e d  t o  
a d d r e s s  t h e  CJ t o  u b i c b  the comaand is to b e  
seat, i-em, 9 1 "  for CP 1 and m70R for C!? 2 -  
Even thorrgh there is o n l y  a single quantitative 
comaand to eccb 8 f roe a d i f f e r e n t  C O B ,  thexe is  
a p o s s i b i l i t y  t h a t  the receiver reverse function 
tan be deteated  t h r o ~ g h  relestion of t h e  wrong 
address b i t s  in the  q n c n t l t a t i v e  command sent. t o  
a C?, If tAe u r m g  CY a d d r e s s  rs s e n t ,  the 
normal and ravsrsl outpnts w i i l  be i n h i b i i e d ,  but 
icbe ccesli select output will a l w a y s  s c c o r  a t  
receiver r m s m  Q b e o n t -  The two t l i p - f  lops 
t h a t  c o n t r o l  the power strobe l o  t h e  oq tpnt  
b u f f e r  an8 t h e  gatiaq of t h e  o u t p u t  pulse are 
placed in o p p o s i t e  l o g i c   state^. C o n s e q u e n t l y ,  
the o u t p o t  p n l s e  w i l l  he g a t 4  t o  an u o f f g  o u t p u t  
buffer and v i l l  be i n h i b i t e t i  f r o m  g o r n g  t o  t k  
%rnc o u t p u t  buff ex. T h i s  occurs b a s i c a l l y  
becaase  one f l i p - f l o p  us coanecwd t o  o decoder 
that  senses the address b i t s  and t h e  other  is 
eoaacx-d to a decmier t h a t  does n o i -  The s t a t u s  
of the n o r a a l / m m r s e  logic is o n l y  sensed o n  one 
f l i p - f l o p  sc t k t  it is i m p o s s i b l e  to determino  



from te l lesetq  if the wrong a , l d s g s s  bits were 
sent. 

It takes a ccusbinaUoa o f  t h r e e  human errors a n d  
h a r d w a r e  failures for QbPs prc ,Uem t o  h a v e  a 
ca-strophu: e f f x t  on. t h e  mission. T h e  
c o e b i n s t i o n  is: (1) a  re-ivar f a i l u r e  t o  
necessitate the use of t h e  r a c e i v e r  reverse 
c a p a b i l i t y u  (2) a CP f a i l u r e  (or a human error 
t h a t  a p s e s  t h e  CF t o  be addresrred i n c o r r e c t l y ) ,  
a n d  (3) a human error t h a t  muses the r e m a i n i n g  
operational SP (or  second  o p e r a t i o n a l  CP) t o  b e  
alldressed incorrectly. Pf P b e s e  is  u n c e r t a i n t y  
as to w h e t h e r  the CPs a r e  c o r r e c t l y  c o n f i g r l r e d  
p r i o r  t o  enteranq a l o n g  period w i t h o u t  c o m a a n d  
t r a n s m l s a i o n s ,  t h e  correct q m n t i t a t i v e  soneands 
c o u l d  be  rathansiaitted t o  the s p a c e c r a f t ,  P h i s  
is done by s e n d m y  both CP c o n f ~ g u r e  commands, 
CBCQI and CPCQZ, i n  the Beoefver Mormal mode, o r  
s e n d i a q  both comeands in t h e  Receiver Reverse 
made - 
T o  p r e c l u d e  the Qccurrenca s f  t h i s  p r o b l e a ,  it  is 
h e s t  t o  always c m e  b i t s  39 a u d  4 0  a s  mll". Thls 
code se lec t s  either CP, and bib 15 of the u p l i n k  
command s h o u l d  be used o n l y  t o  select  t h e  d e s i r e d  
C P .  

p a f i h e r n o r e ,  i f  the 8 s t m u l d  e x p e r i e n c e  a n  
o v e r c u r r e n t  c o n d i t i o n  that eausea t h e  power 
s u p p l y  t o  be t o s m d  off by t h e  cyclic f a m ,  a n d  
i f  the fault mas later removed and  p o u e r  re- 
a p p l i e d ,  t h e  receiver r e v e r s e  c o a n t w  will be 
reset t o  ze ro  a d  the l o g i c  w i l l  initialize i n  
soas r andom sta te -  T h i s  Beans the  tso C B  may 
n o t  be s y n c h r o n i z e d  a n d ,  c o n s e q u e n t h p ,  t h e  CP 
C O Y P I G U B I l  q u a a t i e a t i v e  c o ~ ~ a n d  should be s e a t  t o  
each CP rso that tbe Ouo B s  w i l l  output the same 
comnands simultaneously. 

3 -6 -3 -5 S r a u  Pxobes 8-w Qw&~tions. T h e  t h n s e  S m a l l  
Probes on the I n l t x p r o b e  spacecraft axe  re lased 
s i a a l t a a e o t r s l y  w i t ?  a s i n g l a  F I B B  command to the 
K U  t h a t  is routed th rough  the A t t ~ t u d e  Data 
Processor ( A D P ) .  As s h o w n  i n  F i g u r e  3.6-1-1 ,  t h e  
COB o u t p u t s  a dimzrete command to a n  %DP a n d  t h e  
ADP i n  t u r n  transfers the c o n n a n d  to t h e  PCU. 



S e c t i o n  lo- 3 . 6 - 3 . 5  
Doc. No, PC403 
O r i c j -  Issee Date 5 / 2 2 / 7 8  

There are fom d u c r e t e  ccrrnaads i n v o l v e d  i n  thls 
operation; two that go to ADP 1 and  two that are 
s e n t  to U P  1. The purpose  of all these ccimmauds 
is to provide redundant irrputs t o  eacb ADP f r o a  
hedoadant COBS w i t h o u t  c r o s u - s t r a p p j s g  in t h a  
s p  acecr ad t bar n e s s  . 
Prior t o  r e l e a s i n g  t h e  Small  P r o h s ,  t h e  A B I I  
SHALL PROBE SEPABA'PXO# cairnand (OBD61 a n d  O R U B ? )  
m u s t  h sent to PCU 2. The Small Probes w i l l  b e  
released By r e a l - t i m e  coaaands  so that the ADP 1 
SBALL PROBE BWLEASB comeand ( B R . L l l  or R E L A I )  or 
the ADP 2 SHALL PROBE K E U A S B  command ;&EL21 o r  
EELB1)  must f o l l o u  contiguously t h e  A R M  c o n a a s d ,  
Only one ADP i s  pmmd on d u r l n g  t h e  Snall Proba 
release operatxon, so the appropriate conaand 
must be s e n t .  

The ADP t h a t  r s e i v e s  the BELBASE coxmenu delays 
t h e  I s suance  of the command t o  PCU 2 u n t i l  t h e  
u c c u r r e n c a  of t h e  nest B o l l  Index Pul se  ( R I P ) .  
The d e l a y  *Amugh tbe ADP is a f u n c t i o n  ot t h e  
time of a r r i v a l  o f  t h e  coamani and the  spln r a t e  
of t h e  s p d c a a a f t .  I h e  nominal s p i n  ra te  p l a n n e d  
f o r  Snall P r o b e  release LS 4a.5 r p E  so t i a t  the 
worst case delay i s  on t h e  ordex o f  1 . 2  seconds. 
l h e  PCO t i a i n g  diagram p r e s e n t e d  i n  S e c t i o n  
3-6-2-3 shobs t h a t  the BCU will a u t o m a t i c a l l y  
disarm I b . 5  k4.5 seconds a f t e r  receipt ob t h e  A R B  
command, Under wcrst case conditions, t h i s  
parnlts a d e l a y  of tuo s e c o n d s  t h r o u g h  the A D P .  
The t u o  second worst delay results from t h e  t i r e  
d i f f e r e n c e  b e t w e e n  t h e  trae ~t takes to receive a 
reai-time cuanand (i -e ,, 12 s e c o n d s )  a n d  t h e  
minimum Ue to  bsam ( ~ . e . ,  1 4  s e c o n d s ) .  The 
r i n i a a ~  s p a  rate is expected to be 40 rpa w h i c h  
resalm ir; a d e l a y  of 1-5 seconds ln t h e  A D P  o r  a 
eargia o d  0 . 5  seamis. Consequently, t h e  A B R  and 
ULXh!;X mstnands snst !x contiguous to r e l e a s e  
oh@ p n \ h s ,  When t h e  A D Y  i s s u f t s  t h e  c o ~ s ~ l n d  t o  
PC0 2 s y n c h r m o u s l g  w i t h  t h e  R I P ,  a telemetry 
sta tus  f l a g  s sat i n  h t  p o s i t i o n  5 ( 1 - e , ,  
B P M L S )  of ADP S t a t u e  Word 5 .  

The c a n a n d  fron the A D P  1s  cross-st;app&i i n  the 
hzlrness t o  t h e  A and E s ~ d e s  oi BCD 2 a n d  f i r e s  
a l x  (6) s q u i b  s h d t a n e o u s l y ;  t h e  primary three 
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(3) and the redardant t h r e e  (3)  . P h i s  
n e c h a n i z e t b n  prevents n ~ n - s i . n ~ l t a n e o o s  release 
of the three Small P r o b e s .  When the probes are 
r e b a s e d  from the at tachment  r i n g ,  a s t a t a s  f l a g  
for e a c h  Smal l  Proha is sent t o  telemetry 
i n c i i c a t u g  release, T h e  te lmetry o u t p ~ t s  for 
Small P r o b e  1, 2, and 3 a r e  S1RELS, SZBE.'.S and 
S3RELS. r e s p e c t i v e l r ,  

;a example of the use of t.!ta a b o v e  a m a n d a  is 
g i v e n  S e c a o n  9 -2 -3  - 
C 3-6-3-6 f - The coast timer w w  Pmbes is used to  
start t h e  Bntry Sequenae ~ r a m n e s  (BSP), which 
in burn issues t u e  d e p e n d e a t  commands during t h e  
descent phase of ttse p r o b e ' s  mission, T h e  time 
delay 1s l o a d e d  into t h e  coast tmer by t h e  MAST 
T I E B B  SET quantitative cmeanC to the 
Colaand/DaLa U n i t  (CDU) on e a c h  probe- un t h e  
Larye Probe, the primary command ( L C Z d l )  is 
processed by the  U r g e  Pmbe COB ( L e e . ,  all 7 on 
C O U  channel 7Q1j and t h e  r e d u n d a n t  ~ m m a n d  
(LCTQB) rs pmcessed by a W A  ( i - e l ,  COB 1 on COR 

c h a n n e l  193) OB the BPS spucecraf t , For t h e  case 
of t h e  Smal l  P r o b e s ,  both the primary ( S C T Q 1 ,  
SCZQZ,  and SQQ3 for C M  a s s i g n m e n t s  (190, 390,  
and 5 Q O  r e s p e c t i v e l y )  and redundant (SGTQA, 
SC'PQB, SCPQC for COll assignments -- 2Q0, 490, and 
690 respect;lvely) m n a n d s  a r e  r e c e i v ~ d  UarougB 
the In-Plight D l s c o a n e c t  (WE. frbm CO8s on t h e  
B u s  s p a c e c r a f t -  

The coast timer b ~ s  the c a p a b i l ~ t y  to process a 
24-27 d a y  a r e  d e l a y  ( i . e J ,  216 x 32 seconds) 
with  a reso lat ion  of 32 s e c o n d s .  The time delay 
consists  of 16 bits of data placed into t h e  
q u a n t l t a t i u e  sonuand format L5B f i r s t .  To 
compute the binary amber needed tor t h e  conmana, 
the f o l r ~ w i n g  f o ~ P l l a  s h o u l d  be esed: 
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= ----- where A T ~  is i n  seconds 

3 2 

E x a d  - Suppose  a coast  d u r a t i o n  of 22 days, 
1 h o u r ,  32 minutes a n d  5 s e c o n d s  is 
deaired , 

Al'o = 1 ,  W6, 3 2 i l J  s e c o n d s  

B = 59,  570 .6871 s e c o n d s  

S x n c e  11 is not an  i n t e g e r  and since the  coast 
timer can o n l y  be programmed w i t h  i n t a q e r s ,  we 
select the programsing nmbes I@ to be 59,  570q0 
and account for the -687 seconds by  issuing a 
s t a r t  t i ae r  conwand ,687 seconds later than 
r e q u i r e d .  (We assumed i n  t h i s  example  t h a t  t h e  
32 second divisor is e x a c t ,  i . e . ,  t h e  t i n e  base 
is ye, IecP) . The 16 bit coast s a g n i t u d e  command 
number is s i m p l y  the b inary  a q u i v a l e n t  of 
59,5701? 

L SB ESB 
~ = 0 1 0 0 0 1 0 1 0 0 0 P 0 1 P 1  

After t h e  m a s t  t i r e  is l o a d e d  in a p r o b e ,  t h e  
c o u t d o u n  is started b y  t h e  STAB? COAST T X A U  
comrand n n i q w  t o  the p r o h .  T h i s  a m a a o d  (LCTB9 
or L C l 9 )  xi processed by the Large &obe  COR 
( i . e . ,  COR 7 )  and a B a s  CX)E ( i . e l ,  COB 5)  f o r  t h e  
Large Yrobe  respect irely;  and two C W  on t h e  Bus 
s p a c e c r a f t  for e a c h  Sma.ll Probe  (SCT19 o r  S C T A 9 ;  
SCT29 or SCTB9; SCT39 or SCTCY f o r  SP1,  2 ,  and 3 
respectively). Prior to  sending t h e  START COAST 
T I E E B  cowand,  the time c o d e  stored i n  t h e  coast 
timer can v e r ~ f i e d  by Bus telemetry.  T h e  
telemetry o u t p u t  i s  LSB first as l o a d e d  and 
cousists o f  two e i g h t  b i t  u o d s  r e a d  o u t  i n t o  
channel CX,TIIC,  where I e q u a l s  L ,  1 ,  2 ,  3 f o r  t h e  
Urge  and thnee Smal l  P i -obes ,  r e s p e c t i v e l y .  T h e  
two elqnt b i t  words B u s t  b e  ordered by t h e  graund 
s o f t w a r e  i n t o  ti: 8 BSF a n d  6 LSB bits to  
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r e c o n s t r u c t  t h e  a r i g i ~ a l  16 b i t  tine c o d e .  The 
coast timr c ~ t p o t s  one 8 bit v o r d  w i t h  each 
sampling by telemetry and dwls n o t  a c c o u n t  for 
the o r d e r i n g  o f  the words e x c e p t  when the SPIRT 
T U B E  COWIAYD is received, When t h e  STABT 
c o r m a n d  b hecelved, the m a s t  timer reorders Lhe 
time code so t h a t  the correct 16 b l t  code ulll be 
pr<x=ess&, 

Before t h ~  STABT i s  s e n t ,  the full 16 b i t  time 
code can be  v e r i f i e d .  Hoverer, o n c e  the c o a s t  
timer h a s  s t a r t e d  c r u n t i n g ,  t h e  t i r e  code c a n  no 
longer: be v e r i f i e d ,  The coast timer 1s u n d e r  t h e  
c o n t r ~ l  of its o m  0.5  Bz clock a n d  B g n o s e s  the 
~ e a d  clock f r o m  t e l e w t r p  o n c a  i t  h a s  started 
running. Theref ore, t h e  telemetry o u t p u t  will b e  
the LSB of the skit  reglster  holding t h e  c o u n t ,  
and s o  the telemetry w i l l  show a l l  ones or  a l l  
z e r o s .  Yhe shift r e g i s t e r  performs an e n d  around 
shift every two s e m n d s ,  s o  it is possible for 
the L S B  t o  c h a n g e  f r o n  a  one t o  a z e r o ,  or v i c e  
versa ,  i n  the u i d d l e  o f  a telemetry s a m p l e .  IE 
t h u  cdse, t h e  e i g h t  b i t  telemetry vord m i l l  
c a n s ~ s t  of g r o u p s  of *-ones and z e r o s ,  w h i l e  t h e  
c o a s t  truer is r u n u n y ,  a random s e a d o u t  i n t o  
t e l e m e t r y  of the* t y p e s  of ~ r d s  i n d i c a t e s  t h a t  
it is m o s t  l i k e l y  ~ r f o r n i n g  p r o p e r l y ,  b u t  d w s  
n o t  show c a c l u i v e l y  t h a t  a f a l l u r e  h a s  n o t  
OCCU rred - 
l h e  coact brier o n  be  s t o p p e d  b y  s e n d i n g  a new 
q u a n t i t a t i v e  command c o n t a l n m q  a new time code 
or  just s,ae r a d o n  ti- code. There u n o  o t h e r  
uay t o  stop it once the STABT command h a s  b e e n  
axecured. After receipt c f t n e  g n a n t l ~ a t i r e  
wsnand ,  the  coast timer w i l l  remain stopped 
u n t i l  t h e  next  STABT c o P ~ a n d -  t h e  da*.a c o n t a i n e d  
is t h e  q u a n t i t a t i v e  c o l a a n d  w i l l  be l o a d e d  i n t o  
the coast timer as a new time d e l a y .  

Z x ~ r p l e s  of tbs rse of t h e  a b v e  c o m a a n d s  d e s i n y  
b e  rrissio~ are shown in Sections 4.2-2 and 
4.2.3. 
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a:*\ 3 -6  - 9  C ~ p s e d  B ~ B R o ~ & ~ .  T a b l e  3.6 - 4 - 1  p m s e s t a  t h e  
command xespsnses for the coasand s u h p t e m ,  The 

-1 t a b l e  lists every command t h a t  d i r e c t l y  affects 
: .I the s * s p s t e m  a a d  the telemetry i n d i c a t i o n  that iq , 

*: &-( 
ver i f i e s  t h e  proper e x e c u t i o n  of the co88aad. 

I , ,~f T b e  nnemoaics for each of the command and 

'4 - telemetry paraoetsrs are atso i n c l u d e d -  
, - .) 
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COMMAND PROCESSOR TELLBETRY OIJTPUTS 

Mnerncnlc 
(See Note 1) 

CLX)C;XS 

~ l t  4 

Blt 5 

Autlve State; U g l c  1 
Znaotlve State1 U g t o  0 

SCL Slate Status; pee SCL Stak 
dlagram, Flgure 3.6.3.2-1, 

Telemetry 
Word 

Word 1 

Blt 6-Blt 7 
W B )  ( U B )  

NOTEl!  X n l f 0 r C P 1 .  
X = 2 fo r  C P  2. 

Format 

Blt 0 -Blt 3 
(MSB) (LSB) 

SCL OWOFF 

Demodulator S t a b  that lndlcates 
w e l c h  state. 

Word 2 

Word 3 

- 
N'ord 4 

CX;CLXS 

CDMLIXS 

Theee two b i t s  are the H S B  b i t s  
of  the rece iver  reverse t imer,  
and F ~ O ~ U C ~  four time combim- 
t l o n :  2 7 . 3  H r s . ,  1 8 . 2  Hrs . ,  
9 . 1  Yrs. ,  und 0 Yrn, 

RREVXC 

Blt 0 

Blt 1 -Blt 7 
(MSB) (LSB) 

Blt 0 

Blt 1 --Bit 7 
(hlSBI (LSB) 

Bit 0 -bit 7 
(3ISB) (1-W 

Reject flag Mlcat lon  that real 
tlme processor  ha^ detected an 
e r r o r  h R RT command. 

7-Blt count lndtoatlng munber af 
verlfiwl real  h e  commarrde 
proceesed. 

Separation switch status. 

SCL address polnter lndlcatlng 
present lcmatlm Ln SCL memory. 

Represents 8 btta of 24-hlt SCL 
command word stored In memory. 
Ih r tng  X L  m e m o 7  dump, 3 
e l m e t r y  m r d s  are  needed to 
completely retid the 2 4 a l t  SC'L 
command word. 

CREJXS 

CCMDXC 

SS E PXS 

CMEMXC 

CMEbM 



TABLE 3.6.3.2.3-2 

ACCURACY OF 4096 SECOND CLOCK 

IIIGITEST BIT RATE SELECTED SINCE T P  TURNON 

2 1 2 
16 64 128 1 7  256 341; 612 68% 1024 2048 

I 

CONTENT O F  EACII CELL 
IS THE MAXIMTJM ERROR IN 
MILT,ISECONDS BETWEEN THE 
r; !, 'i - START TInm AND THE . ,-. C ..,..:. 7 :CE BY THE C P  O F  THE 
< C 9  I- : ' : .,'LOCK TRANSITION. 

0 

r) 

SO 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

750 

250 

0 

0 

500 

0 

0 

0 

0 

0 

0 

0 

750 

250 

0 

0 

0 

0 

0 ,  

0 

750 

250 

0 

0 



T A R I E  3.6.4-1 

COMMAND RESPONSES FOR COh1t.lANIl S7'KSY.SIThl 

TELEMETRY VERlFrCATlON 
1 

Hnrmm~c 

[he ohth 
llphnmuncd 
e "A" for 
:m, or "B 
or CP2. 

3orrd Command The %I. of the npproprinte 
CP,  U t t  IB fn the LCAOstntc, 
\dl1 nccept tRc stnrct - nn- 
wnnd. m d  I& pddrcss p lnter  
d l 1  ndvnnce by one count for 
rnch t t ~ r d  rmmnnd. 

Ccnnmnnd Memory At'dresa hlnterr Commanrl 
M,-nory nddress WUI .uIvnnce cam' for eaob 
memorylandcommand - 

0 Snmr b# [ J 1' ~ n y  s t o d  comnrnnd, Pbove. 
Ylemory vrrli lcrtlm WW lrpdlcnte If correct 
Ume delay Bas lc -dd 

ZMTQI for 
:ma or 
Z m 2  lor 
:ma 
-- 
ZPC-gnr 
X I .  Can- 
nabs) 
,PCB1 
:=) 

;TORCUD - 
xxxxx. 

-- 

A - 

S f L  P l ! I t c ~  R h b s  8, 9. 12 nnd 13. depending m - -- 
atorcd command bclng ~roc&  nad T M  sampling 
of state. 

- 

U .SC L I M ON nrtd In Stnten 0. 
1 ,  4, 6 or 15, SCI, 4 1  go to 
Stnte 12 for 6 2 5  me and tk-n 
erltch among Sfam 8. 8. 12 
and 13 dcpetdlug oa the atorcl 
c w m n n d  behg pnxresrrrd. If 
X I .  Is ON nnd In S t a h  2 nrd 
the neR m r m o q  entry I s  n 
cammnnd (hlSR'1). SCL d l 1  
p to Sntr 8 and contlnur pro- 
ce~alng. U .XI. le ON nnd In 
.%te 2 and the mxt  memory 
en- la n ddny p 1 P H ) .  SCL 
wlU p to Sate 13 and continue 

pnxcaaln& If SCL In ON nnd 
In SLnte 3, SCI. vul tosetr 
B and mnMnue procesalng the 
delay a t o d  In the time delny 
COUntc;. 

-- 
CME XIlC 



TELEMETRY VERIFICATION 1 
If . T I .  I A  ON RIld ln any a t a k  
c-xcrpt 6, 10, 11 o r  14, SCL 
will gu tn Stnte 7 If and &en 
the 409t7 clock I , X I .  
wlll gu tn Stntc Ghrn the 
4096 clock (1. c . .  the second 
b ¶ S B  of .TIDK2) fmm 
onc tr, zero. KCI. dl go from 
.%tc 5 to State 12 for 62.5 ma 
then ewltch mong 3tnkt-i 3, 9,  
12 and 13, dtpendlng on the 
e t c d  commands brlng 

Command Memory Addrese Fd-t Rhea U196 
c!nck g O e R  f m - ~  me to zem. -mumi memory 
n d d m s  d5 atart ndvarrclng 3s canmnndu and time 
delnyn arc bdog pmceased. 

M e r  T?AI OLhcr m h q ~ ( E m s  d bP ccrmmnndtd by 
the stored commnnds. -- 
SCLSntP1 S o t c l 4 .  11 X I .  !a ON :id 13 Str 15, 

%I, wlU wtolQate 14. SCL 
must be In Sate 14 to lond 
the memory by sendlrqg mem- 
ory l w i  co:nmnnde. ChlEhl2C 

C o m m d  hlcmory Address Pointerz C w m m d  
rnem:ry nddrpus d l1  raivnncp mw carnt for crmh 

X I .  Sf i ' :  Sate 6 (Advance complete). GtntP 11 U S C I . t s O N a n d l n ~ 1 ~ 1 5 ,  
.SCI,wIll~mtot3ntc11. 'Ihr 
memo* I . 8 h l f M  24 blts 
uWch maul9 In n o m - w r d  
ndvnnce In mrmory. .%I. alll 
tbm go to Stnk 6 and rrmnb 
them untll n standby eommnnd 
In mc~lbTC1. 

mnnd palr. 



TABLE 3.6.4-1 (Contfnued) 
I 

COMMAND I TELEMETRY VERIFI- '-ION 

1 PConflgur~ 
SC L Com- 
n~nd) (Cont'4 

CPCQl or 
C PCQB) 

TORCMD = 
Kxlax. 

SCL Advance (0101) 
(STORCMD=ADVAN 

(Cont'd) 

SCI. Stop (O',lO) 
(STORCMD = STOP) 

- 
SCL Arm Separation 
S w i t ~ ? ~  ($I l l \  
(STORCMD= AHki3P 

If SCL i s  ON and In State 2 o r  CLOGIS SCL State: States 8, 9, 12 and 13 depending on 
3, the SCL then goes to State I CLOGPS I stored commands beingprocessed and TM sampling 
12 for 62.5 ms, and switches 
among States 8, 9, 12 and 13, 
depending on the stored com- 
mands being processed. 

CMEMlC 
CMEIrE2C 

If SCL !s ON and In State 8, CLOGlS 
SCI wi l lgo toSta te2 .  E s c L  I CLOGZS 
1s ON and In Stpte 13 o r  9, an 
the tlme delay counter I s  zera 
SCI will go to state 2. If X I  
i s  ON 2nd In State 13  or 9 and 
the tlme delay counter 1s not 
zero, SCL will go to State 3. 
The counter wlll stop counting 
and retain the count that 
exlsted when the STOP com- 
mand was received. 

1:ClCL is  ON and in State 15, anJ 
separation switch i s  closed,SCl 
w i l  go to State 0 and remain In- 
deflnitelyuntil commanded out 
of t!!at state. If SCI, i s  O M  and t r  
Stale 15, and separation swltch 
i s  open. SCL will go to Start 0 

m.d then immediately to Slate 4. 
When the separation switch I s  
closed, SCL will go from 

!Continued) 

of state. 

Command Memory Address Pointer: Command 
memor j  address will be advancing a s  cor?mands an1 
time delays are  being processed. 

Other TM: Other subsystems wlll be commanded 
by the stored commands. - 
SCL State: State 2 o r  3, depending on conditions 
listed under command response. 

SCL State: State 0 ,  if the separation swltch i s  
closed (I. e., SSEPXS = 1). State 4 if the separatio~ 
switch i s  open (I. e., SSEPXS = 0). 







COMMAND 

Mnemonic ntle I 

RC\' = XXXX 

Recelvcr Reverse  
(RCV R W E )  

I The neeelver  Normal comrnan 
will s e t  the Command Proces- 
s o r  Recelver Reverse State to 
NORMA1 and generate an 
envelope to se lect  the normal 
omnl antenna/recelver conflg- 

The Recelver Reverse  com- 
mand will s e t  the Command 
Processo r  Recelver Reverse  
State to REVERSE and generat 
an envelope to se lect  the re- 

I ver se  omnl antenna/recelver 
conflguratlm. 

C lea r  Command 
C a n t e r  and Reject 

F-1 ag 
(RCV = CLEAR) 

C P  Configure Command Processo r  
(CP  Select) Select 
(CPCQ1 or (CMDPROCSEL = 
C PCQ2) ~ o n e / N o .  1/No. 2/ 

CMDPROC- Elther 0/1/2/RL i 
The command counter and 
re jec t  flag ln the C P  wlll be 
s e t  to zero. 

Sets up loglc to configure 
recelver  reverse  f o r  normal 
o r  r eve r se  outplts. 

Mnemonlc 

CHEVlS 
CREV2S 

RRCVRS 

CREVlS 
CREV2S -- 
RRCVRS 

C R E J ~ S  
CREJ2S 

CCMMC 
CCMrnC 

N/ A 

-- -p 

TELEMETRY VERIFICATION 

- --- - 

C P  Recelver Reserve State: Xormal (Loglc 1). 

RF  Switch Posltlon: Receiver 1 to forward antenna 
m d  Recelver 2 to aft antenna ( b g l c  1). 

C P  Recelver Reverse  State: Reverse (Logic 0). 

RF Switch Poeltlon: Receiver 2 to b r w a r d  antenna 
and Recelver 1 to aft antenna (Logic 0). 

Command Reject: Zero. 

Command Counter: Zero. 

h'o telemetry veriflcatlon 



COMMAND I TELEME-'.- VERIFICATION 

-Pa= 

For some fal 'ure mocks In the 
C O H  whlch leave the C O M  
powered 0>, the COM can intill 
be used by aendlng a COY OFF 
command after esch command 
uslng that COM. In normal  
operation, the COM 1s  auto- 
matlcally turned O F F  at  com- 
pletion of command processing. 

If a C C J X  fril l? +o respond to a command, ssnd a 
C OM O F F  command and t r y  to send the command 
agatn. li the COXI r e s p m d s  to the command. the 
C O M  can still b r a  used by serdlng a COM OFF 
command after each command u e h g  the COM. 

CO>? 1 L 2 OFF 
c m  3 8 4 CJFF 
COhl 5 k 6 O F F  

-- - 
SCL 1 Statud: Zero. X L  1 OFF Dlscrete command h l c h  wlll 

turn SCI. 1 Power OFF. 
S+acecraft Loads Current:  A decrease  d abcut 72 
mUllamperes  (1 LSB) &en SCL le turned OFF. 

Ills Voltage Llmlter Current:  Increases as much 
as PBVSLI h a s  decreased, S wtfncient surplus 
eo la r  p a e l  cu r r en t  1s present. 

XI. Status: Zero. . X I  2 OFF Dlscrete command whkh  will 
turn SCI. 2 Power OFE. 

Spacecraft U a d s  Current:  A decreaw of a h t  72 
ml l l l anpe res  11 I , ' )  wk n SCI. Is turned OFF. 

Bas Voltage Llmlter Current: Increases  a s  much 
aa PB1 bL1 has  . f ec r r . i~ed ,  U sufflclent surplus 
so l a r  panel cu r rm!  is present. 

A r m  I a r g e  Probe 
.*par a n  on 

P ro r lde  power to the squlb 
dr lve r s  for Large  Probe %par 
atlon s tar t ing  4.0 seconda a f t e r  
the command and ending 1 8 . 5  
seconds a h e r  the command. 

Verlfted If a s s o c t a t d  f l r e  cornm.tnd Is accepted. 
There  Is no telemetry idlcatlcm d PCI. a m /  
d t a a n n  functions. 



0 ~ n 1 3  A r m  Id-e  Ph Provide power to the squlb 
OHDM IF IJ a d  H S M 5  B/Cj drlvers  for Large Prdw I F - 0  'j BX.5 B/G kid;, 

omlnally 4.0 seconds and d- 
ng 16.5 seconda afler the com- 

, n l d  

L X 7  4 Flre I ~ r g e  Pmbe If associated equlb drivere a re  
ORDA4 I F D  armed, thla ccmimand n r r a  

Iarge Probe JFD equlbe. 

ORD15 Flre BNMS B/O Hat If aetm~lnted squlb driver Is 
Primary armed. thla command n r e s  

B W S  B/O Hat Primary 8qulb. 

OHDl6 Flre BKWS B/O Slat Tf associated equlb drlver 18 
Secondary armed, thls command Urea 

DNMS B/O Hat .Secondary equlb. 

o ~ r n d  Ljlsann K'I' I For m e  ;allure m&s In 
0RDP.I  which the tlmer In the PCI' 

falls to d l s a m  the equfb 
drlverr ,  thla command wfll 
dlnarm them U sent after 1b.S 
eecaxh from armlng. 

TELEMETRY VERIFICATION 

All telemetry chaanels routed to Bus DfMs vla I FD 
go m full acale. 

Indirectly verUld  by proper Instrument operatloa 

Indirectly verlfled by proper Inntmmc-nt o p e r a t l a  

There is no telemetry indication d PCC' arm/ 
dlsarm functlms. 
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FIG'JRE 3.6.1-2 SHELF LAYOUT OF COMMAND SUBSYSTEM 





PIN P ~ O O R A M U I N O  I F R W  U N I T  CONtdECTOR) 
I 

L O G I C  
V a C E C R A r  1 SCIAC.TtOI l  S W I W  

I 
4OW LLCOND CLOCK (FROM TP) 

I 

I 
I 
I 
I 
I TO 1 Y  

I LOGIC 

I t 

C O U Y A N D  CHECK I C O H l R O L  5 .GNALS 

YEOlF I C A T I O N  CROSS 5Tm.P I F R O M  OTHER CP) 
0 r 

O A T A  TO 
COMMAND 
OUTCUT 
UOOULES 
17 L I W ~ S I  

n e c E I v E n  
n c v c n s t  N O n M A L  
LOGIC R C V E R S t  

- U N I T  POVJEn 

SEPARATION EWI TCH POWER' 

WACLCI IAC T  
COW 

ESSENTIAL 
* PO*IER 

Figure 3 . 6 . 2 . 1 - 1 .  Funct ional  Block Diagram of S i n g l e  Comnand P r ~ c  -sor 
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.01 U C W O  4 O H  SECOND 
CLOCK BIT - 1 

of cach box 
.Standby Command from any stateexcept Rcad 

T -  8 
goes to standby 

i .Tirnuu ciart cornm.and.from any s t a t 0  cxcopt 6,10.11 and 
11 goes to state 1 

.T= l  when a t,ime dclay command has been executed, and the time dclay has trot 
yet decremented to zero 

.T=O whcn the time dclay has decren:cnted to zero 
mCOhfAIAND=O for a tirnc dolay entry  
.COMMAND=l lor a command entry. . 

Figure 3.6.3.2-1.  SCL State Diagram 
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3-7.1 -m, S the Bas communicat ion 
subsystem g e n e r a t e s  a n  S-band d o u n l i n k  s i g n a l ,  
p h a s e  modulates it wi th  the PSK modula ted  
tsleret t y  s u b c a r r i e r  f rom *,he t e l e m e t r y  
p r o c e s s o r ,  and t r a n s m i t s  itr w i t h  n o m i n a l l y  
either 10 o r  2 0  watts of UP power fed  i n t o  o n e  of 
s e v e r a l  a n t e n n a s ,  The sub8ystem a l s o  receives 
and d e m o d u l a t e s  the u p l i n k  phase m ~ d a l a t e d  S - b a ~ d  
s i g n a l  and p r o v i d e s  the P S I  t o n e s  t o  the command 
p r o c e s s o r ,  H e m i s p h e r i c a l  t r a n s m i t  and receive 
coverage i s  provided f o r  t h e  S-band signals b y  
the m u l t i p l e  a n t e n n a s  shown in F i g u r e  3.7.1-1, 
rhe i o r w a r d  omni covers a p p r o x i m a t e l y  z e r o  t o  950 
from tne  +Z a x i s ,  and 950 t o  1800 is c o v e r e d  by 
t h e  a f t  omni, The mediam gain  h o r n  covers 
apprwinately 150" t o  1800 from the +Z a x i s ,  
seioctlon of t h e  desired a n t e n n a  and .  
fransmitter/recaiver c o m b i n a t i o n  is accomplished 
b y  a ~ > a n s  d t  t h e  ljlP switches, as  ?,hovn in t h e  
f unctiondl b l o c k  d u g r a n  of Pigura 3-7 -1-1 and 
t h e  a p p r o p r i a t e  WU/OFP* command of the power 
a m p l i f i e r s  a n d  t r a n s p o n d e r  exciters, Transponder 
I r e c e i v e r  o r  t r a n s p u n d e r  2 M c e l v e r  s e l e c t i o n  i s  
d o n e  by t u n i n g  tai? upl in l r  freqcency t o  t h e  
desired receiver 'Y u n i q u e  o p e r a t i n g  f r e q u a n c y  
( Z l t  1.266204 BRz and 2110-584105 MHz, 
r e s $ e c t i v e l y )  s a m e  both r e c e i v e r s  are aluays o n -  
'The H i n - l o c k -  s t a t u s  s i g n a l  f rom each receiver is 
sent t3 the command processor to guard a g a i n s t  
t h e  wise o u t p u t  of the unused r e c e i v e r  ern@ 
t w i ~ z i )  processed by t h e  command p r 3 c e s s o r .  rhe 
t ransmi t t er  coosisG o f  f o u r  1C-wa t i  s o l i d - s t a t e  
power amplifiers which can be c,petated one a t  a 
time o r  i u  p a i r s .  when o p e r a t e d  i n  p a i r s ,  t b e i r  
o u t p u t s  are summed by a 3 dB h y b r i d  t o  p r o v i d e  
the 2d watt S-band kP c a p a b i l i t y .  Each  of t h e  
f o u r  power a m p l i f i e r s  is d r i v e n  by a d4:dicated 
s u l i d - s t a t e  d r i v e r  a m p l i f i e r  t b  - t race;.vas its d c  
power f row t h e  power a m p l i f i e r  p c ~ u e s  converter 
that it is d r i v i n g .  &I1 four  dr iver  a m p l i f i e r s  
axe d r i v e n  s i r u l t a n e o o s l y  by means of t h e  four- 
way power d i v i d e r  (6 dB h y b r i d ,  wnose i n p u t  is 
selected by t h e  'PDT switch ( S - s u i t c h i )  'Lo be: 
e l t h e r  one of t h e  t r a n s p o n d e r  e x c i t e r s ) .  A 
e i m u l t n n o o u s  t r a n s a t  and receive capabl1it .y  
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throuyh  e i ther o f  the two omni antennas  is 
prov ided  b y  the tuo d i p l e x e r s ,  (The  aedinm gain 
horn is u s a b l e  for spacecraft t t a n s a i s s i s n  o n l y , )  

T h e  c o a m e n i c a t i o n  subsystem anits are arranged on 
tne  s y ~ n n i n q  e q u l p r e n t  s h e l f  a s  S h ~ m  i n  Figcre 
3.7.1-3. Placement of t h e  u n i t s  is intended to  
n l n i m i z e  c o a x  line length and RP i n s e r t i o n  loss. 
The power amplifmrs, due to their h i g h  i n t e r n a l  
heat dissipation, have been located over t h e  
s h e l f  thermal Pourers, 

A d e t a i l e d  L o g i c  Plow diagram for tbe subsystem 
is shown i n  F i g u r e  3.7.1-4 (Appendix C) , It 
~ d e n t l f  ies all collmnd i n p u t s  to t h s i r  t e r n i n a l  
p o i n t s ,  and a l l  telemetry o c t p u t s  from the ir  
gewric  sources. 

3 . 7  - 2  Units D e s c r i ~ t i o ~  

3.7 -2.5 T r a p s p o n d e ~ .  T h e  transponder c o n s i s t s  of a 
receiver section and a n  exciter s e c t i o n -  A 
f ~ a c t b n a l  b l o c k  diagram of the transponder is 
shown i n  Flgnre 3.7.2.1-1, The frequency plan  
sC:?vn i n  the block diagram is g i v e n  In terms of 
the S-band d o u n l  in k frequency , n o m i n a l l y  2294 
Nriz, as i n d i c a t e d  br 240 F1. The f r e q u e n c y  
indicated by P 2  is the second  IF f reo- lancy  and is 
n o m i n a l l p  12 - 2 5  BH2. 

3-7 - 2  . I ,  1 r ~ a n ~ n d e r  Peceirg,  The transponder receiver, 
herea f ter  referred to a s  t h e  receiver, is an S -  
band p h a s e  luck r e c e i v e r  t h a t  demodulates t h e  
c ~ l i n r  command t o n a s  from t h e  carr ier  and 
pruv l t l e s  a f r e q u e n c y  source f o r  the exciter t h a t  
is p h a s e  coherent with the u p l i n k  carrier, The 
u p l i a i c  HP is  routed f i r s t  t o  t h e  BF convartsr 
m a d u l e .  rhis module l i m i t s  t h e  receiver 
predetection bandwidth t o  60 t!Hz bl means o t  t h e  
praselector f i l t e r  . 
~ f t e c  c o n v e r s i o n  t o  r h e  f i r s t  I P  f r e q u e n c y  of 
13P1, t h e  s i g n n ~  i s  rooted to t h e  f i r s t  lF 
aspliiier rhesa it is ampl i f i ed  and converted  t o  
t h e  ~ e c o n d  IF frequency of P2. T h e  s e c o n d  I? 
a r 2 l i f  i e r  f u r t h e i  a m p l i f i e s  t h e  s i q a & l ,  performs 
tharrov-band filtering and prorides 6 hard  l i m i t e d  



o u t p u t  'ind d lln:rr\r d u t p u t  t o  t h e  y h a s o  detectar 
assembly.  

Pkre cicttoctol- d e m o d u l a t e s  the l l n r d r  l n p u t  to 
yruv1da e c o h e r e n t  AGC and t h a  in-iock s i y n a l s ,  
T h e  haru l i m i t e d  i n p u t  1s domodulntmi  t o  provide 
t h e  crror s i g n a l s  tor the phase lock l o o p  and the 
c ~ ~ m a d n d  s u w n r r i i r r  , T h e  phase  loch error siqnal 
1s conclitnuntjd B y  the s e c o n d  ordt+r l c w p  t il ter in 
t h e  US0 ~ o u u l e ,  Pbe output of t h e  l o o p  > l t e r  
c:ont r t ~ l s  t h c  VC3 p h a s e  and trequtsncy and  1s a l s o  
telr~at-st~reti as t h e  s t a t i c  yhasa error (SPE) , T h e  
Vc'u o u t p u t  f r e q u e n c v  i s  m u l t i p l i e d  crrd t r a n s l a t e d  
( v i a  cl fir& cscil;lidtor a t  L P ,) i n  t b e  local 
oscxl lator assembly t o  p r o v i d e '  t h e  mixer 
Lreguc .nc>rs  oP 2 b  P i  t o  the X B  mnvrrtrr ,  and 
( I M  1 )  - P , tu t b e  first 1F a m p l i t i c r :  s o d u l a s ,  
lt a12.o p r b v l d e s  t h e  reference krequunry (IF ,) t o  
the ctettxbor mcdult. tor t h e  cobesent p h a s e  
detection process. 

Powel- t ~ ~ r  the r-ecelocar m o d u l e s  is ptx)vidt>t by a 
pauzr converter that c o n v e r t - s  the nominal 2 8  v o l t  
i n p u t  woitaqe ( e - s s e n t f a l  bus) t o  +9V (recciverl  , 
+9V [ ~ e l a y  v u l  taqa tor excxter  C O E ~ ~ F O ~  f unr_ '%iuns )  
arid -bV (~t?ct?lver) . ( r \ v ~ T C U r f d [ l t  p r o t e c t i n n  :or 
t b e  lcceiwer is p r o v i d e d  by a current limiter set 
<?t. L O O  t.30 ad. Receiver fusing is  i n c h u d r d  
e x t e r n a l l y  i n  t h e  spacecraft  harness  (. i /H amp 
t u s e )  , The  r e c e l v e r  cannot be coamnnd*l \)PIP, and 
is ON w h e n e v e r  dc 1s a p p l i e d  t o  t h e  dc i n p u t ,  
S l n c t .  b o t h  receivers care , - m n e c t e d  t o  t h e  
spacrc:~-aft essential bus, 41.t.y a r e  a l w a y s  3rY and 
k e c r l v r r  a d d r r s s i n q  1s v i a  a p y m p r i a t r  u p l i n k  
t requeucy .select ion. The lmfortar~t operat lonal 
. -h , l rac t . er l s t i c s  of t h o  receiver  'ire d s  I ~ ~ l l o w s :  



noise F i g u r e  
Carrier Tbresbold ( a t  
receiver inpn  t t e m i u a l )  
T h r e s h o l d  Loop Roise 
lia nd w i d  t h  (2B LO) - 'Trackmy C a p a b i l i t y  

O r i  g . 1 S ~ ~ U P  Dat c. ,kL?i!JB 
H e v l s i o u  No, 

A G Z  Range 
Conloand C a p d b l l l t y  
Command F h r e s h o l d  
(Calculated, for 

P S Y  = 3.5 x lo*) 

2200  kHz a t  
55 H z / s e c  a t  
-140 dB. rnpua 
l eve l  
100 d~ minimum 
None 
-118.6 dBm/n2 
(wsrs t c a s e  

f l u x  d t > i ~ i t j )  
( - 0 3 0 , o f  3 B n  a t  
the receive 
a n t e n n a  o u t p u t  
port) . 

-4°F t o  +ILbGP 2 2 - 0  kHz 15.4 ~ R z  
+32*F to +90W 6 - 0  kHz 4 . 1  $Hz 
,it +.31*F for 10 h o u r s  3 .8  k H z  2-3 kHz 

Automat ic  Gaiu Control ( A G C )  
* s t a t i c  P h a s e  Error (SPE) 

I n - l o c k  S t a t u s  
OCO Twr-*raturn 

3..7 - 2  ' - 2  & a q ~ & ; r r c l & p .  rhe exc i ter  p r o v ~ d e a  an S- 
band s l g n d l  tbat IS phase  modulated by the 
telewet rp su bcarrienr . The f r e q u e n c y  s o u r c e  f o r  
the axc-l ter  is e i t h e r  t h e  raceiver VCO o u t p u t ,  or 
tue r e d u r d a n t  transponder VCO, or a n  a u x i l i a r y  
o s c i l l a t o r  i n  t h o  exciter,  f h e  frequent; source 
is safectad act.ordiag to . e logic show3 in T a b l e  
- 3  - 1  rhe ~ u x i P i a r y  s c i l i a t o r  is OH whenever 
t h e  e x c i t e r  is dH, r e g a r d l e s s  of wheC,?er the 
~ a c e i v r r  16 l o c k e d  to t h e  u p l i n k  f requPncy or 
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not. The i n h i b i t  uoberent mode command causes 
t h e  exciter to use t h e  auxiliary osci l lator  
frequency source when the receiver iu locked and 
t h e  t rans fer  to VCO command ( test o n l y ,  shorted 
o u t  by flight test access connector) causas the 
exciter to use t h e  u n l o c k e d  VCO a s  t h e  f r e q u e n c y  
s a u r c e .  S e l e c t i m  of the frequency source is 
dvna by a s o l i d - s t a t e  switch, w i t h  both sources 
always present a t  the i n p u t  to  the s w i t c h ,  

A 30 PI signal, generated in the X 1 1 / X 1 5  
m u l t i p l i e r ,  is app l i ed  t o  t h e  phase  m o d u l a t o r  
where i t  i s  phase modulated by t h e  t e l e m e t r y  
subcarr ier ,  The telemetry subcarrier  from the 
t e l e r c t r y  processor is r e g e n e r a t e d  in t h e  exciter 
i n  order to control t h e  a m p l i t u d e  of t h e  
m o d u i a t i n g  signal t h a t  i s  a p p l i e d  t o  the phase 
modulator. T h i s  makes the n o d u i a t l o n  i n a e x  
s t a h l l i t y  i n d e p e n d e n t  of P ha interface between 
t h e  tai e m e t r y  processor a d  t h e  comnunicat ion 
s u b s y s t e m ,  t h u s  resulting rn a stable e o d u l a t i o n  
~ n d t t r .  T h e  cornsandable selection of a o d u l a t i o n  
index is ncx-onpl iqhad by a t t e n u a t i n g  the 
rejer~eratrd subcarrier w i t h  a v a r i a . b l e  voltaqe 
d l v ~ d e r .  T h e  XtZ a u l  t i p l i e r / S - b a n d  pouer 
s n ; p . l t i + r  g e n e r a t e s  t h e  240 P I  o u t p u t ,  3nplifies 
lt a a :  k r e p s  t h e  o u t p u t  level constdnt by means 
of an a u t o m a t i c  i e v s i i n g  loop- 

k dc r o  dc powex c m v e r t e r  p r o v l d e s  + I  1, +L) and - 
b Vdc l o r  t h e  exciter m o d u l e s .  Overcurrcnt  
protec-tion for t w  e x c l f e r  1s p r u v i d r d  by a 
c u r r ~ n t  l lnr ter  set for 350 9 5 0  ma. E x c l t e r  
fuslnq is l u c l u d e d  e x t e r n a l l y  i n  t h e  s p a c e c r a f t  
h d r n t s s  ( 3 / 4  amp t use) , The exciter 1s commanded 
9 N / O P F  by t h e  command t h a t  t u r n s  t h e  power 
cdnurrter U N / U l B .  The ONflFY c o s m d n d  is s u c h  
that o n l y  one erclter can be o n  a t  a time, b u t  
botn  Cdn b e  off simultaneously . 
The ~ r y o r t a u t  o p e r a t i o n a l  cbdractes~stics of t h e  
excater are as follows jfurther details of 
coarauds  and t e l e t e t r y  a r e  i n  Section ; . - I - &  and 
Appendix A ,  r e s p e c t x r e l y  ) : 
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Bus Rodolation Comrandable t o  9.18 
Index r a d i a n s  or 0 .65  radians 

(67.60 or 37 -24 
respectively) 

Probes nodula tion Conrandable to 1.17 
Index radians or 1,025 

radians (670 or 57.30 
res~sc t ive ly  ) - 

b u x i l i a r y  Oscillator Ptequency  S t a b i l i t y  v s  
'Temperature : 

e Command Capability 
(6efer to Secbon 
3.7.U) for details) 

Pelenetry  
Ir~f ormation 
(Beker to  Appendix 

A for u e t a i l s )  

Bxcit.er 1 ON, 2 OFP 
E x c i t e r  2 ON, I OFF 
E x c i t e r s  1 and 2 OFP 
Bus High rod Index 
Bus Low qod I n d e x  
Probes W i y h  Bod Index  
Probes Lou Hod i n d e x  
I n h i  b i t  Coherent Rode 
Gestore C o h e r e n t  node 
Transfer to VCO ON 

( t e s t  only) 
Transfer to VCO OPP 

(tbst only) 
A u x i l i a r y  Oscillator 

T e m p e r a t u r e  
Exci ter  ONflP? S t a t u s  
I n h i b i t / U e s t  ore 
Coherent Jode S t n P u s  
T r a n s f e r  to V C 9  O I f l P P  
Status  
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Biver  -&J.j.f ier - The  d r i v e r  a m p l i f i e r  consists 
of three t ~ a n s i s t o r  stages t h a t  a m p l i f y  t h e  414 
dBm i r p o t  f rom t h e  e x c i t e r  t o  apprarimately +3U 
dB.. The i i u ~ t  stage operates as C f a ~ s  5 and the 
second and t h i r d  stages operate a s  Class C. The 
dc power  f o r  t h e  d r i v e r  a m p l i f i e r  is s u p p l i e d  by 
t h e  power a r p l i f  ier dc regulator .  T h e r e  are n o  
fuses or c u r r e n t  1 b i t i n g  i n  t h e  driver 
a m p l i f i e r .  rhere a r e  no commands o r  t e l e m e t r y  
fo r  t h e  d r i v e r  a m p l i f i e r .  The d r r v e r  amplifiers 
are t u r n e d  OY/OPP whenever t h e  power a m p l i f i e r s  
n r  t u r n e d  ON/OPF r e s p e c t i v e l y  . 

3.7.2.3 Power l i n p l i f ~ .  The power a m p l i f i e r  a a p l i f m s  
t h e  S-band o u t ; ) u t  signal f ~ Q R  the d r l v e r  
a m p l i f i e r  and p r o v i d e s  a minimum oi 9 - 5  w a t t s  
o u t p u t .  This is a c c o r p l i s h a d  by  tuo h i g h  p o u e r ,  
tiSC3005, t r a n s i s t o r s  i n  p a r a l l e l .  T h e  h v  i n p o t .  
power is s p l i t  i n t o  two paths  by  t h e  sard t y p e  of 
3 dB h y b r i d  t h a t  combines t h e  output  from t h e  two 
?!SC3005s, as shown b y  the block d iagram i n  Figure  
3.7.2.3-1. T h e  t u o  t r a n s i s t o r s  a r e  p r o t e c t e d  bj 
t h e  o u t p u t  i so la to r ,  s o  tha t  it is possible to 
o p e r a i x  the a p l i f i s r  into a n  o p e n  c i r c n z t  or 
short circuit (due t o  spacecraft f a i l u r e ) ,  
a l t h o u g h  operationally t h i s  s b o u l d  a l w a y s  be 
a v o ~ . d e d  d u e  t o  the a d d i t i o n a l  stress e n c o u n t e r e d ,  

DC p o u e r  fo r  t h e  t u o  BP t r a n s i s t o r s  is p r o v i d e d  
by a t e m p e r a t u r e  carpensated series r e g n P a t a r -  
T e m p e r a t u r e  compens~tion is necessary t o  l i m i t  
t b e  current c s n s r n p t i o n  to the s p e c i f i e d  1.2 
amperes a t  t h e  ambient and lower t e m p e r a t u r e s  
voere the t r a n s i s t o r s  p u t  oat  more PP p o u e r  but 
draw more c u r r e n t ,  T h i s  r e g u l a t o r  a l s o  s u p p l i e s  
t h e  dc p o u e r  t o  the d r i v e r  a m p l i f i e r ,  The 
control circuits for the amplifier are i n  t h e  d c  
s e c t i o n  or W c  f rama, onflff c o n t r o l  is 
a c c u m p l i s h e d  b y  means of  s. latching c i r cu i t  t b a t  
l a t c h e s  the r e g u l a t o r  on w i t h  t h e  W N n  ? u l s s  
command and t a r n s  it off w i t h  t h e  aOPF" pulse 
command or i f  t he  bus v o l t a g e  drops t o  a level of 
a p p r o x i m a t e l y  s e v e n  volts. T h e r e  is a l s o  c u r r e n t  
limiting, r h x h  is set a t  two amperes, and if t h e  
f a u l t  is such so a s  te cause m o w  current t o  be 
d r a m ,  tbe regrslated r o l t a y e  w i l l  decrease (* fo ld  
backm) in order to  maintain t h e  two a m p e r e s  
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current limit. Furthermore, for a severe f a u l t ,  
t h e  r q u l a t e d  vol tage  can f a l l  below the seven 
v o l t s  threshold and the regulator uill u n l a t c h ,  
t h a t  is turn o f f .  The a m p l i f i e r  can be turned on 
a g a i n  by t h e  aORn command but, i f  t h e  f a u l t  still 
exists, it w i l l  cmly s h u t  off again, 

The pouer a a p l i f  i e r  is fused internally w i t h  two 
( 2 )  f o u r  ampere fums and a 9-2 ohm resistor is 
i n  series e x t e r n a l l y  i n  t h e  harness w i t h  a n e  fuse 
s o  t h a t  o n e  fuse u i . 1 1  always blow first. 

Ootpu t Powex 3.5 u a t t s  ainimor 
C u r r e n t  Consumpt ion  1.2 amperes (0-4 

amperes a d d i t i o n a l  
for driver 
a m p l i f i e r )  

C u r r e n t  Li, 2 d B p 0 ~ 6  
nanimum Bus Voltage 7 v o l t s  
t o  Remain w h t c h e d m  On 
Te l emetry  I n f  ornat ion  Paver Output 

Ampllf i e r  
Temperature 
(Beter t o  4ppendix  

A f o r  details) 

3-7.1.4 9 b r l c i s 2  U_~,pleze~&ol@toy. Two t y p e s  of 
hybrids a r e  used i n  the Bus  Commnication 
Subsystem. T h e  6 dB h y b r i d  i s  used t o  s p l i t  the 
o u t p u t  pouer of t h e  e x c i t e r  four ways t o  d r i v e  
the iawr dr iver  a m p l ~ f i e r s .  T h e  3 dB h y b r i d  is 
used at, a  wwer summer to c o m b i n e  t .he o u t p u t  of 
two pourr ~uaplltiers. Both hybrlds are passive 
devices a n d  hare  no command or te leaetry  
c a p a b ~ l i t y  . 
&plexe&. The d i p l e x e r  permits ~ i ~ u l t c i n e o u s  
transmission and r e c e p t i o n  through t h e  sane 
a n t e n n a  a The h l p l e x e r  utilizes t w o  c o a x i a l  (TBf!) 
*ode : i l ters  c o n n e c t e d  a s  s h o u n  i n  the schematic 
i n  Piqures 3.7.2.4-IA and 3.7.2.4-1B; o p e r a t i o n  
1s ex; la ined by the block diagram i a  t h e  same 
f lgures .  mergy f ron the transmitter is  
p r e v e n t e d  i r o n  entering t h e  receiver 5 y  the 
D a n d p n s s  : ~ P t e r  a t  t h e  seceiver post t h a t  is 
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t n n e d  to t h e  receire ca t e r  f h e q u e n c y .  This 
f i l t e r  has hiyh attenuation at t h e  t r a n s m i t  
frequency and l o v  a t t e n u a t i o n  a t  t h e  recaive 
frequency . Transmitter energy due t o  s p u r s  t h a t  
a i g h t  f a l l  i n t o  the r e c e i v e  band is a t t e n u a t e d  by 
t h e  band reject filter t h a t  is tuued  t o  t h e  
receive f r e q u e n c y  also. This f i l t e r  has h i g h  
a t t e n u a t ~ o n  a t  the receive f r e q u e n c y  a t  t h e  
t r a n s m i t t e r  input p o r t  b u t  l o o k s  like a n  o p e n  
clrcuit a t  t h e  a n t a n n a  p o r t  a t  the r e c e i v e  
f r e q u e n c y  . 
T h e  r e s p o n s o  o f  the SB 5 d i p l e x e r ,  f o r  a 
c o m b i n a t i o n  sf  each of t h e  ports, is shoun i n  
F lgur te  3 .7 .2 .4 -2  I Since t h e  d i p l e x e r  i s  a 
p a s s l i e  device, it h a s  n e i t h e r  a command uor a  
telemetry c a p a b i l i t y .  

I s u l a t o r .  The isolator is a three-port f e r r i t e  --- 
circulator v ~ e h  a matched t e r m i n a t i o n  o n  t h e  
t h l r d  p o r t ,  T b e  t e r t i u a t i o n  is capable  of 
d l s s i p d t i n q  12 w a t t s .  The s i g n a l  is p a s s e d  in 
the toruarcr direction with very low i n s e r t i o l n  
loss (less t h a n  0.3  dB) and  v i l h  very hiyh 
i n s e ~  t i o n  loss (greater t h a n  2 5  dB) i n  the 
r e v e i s a  d ~ r e c t i o n -  It is u s e d  b e t u e e n  t h e  d r i v e r  
d n p l l t i e r  and t h e  power a m p l i f i e r ,  The power 
a m p l i f i e r  1s p r o t e c t e d  by its own b u l t - i n  
i s o l a t o r  (same basic d e s i g n ,  but 30 watt  
t e r a i n a t l o n )  . 

3 . 7 - L . 5  -- S w i t c h e s  and S r i t q b  Dt-. Two t y p s  of BI 
l a t c n l n q  relay s w ~ t c h e s  are used I n  the B u s  
i o m r u . ~ i c a t i o n s  S u b s y s t e m ,  an S s w i t c h  a n d  a C 
s w i t c h .  T h e  S switch is a SPDT s w i t c h  and t h e  C 
suitcu i s  a c r o s s - o v e r  switch i n  which two i n p u t s  
a r e  d ~ t e r n a t c d  b e t w e e n  t u o  o u t p u t s ,  a s  s h o w n  i n  
F i g u r e  3.7.2.5-1. 

Two colls are used o n  each s w i t c a ,  one tor  each 
puslt ior , thus r e q u i r i n g  two c i ~ c u i t s  t o  p r o v i d e  
tba s w i t c h i n g  current pulses- I n  t h e  absence  o f  
s w i t c n i n q  p u l s e s ,  the s w i t c h e s  remain i n  t h e  
s t a t e  c a r r e s p u n d i n g  t o  t h e  l a s t  p u l s e .  A minimum 
.;"wcAtied pulse v o l t a g e  of 24 v o l t s  is required 
t o  cause s w i t c h i n g .  
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S u ~ t c h  Drivs. Tha s w i t c h  driver consists of --- 
s e v e n  i d e n t i c a l  module s  y a c ~ a g e d  i n  a s i n g l e  
u n i t .  Each moaulc is basically two command pulse 
amplifiers uLj.eh increase any  one  o f  the i n p u t  
cunmarri. s ic@aAs to the vo l tage  and curreut le2els 
r e q u i r e d  t o  operate the RP s w i t c h ,  The  s t a n d a r d  
35 asec, 9 to 17 V Q C  cornnand pulse at any input, 
c u n t r d s  a t r a n s i s  t o r  s w i t c h  t h a t  a p p l i e s  t h e  
u n r e g u l a t e c l  B u s  ( e s s e n t i a l  b u s )  t o  t h e  d e s i g n a t e d  
k.2 s w i t c h  c o a l ;  puLs i sg  a a2m command i r .yut  
p r o v i a e s  a  p u l s e  to the -2- side o f  the HF 
switch, a n a  a p u l s e  a t  a i n p u t  p r o v i d e s  a 
p u l s e  to t h e  -1- s ~ d e  of t h e  s w i t c h ,  A h i l e v e l  
telemetry o u t p u t  i s  p r o v i d e d  t o  i n d i c a t e  
cumaanued s u i t c h  status. A a O a  i n d i m t e s  t h a t  
t h e  P ~ n t  executed signal was positioo *Im or 
mnormdln and a "1" i n d i c a t e s  t h a t  t h e  last 
executed s l g n a l  was p o s i t i o n  " 2 -  or a r e ~ e r s e w .  

Uheh , lGwer  is  f i r s t  a p p l i t v i ,  or removed and 
reapplied, t b e  t e l e m e t r y  comes up i n  t h e  "0" 
s t a t e ,  regardlass  of t h e  actual switch p o s i t i o n ,  
?ae s r ~ t c h  drivers are c o n n e c t e d  t o  t h e  
s p a c e c r a f t  e s s e n t i  a1 bus, 

3.7.L.6 ----- Antennas .  The B u s  utilizes a forward omni and a n  
a z t  imrli an tenna  t o  o b t a i n  4 .rr s t e r a d i a t  a n t e n n a  
c o v e r a g e  for command r e c e p t i o n  ( e a c h  i s  c o n n e c t e d  
to its own command receiver a t  the s a tiae), 
and tt3leaetry t r a n s m l s s i s n  ( o n l y  one ornr time is 
u s a b l e  v i t h  a t r a n s m ~ t t e r  in n normal o p e r a t i n g  
mode) . A a d i t i o n a l l y ,  the ned iua  g a i n  h o r n  
p c o v i d e s  ( t r a n s m i s s i o n  only) d i r e c t i o n a l  coverage 
c e n t e r e d  o n  the spacecraft m i n u s  Z a x i s ,  A brief 
d e s c r i p t i o n  and a performance summary f o r  t h e s e  
a n t e n n a s  i s  given below: 

H e d ~ u m  G a i n  XOM Antenpa B e s c r i ~ t i o n .  The m e d i a 8  - 
g a i n  horn antenna  is a s i m p l e  conical 
c o n f i g u r a t i o n .  The horn i s  mounted on the a f t  
end of t h e  Bus to  provide  c o m m u n i c a t i o n  coverage 
( t r a n s m i t  o n l y ]  for e lerat iou angles f row 150  t o  
1800 referenced to t h e  p l u s  Z axis. R i g h t  hand 
c l r c u l d r  polar lzat~on is p r o v i d e d -  The horn is 6 
t h i n  n l u ~ i n u r  shell 0.830 i n c h  t h ~ c k  w i t h  a 4- 
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b o l t  h o l e  b a s e  f l a n g e ,  trs a d j u s t a b l e  t n n i n q  
screws ( a l s o  aluminum) and a TIC connector. 

Pornan1 O r n m n a  D e s c r i p t i o n .  T h e  f o r w a r d  
umni antenna i s  a two-arm l o g  c o n i c a l  spiral, 
l d a n t x a l  u n i t s  are mounted on tor of masts  
located o n  t h e  forward side of both t h e  
n u l t ~ p r a b e  Bus anti O r b i t e r  s p a c e c r a f t s  t o  p r o v i d e  
BP c u s r u n i c a t i o n  c o v e r e g g  o v e r  a irgles  froa 0 0  to  
approxlmaoely 950 fro. t h e  p l u s  2 a x i s ,  

The a n t e n n a  c o n t ; i s t s  of an  e p o x y  q l s s  conical 
shell on vhi-ch two copper c o n d u c t o r s  are 
d e p a s r t e d .  Thta rad ia t ing  slemernts are f c  3 a t  t h e  
t o p  of t h e  cone by a  m i c r o s t r i p  b a l u n  which is 
s u p p o r t e d  i n  a, f o e r g l a s s  t u b e .  A coaz t o  
m c r o s t r i p  t r a n s i t i o n  i s  l o c a t e d  a t  t h e  base at 
t h e  antenna .  T h i s  d a s q n  radiat-es  a r i g h t - h a n d  
c ~ r c o l a r l p  p o l a r i z e d  axial mode p a t t e r n .  

bf 9 O m u i  A - g g & ~ e s ~ .  The a f t  o m n i  
a n t e n n a  is a common t a r n s t i l e  e lement  above a 
conical ground p l a n e .  I d e n t i c a l  u n i t s  are 
nounted o n  t o p  of masts located o n  t h e  a f t  end of 
b o t h  tbe R u l t i p r o h e  BUS ana O r b i t e r  s p a c e c r a f t s  
to  p r o v i d e  B? c o v a u n i c a t i o n  coverage o v e r  a n g l e s  
from 950 t.s 1800 f r u m  the p l u s  Z-axis,  

T h e  turnstile element is used to produce  c i r c u l a r  
polarization and t y p a c a l l y  p r o d u c e s  a r e l a t i v e l y  
ndrrcr 3 d B  beanwidth  ( 7 0 0 )  p a t t e r n ,  T h e  c o n i c a l  
qrounci plane i s  incorporated  t o  broaden  t h e  
k a m u  ~ c l t h  and g e n e r a t e  t h e  nearly h e m i s p h e r i c a l  
g a i n  coverage. 

T h e  a l ~ t e n n a  is a l l  aluminum welded c o n s t r u c ~ . i o n  
e x c e p t  forn a small t e f l o n  d i e l e c t r i c  bead in t h e  
i n p u t  connector. 

Q m n i  &&=-. It p l o t  of the mi~imum EXYE 
( E f f e c t i v e  Isotrople Radiated Power) for  t h e  
forward and a f t  orni  antennas ,  i s  given i n  Figure 
? . ? , 2 , G - I .  The bff ldrence  b e t w e e n  this p l o t  and  
a c t u a l  antenna yain us t h a t  t h e  trdnsmltter power 
ajitl circuit loss t o  each antenna has been 
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included; h o u e v e n ,  t h e  shape ot  t h e  curves is 
l d e n t l c a l  to t b e  actual a o t e n n z  yain. S u c h  a 
p r e s e n t a t i o n  h a s  been jadged t o  be Bore useful 
d u e  t~ t h e  d s s i r a b i l i t y  of i n d i c a t i n g  t h e  
s p h e e l c a l  a n t e D n a  corerags of the s p a c e c r a f t  o n  
onc set of c o o r d i n a t e  a x e s  and since c - c h  antenna 
h a s  d l f f e x e n t  feed c ircu i t  loss .  It i s  i m p o r t a n t  
t o  n o t e  t h a t  P i g o r e  3.7.2.6-1 i n c l u d e s  t h e  
mii \ inum q a i n  of t h e  antennas a t  e a c h  e l e v a t i o n  
a n q l e  a s  a f u ~ c t i o n  of a z i m u t h -  T h a t  is, t h e  
p l o t s  a r e  obtained by making  .-.n a n t e n ~ a  
-easarement w h i l e  b o l d i n g  e l f r a t i o ~  angle 
6. I n s t a n t  a n d  v a r y i e q  t h e  a z i r u t h  a n g l e .  T h e  
a i  ruth angle, for which tbe g a i n  is minimum,  is 
t h e n  used t o  d e r i v e  R ~ g n r e  3.7.2.6-1, T h e  
v a r i a t i o n  b e t r e e n  minimum and maximum g a i u  is 
i n d i c a t e d  by t h e  c o n i c  p l o t s ,  or g a i n  v e r s u s  
aziwu:h a r g l e ,  g i v a  a constant e l e v ? t i o n  a n g l e  
(t)), a s  s h m a  in P i g u r e  3.7.2.6-2A for t h e  
F o r w a r d  i h n i ,  and Figure 3 - 7 . 2 . 6 - i B  for the Aft 
O w n i .  

The rlnimua receive g a i n  f o r  t h e  ~ m n i  a n t e n n a s  i s  
sr~owo i ~ .  terms of flux J e n s i t g  I n  P i g u r e  3 . 7 . 2 . 6 -  
3 .  T h e  command l i n k  t h r e s h o l d ,  i s  Lased o n  the 
s,pecit ied -102-3 d b r  +er square meter ~ a x i m o s  
uplink power d e n s l t y ,  and a b i t  error r a t e  (BtR) 
of 3.5 r 1 0 - 6 ,  T h i s  EEB b a s  been shown t o  
proriae t h e  specified p r o b a b i i i t p  of f a l s e  
c o m a a n d  e x e c u t i o l i  ancl m s s e d  command,  and  
c o r r e s p o n d s  t o  a  s l g n a l  t o  n o i s e  r a t i o  of 17.2 dB 
a t  t h e  t r a n s p o n d e r  o u t p u t ,  

m o a  G $ _ ~ p w -  A suamrp of t h e  nedlum gain 
h v r n  performance i s  g i v e n  I n  Tabie 3.7.2-2, A 
diagram of t h e  Horn antenna pattern c o o r d i n a t e s ,  
w i t h  d e f i n i t i o n  of 9 and  9, is s h o m  i n  P i g u r e  
3 . 7 . i . 6 - 4 .  ,Tho a z l n u t h  @ = 00) a n d  e l e v a t i o n  (9 
= 900) p a t t e r n s  tor  the H o r n  f l i g h t  u n i t  f o r  
f - -2295 flHz are s h o u n  in F i g u r e s  3.7.2-6-5 and 
L 7 . L . Q - b ,  r e s p e c t n v e l y .  Conic p a t t e r n  c u t s  a t  8 
= 50, 2 0 0 ,  and 3O@ are s h o w n  i o  Pioure  3 . 3 . 2 - 6 - 7 .  
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3.7 -1.1 ' J " s a ~ ~ b i o a  a*- The Bus c o n m u n l c a t i o n  
subsystem has a n u m b e r  02 o p e r a t i n g  modes which 
a r e  d e f i n e d  accordi-g to the t r a n s m i t t e r  
c o r , ; i q n r a t i o n ,  t h e  an t enna  used, and the receiver 
used. The two bhsic transmitter modes are  h i g h  
power dnd lou p o w e r ,  b u t  s i n c e  tbere a r e  
redundant porer amplifiers, t h e r e  a r e  s e v e r a l  
c o r n i n a t i o n s  af ampli f  iera a v a i l a b l e  tor  each 
mode. P u r t h e r n o r r ,  there are  tuo 3as:c r o u t  ?S 

t h a t  the B Y  power can take, e i t h e r  t o  ' t h e  h o r a  
or i \ r d  o m n i )  o r  t~ t h e  a i t  omni .  T a b l e  3-7-3-3 
llsts t h e  aodes which r e s u l t  f r o m  these v a r ~ o u s  
c o a b i ~ . \ a t i o n s .  The s w i t c h  p o s i t i o n s ,  a n d  
associated commands and  t e l e m e t r y  p l u s  the porer 
~ n p l l f i e r  commands a n d  t e l e m e t r y  f o r  the t w e l v e  
t r a n s n l t k e r  modes,  a r e  given i n  T a b l e  3.7.3--1. 
Eighteen spacecr. f t RP t r a n s ~ r a s i o n  modes result 
irom t h e  12  t r a n s m i t t e r  modes b e l r ~ g  u s e d  i n  
c o n j u u c t i o n  w i t h  t h e  t h r e e  spacecraft  a n t e n n a ,  a s  
g i v e n  i n  Table 3 . 7 - 3 - 2  ( o n l y  odd number 
transmitter modea are used with t h e  h o r a  or 
t o r u n r d  oani a n t e n n a s  and even n u m b e r  t r a n s m i t t e r  
rudas are u s o d  w i t h  the a f t  orn i ) .  A n o t h e r  
e ~ g h t c e n  spacecraft  t r a b s m i s s i o n  nodes ( t o t a h  of 
3b) e x i s t  a s  a result of u s i n g  t r a n s p o n d a r  susber 
two e x c i t e r  ( n u m b e r  o n e  exciter i s  usod for t h o  
first 5 8  moifeu). Swi tch  p o s i t i o n s ,  commands, a n d  
associated telemetry for  t h e  t h i r t y - s i x  
spacecratt transmission modes a r e  gireo i n  T ~ b l e  
3 . 7 . 3 - 2 .  Tbe t e l e m e t r y  i n a i c a t i o n s  g i v e n  l n  
Tables 3 . 7 . 3 - 1  aad 3.7-3-2 p r o v i d e  a c o n v e n i e k t  
m e a n s  t o r  u 3 e n t i t y i a g  t h e  s p a c e c r a i t  t r a n s s i s s i o a  
m o d e s .  The sp&cecr ir f t  EJYP tor the f l r s t  I d  
n u d e s  (identical for  second I d )  is g i v e n  in T a b l e  
3.7.3-2.  

t h e  c o m m u o l c a t l o n  S u i S j s t e m  b a s  t h e  cayability o f  
k i n d  copmanded  to eitbor a Bus hi g b  m.Aulation 
i n d e x  (1 .16 r a d i a n s )  (flItill or n l H A l )  or d h u s  
low r , a u l a t ~ o n  index (0.65 r 3 d i a n s )  (RILII or 
R i 1 . A ) )  Pur bus tcniwctry snbcnrrier mcdu1at io .n  of 
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t h e  duwnlink car r i a .  I n  genera:" f o r  Bas 
sumarrles o n l y  operat ion  (A31 Probes s a b c a r r i e r s  
OFF) the  uus h q h  modulation index is u t i l l a e d  
fur tae B u s  h i g h e r  data rates, and t h e  Bas lou 
roduldtion inder  1s naed for t h e  Dus 1c1u data  
rates, Whw t h e  B a s  d a t a  stream is operated 
concurrently w i t h  an) probe data  stseaa (duail 
subcarrier s ode) however, use of B u s  1 3 w  node 
i n d e x  is recommended, r a q a r d d t ~ s  of choice of BE*- 
data  rate -  

Ana.loqoaslj, t h e  c z p a b i l i t y  of Beinq cosmanded to 
either a probes  h i g h  modulation index (3,l7 
r a d i a a s )  ( H I H Z I  or C l H B S )  or a probes lo* 
l a a d u l a t i o n  i n d e x  (1.025 r a d i a n s )  (flIL1 a r  F I L 8 1 )  
ex is ts for  probes te1e.e try subcarrier mo.+ i a t i o t ?  
of t h e   unlink c a m i e r .  l a  g e n e r a l ,  f o  Probe 
s u b c a r r i e r  only operat ion  (Bus s u b c a r r i e r  DPF), 
t h e  prabes h i g h  modclation i n d e z  i s  u t i l i z e d  for 
t h e  h i q h e r  d a t a  rate  from t h e  prc.be, a n d  t h e  
probe-. 1 ~ w  soduldtron  i n d e x  is w e d  f o r  the iowes 
d a t a  r a t s  froa t h e  p s o b e .  Ynun a n y  ?robe d r t c i  
strede is o p e r a t e d  c o n c u r r e n t l y  nitb t 8 e  B u s  data 
s t r e a ~  (dual s u b c a r r l e r  rods), use of t h e  probe 
l i rv  r n l d  i n d e r  is recolamended for  most p h a s e s  of 
t h e  a i s s i o n ,  r e g a d l e s s  o t  choice of. t h e  pro*  
a a t a  rate. 

When either t h e  p r o b e s  h i g h  or probes  low 
r o d z l a  t i o n  index  is coumanded, t h e  B u s  n C i d u l d t i 0 n  
n d e x  is  o u t o m a t i c a l l p  s u x t c n e d  ti, low. Bus h i g h  
s o d a l a t i o n  inder c o u l d  be r e i n s t a t e d ,  iT d e s i r e d ,  
tollowing a Probes Hod l n d e x  command, by 
comaanding i3w H i y  h flodulation I n d e x  Select ,  
d l t h o u u h  saich a c o n f i g u r i i t i o n  is g e n e r a l l y  not a s  
e f f i c ~ e n t  ( 9 i g h e r  Bit Error Rate)  as  u s i n a  Bus 
L o w  Yudu5 itim I n d e x  i ; a  the presencp of t i  probe 
s u u c a r r i e r  - 
The Probes n&;l la t ion  index s e ! e c t i o 3  is applied 
v r t h l : ~  the: \.cmmu aicat ions subsystem to vhichevler  
;>rube S U L C ~ ~ Z ; . ~ ~  it receives, b A?., o b i c h s r e r  
;robe is powared OH. Wher~ever any p r o k  is: 
t u r n e d  01, t h e  a s s o c i a t e d  subc,crier is turned 01 
d u t o m d t i c a l l y .  The urqe Probe sobcars ier  can he 
m a n d a d 4  OPB via t h e  Bus u p l i n k  w h i l e  Large 
Probe power remains ON, but the same is not t r u e  
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for any Small Probe  (a S n a l l  Probe subcarrier can 
be consandad OFF w b i l e  i tas power remains OM o n l y  
v i a  i t a s  e n t r y  sequence programmer capability) - 
T h e  Large Probe subcarrier can be commanded ON 
aqhiu v i a  the B u s  u p l i n k  by s e n d i n g  a ddta  rate 
salectrre a m r a n d  (LBB93 for 256 bps select, or 
LURlU for 128 b p s  select), or s e n d i n g  t h t ~  (Large)  
Probe C h e c k o u t  Pomar 01 coinnand again  (PC019 or 
K O A 5 ) )  , 

A t t s a ~ r l n y  t o  transmit two probes subcarriers 
s ~ m u f t a n e o u s l y  w i l l  r e s u l t  i n  garbled d a t a ,  as  
+ u c h  Smal l  Probe subcarrier i s  a t  tbe same 
i r e q u a n - y  (2UKMz). an: t h e  Large Probs subca'rrker 
1s close onongh nn freqrtunq (r%Hz) to cause 
q a r b l d  d4ta when generated sir ultaneously sit h 
any one sad11 Probe subcarrier- 

Purabar d e t a i l s  regarding Probesm c o m m u n i c a t i o n s  
o p e r a t i o n  is contained in Sections 3.7 -5, 5-1 an4 
5-2- 

Down 3 i n k  S-band carrier o n l y  o p e r a t i o n  i s  
p u s s i b i n  b y  comaanding t h e  BUS nubcarrier OFF r i a  
the T t ? t e a o t r y  Procee;%r C o n t r o l  comsand (TPCQI 
tor r P 1 ;  TKQA for t P 2 ) ,  c o n c u r r e n t  w i t h  a l l  
pnoms bcsxnq powered Om, 

Telemetry w i l l  i n d i c a t e  a non-zero  B? o u t p u t  
power tor a power a m p l i f i e r  only uheu an e x c i t e r  
1s turned 31 to p r o v i d e  BF i n p u t  t o  t h a t  
1 e (Ref e r a - :  Perragrsph 1-5-18) - 
ZeSeretrr data r a t e s  rs,  tim t n  t h e  oomanal 
~lssion for  Bus o n l y  traasmission are shown i n  
P i q u r e s  3.7.3-1 and 3-7.3-2. T h e s e  ware 
extracted fro* Ref ares-: P a r a g ~ ~ ~ b  1.5-31- 

Telemetry data r a t e s  v s -  t i a e  i n  the nominal 
erssion f o r  B u s / h r q e  Probe, and Bas/smahl Probes  
c d s b i a a t i o n s  ( a l l  r i a  t h e  Bus b o ~ n l i n k  carrier)  
are shova  99 T a b l e s  3.9.3-3 and 4-3-3-4- 

3 - 7 - 3  1 ..2 ~ ~ t ~ ~ p ~ .  S i n c e  the two t r snspoade ; .  
rt?cwirers are a lways  p w e r e d  * O i l 5 ,  t h e i r  us4 f o r  
reception of t h e  u p l i n k  s i g n a l  is mntrolJ.ed by 
s e l e c t i n g  the e p l i n k  frequency to correspond to 
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t h e  u o n u d l  mst f w q c e n c y  af the d e s i r e d  
tra:!s;wadi.r ( transponder 1:2111 . L b b l O 4  MHz and 
transpt,nde,,r 2 :  2 1  10 -584 105 RHz) . St is also 
n e e - r p  ce t a k e  into cons idera t ion  which  
d u t e n r l a  1s c o n n e c t e d  to the d e s i r e d  recslrer and 
t h e  c o u a u o r c a t i o n  anq le  as d e t e r r i n d  by t h e  
spacecraft  d t t l t u d e . .  ln g e a c r a l ,  whenever t h e  
b u s  1s o L l e n t e d  perpendicul'.r to the e c l l p t l c  
plane either t h e  A i t  @ m i  or t h e  Pud 3 8 n i  w i l l  be  
se lec ted  for b o t b  t r a n s n ~ s s i o n  and recapt ion.  
Tbc att omnl  a n t e n n a  1s always c o n n e c t e d  to one 
recti1ot.z and the fwd o s n i  ant.anna is always 
connet-ted to thd a l t e r n a t e  recaiver, E S  shown in 
F s b l r  3.7.3-5,  but t h e  chulce  b e t w e e n  f o r w a r d  
u n n i  antq a t t  oeai tor r e c e p t i o n  1s dependent  o:., 
c-om~u~rrcat ion a n q l e  {as dictated by spacecraf t  
o r h e n t a t i e n )  a n d  t h e  d a s l r e d  t r a n s s x s s i o n  mode, 
d s  q i t e n  I!) t a b i t .  3.7.3-2. 

When tne receiver r'crverse coaadnii 1s executed hv 
tile : ~ , > d c t x r d t t ,  the u p l i n k  f r e q u e n c y  rust be 
s h i S t . e d  to t h a t  of t h e  t r a n s p o n d e r  w h i c h  w i l l  be 
c o n n e c t e d  to the f orvnrd omni, Also, t h e  
doun:lilk m i l l  be coonetc"c& a u t o r a t i c d l l y  t 9  t h e  
torward o m n i ,  a n d  t h o  new d o w n l i n k  frequency w i l l  
~ e c o a ~  ~ 4 t ) f l i T  t ~ n e s  the  neu u p l i n k  f r e q u e n c y  
a r  tar a n b o a r d  phase-luck is established, 

T!le L ~ t c e 1 v c . r  r everse  command Pray a l s o  be ac2-uated 
by ilrouad comaand, a s  d i s c u s s e d  i n  Section 3 . 6 .  
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Hawever, when actuated by ground cornrand, o n l y  
swatch  ISM019 is actuated. 

3 . 3 1 3  &:sitar and Coberent I¶* Utiags. Either E x c i t e r  
I dr Exciter 1 can be used w i t h  either r e c e i v e r .  
Butamatic cross s t r ~ p p i n g  of +he c ~ h e r e n t  
f r e q u e n c y  rourc- from t h e  mce'ver t h a t  AS i n  
l x k  AS provided, as d e s c r i b e d  in 3.7.2.1.2. 
rtrus, although Exciter 2 ( a l s o  R e c e i v e r  2)  is 
d e s l i p a t e a  a s  t h e  primary e x c i t e r ,  E x c i t e r  1 c a n  
bt. u s e d  a s  well. Rouerer, a f t e r  scsle i n - f l i g h t  
a y e r a t i o n a l  h i s t o x y  of the spacecraft has been 
a c c u m u l a t e d ,  one of the exciters ma) appear more 
3es lrab le  from the s t a n d p o i n t  of f r e q u e n c p  
s t a ~ i l i t y  of the auxiliary o s c i l l a t o r  wh9n i n  t h e  
non-coherent rode. 

C o h e ~ t  f l & i  -- =US I Q D - C Q ~ ? .  The 
nomaf operation of t h e  spacecraft  w i l l  b e  w i t h  
s m u l t a n e o u s  u p l i n k  an6 dounlink, t h u s  p r o v i d i n g  
for c o h e r e n t  operat ion  of t h e  comr m i c a t i o n  
l i n t s .  As long as t h e  Pas t  coherent mode cormand 
executed by the s p a c r x a f t  was Westore Coherent  
Soden (COB 19 or MHA9) , t h e n  s e l e c t i o n  of t h e  
auxiliary o s c i l l a t o r  auboratica13p occurs w i t h  
t h e  absence of an u p f i n k ,  and the  coherent mode 
is a n t o m a t i c a l l y  s e l e c u d  when u p l i n k  lock 
reoccurs. The " I n h i b i t  Coherent Boaem c o m ~ a ~ d  
(COBl j#  or LWHAP) prevents t h i s  a u t o m a t i c  
transference d~ either direction, and causes t h e  
a u r l l i a r y  o s c i l l a t o r  to be t h e  f r e q u e n c y  s o G r c e  
u h z t h e r  not an u p l i n k  is present. 
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3 3 4 C o n m o n i c a t ~ ~ & & & .  Upon 
a p p l i c a t i o n  of DC power to t h e  communication 
subsystem, t h e  u n i t s  rill be in t h e  f o l l o w L c g  
states: 

i j Tram+ ponder , n / A  
I 8ac.sxver i 1 essent ia l  bus and is thare- 1 fore always 2iJ , -_ . -  _- - - -. - -- --- - -- - - - -~ - _1 

. exciter ON/UPP I R  - ~ O P P ~ /  
----- - -- - - .- .. - .  -- - - 

i T r a n s f e r  to VCO I Test o n l y  - Pired  ou-t for 
TB - *Of Pa / f l i g h t ,  

--..- -.--- +--- .- ~ - - -  - --- 7 

i InhlbitjH95tore I ; Coherent - Rode I 
i 

TU - *Restorem 
~- .- - --- - 

i + -. - - -- -- . . . - - - -- - -- - . -- - 

Driver 
I Each S w i t c h  Drirer is on t h e  
i e s s e n t i a l  bus and i s  there- 
1 
I fore aSways ON, However: 

l 
a For i n i t i a l  S / C  power u p ,  1 the s w i t c h  d r x v e r  1I.3 I 

will i n i t i a l i z e  reaar6-  i 

I 
I 

less of s u i t &  b*asit ios  1 

I in t h e  loqic 'Om stsce  j 1 (= p o s i t i o n  1).  I 1 
i ~--__ i . .. . 

1 I _ . . _._A - - - -  . . ..I 

3-7-16 
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I 

Driver I 
i (Continued)  ; 

1 The s w i t c h e s  masf be 
1 commanded to their  
1 d e s i r e d  p o s i t i o n  i n  o r d e r  

I to force the s t a t u s  bibs 
I 
i 

t o  in&icate a c t u a l  s w i t c h  
I posit i o n .  

I j The fact that a switch 
command changed t h e  
appropriate  s t a t u s  bit t o  
indicate t h e  s w i t c h  has 
roved to t t e  proper I 

pos i t ion  does not quaran- ; 
tee t h a t  t h e  s w i t c h  
actually moved. I t  aoly i 
indicates tbat the 
'esired c o ~ m a n d  pulse was / 
.jansrated. 

3.7 - 3  - 2  Use Bedendancz. The B u s  Comitunication 
Subsp:;tes c o n t a i n s  four (9) power amp1 i f  i s r s  
u h l c a  oLfcr a r e d u ~ d a , . , ~  "f h i g h  d n d  low power 
o d e s ,  as discasrsed jn 3 . 7 - 3 -  1. Iwo transpcaders  
o f f e r  U D ~ A M K  r ece~ t ion  ~ a d o n d a n c y ,  as d i s c u s s e d  
I 3 .  I ,  1 The Pft Osni o f f e r s  redundancy 
f u r  t h e  3 e d i u ~  Gale Horn for e a r t h  look a n q l o s  
t5Co to 1800 u . r . t . .  t h e  spacecra f t  tZ axis. 
How>r<.r,  t h i s  redundancy is a t  the c3xyenst? ol- 
d e q r a w d  i l n k  p e r f o r m a n c e ,  i . e . ,  a lower d a t a  

tt! . 
3 . - * 3 . 3  --- Non-Stdg3ard 3 ~ -  . The non- t andard  modes for  

t h z  d u s  C ~ m m u n i c a t i o n  S ~ b s p t e 8  a r e  a s  f o l l o w s :  

(a )  Only 1 power amplifier W N m  tbat  1s 
c o n n e c t e d  to t h e  3 d B  h y b r i d  (power 
summer): If  is possible to  configure 
3SYQl9 or  3SUO22 so that either 
amplifier 9, 2 ,  3 or 4 o n l y  is and 
c o n n e c t e d  to t h e  i n p u t  o f  t h e  3 dB 
h y b r i d ,  This w i l l  resua t in a pouer 
octput f ros the h y b r i d  of approx imate ly  
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5 uatts, w r t h  5 watts being  dissipated 
i a  the  i n t e g r a l  hybrid load, l a  this 
rode, the h y b r i d  mount ing  surface 
tenperature w i l l  reach t h e  acceptance  
t e s t  l e v e l  of 1360P, but theraal 
a n a l y s i s  indicates t h a t  t h e  i n t e r n a l  
terperat ure nay r e s c h  165oP. Although  
the ~ y b r ~ d  will pl -obab l j  s u r v i v e ,  this 
mode is  n o t  r e c o s r e n d e d  a s  a nasmal  
o p e r a t u g  mode. 

{b) S i m u l t  dneous  transmission tt rough e 
(horn or fwd o r n i )  autenna  and t h e  a f t  

omni  antenna : The coamunica b l o n  
subsystem may be c o n f i g u r e d  so t h a t  the 
downlink telemetry s i g n a l  is 
transmitted by (either the horn  or fwd 
omni) a n t e n n a  and t h e  a f t  OD? ', . Tbere 
is no readily a p p a r e n t  advantage  t o  
t h i s  mode and i t  s a y  create an  erratic 
and p o o r l y  shaped r a d i a t i o n  pattern d u e  
to t b e  i n t e r f e r o t e t r i c  effect of tuo 
nearby a n t e n n a s  r a d i a t i n g  the same 
signal. F u r t h e r m o r e ,  t h i s  n o n s t a n d a r d  
mode n e c e s s i t a t e s  t h e  u s e  of non- 
standard mode 1 discussed above, since, 
br d e s i g n ,  one antenna would be fed by 
a power a m p l i f i e r  ( I  or 2 )  that  
b y p s s s e s  the 3 dB h y b r i d ,  and the o t h e r  
antenua would be f e d  by a power 
a m p l i f i e r  ( 3  or 4) r i a  t h e  3 d B  h y b r i d ,  

3 -7  -3  .4 B ~ d t i o ~ a A  Resw-. The f oll~uing 
r e s t r l c t ~ o n s  a p p l y  to t h e  operation of the Bus 
Comaoclcation Subsystem: 

(a)  D o  n o t  switch m H w t m ,  i - e . ,  d o  n o t  
chanqe t h e  p a c i i t i o n  of an RF s w i t c h  
v h i l e  an RF transri+,tc;?r s s q n n l  is  
passing through i t ,  e x c e p t  in an 
emergency s i t u a t i o n  (Ref ~ r e n c e :  
Paragraph 1,5.21! .. The POWE: 
a e p l  i f  iers  s h o u l d  a1 ways be couaandea 
%Plb betore actuating t h e  RP svltcbes 
that f c - d  PP i n t o  thee, or pass PP from 
them., T h i s  is t o  p r o t e c t  b o t h  the 
suz t che -  mnd t h e  power aapllfiers. 
I n a d v e r t e n t  f a i l u r e  to observe this 
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restriction is not l i k e l y  to damage 
these units, bat repeated v i o l a t i o n s  
may e v e n t u a l l y  inflict dama~e, 

T h e  f o l l o w i n g  sequence of 
operations should  be carried out i f  
s w i t c h i n g  of BP s w i t c h e s  is to be 
pertormed: 
(1) Turn off u n i t s  w h i c h  provide i n p u t  

R?  power to the s w i t c h  ( i f  such 
u n i t s  are couandable).  
( 2 )  Turn off units  which  o b t a i n  BF 

pwer f w m  t h e  sritch (if such 
u n i t s  are c o u a n d a b l e ) .  
(3) Initiate s w i t c h  command. 
(4 )  Tarn on u n i t s  t u r n e d  off i n  ( 2 )  . 
( 5 )  Turn on units t u r n e d  o f f  i n  ( I )  . 
(6) Verify s w i t c h  is i n  proper con- 

f i g u r a t i o n  by telemetry and/or  
s p e c t r u n  analysis, 

I n  an emergency situation, v h e r e  
an BP l i n k  msy be l o s t  u n l e s s  switching 
1s quickly performed, h o t  s w i t c h i n g  is 
a l lowed,  Steps (3) and ( 6 )  should then 
be executea in  t h a t  order, 

(b) Never operate a power a n p b i f i e r  inta an 
open circuit. This restrict i o n  a p p l i e s  
to amplifiers 3 or 4. Caction must be 
used to easum t h a t  s r i t c h  3313022 is 
mnf iqured so t h a t  t h e  3 d B  h y b r i d  is 
connected to w h i c h e v e r  a r p l i f  i e r  is 
t u r n e d  mONa or a b o u t  to be cansanded  
" O H a ,  Refer t o  Table  3 . 7 . 3 - 1  for tbe 
correct s w i t c h  p o s i t i o n  and command. 

( c )  The spacecraf t  Aft omni  s h o u l d  n o t  b e  
used a t  launch,  as the geometrical 
interference f r o m  t h e  a t t a c h e d  Centaur 
1s s l g n i  f ~ c a n t  , 

(a )  T h e  3 dB h y b r i d  is used as a power 
mrmer t o  combine the output  of two 
power amplifiers. Should o n l y  one o f  
t h e  two power awpl . i f iers ,  t h a t  s u p p l y  
an i n p u t  signal to t h e  h y b r i d ,  be  
h a l f  o f  the ~ i g n a l  power w i l l  be 
dissipated i n  t h e  integral hybrid load  
and t h e  o t h e r  b a h t ,  approx l la te lp  five 
watts, will be o u t p r t  s i g n a l  from the 
h y b r i d ,  Cperat ion of t h e  h y b r i d  is 



SectSon So, A7.3.4 
Doc . No _gC-403 
Orig. Issue  Date - 2 7 7 8  
Revision Bo- 

this manner u i l l  cause the h y b r i d  to be 
hotter t h a n  aomal,  Although the 
temperature will be within t h e  hybrid 
design l i m i t a t i o n s ,  t b b  mode is no4 
recommended for nsraal operation. 

(e) The best l o c k  frequency of t h e  P-V 
receivers rill "pushw 1 2  t h e  
a c q u i s i t ~ o n  sweep rate is lou. That 
is, the spacecraft receiver VCO will 
nova auay from the  u p l i n k  signal- 
notorola has  stated t h e  maxinun rate 
the VCQ w i l l  mgushw i s  5.9 Rz/sec and 
have recommended t h a t  a c q u i s i t i o a  s w e e p  
hates be g r e a t e r  than 10 Hz/sec. 

During t h e  weak s i g n a l  compati- 
b i l i t y  t e s t i n g  a t  CTLI--21, PEL 
a c q u i s i t i o n  sweep rate of 10 Hz lsec  
caused no pushing while a 5 Hz/sec rate 
d e f i n i t e l y  d i d ,  It is recomwnded  a 
minimum acquis i t ion rate of 15 Ez/sec 
be u s e d  to p r o v i d e  a h e a l t h y  margil~ of 
sa f e t p  , 
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3.7.4 Conr unir;&p~s S & t ~ t e 8  Command Res~onse Table  
3.7-4-1 presents the command response8 for t h e  
Communicatioas Subsystem, The t a b l e  lists every  
command t h a t  directly affects t h e  subsys tem,  and 
t h e  telemetry i n d i c u t i o n  t h a t  verified tbe  proper  
execution of t h e  command, T h e  mnemonics for the 
command and teleretry parameters are a l s o  
i n c l u d e d ,  

when a unit is in the anpowered OFF sta te ,  a l l  
telemetry from t h a t  unit will be  reading zero 
(unca l ibrated)  , except temperature telemetry 

w h i c h  is powered by D I M S ,  
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TABLE 3.7.2-1 

TRANSPONDER EXCITER FREQI'ENCY SOI'RCE SELECTION LOGIC 

Telemetered 
Command Status 

Inhiblt 
Coherent 

Mode 
(RCOH?W*3 

Transfer  to* 
vco 

(R\'COSM *S  

- 
Telemetered 
In Lock Status 

Own 
Recelver 
In Lock 

(RLOliXS) *S 

NO 

No 

Yes 

No 

No 

Yes 

Elther 0 o r  1 Elther Yes 1 01 NO 

Redundant I Selected Frequency 

Recelver 
S w r c e  for  Downlink Only 

In I n k  
(RLOKYS) * 4  I 

No 

Yes 

Elther Yes 
o r  No 

No 

Yes 

Either Yes 
o r  No 

Elther Yes 
o r  No 

Auxlllary Osclllator *2 

Redundant Hecelve r VCO 

Own Recelver VCO 

Own Recelver VCO 

Redundant Receiver \ T O  

Own Recelver VCO 

Auwl!ary Osclllator '2  

*Test  Only. Thls command Is dlsabled (set  to  a permanent "0" state) by ground comectlon made 
by test access  fllght plug. 

*2 A~xi l Ia ry  oscillator Is always the one on In the exclter of interest,  s lncr  only onr t w l t e r  can 
be cormanded rn at  a tlme. 

*3 S = 1 o r  2. 

*4  Y = Iksignatlon for  Redundant Hecelver, (I. e. ,  when X = 1 .  then I' = 2; and when S = 2, then 
Y = 1). 



TABLE 3.7.2-2 

MEDIUM GAIN HORN PERFORMANCE SUMMARY 

I Measurement Angle From 
Electrical Boreelght Axls * 

I G h h d B t  1 1 3 . 8  1 10.3 : '." 
(At f = 2295 MHz) 

- 
*NOTE: Electrlcal Boresigbt d e  i s  mountsi, withln a maximum misalignment 

tolerance, b be coincident wf21 the cntise mode s/C mlnus Z axis. 
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TABLE 3.7.5-2 
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TABLE 3.7.3-3 

LARGE PROBE CHECKOUT (DUAL SUBCPRRIER) DATA RATE CAPABILITY 

L + 60 Days - 
Output Power = 20 Watts 

Ground Antenna = 64 Meter 

Bus Antenna = Forward Omnl 

I Lmwh Date Modulation Index 
Large Probe I Bus 

Before August 16 

After August 16 

E - 27 Days 

Output Power = 20 Watts 

Ground Antenna = 64 Meter 

Bus Antenna = Medium Gain Horn 

Communications 
Angle 

(Angle from - Z 
Axis) 



TABLE 3.7.8-4 

SMAI.1, PliORE CHECKOIIT (DI'AL SVBCARRI ER) DATA RATL CAPARIIJTY 

I. * 60 Days 

Output Power = 20 Watts 

Craund Anteana = 64 Meter 

Bua Antenna = Forward OmnI 

I Modulatlon Index I 

E - 37 114~3 

Outp\t Power = 20 Watts 

Ground Antenna = 64 Meter 

n u s  Antenna = Mcdlum Galn Horn 

Conrmunrcatlons Angle 
(Angle from -%  Axts) 

M:uclrnum Data Rate I Mnluhtlon lndcx ( 
h h d l  Probe 

64 

64 

64 

64 

64 

64 

16 

Rus 

1024 

512 

2 56 

128 

64 

12 

32 

bball Probe 

58.4' 

58.4' 

58.4O 

58.4' 

58.4' 

58.4' 

58.4' 

Bus 

Yi.2O 

37. ?O 

37.2O 

37.2O 

97.2O 

97.3O 

67.6' 
2 
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FORWARD OMNl - 
(LOG CONICAL) 

MOST EFFECTIVE FOR 
EARXH LOS8NGLES 
OF 0 T O  96 WRT 
SPACECRAFT +Z AXlS 

I 

Section lo. &4 F I 

DOC. lo, _PC - 401 1 

Orig. Isme Date I' 
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MOST EFFECTI;IE FOR 
EARTH LOS ANSLES 
OF 160' TO 180 WRT 

: T  OMNl  SPACECRAFT +Z AXIS u! 
(SKIRTED TURNSTILE) 

MOST EFFECTIVE FOR 
EP$TH LO% ANGLES OF 
96 TO 180 WRT 
SPACECRAFT +Z AXlS 

FIGURE 3 7.101. BUS COMMUNICATION SUBSYSTEM ANTENNA 
CONFIGURATION 



MEDIUM 
G A I N  HORN 

PROBES SUBCARRIERS 

RECEIVER 2 

FIGURE 3.7.1-2. BUS COMMUNICATION SUBSYSTEMfUNC710NAL BLOCK DIAGRAM 
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Piqore 3.7.1-4 
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S i N  5 ---- SEo 
121F, (S-Band Uplink) I T l  f 9.550155 2Fl = 9.5533241 p ZFZ J 24.5 MHz 

dclccror  Coherent  AGC 

' RF 13F1  1st !F Command ---+ Chan:lcl Ourput 
Cqnvertcr  Au:p 

Detector  - ? 
LEi Fz 

1 3 F l F ,  
LO - 4 

( +9 Vdc -6  Vdc 

ZbF, ZFr (Reference )  
c A#ae=a ly  - 

Dynamic 
6 Pha r e 

E r r o r  

. ZF, 2-b To Redundant 

l l  T ranr ponde r 
Exciter 

RECEIVER SECTIOS - 
- -  IF^- - -  -- ----- - -o;.OTI-- -&- - - - -  - - - 

EXCITER SECTION Control Prlme Power (SIC RF B c r )  

TLM 
Lnput 

I-'haae 
Modulated 
S-Band 
D 3 w y l i n k  

Figure 3 .7 .  2 ,  1-1 .  Tranrponder Functional Black Diagram 
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Figure 3 . 7 . 2 . 3 - 1 .  Power Amplifier Block Diagram, With Nominsi 
Signal Levels Shown 
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I - 5. Band reject r 2, Bandpar 

fe - 2115 MIX fa = 21U EPlr 

Figure 3.7.2.4-LA. Diplexer Schematic Dirgrrm. 

banrmf t tar 
Input 

Receiver 
Fi 1 ter 

Receiver 
Fi 1 ter Outprt 

Figure 3.7.2.4-18. Dipleur Block Diagram. 
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' FIGURE 3.724-2. OIPLEXER MEASURED RESPONSE (AT UNIT LEVEL) 
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S SWITCH 

Porition 1 

I 

G SWITCH 

Position 1 - 
Position 2 

2 
Porition 2 

Figure 3.7.2.5-1. RF Switch Schema tics 
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SPIN PLANE AZIMUTH ANGLE #, DEGREES 

FIGURE 3.7.2.62A. FORWARD OMNl RHCP GAIN VERSUS AZIMUTH ANGLE (#I AS A FUNCTION OF ELEVATION ANGLE 8 



SPIN PLANE AZIMUTH ANGLE #. DEGREES 

6 = O*ELEVATlON ANGLE - l@OO RELATIVE TO +Z AXIS 

FIGURE 3.7.2.b-28. AFT OMNi RHCP GAIN VERSUS AZIMUTH ANGLE (4) AS A FUNCTION OF ELEVATION ANGLE 8 
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(TOWARD 
SPACECRAFT-Z 
AXIS)  

FIGURE 3.7.2.64 MEDIUM GAIN HORN ANTENNA PATTERN COORDINATES' DIAGRAM 



: 
sectio

n
 
lo. 

3
.

4
 

D
O

C
. 

lo
, 

Orig. 
Issu

e D
ate 

B
eviaion

 lo, 





I I I I I I 
REFER TO THE SnORT LINE. 
TO DETERMINE THE RELATIVE GAIN OF A CONIC PATTERN C 

I T  IS THE RESPECTIVE GAIN REFERENCE LINE (0  - oO. @ -  oOb. 

I I I 4, DEGREES 
I 

180 1 SO 120 90 W 30 0 330 3 

FIGURE 3.7.2.67 MEDIUM GAIN HORN (FLIGHT UNIT) CONIC PAlTERN CUTS, 2295 MHz 



0 

FIGURE 3.2.3-1 

DAYS AFTER u u w n  

MULT IPROBE BUS ONLY DATA RATE CAPABlLln -. OMNl AFtTENNA 

Rev h i o n  
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T ENTRY 

DAYS AFTER LAUNCH 

FIGURE 3.7.32. MULTIPROBE BUSONLY DATA RATE CAPABILITY - HORN ANTENNA 
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3 -8 POPIR SUBSISTER 

3.8.1 power Subsystem wdp&&&. The Bus p o w e r  
s u b s y s t e m  p r o v i d e s  s e m i - r e g a l a  ted p o r e r  a t  28 
v o l t s  9 3 0 %  t o  a l l  B u s  loeds,  probe h e a t e r s  a n d  
probe c h e c k o u t  buses - P r i . o r  r o  e a c h  probe ' s  
release, p o w e r  is t r a n s f e r r e d  from t h e  p r o b e  
c b e c k o o t  b u s  to t h e  p r o b e  i n t e r u a l  b a t t e r y .  The 
probe b a t t e r i e s  p r o v i d e  pouter  t o  t h e i r  respectire 
loads a t  28 v o l t s  tlOl daring a t m o s p h e r e  e n t r y  
and d e s c e n t ,  a l t h o u q h  a t  p r o b e  release, w i t b  a 
r e l a t i v e l y  high b a t t e r y  t e m p e r a t u r e  a n d  rinimun 
electrical loads, the Law P r o b e  bus v o l t a g e  can 
be a s  high as 32-0 v o l t s  a n d  t h e  Smal l  P r o b e  
buses can be as h i g h  a s  33-7 v o l t s .  T h e  
i n d i v i d u a l  users c o n d i  t i a n  this p o u e r ,  vhera 
n e - s s a r y  , by additional r e g u l a t i o n ,  p o w e r  
s w i t c h i n g ,  and dc/dc c o n v e r t e r s  t h a t  d e v e '  P t h e  
specific 701 tages r e q u i r e d  by t h a t  u s e r ,  

3,8.1.1 p n c t i o n d  D e m t i o ~ . .  P i g u r e  3 . 8 -  1- 0-1 
{Fppeadix C) shows a fnnc*, ional  b l o c k  d i a g r a m  uf 
the power s u b s y s t e m .  Power is  p r o v i d e d  to a l l  
loads o n  4 d i f f e r e n t  power buses: 

(a) The e s s e n t i a l  bus - which ci?,nnot be 
c o 3 ; r a n d e d  OF?, 

(b) T h e  s c i ~ n c e  bus - f o r  B u s  sc,.ence and 
p r o b e s  checkout- 

(c) T h e  s w i t c h e d  l o a d s  bus ,  a n d  
(d)  The  BP t r a n s m i t t e r  bus, 

T h e  p r i m a r y  porer s o u r c e  is t h e  s o l a r  pane l .  ?be 
B u s  p a n e l  has a total of 13,069 s o l a r  cells 
c o n n e c t e d  i n  a series p a r a l l e l  ~ r r a n g e m e n t  that  
o p t i m i x e s  power ou t ~ u t  nd r i a i ~ i z e s  stray 
m a g n e t i c  f i e l d s ,  r i p p l e ,  and s h a d o u i n g  e f f e c t s  of 
t h e  t h r o s t e r s  a n d  s t a r  sensor sun shield, 

D u r i ~ g  most m i s s i o n  phases t h e r e  will be a 
surplus of s o l a r  p a n e l  power  a v a i l a b l e  t o  meet 
t h e  l a a d  rsquiraments,  A power  s u r p l u s  rlwayn 
forces t h e  s o l a r  p a n e l  voltage upward a b o v e  the 
n o a k n a l  28 v o l t  v a l u e .  So p r e v e n t  e x c e s s i v e  
power  bus v o l t a g e s ,  t h e  v o l t a g e  limiters s e n s e  
the bus  Foltagta and shunt off surolus solar  p a n e l  
power t o  load resistot s m o a n t a d  o n  t h e  r e a r  
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s e c t i o n s  of the solar army subs tra te  and the 
equipment s h e l v e s .  The bus limiters m a i n t a i n  the 
bus v o l t a g e s  b e l ~ w  30-0 v o l t s  a t  a l l  times, 

When the solar p a a e l  cmaot  p r o v i d e  a d e q u a t e  
pouer  f o r  a l l  spacecraft. l o a d s  a t  Pow s u n  angles 
and during l a u n c h ,  tne two n i c k e l  cadmium 
batteries come o n  line a u t o m a t i c a l l y  throogh the 
d i s c h a r g e  r e g u l a t o r s .  Tbo regulators n o t r a l l y  
m a i n t a i n  t h e  bas  v o l t a g e  above 27 -5  v o l , t s  a t  a l l  
times - ' 2  ttery energy is  subsequently 
r e g l a ~ i s h e d  through  small charge a r r a y s  tbat 
b ~ o s t  the main array voltage t o  a v o l t a g e  l e v e l  
t b a t  results i n  = c h a r g i n g  of t h e  batteries, 

If a s p a c e c r a f t  overcursent or undervol tage  o n  
e n t h e r  b a t t e r y  occurs, loads are removed by tBe 
nndexroXtage f o v e z l o a d  (OVJOL) switch t o  protect  
t h e  spacecraf t .  from p o t e n t i a l  c a t a s t r o p h i c  
failure. Those l o a a s ,  however, t h a t  are deemed 
v i t a l  t o  t h e  spacecraft  s u r v i v a l  are harCdhred to  
t h e  e s s e n t i a l  b u s  and c a n n o t  be  s w i t s h e d  off. 
T h e s e  i n c l u d e  a l l  comnan? subsystem u n i t s ,  
p r o p u l s i o n  h c ~ t e r s ,  and r.f .  s u b s y s t e r  switch 
drivers, 

If a fault occurs t h a t  raises t h e  total 
s p a c e c r a f t  l o a d  c u r r e n t  above 16-5 i0.75 amperes, 
t.he other 3 power buses ( s c i e n c e ,  switched load, 
RF transmitter buses) w i l l  s e q n e n  t i a l l  ! t r j  p off - 
If the s p a c e c r a f t  l o a d s  decrease below 16 -25  
amperes, t h e  t r i p p i n g  sequence is t e r m i n a t e d ,  If 
a f a u l t  occurs that lovers  the battery v o i L a g e  to 
27-55 i0.15 v o l t s ,  a l l  t h r e e  buses will b e  
switched off- d h e n  t h e  battery v ; > l t a q e  recovers 
to 28.3 v o l t s ,  a UV/OL reset r e l a y  command can be 
sent to power up all ?:tree non-essential bases 
agai .  n.  

The UY/OL s v l t c h  h a s  an  o v e r r i d e  node t h a t  
inhibits l o a d  removal , .  This feature c a n  be  tised 
i f  the t r i p  c i r c u i t r j  t a i l s  or i f  i t  becoaes  
necessary t o  o p e r a t e  s e l e c t e d  s p a c e c r a f o  l o a d s  
even  uader f a u l t  c o n d i t i c a s ,  
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E x c i t a t i o , .  f o r  tbe p y r o  bus  is d e r i v e d  f rom a  
b a t t e r y  t a p  l o c a t e d  16 cells (of  a t o t a l  of 24) 
fram t h e  g r o u n d  r e f e r o n c e  l e v e l .  T h i s  t a p  is 
a l s o  used to p r o v i d e  l a r g e  f a u l t  c l e a r i n g  
c u r r e n t s  t o  the powor bus i n  the event o f  a heavy  
f a o l  t c u r r e n t  t h a t  s a t u r a t e s  t L a  d i s c h a r g e  
c o n t r o l l e r s .  

A t o t a l  of e i g h t  c u r r e n t  sensors are  used t o  
m o n i t o r  power s u b s y s t e m  p e r f o r m a n c e ,  a c h  s e n s o r  
c o n s i s t s  o f  a 50 m i l l i v o l t  r e s i s t i v e  s h u n t  and a  
h y b r i d  d i f f e r e n t i a l  a m p l i f i e r  w i t h  a g a i n  o f  
102.4 t h a t  d e v e l o p s  a 5-92 vo:t o u a p u t  s i g n a l  a t  
f u l l  scale.. Foot o f  t h e s e  s e n s o r s  are i n t e g r a t e d  
i n t o  t h e  c h a r g e / d i s c h a r g o  c o n t r o l l e r s  - t h e y  
aeasure b a t t e r y  c h a r g e  and d i s c h a r g e  c u r r e n t s ,  
The s p a c e c r a f t  l o a d s  c u r r e n t  s e n s o r  is i n t e g r a t e d  
i n t o  the UV/OE s w i t c h  beciause it n o t  o n l y  
provides a t e l e m e t r y  signal b u t  also a n  
o v e r c u r r e n t  t r i p  s i g n a l  to t h e  UV/OL t u r n o f f  
sequence g e n e r a t o r  The o t h e r  3 c u r r e n t  s e n s o r s  
shown i n  Figure  3-8-1-1-1 ere packaged a s  
i n d i v i d u a l  u n i t s .  

The charge c o n t r o l l e r  p r o v i d e s  a h i g h  rate c h a r g e  
by c a n n e c t i n g  t h e  b c o s t  charge s t r i n g  d i . r e c t l p  t o  
its = s o c i a t e d  b a t t e r y  and a l o u - r a t e  c h a r g e  by 
inserting a 4 3  ohm resistor between t h e  charge 
string and t h e  battery, Each b a t t e r y  pack h a s  a 
t h e r m a l  s w i t c h  t h a t  closes a t  95  k50P a n d  
a u t o a a t i e a l l ~  t u r n s  o f f  b a t t e r y  c h a r g i n g ,  Aftrrr 
the b a t t e r y  t e m p e r a t u r e  drops  a,& t h e  t h e r m a l  
s w i t c h  o p e n s  a g a i n ,  b a t t e r y  z h a r y i n g  is resumed 
a u t o m a t i c a l h g .  

Near E a r t h  iow solar heat i n p u t  c o n d i t i o n s  or a 
UV/OL trip can r e d u c e  t h e  e q u i p m e n t  s b e l f  
t e m p e r a t u r e  to d a n g e r o u s l y  low levels, For this 
reason two o f  t h e  f i v e  bus limiters are connected 
to h e a t e r  resistors mounted on t h e  back s i d e  o f  
the equ ipment  s h e l v e s ,  To g u a r a ~ t e e  ttiit t h e  
first 130 w a t t s  of e x c e s s  s o l a r  p a n e l  power is 
s h u n t e d  i n t o  tbese s h e l v e s  t h e  o p e r a t i n g  set 
v o l t a g e  of each of t h e s e  two limiters (82 and # 5 )  
is Powered by c l c m u r e  of t h e r m a l  s w i t c h e s  when 
t h e  s h e l f  t e m p e r a t u r e  d r o p s  t o  35 &50? or  t h e  RP 
s h e l f  d r o p s  t o  60 *5*P- 



Sac t ion  Yo, _ -3 ,8 ,1 ,2  
Doc, R o o  
Oriq .  Issue P a t e  5/22/7Q 
R e v i s i o n  ICo- 

The power i n t e r f a c e  o n i t  (PIU) provides p o u e r  
switching f o r  t h e  probe c b e c k o u t  buses, probe and 
p r o p u l s i o n  h e a t e r s ,  and e x c i t a t i o n  o f  p r o b e  
i n t e  r n a l / e x t e r a a l  pouer s w i t c h i n g  relays, roses 
f o r  the b e a t e r s  a n d  science i o s t r u m e n t s  are also 
l o c a t e d  i n  t h e  PIE - 

3,8,1,2 -, The complete 
M u l t i p r o b e  power s u b s p s t g l  c o n s i s t s  of t h e  
f o l l o w i n g  a n i t s :  

S o l a r  p a n e l  ( w i t h  s i x  26-0 oh@ l o a d  resistor 
c i r c u i t s  bonded t o  rear o f  s u b s t r a t e )  
Four  l 2 - c e l l  b a t t e r y  packs (2 per  b a t t e r y )  
Two c h a r g e / d i s c h a r g e  c o n t r o l l e r s  
Three 29.5 v o l t  (-1) b u s  limiters 
Two 30-0  v o l t  (-2) bus limiters 
One  o n d e r v o l t a g e / o ~ e r l o a d  s w i t c h  
one power f n t e r f a c e  u n i t  
,Three c u r r e n t  s e n s o r s ,  t b r w  types: 0-1.5, 
0- 12, 0-18 a m p e r e s  ( F i v e  a d d i t i o n a l  c u r r w n t  
s e n s o r s  are i n t e g r a t e d  i n t o  t h e  
charge/discharge o o n t r o l l e r s  and t b e  W V P L  
s u i t c h )  , 
Psnr s h e l f  t h e r m a l  s w i t c h e s  
Pour 26.0 ohm e q u i p m e n t  s h e l f  l o a d  resistor 
c i r c u i t s ,  

T h e  l o c a t i o n s  of t h e  shelf mounted u n i t s  a r e  
shown in F i g u r e  3.8-1.2-1. 

3+n8-2 b i t s  D t i s c I j i ,  Described below are t h e  
m d i v i d u a l  pGver s u b s y s t e m  u n i t s ,  

3-8.2-1 S o l a m & ,  The Bus s o l a r  p a n e l  1s designed t o  
s u p p l y  t h e  pQwsr requirements of t h e  l o a d s  o n d e r  
v a r y i n g  c o n d i t i o n s  o t  s o l a r  i n t e n s i t y ,  
t e m p e r a t u r e  and sun a n g l a -  A t o t a l  of 13,060 two 
x two c m  s o l a r  cells are uoed a n  t h e  n u l t i p r o b e  
panel, A t h i n  8 m i l ,  20 ohm-cm l i g h t v e i g b t  cell 
was s e l e c t e d  t o  r i n i m f z e  p a n e l  we igh t .  Each cell 
h a s  a 6 m i l  m i c r o s b e e t  c o v e ~ g l n s s  to minimize 
r a d i a t i o n  B e g r a d a t  i o n  - 
The B a s i c  l a y o u t  o f  the Bus s o l a r  p a m l  uses a  
t o t a l  o f  sixty 3 x  70 cell groups i n t e r c o n n e c t e d ,  
three cells  in ia p a r a l l e l  set, 70 such aets in 
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series, The cell groops are p o s i t i o n e d  a t  t h e  
bottor of Qhe s u b a t r a t e  t o  f i i n i m i z e  shadowing a t  
low s o n  a n g l e s  by the, r a d i a l  t h r u s t e r s  a n d  t h e  
star s e n s o r  s u n  s h i e l d .  

The  Bus h a s  t e n  i n d i v i d u a l  -1 r 23- b a t t e r y  
c h a r g e  s t r i n g s  f o r  e a c h  b a t t e r y  ( b o o s t  cbrrge 
a r r a y ) ,  Tbey are a l l  c o n n e c t e d  i n  p a r a l l e l  and 
s p a c e d  a p p r o x i m a t e l y  36 degrees a p a r t  on  t h e  
c y l i n d r i c a l  s u b s t r a t e -  This small n u 8 b e r  o f  
s o l a r  cells (230 per battery) easilr provides t h e  
r e q u i r e d  charge c u r r e n t ,  

The Bus p a n e l  is d e s i g n e d  t o  s u r v i v e  a  r a s s i v s  
s o l a r  f l a r e ,  S o l a r  p a n e l  d e g r a d a t i o n  
c o m p a t a t i o n s  have been  made a s s u n i n g  t h a t  t h i s  
f l a r e  c a n  o c c u r  a t  a n y  time, A t  a n y  p o i n t  i n  t h e  
mission the e q u i v a l e n t  f l a e n c o  of t h i s  solar 
p r o t o n  e v e n t  is scaled a c c o r d i n g  t o  the -' q n v e r s e  
of t h e  s q u a r e  of the d i s t a n c e  from t h e  sun, If 
this so l a r  f l a r e  o c c u r s  when t h e  B u s  is n e a r  
Wenus, a  pe rmanen t  loss o f  a p p r o x i m a t e l y  33% w i l l  
r e s u l t ,  {See Figure 3-8-3 .3 -9) .  

The two Bus  s c i e n c e  i n s t r u a e n t s  r e q u i r e  t h a t  a l l  
exposed  s o l a r  -11 t e r m i n a l s  a n d  w i r i n g  9e 
c o v e r e d  w i t h  a n m - c o n d u c t i v s  m a t e r i a l  to  
m i n i m i z e  plasma c h a r g i n g  of t h e  s p a c e c r a f t  
s t r u c t u r e ,  T o  m e e t  this requirement, the v o i d  
a r e a  be tween  a n d  s u r r o u n d i n g  eacb solar  cell is 
f i l l e d  w i t h  BTV 566 a d h e s i v e ,  T h i s  e n c a p s u l a t i o n  
or grouting p r o c e s s  r e s u l t s  in a s m a l l  loss in 
solar p a n e l  power d u e  t o  b l o c k a g e  nf 1j .ght  t o  t h e  
s o l a r  cell a c t i v e  area a n d  i s  acc d a t e d  i n  t h e  
s o l a r  p a n e l  perf  ornavce ~ r e d i c t i o ,  

P a n e l  t e m p e r a t u r e  is teleaetered by PP&il;lT ( S o l a r  
P a n e l  T e m p e r a t u r e  2) lwated a t  B=2590. 
a p p r o x i m a t e l y  25 iachos  from t h e  t o p  o f  the 
p a n e l ;  a n d  PPAi  IT (Solar P a n e l  r e r p e r a t u r e  I)  
l o c a t e d  a t  6=259fJ, a p p r o x i r a t e l y  9 inches from 
t h e  bottom of t h e  p a n e l -  

3.8-2.2 -9- Bat-. Each b a t t e r y  consists 
of t u o  1 2 - c e l l  packs, A pack a s s e m b l y  s k e t c h ,  
which i l l u s t r a t e s  t b a  method of c o n s t r u c t i o n ,  i s  
shown i n  P i g o r e  3.0-2.2-1- Each pack  contains 1 2  
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i n d i v i d u a l l y  i n s o l a t e d  7 -5 AR n i c h e ;  cadmium 
cells, I1 ex t ruded  t h e r m a l  s h u n t s  a n d  tuo e n d  
~ l a t e s ,  a l l  held t o g e t h e r  by two t e n s i o n  bars 
t o r q u e d  to c o m p r e s s i v e l y  l o a d  t b e  cells, 

The b a t t e r i e s  u i l l  be f u l l y  c h a r g e d  p r i o r  t o  
l a u n c h  a t  a C/10 (0 -75 ampere) r a t e  t h r o u g h  t h e  
u r b i l i c a l  c o n n e c t o r  from t h e  b l o c k h o u s e -  The 
b a t t e r i e s  c a n  be c h a r g e d  i n d e p e n d e n t l y  w i t h  t h e  
b a t t e r y  enable plugs removed a n d  t h e  s p a c e c r a f t  
completely powered down, C h a r g i n g  can a l so  
c o n t i n u e  t h r o u g h  t h e  u n b x l i c a l  a f t e r  t h e  p l u g s  
a r e  i n s t a l l e d ,  i f  desired, u n t i l  l i f t o f f .  

The batteries are c h a r g e d  d u r i n q  t h e  mission w i t h  
a s m a l l  boost c h a r g e  so l a r  a r r a y .  I n  o r d e r  to 
folly c h a r g e  t h e  b a t t e r i e s ,  their v o l t a g e  must be 
raised a b o v e  t h e  n o m i n a l  28 v o l t  bus v o l t a g e -  A t  
a Cf10 (0.75 a m p e r e s )  rate  each cell v o l t a g e  m u s t  
rise to a p p r o x i m a t e l y  1-45 v o l t s / c e l l  o r  24 x 
1-45 = 34.8 v o l t s  f o r  t h e  csrplete b a t t e r y .  A t  
C / 5 0  (0-150 a R p e r e s )  e a c h  cell v o l t a g e  m u s t  rise 
t o  approximately 1-4 13 v o l t s / c e l l  or 2 4  x t ,416 * 
33.9 v o l t s  for t h e  c o m p l e t e  b a t t e r y -  T h i s  
v o l t a g e  host is o b t a i n e d  by weans  of a small  
ar ray t h a t  boosts up t h e  main a r r a y  v o l t a g e  to 
t h e  d e s i r e d  v a l u e -  

Each of t h e  f o u r  packs  h a s  a t e m p e r a t u r e  s e n s o r  
l o c a t e d  n e a r  t h e  m i d d l e  of t h e  pack. Each pack  
also h a s  a  t h e r m a l  switch t h a t  t u r n s  o f f  b a t t e r y  
c h a s q i n g  if its t e m p e r a t u r e  r e a c h e s  95 &50?. 

naximum b a t t e r y  d e p t h  of discharge (DOD) w i l l  
occur d u r i n g  S m a l l  P r o b e  r e l e a s e  when t b e  sun 
a n g l e  is  r e l a t i v e l y  low ( I 7  to  26 d e g r e e s ,  
d e p e ~ l d i n g  an ~ U K E  a n d  p r o b e  e n t r y  d a t e s )  

Pigore 3.9.2.2-2 describes b a t t e r r  p e r f o r m a n c e  as 
a f u n c t i o n  of e n e r g y  (&-I) removed a t  75@?; 4-5 
AH r e p r e s e n t s  a D6D of 60% of r a t e d  capacity, 
?or a  b a t t e r p  load of C/2 or 3-75 amperes, t b e  
b a t t e r y  v o l t a g e  s t a y s  above 29.5 v o l t s  or 1-23 
v o l t s  p e r  c a l l  a t  the 6 0 1  DOD l e v e l -  A t  t h i s  
r e l a t i v e l y  h i g h  b a t t e r y  v o l t a g e  t h e  d i s c h a r g e  
c o n t r o l l e r s  u i l l  s t a y  i n  r e g u l a t i o n  a t  o u t p u t  
v o l t a g e s  e x c e e d i n g  27.U v o l t s -  This i r a t a  
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i n d i c a t e s  t h a t  w i t h  a r e l a t i v e l y  h i g h  d i s c h a r g e  
r a t e  the b a t t e r i e s  w i l l  p r o v i d e  su f f i c i e n t  
v o l t a g e  to  m a i n t a i n  the r e g u l a t o r  o u t p u t  a b o v e  
27.4 v o l t s ,  e v e n  a t  80% DOD. 

The d a t a  shown i n  P i g u r e  3-8-2-2-2 is f o r  a new 
b a t t e r y .  H i s s i o n  s i m u l a t i o n  d a t a  i n d i c a t e s  t h a t  
there vill be a s m a l l  amount of v o l t a g e  f a d e  due 
t o  t i r e  a g i n g ,  However, t h e  maximun b a t t e r y  
c u r r e n t  d u r i n g  S n a l l  P r o b e  release v i l l  n o t  
e x c e e d  C/5 o r  1.5 amperes .  T h e r e f o r e ,  t h e  
d i s c h a r g e  c h a r a c t e r i s t i c s  s h o v n  i n  P i g  u r e  
3-8-2.2-2 are very  close t o  t h o s e  t h a t  u i l l  be 
o b t a i n e d  d u r i n g  S m a l l  Probe r e l e a s e -  

The nickel cadmium Batter ies  r u s t  provide h i g h  
peak  currents ( u p  t o  30 amperes )  f o r  35 
m i l l i s e c o n d s  t o  a c t u a t e  p y r o t e c h n i c  d e v i c e s .  T h e  
BNUS p y r o t e c h n i c s  u i l l  be a c t u a t e d  wnen t h e  
b a t t e r i e s  are f u l l y  cbarged,  The L a r g e  a n d  % a l l  
Probes8 pyrotechnic d e v i c e s  w i l l  be a c t u a t e d  w i t h  
t h e  b a t t e r y  W)D btweet 0 a n d  SOX, d e p e n d i n g  
p r i m a r i l y  on t h e  s u n  a n g l e  a t  t h e  p r o b e  r e l ~ ; s e  
a t t i t u d e -  

. . 
3 - 8 - 2  - 3  Bus  V o l t a ~ e  w e r  E l e c t r o n i c s -  Volt age 

limiters a r e  used t o  d i s s i p a t e  e x c e s s  p a n e l  
c a p a c i t y  i n  l o a d  resistors i n  o r d e r  to m a i n t a i n  
t h e  bus v o l t a g e  below 30-0 v o l t s ,  The limiters 
a re  d i v i d e a  i n t o  two groups s i t h  d i f f e r e n t  set 
points t o  p r e v e n t  s i m u l t a n e o u s  o p e r a t i o n  o f  a l l  
l imiters a t  t h e i r  uaximum i n t e r n a l  power l e v e l s ,  
The  low set  p o i n t  limiters (-1) b e g i n  t o  c o n d u c t  
after the b u s  r e a c h e s  29.5 v o l t s  a n d  a c h i e v e  f u l l  
c o n d u c t i o u  o r  s a t u r a t i o n  b e f o r e  t h e  b u s  v o l t a g e  
becomes 29.6 v o l t s ,  When the b u s  reacbes 30-0 
v o l t s  t h e  u p p e r  set p o i n t  l imiters (-2) s t a r t  t o  
o p e r a t e  i n  a s i m i l a r  manner ,  When t h e  b u s  
v o l t a g e  reaches 30 -1 v o l t s  all of t h e  bus 
limiters are i n  f u l l  c o n d u c t i o n ,  

A simplified b l o c k  diagram o f  a b u s  limiter is  
shown i n  P i g n r e  3,8,1,1-1- Each o t  the f i v e  b u s  
limiters c a n  b e  enabled o r  d i s a b l e d  by command. 
Each limiter h a s  c o n t r o l l i n g  c i r c u i t r y  t h a t  
s e n s e s  i h e  Bus v o l t a g e  and a p p 2 . m ~  d r i v e  currenf 
t o  two power t r a n s i s t o r s  which sbunt c u r r e n t  
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through load resistors to ground, The two pwer 
t r a n s i s t o r s  turn on sequentially, a s  t h e  bas 
voltage rises, i n  o r d e r  ta minimize the maximur 
thermal  d i s s i p a t i o n  i n  e a c h  limiter. The offset 
d i o d e  forces Q2 {and t h e  B s h e l f  h e a t e r s )  to go 
into f u l l  cnnduct ion before Ql (and the A shelf 
heaters) starts t o  caeduct, The d i s h i p a t i m  i n  
each power t r a n s i s t o r  is v e r y  low after 
s a t u r a t i o n  is r e a c h e d  because the  s a t u r a t i o n  
woitage drop is less tban  0-15 v o l t s ,  

The  upper set pout limiters have two additional 
ter~inals, Their nominal  30-0 v o l t  set point. 
can be l o v e r e d  t o  e i t h e r  2 8 - 5  (limiter 5 )  or 29.0 
(?  h l t e r  2 )  v o l t s  by t h e  c lo s ingr  of shelf 
t h e r m o s t a t i c  s u i t c h e s ,  

Three l i m i t e r s  (1, 3 ,  4) s t a r t  to  conduct a t  29.5 
v o l t s  and d i s s i p a t e  surplus panel capacity i n  the 
s o l a r  pane l  s u b s t r a t e .  Two v o l t a g e  limiters (2, 
5) start to c o n d u c t  when the b u s  v o l t a g e  r e a c h e s  
30.0 v o l t s  and d i s s i p a t e  s u r p l u s  panel c a p a c i t y  
In s h e l f  h e d t e r s .  When t h e  shelf is varm, 
limiters 2 and 5 a r e  i n a c t i v e  and a l l  surplus 
solar p a n e l  power is dissipated i n  t h e  solar 
p a n e l  s u b s t r d t e  i o a d  resistors. 

L i a i  ter 5 is c o n n e c t t d  t o  thermostatic s w i t c h e s  
l o c a t e d  near 0 = 3 5 0 0 ,  Transistor 42 is 
c o n n e c t e d  to b a t w r y  shelf heaters and t r a u s i s t o r  
Q1 i s  conncacted to B Y  shelf h e a t e r s .  As 
explained above ,  0 2  g'oes i n t o  P u l l  conduct iozr  
before 91 s t a r t s  t o  c o n d u c t ,  The thermos ta t i c  
switches v i l l  come on wben t h e i r  temperaturn 
r e a c h e s  35 15oF and lover the voltage liaiter set 
point t o  28.5 v o l t s ,  This is l o v e r  than  dl1 t h e  
other limiters and torms t h e  first excess 33 
w a t t s  of solar p a n e l  p o v e r  to be dissipated i n  
the b a t t e r y  s b e l i  h e a t e r s ,  The n e x t  3 3  w a t t s  
will be d i s s i p a t e d  in thn RP shelf h e a t e r s .  The 
s v i t c h e s  open when t h e  shelf t e m p e r a t u r e  r e a c h e s  
5 5  i 5 " P .  

L i m i t e r  Z is connected to t h e r f i o s t a t i c  s w i t c h e n  
located near p o v e r  amplifiers 3 and 4 a t  8 = 
2100. T h e s e  s w i t c h e s  come on vben t h e i r  
t e m p e r a t u r e  d r o p s  to bO f50P a ~ d  l o v e r  the sat 
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p o i n t  of l imi tor  2 t o  29.0 v o l t s ,  I f  t h e  b a t t e r y  
s h e l f  t h e r m o s t a t i c  s w i t c h e s  a r e  n o t  c l o s e d ,  66 
watts of excess panel c a p a c i t y  r i l l  now be 
d i s s i p a t e d  by limiter 2 a n d  i ts a s n o d a t e d  losd 
h e a t e r s -  Qce a g a i n ,  t h e  first 33 watts is 
d i s s i p a t e d  i n  t h e  b a t t e r y  shelf T h i s  g u a r a n t e e s  
a d e q u a t e  h e a t  f o r  t h e  batteries e v e n  i f  bus  
l i r i te r  5 f a i l s -  Tho thermostatic s u i t c b e s  are 
set t o  o p e r a t e  a t  a r e l a t i v a l y  h i g h  t e m p e r a t u r e  
of 60 t 9 F  i n  o r d e r  t h a t  t h e y  t r a c k  t h e  b a t t e r y  
shelf t e m p s r a t u r e  i n  case limiter 5 fails- The 
BF s h e l f  3termostatic s w i t c h e s  optrn when t h e  
s h e l f  t e m p e r a t u r e  r e a c h e s  70 t5oF- If b o t h  sets 
of t h e r m o s t a t i c  s w i t c h e s  are closed 
s i ~ ~ l t a n e o u s l y ,  the f i r s t  6 6  watts  o f  excess 
solar p a n e l  capacity is d i s s i p a t e d  by limiter 5 ,  

3,8,2,4 Bus Qsit-ad R m -  The f i r e  bus 
limiters each r e q u i r e  26 obm load resistors for a 
t.otal of 10 load c i r c u i t s .  S i x  of t h e s e  a re  
bonded t o  t h e  rear of t h e  s o l a r  a r r a 7  s u b s t r a t e  
a n d  t h e  o t h e r  f o u r  a r e  bonded t o  t h e  b o t t o m  of 
t h e  e q u i p m e n t  s h e l v e s -  

Bach s o l a r  a r r a y  c i r c u i t  c o n s i s t s  of f i r e  
p a r a l l e l  I30 ohm s e c t i o n s  and e a c h  130 ohm 
s e c t i o n ,  i n  t u r n ,  corsists  of two 6 5  ohm 
resistors i n  series, Each o f  t h e s e  t e n  6 5  ohm 
s e c t i o n s  are a p p r o x i m a t e l y  1-80  i n c h e s  h i g h  a n d  
26.5 i n c h e s  r i d e  a n d  c o v e r  a c o m p l e t e  1-8 i n c h  
bdnd a r o u n d  t h e  e n t i r e  inside p e r i r . t e r  of t h e  
s u b s t r a t e ,  The  wire is n o n - m a g n e t i c  a n d  t w i s t e d  
t o  p r o v i d e  m a g n e t i c  f i e l d  c a n c e l l a t i o n ,  

Bach s h e l f  l o a d  c i r c u i t  c o n s i s t s  o f  f o u r  6.5  ohm 
s e c t i o n s  c o n n e c t e d  i n  series- Each l o a d  resistor 
sect ion is 8 -8 x 2 - 3  i n c h e s  i n  size, 

3-8-2.5 x o n t w ,  F i g u r e  3-8-1-1-1 
s h o w s  a b l o c k  d i a g r a m  of t h e  c h a r g e / d i s c h a r g e  
c o n t r o l l e r  a s s o c i a t e d  w i t h  e a c h  ba t t e r p -  T b e  
c h a r g e  c o n t r o l l e r  s e c t i o n  c o n n e c t s  a boost c h a r g e  
a r r ay  i n  series w i t h  the b a t t e r y  t h r o u g h  
su i :zh ing  relays K l  a n d  K2, High c h a r g e  r a t e  is 
s e l e c t e a d  b y  commanding b o t h  r e l a y s  t o  t h e i r  u p p e r  
p o s i t i o n s  (BAT19  o r  BATA9; a n d  B A T 3 3  o r  BAT13 f o r  
b a t t e q  1- ?or b a t t e r y  2: BAT29 or EUTB9; and 
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BhT23 or B A T B 3 ) ,  which ~ e s u l t s  in a d i r e c t  
connection between t h e  c h a r g e  a r r a y  and  t h e  
b a t t e r y .  Lou c h a r g e  r a t e  is s e l e c t e d  by 
commanding b o t h  r e l a y s  t o  t h e i r  l o v e r  p o s i t i o n s  
(B1TIP or BATAP; a n d  BAT14 or BITA4 for battery 
1. Por  b a t t e r y  2: BATZP or BATBP; and BAT24 or 
BATb4)  . T h i s  p l a c e s  a 4 7  ohm resistor between 
t h e  b a t t e r y  and c h a r g e  a r ray  and f o r c e s  t t e  
o p e r a t i n g  p o i n t  uf the l a t t e r  below the knee 
(constant r o l t a g e  p o r t i o n )  of its v o l t a g e - c u r r e n t  
c h a r a c t e r i s t i c s .  b a t t e r y  c h a r g i n g  is turned off 
whenever the t w o  r e l a y s  a r e  in o p p o s i t e  
p o s i t i o n s .  

The charge r a t e  ot  one  b a t t e r y  is s e l e c t a b l e  by 
ground command i n d e p e n d e n t  of  t h e  c h a r g e  rate 
selected for t h e  other b a t t e r y  - An 
o v e r t e m p e r a t u r e  t r i p  c ircu i t  is i n c l u d e d  t o  t u r n  
off b a t t e r y  c h a r g i n g  i f  t h e  t e m p e r a t u r e  of e i t h e r  
of its a s s l x l a t e d  b a t t e r y  p a c k s  r e a c h e s  95 * S Q ? -  
T h e  b a t t e r y  thermal s w i t c h e s  are c o n n e c t e d  i n  
p a r a l l e l  and closure o f  e i t h e r  switch r e s u l t s  i n  
a t r i p  command pulse t o  the K 1  relay d r i v e r -  I f  
r e l a y  K2 1s i n  t h e  h i g h  c h a r q e  rate or upper  
p o s i t i o n ,  relay K 1  w i l l  be t r a n s f e r r e d  t o  t h e  
l o w e r  posi t ion-  I f  relay K2 is i n  t h e  lou-charge 
r a t e  or lower p o s i t i o n ,  an o v ~ r t e m p e r a t u r e  t r i p  
s i g n a l  w i l l  d r i v e  r e l a y  K 1  ! . to  t h e  u p p e r  
posi t ion-  I n  b o t h  cases cha i -u ing  w i l l  t u r n  o f f .  
When t h e  battery pack t e r p e r a t u r e  decreases by 
a p p r o x i s a t e l y  I O Q F ,  t h e  t h e r m o s t a t i c  s w i t c h e s  
w i l l  o p e n  a g a i n ,  a n  o n b ~ a r d  a u t o m a t i c  reset 
comnand pulse w l l l  return r e l a y  K l  t o  its 
previous position, a n d  c h a r g i n g  w i l l  b e  r e s u a e d .  
Charqinq can  a l s o  be restored a f t e r  a t r i p  by 
qround command t o  relay K1. 

khen t h e  e s s e n t i a l  b u s  v o l t a g e  is m a i n t a i n e d  
a b o v e  2 8  v o l t ? .  t h e  . . ~ s c h a r g e  c o n t r o l l e r s  a r e  i n  
a s t a a d - b y  node. Uhen the s o l a r  p a n e l  cannot 
p r o v i d e  s u f f i c i ~ n t  c u r r e n t  t o  power t h e  
s p a c e c r a f t  loads b y  i t s e l f ,  t h e  b u s  v o l t a g e  w i l l  
d e c r e a s e .  Either the p r i m a r y  o r  r e d u n d a n t  
d i s c h a r g e  c o n t r o l l e r  (whichever  h a d  been s e l e c t e d  
by g r o u n d  command) comes o n  l i n e  a u t o m a t i c a l l y  a t  
27.80 i0.065 volts. The 0 - 1  ohm resistors i n  
series w i t h  e a c h  r e g u l a t o r  force load c u r r e n t  
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s h a r i n g  be tween  the t u o  b a t t e t i s s ,  These 
resistors c a u s e  t h e  bus v o l t a g e  t o  decrease as a 
f u n c t i o n  o f  l o a d  c u r r e n t  a l t h o u g h  t h e  r e g u l a t o r  
o u t p u t  v o l t a g e  is m a i n t a i n e d  a t  2 7  -80 &0,065 
v o l t s  b y  t h e  r e g u l a t o r  f e e d b a c k  l o o p ,  

The  maximum l o a d  w i l l  be 3 a r p e r e s  p e r  r e g u l a t o r  
d u r i n q  l a u n c h ,  r e s u l t i n g  i n  a n  o u t p u t  v o l t a g e  
downstream o f  t h e  0 - 9  ohm resistor of 27.80 - 
0-30 = 27.50 v o l t s .  A t  t h i s  l o a d  c u r r e n t ,  tb 
minimum r e q u i r e d  d r o p  across t b e  r e g u z a t o t  is 
a p p r o x i m a t e l y  0.6 v o l t s ,  The o u t p u t  v o l t a g e  w i l l  
c o n t i n u e  t o  be r e g u l a t e d  a s  l o n g  a s  tha b a t t e r y  
r o l t a g e  r e m a i n s  a b o v e  27 -50 * 0 -6 = 28 -9 v o l t s  or 
1,171 v o l t s  p e r  cell. I f  t h e  batteries d i s c h a r g e  
beyond t h i s  p o i n t  t h e  r ~ g u l a t o r  w i l l  s a t u r a t e  a ~ d  
t h e  o u t p u t  v o l t a g e  v i l l  d e c r e a s e  i n  a c c o r d a n c e  
w i t h  the d e c r e a s e  in b a t t e r y  v o l t a g e ,  When t h e  
battery r o l t a g e  r e a c h e s  t h e  DV/OL t r i p  p o i n t  o f  
27 -55 r o l t s  or 1.1 48 v o l t s / c e l l  t h e  r e g u l a t o r  
o u t p u t  v o l t a g e  r i l l  drop t o  27.55 - 0 -60  = 26-95 
v o l t s ,  

I f  t h e  p r i m a r y  d i s c h a r g e  r e y ~ l a t o r  of e i t h e r  
c o n t r o l l e r  f a i l s ,  the r e d u n d a n t  r e g u l a  t o n  
a s s o c i a t e d  w i t h  t h a t  c o n t r o l l e r  c a n  be s w i t c h e d  
i n  t o  r e p l a c e  i t .  Shou ld  a bat tery  f a i l  
c o m p l e t e l y ,  the r e m a i n i n g  b a t t e r y  and i t s  
c o n t r o l l e r  c a n  support t h e  e n t i r e  l o a d  
r e q u i r e m e n t  w i t h i n  t h e  ampere -hour  e l l e rg?  
l i m i t a t i o n s  of t h e  o n e  r e m a i n i n g  b a t t e r y ,  t a c h  
d i s c h a r g e  r e g u l a t a r  is c a p a b l e  o f  p r o v i d i n g  a 
maximum of 11 a m p e r e s  c o n t f n u o u s l y  - I n  t b e  
example c i t e d  above ,  s i n g l e  r e g u l a t o r  would 
r e g u l a t e  a t  27-80  - 0.5 = 27.2 v o l t s  a t  5 amperes 
u n t i l  t h e  b a t t e r y  r e a c h e d  27.2 p l u s  1.2 rolts 
r e g u l a t o r  d r o p  f o r  a t o t a l  o f  28-4 v o l t s  (1.183 
v o l t s / c e l l )  , 

Two c u r r e n t  s e n s o r s  are i n c o r p o r a t e d  into e a c h  
c o n t r o l l e r  t o  measure b a t t e r y  c h a r g e  and 
d i s c h a r y e  c u r r e n t  (PCHGIX and P D I S I I  r e s p e c t i v e l y  
f o r  b a t t e r y  1; PCXGZf and  PDXSZI r e s p e c t i v e l y  f o r  
ba ttex-y 2)  . 

3.8-2-6 power latesface Us&, The Power I n t e r f a c e  U n i t  
( P I D )  p r o v i d e s  c e n t r a l i z e d  s w i t c h i n q  a n d  f u s e  
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p r o t e c t i o n  for t h e  p r o p u l s i o n  hea tess, probes 
h e a t e r s ,  and s c i e n c e  i n s t r u m e n t s ,  It also t a r n s  
o n  a n d  o f f  a common p r o b e  c b e c k o u t  B u s  a n d  
p r o v i d e s  r e l a y  d r i v e  p o w e r  t o  probe  - l a y s  t o  
t r a n s f e r  t o  i n t e r n a l  p o w e r  p r i o r  t o  probe 
release. 

H a g n e t i c  l a t c h i n g  relays  are used where l o a d  
s w i t c h i n g  i s  r e q u i r e d .  Each l a t c h i n g  r e l a y  is 
d r i v e n  by its own h y b r i d  r e l a y  d r i v e r  c i r c u i t ,  
I n  t h o s e  cases w h e r e  flight c r i t i c a l  f u n c t i o n s  
are con t ro l led ,  r e d u n d a n t  r e l a y s  are c o n n e c t e d  
t o g e t h e r  t o  e n s u r e  reliahle s w i t c h i n g ,  T h e  
s t a t u s  o f  a l l  relays is m o n i t o r e d  w i t h  b i l e v e l  
t e l e m e t r y  s r g n a l s .  

A l l  f u s e s  are connected m a p a r a l l e l  r e d n n d a n t  
c o n f i g u r a t i o n .  T h e  series resistor in t h e  
r e d u n d a n t  l e g  is sized l a r g e  e n o u g h  to force 
a p p r o x i m a t e l y  90% of t h e  c u r r e n t  t h r o u g h  t h e  
p r i m a r y  fuse, y e t  s m a l l  e n o u g h  t a  ensure a 
a in jmum b u s  v o l t a g e  of 25.2 v o l t s  t o  t h e  l o a d s ,  
i f  the p r i m a r y  fuse fails, 

A11 n u s  a n d  P r o b e  h e a t e r s  a r e  on t ho  e s s e n t i a l  
bus  and are fused i n  t b e  PIU, T h e  f o u r  s m a l l  
r a d i a l  jet a n d  t a n k  h e a t e r s  a r e  o n  c o n t i n u o u s l y ;  
they c a n n o t  be commanded QPF, T h e  t a n k  h e a t e r s  
are r e d u n d a n t .  A latching r e l a y  selects either 
t h e  p r i m a r y  or s e c ~ n d a r p  t a n k  h e a t e r  q r o u p  by 
g r o u n d  command (HTT19 or HTTA9; HT129 o r  HTTB9) - 
No s l n g l e  p o i n t  f a i l u r e  will p r e v e n t  o n e  of t h e  
two beater g r o u p s  from being t u r n e d  01, 

T h e  probe h e c k o u t  relay a p p l i e s  B u s  c h e c k o u t  
y o v e r  t o  a l l  f o u r  p r o b e s  s i m a l t a n e o u s l  y, 
Lluvewes, o n l y  o n e  probe s h o u l d  be t u r n e d  on a t  
a n y  one time, s i n c e  t h e  m o d u l a t i o n  s c h e m e  f o r  
e a c h  probe's t e l e t e t r y  b i t  stream h a s  b e e n  
d e s i g n e d  f o r  only o n e - p r o b e - a t - a - t i m e  o p e r a t i o n -  
Probe c h e c k o u t  p o w e r  is c o n n e c t e d  t o  t h e  acieace 
b u s  o u t p u t  of t h e  U V / O L  a n d  a s h o r t  c i r c u i t  i n  a 
p r o b e  d u r i n g  c h e c k o u t  w i l l  t r i p  t h e  s c i e n c e  bas 
o n l y ,  A l t h o u q h  probe c h e c k o u t  is o b t a i n e d  f m m  
t h e  s c i e n c e  b u s ,  t h e  s c i e n c e  c u r r e n t  s e n s o r  
( P S C I C I )  r e a d s  o n l y  bus i n s t r u m e n t  c m r r e n t ,  
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3 -0 -2 -7 n f l o ~ a d  gg&f&, The U n d e r v o l t a g e /  
O v e r l o a d  s w i t c h  un i t  ( U I P L )  p r o v i d e s  power to  
t h e  four s p a c e c r a f t  load b u s e s ,  A 0-18 ampere ,  
50 mv r e s i s t i v e  s h u n t  is e x t e r n a l l y  mounted  on 
the UP/OL u n i t  - It measures t h e  l o a d  c u r r e n t  
(PBUSII - S p a c e c r a f t  Loads C n r r e n t )  p r o v i d e d  t o  
a l l  four pauer buses, Three o f  t h e s e  b u s e s  p a s s  
t h s o u g h  m a g n e t i c  l a t c h i n g  r e l a y  c o n t a c t s  v h i c h  
are t r i p p e d  open  i f  t h e  s p a c e c r a f t  l o a d  current 
is e x c e s s i v e l y  h i g h  or if either b a t t e r y  t e r a i n a l  
is t o o  l o u ,  

T h e  e s s e n t i a l  bus i o a d s  c a n n o t  be s w i t c h e d  off 
b e c a u s e  t h e y  a re  vital t o  t h e  s u r v i v a l  of the 
s p a c e c r a f t .  T h e  other loads can be t r i p p e d  off 
i f  e i t h e r  b a t t e r y  t e r m i n a l  v o l t a g e  d r o p s  t o  27.55 
t0.15 v o l t s  or t h e  spacecraft l o a d  c u r r e n t  
exceeds 16 -5  &0.75 amperes. 

A t r i p  s i g n a l  is g e n e r a t e d  t o  t u r n  off science 
l o a d s  75 m i l l i s e c o n d s  af ter  a  f a u l t  c o n d i t i o n  
o c c u r s  ( r e f e r  to Table 3 -8-2.7-1) . I f  r e m o v a l  of 
t h e  s c i e n c e  l o a d s  reduces s p a c e c r a f t  l o a d s  t o  a  
v a l u e  less t h a n  16 -5 a m p e r e s  ~ i t h i n  50 
m i l l i s e c o n d s ,  t h e  t r i p p i n g  sequence is i n h i b i t e d .  
If s p a c e c r a f t  loads a re  still a b o v e  16.5 amperes, 
a n o t h e r  t r i p  s i g n a l  is g e n e r a t e d  1 2 5  m i l l i s e c o n d s  
after t h e  f a u l t  occurs, T h i s  w i l l  t r i p  o f f  t h e  
s w l t c h e d  l o a d s  bus a l s o ,  I f  the c u r r e n t  still  
does n o t  recover a f t o r  t r i p  of t h e  s u i t c b e d  l o a d s  
bus ,  t h e  RP t r a n s m i t t e r  bus is a l s o  t r j - p p e d  of f  
by a s i g n a l  g e n e r a t e d  175 m i l l i s e c o n d s  a f t e r  the 
t a v l t  occurs, 

T h e  s a m e  t r i p  s i g n a l s  d e s c r i b e d  abore are a l s o  
g e n e r a t ~ d  when t h e  v o l t a g e  o f  e i t h e r  b a t t e r y  
decreases t o  27.55 tO.15 v o l t s .  When t h e  b a t t e r y  
v o l t a g e  rises abore 26.3 v o l t s  after 2 , 
u n d e r v o l t a g e  t r i p ,  a s  a r e s u l t  o f  a t r a n s i t i o n  
frcm b s t t e r y  d i  : c h a r g e  a u t t i s  t o  b a t t e r y  c h a r g e  
s t a t u s ,  t h e  t r i p p i n g  sequence is i n h i b i t e d .  
However,  i t  n o n a l l y  r e q u i r e s  s e v e r a l  second8 to 
r e c o v e r  t o  t h i s  ro i tage.  Since t h e  t h r e e  t r i p  
s i g n a l s  a r e  g e n e r a t e d  w i t h i n  100 ~ i l l i s e c o n d s  o f  
e a c h  o t h e r ,  a battery u n d e r v o l t a g e  t r i p  u i l l  
a l w a y s  s v i t c b  o f f  a l l  three n o n - e s a e n t i a l  power 
b u s e s -  A f t e r  t h e  b a t t e r y  v o l t a g e  rises ,to 28.3 
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v o l t s ,  a TIV/OL relay reset* g r o u n d  counand 
(PSP11 or  PSP11) u i l l  reset a l l  three b u s e s ,  

T h e  three r e l a y s ,  K1, R2 a n d  R3 which p r o v i d e  the 
b u s  p r o t e c t i o n  d e s c r i b e d  above, are all reset by 
t h e  "Dif jOL r e l a y  resetm command. B e l a y  R4 
p r o v i d e s  an o v e r r i d e  c a p a b A l i t y  t h a t  caa be 
u t i l i z e d ,  a t  the d i s c r e t i o n  of g r o u n d  c o n t r o l ,  t o  
b y p a s s  the t r i p  f u n c t i o n  and reams i h e  
p r o t e c t i o n  f e a t u r e  (PSPIP or PSPAP) , 

Once the nUI/OL re lay  resetm cc,rmand is  s e n t ,  
cnly t h e  s c i e n c e  b u s  can k* v o u e r e d  down again by 
g r o u n d  conmand (INSIP or INSAP) u n l e s s  a n  
o v e r c u r r e n t  or u n d e r v o l t a g e  c o n d i t i o n  o c c u r s .  

It is p o s s i b l e  tc power up t e r p o r a r i l g  after a 
t r i p ,  i n  o r d e r  t o  make a q u i c k  s p a c e c r a f t  
teleaetry a s s e s s m e n t ,  a n d  t h e n  p o v e r  down a g a i n  
i n  t h a  f o l l o w i n g  manner .  F i r s t ,  t h e  o v e r r i c i u  
{ n o t  protec+.ed) f e a t u r e  v i a  relay K4 must be 
e n a b l d  (PSEIP or =PAP) - Then s p a c e c r a f t  l o a d s  
are  t u r n e d  on ,  a  f e u  major frames o f  TH d a t a  a r e  
r e c o r d e d ,  and  t h e n  Ir.4 is disabled again (PSP19 or 
PSPA9). T h e  o v e r r i d e  f e a t n r e  is a l s o  used if a 
f a i l u r e  occurs i n  t h e  t r i p  c i r c u i t r y  ( t r i p s  when 
i t  s h o u l d  n o t ) ,  or ~t any o n e  o f  t h e  t u o  
batteries fails. 

A c a p a c i t o r  prechazye c i r c u i t  is i n c o r p o r a t e d  
i n t o  t h e  OV/OL s w i t c h ,  The p u r p o s e  of t h ~ s  
c i r c u i t  is t o  l i m i t  the ~ a g n i t u d e  of c a r r e n t  
inrush t o  t h e  '.nput c a p a c i t o r s  of a11 t h e  l o a d s  
o n  t h e  l a r q e  p r o b e  c h e c k o u t  and  s w i t c h e d  loads 
b u s a s  throogh  t u o  ohm serieJ r e s i s t o r s ,  This 
D r e v a n t s  l a r g e  s w i t c h i n g  v o l t a g e  t r a n s i e n t s  when 
these b u s ~ s  a re  c o n n e c t e d  to t h e  e s s e n t i a l  b u s  
through r e l a y s  K 1  a n d  K2. 

A r e l a t i v e l y  large 390-hm resistor is i n  series 
w i t h  t i e  switched l o a d s  bus t o  h a i t  irrush 
c u r r e n t  t o  less t h a n  0.1 ampere when t h i s  b u s  i s  
powsreZ u p ,  H o v e v e r ,  a s m a l l  3-oha r e s i s t o r  is 
used i n  the s c i e n c e  p r e c h a r g e  b n s -  Yhe  reason 
f o r  s u c h  a s ~ a l l  v a l u e  is dua t o  n a t u r e  of the 
ptobe  power  l o a d s ,  P i g u m  3,8=2,7-1 s h o w s  how 



the Bus power is a p p l i e d  t o  t h e  large p r o b e  for 
c b e s k o o t ,  

In o r d e r  t o  p r e c h a q s  t5e probe science 
i n s t r u n t a n t  input  f i i t crs ,  i t  is necesracry t o  
f i r s t  t u r n  o~ the  CDU and a nambet of o t h e r  small 
l o a d s  : a p p r o x i m a t e l y  300 ~ j l l i a r p e r e s  *re 
required) t h r o u g h  the pracherg= s u i t c b  , i s o l a t i o n  
d i o d e ,  and 3-ohn i s o l a t i o n  resistor, I n  o r d e r  to  
insure a mininua  v o l t a g e  of 25-2 v o l t s  i n  t h e  
probes at all times, t h e  i s o l a t i o n  r e s i s t a n c e  
must be k e p t  low. A f t e r  t h e  CPV is t u r n e d  on, 
t h e  p r o b e  a c i e n c e  r e l a y s  are cocssnded on: this 
a p p l i e s  bus  v o l t a g e  t o  t h e  i n p u t  power terminals 
of a l l  3f tbe probe i n s t r u m e n t s  and precbarges 
their respective iupnt, c a p a c i t o r s ,  The science 
b u s  is t h e n  turned o n  r i t h  a DV/DI .  relays reset 
commana, the precharge circuit i s  t u r n e d  o f f ,  a n d  
p r o b e  c t e c A o n t  i s  i n i t i a t e d ,  

'Pvo rstarr;e connected diodes  a r e  vil:ed across 
each  of the t h r e e  s w i t c h a b l e  b u s e s .  They p r e v e n t  
p o t e n t i a l l y  d a n g e r o u s  negative bus v o P t a g a s  which 
c o u l d  !w generated b,v t u r n i n g  off  load^ r i t b  
large i n d u c t i v e  e l e m e n t s  in t h e i r  i n o c t  f i l t e r s -  

- Q  In-- 3 -8 -2  -8 TLe power 8obu;steb 
t e l u r e t r y  s i a ~ a l s  are e x p l a i n e d  i n  d e t a i l  i n  
Appendix A ,  

T h e  t . e D p r a t u s e  imnsors  oa t!re s o l o r  p o n d  ark 
p r e c i s i o n  wide range platinum resistors- 
T h e r m i s t o r s  a r e  used on the battery pack%, 

T h e  current s e n s o r  uses a. dual 50 mv c u r r e n t  
s h u n t .  and a h y b r i d  d i f f a r e n t i a l  ampll f  ier r i t h  a 
g a i n  of 102.4 to  d e v e l o p  a f u l l  scale telemetrr 
s i g n a l  of 5-12 v o l t s  (0.05 x 102-4 = 5 - 1 2 ) .  Yna 
c u r r e n t  s e n s o r  is cc,nnocted i n  series vitb t h e  
posi t i r e  buses, IF; h powered eireCtly f tom t h e  
bus uhere the r e a u a r e a e n t  is made. 

Pour  of  the cuxrent  sensors are  milt  b t o  tbe 
c h a r g e / J i s c h a ~ g e  coatrolZers, One of the c o r r e n t  
sonsois is a s  i n t e g r a l  part of t h e  W/OL u n i t ,  
The other Cree  sensors am pacl rared  a s  
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i n d i v i d u a l  anits. Parther d e t a i l s  ahout t h e s e  
t e l e m e t r y  s i g n a l s  are l o c a t e d  i n  Appendix A -  

3 -8 -3 @eracio=Descr&tion, This s e c t i o n  descz ibes 
how to power ranage t h e  B u l t i p r ~ b e  s p a c e c r a f t ,  
It explains how to c o n f i g u r e  t h e  power subsystem 
properly by ground command and how to asses3 i t s  
perf omance from t h e  available t e l e a e P r y  s/gna3s. 

3 - 8 . 3 . 1  Power Bus Po l t~ .~ ,e  0peg;rtAq Banss .. P i j u r e  
3 -8.3-3-1 describes the power bas a p e r a t i n g  
v o l t a g e  rancjes d u r i n g  v a r i o u s  mission o p e r a t i n g  
modes.  Tho  nomina l  power k u s  v o l t a g e  is 28.0 
volts. Du.;inq those o p e r a t i o n a l  phasas  when the 
solnr  p a ~ r e l  is k u l l j  i l l u m i n a t e d ,  t h e  actual bas 
v d l t a g e  u i U  ")e h i j h e r  than t h i s  v a l u e -  During 
launch and p o s s i b l y  duriag Large and Small  Probe 
release, when the discharge controllers are 
a c i i v e ,  t h e  bus v o l t a g e  w i l l  b e  under 2 8 - 0  vol ts .  

The sclar pane l  is sized to  p r o w i d e  p v e r  
somewhat i n  excess >f that which is r e q a i i e d  by 
t h e  loads and t h e  DUS vol tage  is d r i v e n  upward 
u n t i l  clamped by t h e  b q s  l i r i i e t s Y  Bus limiters 
I ,  3 ,  axd 4 h a v e  set p o i n t s  a t  39.5 v ~ l t s  and bits 
- i n i t e t s  2 and 5 h a v e  set p o i . 1 ~ 3  a t  ;I)A v o l t s ,  
During most m i s s i o n  phases there is a surpfaa of 
solar p a u e l  power- Bus l i a i t e r s  I ,  3,  and 2 
together  are capabie of absorbing over 7 arperes 
of excess panel capacity,, The o t k r z  two l i a i t e r s  
v i l l  n o t  become a c t i v e  u n l e s s  a l a r g e  number of 
spacecraft  loads are  turned off or the shelves 
are c o l d .  

v o l t a g e  limiters 2 and 5 are connected t o  l o a d  
heater resistors b m d e d  to t h e  rear o f  t h e  
eqoipreut  shelves- r h e  t h e s ~ o s t a t i c  switch 
associated with v o l t a g t *  l i m i t e x  5 w i l l  be 
a c t i v a t e d  near Eartk and its set p o i n t  w i l l  be 
l o v e r e d  to 28.5 v o l t s ,  The f i r s t  excess 33 watts 
of panel c a p a c i t y  uiLl b e  forced i n t o  t h e  b a t t e r y  
shelf h e a t e r s  ana n e x t  33 watts w i l l  be 
d i s s i p a t e 0  i n  t h e  rf s h e l f  h e a t e ~ s .  I f  the 
t h e s c c s t a t i c  switches associated w i t h  v o l t a g e  
l i n i  ter 2 are a c t i v a t e d  dae to a c o l d  rf s h e l f ,  
its set p o i n t  w i l l  be lowered to 29-Q v o l t s  and 
the first increnontal cxcess of 3 3  watts of panel 
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capac i ty  w i l l  once a g a i n  be forc.=d i n t o  t b e  
b a t t e r y  s h e l f  beaters and the next 33 w a t t s  r i l l  
be d i s s i p a t e d  i n  rf s h e l f  h e a t e r s ,  R e n  i f  one 
o f  t h e  above two lmiters  f a i l r  the first 33 
u a t t s  always goes i n t o  the b a t t e r y  s h e l v e s .  

When t b e  solar p a n e l  o u t p u t  s l o u l y  d e c r e a s e s  
(dur ing  p r o b e  p r e r e l e a s e  maneuvers ,  for  
instance), the current p r o v i d e d  by the solar  
panel s l o w l y  d e c r e a s e s  and the power bus v o l t a g e  
a l s o  det*reases, When t h e  bus v o l t a q e  d r o p s  t o  
27 -80 *0.065 vo l t s ,  the d i s c h a r g e  c o a t r o l l e r  
comes on  ao toaa t ica l ly  to h e l p  share t h e  load- 
T h e  discharge c o n t r o l l e r  o u t p u t  is regulated very 
close t o  27.80 wolfs e v e n  a t  h i g h  loads. Tbere 
are 0.3 ohm r e s i s t o r s  connected between each 
r e g u l a t o r  o u t p u t  and t h e  power b u s  t o  force 
accurate load s h a r e  b e t u w n  t he  t w o  regula tors -  
F i n c e  the h i g h e s t  b a t t e r y  l o a d  will be 
a p p r o x i m a t e l y  3 a m p e r e s  p e r  battcoy ( d a r i n g  
l a u n c h ) ,  t h e  lo res t  bus voltage d u r i n g  eclipse 
will be 27-80 -(0-1) (0 ,3)=21-50 volts, 

The Balt iprobe battery loads are r e l a t i v e l y  l o v  
and the v o l t a g e  bas  liriters 2 an5 5 w i l l  
probably never come on a t  t h e i r  higher set 
p o i n t s .  This tends t o  restrict the power b u s  
v o l t a g e  range t o  27 .5  -28.b v o l t s ,  Harness drops 
uill redaee this voltage somevhet  b u t  the lowest 
v o l t a g e  a t  any l m d  w i l l  not be lover t h a n  27.3 
rolts. 

3 -8 -3 -2  E n e r q a n a B I - .  The spacecraf t  wus t 
be powered managed to  s t a y  i n  a s u i t a b l e  energy 
ba lance  s i t u a t i o n  a t  a l l  times- D u r i n g  aast of 
the mission, t h e  s p a c e c r a f t  w i l l  h e  i n  f u l l  
~ l l n a i n a t i o n  and t b e  sun l i n e  w i l l  be ma-  90 
degrees w i t h  respect t o  the s p i n  a x i s -  D u r l a g  
this time, t h e  spacecraft loads 3ust n o t  excmd 
the s o l a r  panel c a p a b i l i t y  f o r  any appreciable 
p e s i o d  o f  time- T h e  batteries c a n  s d p p l e r e n t  the 
s o h r  p a n e l  during s h o r t  t r a n s i t i o n  periods, but 
a c o u t i a u o u s  negative energy s i tua t ion  caunot be 
t o i e r a  ted . 
The spacecraft e n e r g y  balance condition i s  best 
a s s ~ a s e d  w i t h  t h e  a s r e n t  s e n s o r s .  A s i a p l i f i e d  
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d i a g r a m  of t h e  p o v e r  sources, l o a d s  and c u r r e n t  
sensor m e a s u r e r e a t s  is shorn i n  Figure 3 -8 -3 -2 -1 -  
A11 power sources a r e  shown on  the left and a l l  
pover loaas are an t h e  r i g h t ,  

The c1:rrent provided by Cbe main a r r a y  f o r  
spar...craf t load use is measured by the  solar 
p a n e l  c u r r e n t  sensor- B a t t e r y  cbarge carrent is 
provi :ad by t h e  main array, p l u s  t h e  b o o s t  charge 
arrays, and is ~ c a s u r e d  by t b e  two b a t t e r y  charge 
c u r r e n t  sessors- If battery charging  is turned 
off or reduced by switching from h i g h  rate t o  law 
rate, t h e  s o l a r  pariel c u r r e n t  s e n s o r  t e l e m e t r y  
signal w i l l  i n c r e a s e  by the same amount a s  t h e  
d e c r e a s e  i n  charge current. Tho solar pane2 
current t h a t  is u t i l i z e d  by t h e  l o a d s ,  p l u s  t h e  
c u r r e n t  s u p p l i e d  by t h e  b a t t e r i e s  when they ar i n  
a d i s c h a r g e  s t a t e ,  i s  measured by t h e  s p a c e c r a f t  
load current s e n s o r ,  The excess current that is 
n o t  needed is  s h u n t e d  off by t h e  limitars and is 
measured i n  t h e  limiter current s e n s o r ,  

Total  
1 ~ 1 1 2  

Cu rren 

Rain Array c u r r e n t  is t h e  s u a  of ISp * ICII1 
(refer to F i g u r e  3 .8 -3 -2 -1 )  Solar Psvrel 

!t (ISP) measures s o i a r  panel current 
supplied t o  the spacecraft l o a d s .  It m e a s u r e s  
t o t s 1  main array current o n l y  i f  battery charging 
is commanded o f f .  

P u l l  i l l u m i n a t i o n  conditions can  b e  d e f i n e d  by a 
current equation t h a t  shows t h e  power s o u r c e s  on 
t h e  l e f t  and the l o a d s  o n  t h e  r i g h t :  JSP 4 l C I i ~  - 
+ ' C H ~  ' 'SCL ' I~L (Batteries charg ing)  

where 

ISP = solar p a n e l  current 

I ~ C L  = s p a c e c r a f t  l o a d s  curreslt 

I(1H1 and X C I 1 2  = t e l c n e t e r e d  battery 1 and 
b a t t e r r  2 c h a r g e  c u r r e n t s  

i ;; :in9 launch, a l l  spacecraft l o a d s  are supported 
by t h e  b a t t e r i e s  t h r o u g h  t h e  d i s c h a r g e  
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c o n t r o l l e r s ,  The b a t t e r y  c u r r e n t s  a r e  measured 
by the t r ~  b a t t e r g  d : b c h a r g e  c u t r e n t  sensors- 
Tbe s p a c e c r a f t  load current is a g a i n  measured by 
t h e  spacecraft l o a d  current  s e n s o r ,  However, tbe 
s m a l l  s h u n t  c a r r e n t  loss  i n  e a c h  d i s c b a r g e  
c o n t r o l l e r  is n o t  measured d i r e c t l y ,  Figure 
3.9.3-2-2 d e s c r i b e s  this shunt c u r r e n t  loss  a s  a 
f u n c t i o n  o f  load c u r r e n t -  The b u s  limiters, of 
coarse ,  are not a c t i v e  d u r i n g  eclipse. Eacb bus 
limiter d r a w s  only 5 m i l l i a m p e r e s  of s t a n d b y  
c u r r e n t -  S i n c e  the bus limiter c u r r e n t  s e n s o r  
f a l l  scale r a n g e  is 0 t o  12 arperes ,  or  47 
r c i l l i a m p c r e s  p e r  t e l emetry  b i t ,  t h e  telmetq 
signal will be v e r y  small. The eclipse s i t n a t i o n  
can be s u m s a r i z e d  the c u r r e n t  e q u a t i o n :  

where 

IBD1 and xBD2 = telemetered b a t t e r y  1 and 
battery 2 d i s c h a r g e  
c u r r e n t s  

fSCL spacecraft l o a d  c u r r e n t  

I BL = bus limiter current 
(approximately 25 ma) 

ISH1 and ISH2 = discharge c ~ n t r o l l e r  shunt 
crrrents a s  d e t e r m i n e d  from 
F i g u r e  3-8-3-2-2 

?here ,if 1 be short tire periods when the solar 
p a n e l  and batteries m u s t  s h a r e  L!e load- T h i s  
includes l a u n c h ,  Small Probe release, dnd 
p o s s l b l y  Large Probe release. When t h e  
spacecraft spin axis motes away from being  normal  
to  the s u n  line-of -sight, the a v a i l a b l e  solar 
p a n e l  c u r r e n t  d e c r e a s e s  and  t h e  b a s  l f  r i ter  
current a l s o  decrehses by t c o r r e s p o n d i n g  amount 
and t h e n  becomes 5 n i l l i a r p e r s s / l i r i t e r  s t a n d b y  
c u r r e n t .  After the b u s  v o l t a g e  d r o p s  to 27-80 
v o l t s ,  the discharge controllers bacoae a c t i v e .  
T h e  charge  c u r r e n t  w i l l  t h e n  by-pass t h e  
batteries a d  tlow directly i n t o  t h e  discharge 
c o n t r o l l e r s  t h r o u g h  the ba t t e r p  dischcrge . u r r s n t  
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sensors- As t h e  s o l a r  panel c u r r e n t  c o n t i n u e s  to 
decrease, the b a t t e r i e s  will t h e n  start to 
dischaxge-  The c u r r e n t  equation for t h i u  
s i t u a t i o n  is sonewhat more complex t h a n  the two 
p r e c e d i n g  conditions . Once a g a i n ,  all power 
sources are on t h e  l e f t  end t h e  loads are on t h e  
r i g h t  : 

where 

XSP = solar p a n e l  current 

ITBD1 = True b a t t e r y  1 d i s c h a r g e  
current = IBD, - ICIII 

xTBD2 = True b a t t e r y  2 discharge 
current = IgD2 - ICH2 

IsCL = s p a c e c r a f t  load c u r r e n t  

= b u s  l imiter c u r r e n t  
(approximats?p 2 5  l a )  

x ~ ~ ~ l  ad Is112 = d i s c h a r g e  c o n t r o l l e r  s h u n t  
c c r r e n t  a s  d e t e r m i n e d  from 
F i g u r e  3.8 -3 -2-2 

It s h o u l d  be noted that uheli l o a d s  are being 
shared by t h e  s o l a r  panel and batteries, t h e  true 
uattery discharge c u r r e n t s  art. IBllq - 1 ~ ~ 1 1  and 
1 ~ ~ 2  - ICI12: During Paunch, of course, t h e  
charge c u r r e n t  sensors read zero and IBDq and 
x ~ ~ 2  i n d l c a t e  t h e  t rue  battery discharue c u r r e n t  
direct1 y,  

T h e  d i s charge  c o n t r o l l e r  s h u n t  loss, shown i n  
F igure  3-8.3-2-2 r e p r e s e n t s  the s h u n t  c u r r e n t  
r e q u i r e d  when the batter? voltage is h i g h  enough 
to  m a i n t a i n  t h e  regulator i n  an  active r e g o l a t o r  
mode, Yben the b a t t e r y  voltage d r o p s  to a 
v o l t a g e  l e v e l  v b e r e  the series pass  requlator 
t r a n s i s t o r  d r o p  geu; too low, t h e  l a t ter  g o e s  
into a saturated n o n - r e g u l a t i n g  mode and t h e  
o u t p a t  voltage s t z r t s  to decrease ,  In  t h e  
s a t u r a t e d  mode, the d r i v e  c i r c u i t r y  1s a t t e m p t i n g  
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t o  m a i n t a i n  r e g u l a t i o n  by d e l i v e r i n g  i ts marimor 
d r i v e  c u r r e n t  c a p a b i l i t y  t o  t h e  serims pass 
t r a n s i s t o r ,  This v a l u e  is a p p r o x i m a t e l y  230 
m i l l i a m p e r e s -  T h e r e f o r e ,  t h e  s h u n t  l o s s  of t h e  
r e g u l a t o r  w i l l  s h a r p l y  i n c r e a s e  f r o m  t h e  smal l  
v a l u e s  shovn i n  Pigore 3 -8 -3.2-2 t o  a p p r o x i m a t e 1  y  
230 m i l l i a m p e r e s  when the c o n t r o l l e r s  g o  o u t  of 
r e g u l a t i o n ,  Under n o r m a l  o p e r a t i n g  c o n d i t i o n s ,  
i t  is n o t  a n t i c i p a t e d  t h a t  the b a t t e r y  v o l t a g e  
l e v e l s  w i l l  d r o p  down t o  l e v e l s  t h a t  r e s u l t  i n  
s a t u r a t e d  mode o p e r a t i o n ,  T h i s  would occur o n l y  
under f a i l u r e  mo3e c o n d i t i o n s ,  

3,8,3,3 S o l a r  P O e r f o r m a n c e  as P n n c t i o o  of- 
a n s t a n t ,  I n  o r d e r  t o  p l a n  power o p e r a t i o n s ,  i t  
is v e r y  u s e f u l  t o  know what t h e  a v a i l a b l e  c u r r e n t  
w i l l  3e a t  t h e  nomina l  28-0 v o l t  b u s  v o l t a g e  for  
all s o l a r  c o n s t a n t s  t h a t  w i l l  be e n c o u n t e r e d  
d u r i n g  the B u l t i p r o b e  mission- P i g u m  3-8 -3-3-1 
s h o w s  p l o t s  of  solar  pane l  c u r r e n t  a t  28 v o l t s  as 
a f u n c t 4 0 n  of so la r  c o n s t a n t ,  The  l o v e r  c u r v e  is 
a  worst case p r e d i c t  t h a t  a s sumes  a  m a s s i v e  s o l a r  
f l a re  w i l l  o c c u r ,  The u p p e r  carve is a maximu@ 
predict t h a t  assumes t h a t  no  r a d i a t i o n  damage 
occurs and t h a t  t h e  s o l a r  cells w i l l  p e r f o r m  a t  
t h e i r  maximum g o t e n t ~ a l ,  

3 -8 -3 -4 B a t t e r y  Wsaqe and  C h a r s i g q -  D u r i n g  most of t h e  
mission, t b e  b a t t e r i e s  v i l l  be on t r i c k l e  charge. 
High rate c h a r g i n g  w i l l  be needed o n l y  b e f o r e  a n d  
a f t e r  pk-obe release s e q u e n c e s .  

Section 3 - 8 - 2 . 5  d e s c r i b e s  how t h e  b a t t e r y  charger  
o p e r a t e s ,  The c h a r 9 2  c u r r e n t  a v a i l a b l e  during 
t h e  v a r i o u s  m i s s i o n  times is a  f u n c t i o n  of a 
number of f a c t o r s ,  This can be most easily 
e x p l a i n e d  by t b e  use of b a t t e r y  boost c h a r g e  
a r r a y  v o l t a g e / c u r r e n t  curves and l o a d  l i n e s  f o r  
v a r i o u s  c r i t i c a l  B i s s i o n  times ( P i  y u r e  3 -8 -3 -4- 
1) - 
Durinq h i g h  r a t e  c h a r g e  t h e  l o a d  l i n e  o p e r a t i n g  
region is a l w a y s  a b o v e  the knee or on the 
c o n s t a n t  c u r r e n t  p o r t i o n  of t h e  curve. 
Therefore, t h e  c h a r g e  rats is a di rect f u n c t i o n  
of t h e  s o l a r  c o n s t a n t .  It vi.J: v a r y  from 0-17 
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amperes  ( d u r i n g  Small Probe s e p a r a t i o n )  t o  0-7  
amperes  n e a r  Veinas. 

During lor r a t e  c h a r g i n g  t h e  load lines intersect 
t h e  curves beyond the k n e e  of t h e  c u r v e ,  ?be 
c h a r g e  r a t e  w i l l  war1 between 110 and 170 ma\, when 
t h e  bus  v o l t a g e  is a t  29-5  v o l t s  and f rom 80 t o  
140 ma a t  a b u s  o a l t a g e  of 20.0 v o l t s .  

T h e  t r i c k l e  or low charge r a t e s  quot,sd above 
assume t h a t  the battery is f u l l y  charged or near 
f u l l  charge a n d  h a s  a t e r n i n a l  v o l t a g e  of 
a p p r o x i m a t e l y  34 v o l t s  : 1.416 v o l t s / c e l Y ) ,  When 
a p a r t i a l l y  discharqed battery is i n i t i a l 1  y  
p l a c e d  on charge, its v o l t a g e  w i l l  be somewhat 
lower b y  a p p r o x i m a t e l y  2 o r  3 t o l t s -  T h i s  a o v e s  
the a b s c i s s a  i n t e r c e p t  of the load lines t o  t-be 
l e f t  and increases t h e  i n i t i a l  c h a r g e  current t o  
a value t h a t  is 40 t o  b O  nd h i g h e r ,  The t r i c k l e  
c h a r g e  r a t e  w l l l  t h e n  s l o u l y  decrease as  t h e  
b a t t e r y  reaches  f u l l  c h a r g e ,  Charge c u r r e n t  
i n c r e a s e s  by approximately 20 ra for each 1 vol t  
r e d u c t i o n  in battery t e r m i n a l  vo l tage  o r  1 v o l t  
i n c r e a s e  i n  power bas v o l t a g e ,  

B a t t e r y  ch,a.:ging will be commanded t o  l o v  rate 
c h a r y e  a t  liunch and r emain  i n  t h i s  c o a i i g u r a t i o n  
z p p r o x . ~ u a t , : l  y 95 days-  Approx imate ly  3 day 
b e f o r e  tiae bat t ery  is needed for  L a r g e  o r  Small 
P r o b e  r e l e a j e ,  5igh r a t e  c h a r g i n g  s h o u l d  be 
commanded on ?or  a p p r o x i ~ ~ t e l y  4 hoeus. T h i s  
u ~ l l  m a x i ~ i z e  t h e  c a p a c i t y  and b a t t e r y  r o l t a g e  
f o r  t h e  p r o b e  release seqnsnces, Recharge of t le  
b a t t e r i e s  af ter p r o b e  release seq o e n c e s  should 
a l s o  be  pe r fo rmed  a t  higa r a t e .  

T h e  maximum b a t t e r y  D J D  w i l l  occur d u r i n g  S m a l l  
Probe release, Battery d i s c h a r g e  c u r r e n t  a t  t h i s  
t i n e  is a f u n c t ~ o n  of s u n  angle and the 
s p a r - x r a t t  S-band t r a n s m i t t e r  load c o n f i g u r a t i o n  - 
X h i g h  sun a q l e  (near 260) and l o u  power (10 
u a t t s )  S-band t r a n s r l t t e r  o u t p u t  r e s u l t s  in a 
r e J . a t i r e l y  3 0 u  b a t t e r y  d i s c h a r q c  c u r r e n t  (or 
ross ib1 .y  zerd d i s c h a r g e  c u r r e n t )  whereas a lor 
s u n  a n g l e  and h i g h  power (20 u a t t s )  S-band 
t r a n s m i t t e r  o u t p u t  r e s u l t s  i n  a much l a r g e r  
d i s c h a r g e  c u r r e n t .  High power S-band o ~ r a t . r o n  



S e c t i o n  No- 3 . 8 . 3 . 4  
DOC, l o -  PC-403 
O r i g -  I s s u e  Date 
R e v i s i o n  No, 

must  be time l i m i t e d  t o  prevent b a t t e r y  DOD i n  
e x c e s s  o f  60 p e r a a n t ,  

B a t t e r y  c h a r q i n g  w i l l  n o r m a l l y  n e v e r  b e  tu::ned 
o f f ,  \s explained i n  S e c t i o n  3,8,2-5 b a t t e r y  
c h a r g i n g  is t u r n e d  off  when r e l a y s  K t  a n d  A2 a r e  
i n  o p p o s i t e  p o s i t i o n s -  If it is necessary t o  
t u r n  o f f  b a t t e r y  c h a r g i n g  f o r  some r e a s o n ,  t h e  
preferred r e l a y  s t a t e s  for c h a r g i n g  turnoff a re  
r e l a y  R 1  higb and K2 l o u ,  The r e a s o n  is as 
f o l b o r s :  I f ,  instead, r e l a y  K2 uas l e f k  Fn t h e  
h i g h  s t a t e ,  a n d  r e l a y  K l  u a s  l e f t  in t h e  t_m 
s t a t e ,  a b a t t e r y  o v e r t s a p e r a t n r e  c o n d i t i o n  
f o l l o w e d  b y  a b a t t e r y  cool down would. g e n e r a t e  a 
reset s i g n a l  t o  relay Kl which  would  t r a n s f e r  t h e  
lat ter  t o  a h i g h  p o s i t i o n  and h i g h  rate c h a r g i n g  
u o u l d  s t a r t  a u t o m a t i c a l l y .  I f ,  on  t h e  other 
hand ,  c h a r g i n g  is  t u r n e d  off  i n  t h e  p r e f e r r e d  
manner ,  n b a t t e r y  o v e r t e m p e r a t u r e  c o n d i t i o n  
f o l l v v e d  by a cool down would result i n  a reset 
s i g n a l  t o  XI which  would t r a n s f e r  t h e  l a t t e r  t o  a 
low p o s i t i o n  a n d  low r a t e  c h a r g i n g  u o a l d  start 
a u t o m t a t i c a l l y ,  A 1  t h o u g h ,  i t  is e x t r e m e l y  
u n l i k e 1  y t h a t  turning o f f  b a t t e r y  c h a r g i n g  would 
b e  followed by a c t u a t i o n  o f  t h e  o v e r t e m p e r a t u r e  
s w i t c h ,  i t  is p r e f e r a b l e  i n  t h i s  c a s e  t h a t  low 
r a t e  r a t  -.er than h i g h  r a t e  c h a r q i n g  be t u r n e d  on.  
In any case, i f  c h a r g i n g  comes on a u t o m a t i c a l l y  
a s  a r e s u l t  of a  reset s i g n a l ,  t h e  
o v e r t e m p e r a t u r e  c i r c u i t  w i l l  tan  c h a r g i n g  o f f  
a g a i n  i f  the b a t t e r i e s  y e t  tw, h o t .  Tbe 
o v e r  temperature s w i t c h  a n d  its a s s o c i a + e d  c i r c u i t  
would c o n + i n u e  t o  d u t o m a ~ i c a l l y  t c r n  battery 
c h a r g i n g  o n  a n d  off  a u d ,  thus, protect t h e  
~ a t t e r i e s  f rom e x c e s s i v e  t e m p e r a t u r e s -  

The  s o l a r  pane l  c h a r g e  s t r i n g s  are spaced 
a p p r o x i m a t e l y  36 d e g r e e s  a p a r t  on t h e  c y l i n d r i c a l  
s o b s t r a t e ,  as e x p l a i n e d  i n  S e c t i o n  3,8-2.1. T h i s  
results i n  a p p r o x i m a t e l y  a 6 percent r i p p l e  o f  
the c u r r e n t  o v e r  t h e  c o n s t a n t  c u r r e n t  p o r t i o n  of 
t h e  V / I  c u r v e -  A+ high charge rates this r i p p l e  
c u r r e n t  w ~ l l  b e  rken o n  the c h a r g e  c u r r e n t  
telemetry s i g n a i s ,  Lou c h a r g e  rate o p e r a t i o n  is 
perf  omed belor: the k n e e  of t h e  V/I c u r v e ,  S i n c e  
t h e  o p e n  circaiC v o l t a g e  of a s o l a r  ce l l  is 
r e l a t i v e l y  i n s e n s i  t i v d  t o  solar  i l l u m i n a t i o n  
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l e v e l s ,  t h e r e  w i l l  be a much lower c h a r g e  c u r r e n t  
r i p p l e  d u r i n g  low rate c b a r g e -  

T o  g e t  a n  a c c u r a t e  measurement  of c h a r g e  cormnt, 
a p p r o x i m a t e l y  10 m e a s u r e m e n t s  s b o a l d  be ~ v e r a g e d ,  

3-8.3.5 Use of P r e c h ~ ~ c u i ~ -  As e x p l a i n e d  i n  
3,8,2,?, a p r e c h a r g e  c i r c n i t  is i n c c v p o r a t e d  into 
t h e  B m  u n d e r r o l t l r $ 2 /  o v e r l o a d  u n i t  t o  s l u r l j  
p r e c h c  f g e  large c a p a c i t o r s  o n  t h e  Large Frobe 
c h e c k o n t  and  s w i t c h e d  l o a d  b u s e s  i n  x d e r  t o  
m i n i m i z e  i n r u s h  currents a n d  p r e v e n t  s w i t c h i n g  
t r a n s i e n t  d i s t a r b a n c e s  t o  the other spacecraft 
l o a d s  . 
T h e  p r a c h a r g e  c i r c u i t  s h o u l d  be used d a r i n g  Large 
Probe checkouts to p r e c h a r g e  t h e  i n p u t  f i l t e r  
c a p a c i t o r s  of some of t h e  L a r g e  P r o b e  
i n s t r u m e n t s .  P r e c h a r g i n g  of B u s  a n d  Small Probe 
i n s t  r u r e n t s  is n o t  n e c e s s a r y .  The command 
s e q u e n c e  t o  a c c o m p l i s h  L a r g e  P r o b e  power t a r n - o n ,  
w i t h  i n i t i a l  precharge, is a s  f o l l o v s :  

UV/OL relays reset 
Power s y s t e m  p r o t e c t i o n  OR 
A l l  s c i e n c e  UP? 
Probe c h e c k o u t  power OY 
P r e c h a r g e  ON 
JS C o u a n d / d a  t a  u n i t  ON 
S c i e n o e  power p r i m a r y  r e l a y  ON 
UV/OL r e l a y s  reset 
P r e c h a r g e  OFF 

T h e  precharge c i r c u i t  should be u s e d  a s  a first 
s t e p  in p o w x i n g  u p  the s w i t c h e d  loads bus a g a i n  
a f t e r  an u n d e r v o l t a g e  o r  o v e r c u r r e n t  f a u l t  has 
resul_+-ed i n  a t r i p  of t h i s  bus. A 1 1  of t h o  ?oads 
on the s w i t c h e d  l o a d s  b u s  ( w i t h  one e x c e p t i o n )  
a re  t u r n e d  o n  a n d  off by e l e c t r o n i c  l a t c h  
c i r c u i t s ,  Only t h e  s t a r  s e n s o r  is t u r n e d  oh a n d  
of f  w i t h  a m e c h a n i c a l  l a t c b i n g  r e l a y -  T h e r e f o r e ,  
i f  a UV/OL t r l p  occurs, t h e  s t a r  s e n s o r  load  w i l l  
s t i l l  b e  o n  t h e  bus a f t e r  i t  is r e a c t i v a t e d .  
When the p r e c h a r *  c i r c u i t  is t o r n e d  o n ,  t h e  s t a r  
sensor w i l l  draw a c o n t i n u o u s  c u r r e n t  o f  
a p p r o x i m a t e l y  25 m i l l i a m y e r s s  t h r o u a h  the 390 ohm 
i s o l a t i o n  resistor - T h i s  results i n  a s u i t c b e d  
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l o a d s  bus v o l t a g e  o t  o n l y  16 t o  18 v o l t s ,  
? o r t u n a t e l p  a t  t h i s  low v o l t a g e ,  s t a r  s e n s o r  O W  
command c i r c u i t r y  still f u n c t i o n s .  After sending 
a V r e c h a r g e  ONa command, b o t h  t h e  s t a r  s e n s o r  
channels must  be commanded off to  a l l o w  t h e  
s w i t c h e d  l o a d s  bas  t o  be p r e c b a r g e d  to  
a p p r o x i m a t e l y  28 volts b e f o r e  t h e  .UV/OL re,ay 
resetn or Vower system p r o t e c t i o n  OPFn command 
is s e n t -  

T h e  p r e c h a r g e  circuit can  a l s o  be used t o  v e r i f y  
t h a t  there am no s h o r t  c i r c u i t  faults o n  t h e  
p r o b e  c h e c k o u t  b u s e s  b e f o r e  t h e  p r o b e  c h e c k o u t s  
are p e r f o r m e d .  The  p r o b e  c h e c k o c t  b u s  goes t o  
a l l  d o u r  p r o b e s  t b r o u g h  l P D m s ,  a l a r g e  number o f  
c o n n e c t o r s ,  a n d  l a n g  harness runs, These buses 
are n o t  p r o t e c t e d  by fasers, It is p<#;sib,le t b a t  
l a u n c h  v i b r a t i o n s  can i n d u c e  a  sho r t  circuit in 
one o f  t h e  p r o b e  c b e c k o a t  buses, T h e r e f o r e ,  
p r i o r  t o  i n i t i a t i o n  of p r o b e  c h e c k o u t s ,  i t  would 
be p r u d e n t  t o  use t h e  p r e c h a r a e  circuit t o  v e r i f y  
that there a r e  n o  s h o r t  c i r c u i t s  o n  a n y  of t h e  
f o u r  probe c b e c k o u t  brses, This c a n  b e  
a c c a r p l  i s h c d  i n  t h e  f o l l o w i n g  manner: V e r i f y  
t h a t  13V/OL P r o t e c t i o n  is OR (PSPBOS is i n  1 
state) a n d  Science BUS Beset Relay (PSCBUS) is i n  
0 s t a t e  (i-e -, a l l  s c i e n c e  OPP) . Send command t o  
p r e c a a r g e  c i r c u i t  t o  t u r n  i t  o n  ( P C G I 9  o r  PCG49) 
and  v e r i f y  t b a t  PBCBGS goes t o  1 s t a t e ,  Then 
sand command p r o b a  c h e c k o u t  power ON (PC019 o r  
PCOES), v e r i f y  t b a t  p r e c h a r g e  c i r c u i t  stays on, 
and  t h a t  there i s  n o  i n c r e a s e  i n  t h e  s p a c e c r a f t  
loads c u r r e n t  ;PBUSLI) A s h o r t  c i r c u i t  a n  any 
of t h e  four probe c h e c k o u t  buses would t o r n  t h e  
p r e c h a r g e  circuit off. A p a r t i a l  f a u l t  c o n d i t i o n  
would r e s u l t  i n  a n  inc~aase  i n  t h e  r z a d i n g  of the 
s p a c e c r a f t  loads c u r r e n t .  The f a u l t  current 
would  be l i m i t e d  t o  1 ampere  by t h e  y r e c h a r g e  
current l i u t e d  s w i t c h .  If a f a u l t  c o n d i t i o n  of 
t h i s  type is d e t e c t e d ,  tbe p r e c h a r g e  circrit  
s h o u l d  be Lorned o f f  i m m e d i a t e l y ,  

T b e  p r e c h a r g e  c ~ r c u i t  can s e r v i c e  o n l y  o n e  probe 
a t  a time ( B e f e r s n c e :  P a r a g r a p h  1 . 5 , l t ) ) .  
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power -9tecticm aM U Y l O L  3-8.3-6 
& g p v e r 1 -  The s p a c e c r a f t  h a s  a  number of 
f e a t u r e s  t h a t  p r o t e c t  i t  from p o u e r  bus  f a u l t s .  
P o t e n t i a l  f a u l t  c o n d i t i c m s  are o v e r v o l t a g o ,  
u n d e n o l t a g e  and o v e r c u r r e n t .  

The Bus v o l t a g e  limiters p r o v i d e  o v e r v o l t a g e  
p r o t e c t i o n  by a b s o r b i n g  excess s o l a r  c a p a b i l i t y  
and r e s t r i c t i n g  t r a n s i e n t  o v e r s h o o t  v o l t a g e s  t o  
v a l u e s  less t h a n  31 v o l t s ,  

Each s p a c e c r a f t  l o a d  has p r o t e c t i v e  fasas and  
most s p a c e c r a f t  u n i t s  a lso h a v e  e l e c t r o n i c  
c u r r e n t  l i m i t i n g  t o  p r o t e c t  a g a i n s t  o v e r c u r r e n t  
c o n d i t i o n s .  It i s  almost i m p o s s i b l e  t o  p r o t e c t  
a g a i n s t  harness shor ts ,  b u t  i n t e r n a l  u n i t  s h o r t  
c i r c u i t s  w i l l  be e f f e c t i v e l y  i s o l a t e d  by the 
f u s e s  and c u r r e n t  l i m i t  c i r c u i t s .  

It i s  p o s s i b l e  f o r  the s p a c e c r a f t  t o  go o u t  o f  
energy b a l a n c e  i f  t h e  s p a c e c r a f t  s p i n  a x i s  d r i f t s  
off the s u n  l i n e  normal ,  i f  e x c e s s i v e  l o a d s  are 
commanded on i n a d v e r t e n t l y  by equ ipment  f a u l t s  o r  
mission o p e r a t i o n s  errors, or a  s p a c e c r a f t  u n i t  
d e v e l o p s  a f a u l t  c u r r e n t  t h a t  is  o f  i n s u f f i c i e n t  
m a g n i t u d e  t o  o p e n  a  fuse, T h e  n e t  r e s u l t  mould 
be t h a t  b a t t e r i e s  would s t a r t  t o  d i s c h a r g e  a t  a  
time when t h e y  n o r m a l l y  s h o u l d  be on  charqe. 
These o p e r a t i n g  c o n d i t i o n s  c o u l d  d e p l e t e  t h e  
b a t t e r p  anci t h r e a t e n  t h e  s p o c e c r ~ f t  w i t h  
m a r g i n a l l y  low v o l  t a g e  c o n d i t i o n s .  To remedy 
these b a t t e r p  u n d e r v o l t a g e  and/or  o v e r c u r r e n t  
c o n d i t i o n s ,  t h e  U V f l L  s w i t c h  w i l l  t r i p  off 
s c i e n c e ,  s w i t c h e d  l o a d ,  and B? t r a n s m i t t e r -  bus 
l o a d s  as explained i n  S e c t i o n  3.8.2-7, 

I n  most i n s t c n c e s ,  an a n a l y s l s  of t h e  t e l e m e t r y  
data ,  p r i o r  t o  a  UV/OL t r i p ,  w i l l  r e v e a l  t h o  
nature of t h e  d i f f i c u l t y  a n d  thereby s u g q e s t  
c o r r e c t i v e  action. Houerer, i f  r t r i p  r e s u l t s  i n  
s u d d e n  loss of  the downl ink  carr ier  and /o r  
digital telemetry s i g n a l s  w i t h  n o  clues t o  tbe 
n a t u r e  of: the problem,  it  w i l l  be necessary t o  
make a n  s , s s s s s m e n t  o f  the s p a c e c r a f t  o p e r a t i n g  
c o n d i t i o n s  r9 f o r m u l a t e  corrective a c t i o n .  I n  
this c a s e ,  i t  u a u l d  be p r u d e ~ t  t o  p o u e r  up  t h e  
s v i t c b e d  loads and BP t r a n s m i t t e r  b u s e s  
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t e m p o r a r i l y  to g e t  a f e w  major frames of data and 
t h e n  power down a9ain to the minimum e s s e n t i a l  
b u s  loads w h i l e  t h e  d a t a  is being e v a l u a t e d -  

When it is tiesired to pomr up t h e  buses  
tsiporarily after a t r i p ,  it s h a u l d  be 
acco8pl i shedl  by c o m a a n d i n g  to an  override or 
- p ~ v e r  s y s t e m  prstectira offU node. Execution of 
t h e  -3V/oL r e l a y  re, * command is u n d e s i r a b l e  in 
this case, since the s w i t c h e d  b a d  and BI 
transa i t ter  reset r e l a y s ,  K2 a n d  R3, can 
s u b s e q ~ e n t l j  be powered down only by a n o t h e r  
u n d e r v o l t a g e  or overcurreal t r i p  signd 1. 

The c o ~ m a n d  s e q u e n c e  to  t e m p o r a r i l y  power up the 
spacecraft a f t e r  a UV/OL t r i p  is a s  follows: 

P r e c h a r g e  cn ( w a i t  o n e  s e c o n d )  
PSI* off and PSIZ* off (star sensor off 
comma nd s) 

r Pover s y s t e m  p r o t e c t i o n  off ( o v e r r i d e  on) 
P r e c h a r g e  off 
com~an3s to restore BP d o w n l i n k  and 
teleoet ry 
Power systen p r o t e c t i o n  a n  ( o v e r r i d e  of f )  to 
power gown again, 

After corrective a c t i o n  has been  implemented t o  
renore the f a u l t ,  tbe p o w r  buses s h o u l d  be 
commanded back i n t o  t h e  vrotectedm mode u i t b  
relay Klc off and A l ,  K2 and 13 reset relay 
enabled by t h e  mUV/OL r e l a y  reseta cosnand.  

Almost a l l  n o n - e s s e a t i a l  spacecrs' . s c ~  ence 
l o a d s  are turn& o n  w i t h  electron :h 
c l r c u ~ t s ,  B~roval  of bus pcwen: t c  . , ;o . Ss 
also t u r n s  off t b c  ie  l a t c h e s -  Aft;. ? ~ Y C .  
restored to their r e s p e c t i v e  buses, f *  
necessary to s e n d  p u l s e  turn--ern csmz a t  r n  
t h e m  on a y a i n .  There are o n l y  tun nc-8 . ?r':tal 
power bus u n i t s  t h a t  d o  not h a v e  el*s-sf. .die l a t ~ t  
c ircut t s -  As explained a b o v e ,  one of thea is the 
s t a r  s e n s o r .  The other is t h e  t r a n s p o n 3 e r  
exciter. They a r e  b o t h  turned  on by mechanical 
l a t c h i n g  r e l a y s .  ahen power is r e s t o r e d  to  t h e i r  
r e s p e c t i v e  power b u s e s  after a t r i p ,  they w i l l  
t u r n  on a q a i ~ ,  The star: s e n s o r  can be turned off 
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t h r o u g h  t h e  p r e c h a r g e  circu t as e x p l a i n e d  above. 
T h e  transponder e x c i t e r  can be t u r n e d  o f f  ( i f  iS 
is necessary to do so) o n l p  a f t e r  RI t r a n s m i t t e r  
bus p o w e r  is restored, B o v e v e r ,  i t  does n o t  
interfere with t h e  n o r m a l  operation of t h e  
p r e c h a r g e  c i r c u i t s  o n  t b e  s c i e n c e  a n d  s w i t c h e d  
l o a d  buses,  

A b a t t e r y  u n d e r v o l t a g e  t r i p  uilP r e m o v e  3 
n o n - e s s e n t i a l  - u e r  bgses  e v e n  i f  the b a t t e r y  
s t a r t s  t o  "ter t h e  Science a n d / o r  
S r i t c h e d  ,odds b ~ r  are t r i p p e d  o f f  - B a t t e r y  
v o l t a g e  2 oec n o t  r l se  f a s t  e n o u g h  t o  i n t e r r u p t  
the t r l p  seqaence . A: o v t r c u r c e n t  c o n d i t i o n  t h a t  
does not r e d u c t  - .  t t e q  v o l t a g e  below 27-55 v o l t s  
w i l l  be i s t e r r u p , \ s d  uaen load r e m o v a l  d r o p s  t o t a l  
spacecraf t  1 o a d s  c u t  , e n t  u n d e r  16 -25 amperes; 
this c o u l d  te . . su lr  . ,  r e m o v a l  of 1, 2 o r  3 non-  
e s s e n t i a l  p o u e r  b u s e s  (Reference: P a r a g r a p h  
1-5.18). 

The a l l  science Q?P command w i l l  be i n e f f e c t i v e  
w h e n e v e r  t h e  s p a c e c r a f t  is o p e r a t i n g  w i t h  t h e  
power s y s t a  p r o t e c t i o n  OF?. Thus, i n  t h i s  
c o n f i q u r a t i o n ,  i n s t r u m e n t s  m u s t  be t u r n e d  O?P by 
I:+ ilizing h i r i i - 4  3ual OF? commands ( R e f  ereme: 
L d r a g r a p h  3-5-18) - 

3 -8 - 3  -7 pse of B u s  V~J&ggJ&nfte~s- The  f ~ v a  v o l t a g e  
limiters w i l l  ha e n a b l e d  p r i o r  t o  l a u n c h  and t h e y  
s h o u l d  s t a y  e n a b l e d  t h r o u g h o u t  the m i s s i o n ,  A 
v o l t a ; a  limiter s h o u ~ d  be d i s a b l e d  o n l p  i f  i t  i s  
d e t a c t i ~ e -  E a c h  b u s  limiter is c a p a b l e  of 
s L s o ~ b r n q  2.35 amperes or  11-75 amperes t o t a l  f t  r 
t h e  f J v e  limiters, They v i l l  e a s i l y  absorb  a l l  
extxss s o l a r  p a n e l  c a p a c i t y  a t  any  time i n  t h e  
m i s s i o n ,  e v e n  ~f a uV/DL t r i p  o c c u r s .  

3 -8 -3 -8 P r o ~ u l s u  H3,ter psf- raiua, The 
~ u  l t i p r o b e ~ , s  t h e  f o l l o r i n g b c ~ m p l e m r n  t of jet 
t h r u s t e r s :  four r a d i a l ,  one a f t  a x i a l  and one 
foruard a x i a l ,  U l  ot  t b e  radial l i ~ z  heatem 
a n d  t h e  f o u r  r a d i a l  jet t h t u s t s r  b e a t e r s  are o n  
c o n t i n u o u s l y ,  T h e  a x i a l  j e t  t h r u s t e r  h e a t e r s  a n d  
associated lme heaters  c a n  ba commanded on a n d  
o f f  - 
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L11 s i r  jet  t h r u s t e r s  hawe t e n p e r a t u r e  sensors; 
the a x i a l  l ime also  h a r e  temperat.urc sensors. 
Hoaarer, t h e  l o n g  r a d i a l  l i n e s  d o  n o t  b a t e  
t e m p e r a t u r e  sensors. Radia l  l i n e  762 b e a t e r  
s t a t u s  (VJ1203)  is moni?. red by a small series 
12-obm resistor w i t h  a s a l e  f a c t o r  of 83-3  
s a , h o l t  , A t  28 v o l t s ,  t h i s  h e a t e r  r e q u i r e s  51.6 
~d b a d  r e s u l t s  i n  a r..elemetry s i g n a l  o f  0 - 6 2  
i o i t s  ( 3 1  d a t a  units) - Radial l i n e  3E4 neater 
s t a t u s  ( V J 3 U H S )  is a l so  m o n i t o r e d  by a s m a l l  12- 
ohm resistor r i t h  a scale factor of 83-3 per 
v o l t  t h n t  81-so reqaires 51.6 ma a t  28 v o l t s .  
laprope,: r l w r a t i o n  of tbe r ad ia l  l i n e  h e a t e r s  
w i l l  be d t o o t e d  by a sharp c h a n g e  i n  tke TH 
s i q n  1- 

T h e  p r o r ~ u l s i o n  t a n k  h e a t e r  svi.tck i.; t h e  PIU 
c o n t r o l s  b p e ~ a t i o n  of not only t b e  t a n k  B e a t e r r  
the~ . se ! . r es  b u t  also a l a r g e  number  of aasoci~tcrd 
h e a t e r s  f o r  p r o p e l l a n t ,  f i l l  a n d  d r a i n ,  and gas 
lines; f i l l  and d r a i n  ralrss; l a t c h  r a l r e s ;  a n d  a  
pressure  t r a n s d u c e r . ,  ?:a  propulsion tank ' daters  
a n d  t h e i r  a s s o c i a t e ?  h e a l e r s  are a11 u p s t r e a m  of 
the l a t c h  v a l v e s ,  P I 1  o f  t h e s e  h e a t e r o  a r e  
redundant .  T h e  PIU s w i t c h  selects e i t h e r  the 
p r i m a r y  o r  s e c o n d a r y  g r o u p  of , h e a t e r s  \ki?T19 oc 
HFTA3: 8 m 2 9  or A T T B 9 ) .  Po single p o i n t  f a i l u r e  
vill p r e v e n t  one o f  t h e  tuc, h e a t e r s  f r o m  k i n g  
commanded on - E i t h e r  t h e  p r i m a r y  51. secondary 
group is  o n  c o n t i n u o u s l y ,  

T h e  two t a n k s  and t h e i r  p r o p e l l a n t  lines, aave 
tenperatr;re s e n s l  r s  t o  m o n i t o r  the opr+.ti011 of 
t b e j  r heaters-  A t  l a u n c h ,  t h e  primary beaters 
will b e  commanded on- If any  OX the t a n k  or 
p r o p e l l a n t  lice t e m p e r a t u r e  s u n s o r s  i u d i c a t e ~  
h e a t e -  f a i l u r e ,  t h e  s e c o n d a r y  g r o u p  of heaters 
stoulcl bt s w i t c h e d  o n  a n d  t h e  p r i m a r y  g r o u p  
should be s r i t c h d  off. 

There :i ~ o t  a s u f f i c i e n t  number of t e m p e r a t a r e  
sensors to m o n i t o r  a l l  ~f t h e  o t h e r  s m a l l  bearers  
i n  p a m i l e l  r i t h  t h e  t a n k  a n d  p r ~ p e l l a n t  l i r e  
heaters. T h e  r e s o l u t i o n  o f  t n e  0 t.2 I 8  ampere 
s p a c e c r a f t  l o a d s  current s e n s o r  is i n d d e q u a t e  t o  
v e r i t y  t h e i r  p r o p e r  o p e r a t i o n -  T h e r e t o r e ,  two 
a d d i  t i ona l  c u r r e n t  s e n s o r  m e a s u r e m e n t s ,  ui t h  g o o d  
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l o r  c u r r e n t  r e s o l u t i o n ,  were added t o  m o n i t o r  two 
p r i m a r y  t a n k  h e a t e r  s u b c ~ r o t l p s .  The f o l l o w i n g  
g r o u p  of h e a t e f s  and their n o m i n a l  current a t  28 
v o l t s  is  m=itored by a 36.5 ohm c u r r e n t  s e n s o r  
(VLIPHS - h t c h  V a l v e  P r i m a r y  Beater Status)  : 

Latch v a l v e  3 A  10.46 ma 
Latch v a l v e  ZA 10.46 ma 
P r e s s u r e  t r a n s d u c e r  10-46 na 
P i l l  and  d r a i n  l i n e  I 8.20 ma 
P i l l  a n d  d r a i n  l i n e  2 

"\is TH c h a n n e l  will read 0.788 v o l t s  a t  28 
volts, T b e  s c a l e  fac tor  is 60-61  r a / P o l t  or 1 - 2 1  
*a p e r  d a t a  u n i t .  F a i l u r e  of any one of t h e  
a b o v e  heaters w i l l  remlt in a minimum c h a n g e  of 
6 or 7 da t a  u n i t s ,  

T h e  s e c o n d  g r o u p  of p r i n a r y  h e a t e r s  a n d  t h e i r  
norinal c u r r e n t  a t  28 v e l t s  is ( P P D V R S  - P i l l  a n d  
Drain V a l v e  Primary Beater Status) : 

P i l l  and  drain v a l v e  t 16-42 r a  
Pill atd drain valve 2 18.42 ma 
P i l l  and  d r , i n  v a l v e  3 18-42 ma 
Pill a n a  c i r a i n  3 g a s  l i n e  19.36 mg 

74-62 ma 

This T?l c h a n n e l  h a s  a r  8 ohm c u r r e n t  sensor t h a t  
d e v e l o p s  a 0,597 v o l t  s i g n a l  when t h e  v o l t a g e  is 
2 8  v o l t s ,  i h e  scale factor is 125.1 m a / v o l t  o r  
2-50 ma p e r  data u n i t .  Fai lure  o f  one o f  t h e  
abwe  h e a t e r s  w i l l  result i n  a minimum change of 
7 or 8 d a t a  units, 

The t a l e m e t r y  v a l u e s  of these 4 p r o p u l s i o n  
heaters w i l l  f l u c t u a t e  s l i g h t l j  a s  t h e  bas 
ooltage f l u c t u a t e s ,  Aiso the p r o p u l s i o n  h e a t e r s  
and the s m a l l  c u r r e n t  sensors e a c h  have a 5% 
t o 9 e r a n c e -  I n  a d d i t i o n ,  h e a t e r  resistance 
f i n c r e a s e s  by a p p r o x i m a t e l t  10s rben t h e  
propulsicrn hear te r t e ~ p e r a t n r e s  are n e a r  t h e i r  
maximum l e v e l s ,  Therefore, the a c t u a l  measured 
d a t a  d e v i a t e s  s l i g h t l y   fro^ t h e  a b o v e  o o w i n a l  
v a l u e s ,  Shown below are a c t u a l  m e a s u r e d  v a l u e s  
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a t  a b o s  r o l t a q e  of 29.5 vol ts  a t  approximate ly  
4bHoP: 

Latch valve b e a t e r  g r o u p  b0.9 ma 
P I P I  a n d  d r a i n  valve 75-0 ma 

h e a t e r  g r o u p  
B l / R Z  l i n e  h e a t e r s  51.6 ma 
H3/B4 l i n e  h e a t e r s  53-3 me 

3 -8  -3 *9  B u s / P r o b ~ l p P  Y O V ~ E  1 n t - m .  E d c h  p r ~ l u e  h a s  
two r e l a y s  t o  t r a n s i e r  from c h e c k o u t  power to 
i a t e r a a l  b a t t e r y  p o w e r  p r io r  t o  p r o b e  s e p a r a t i o n .  
E a c h  r e l a y  h a s  a d e d i c a t e d  relay d r i v e r  c i rcu i t  
in the b c s  Y I U .  A c t u a t i o n  of e i t h e r  one o r  b o t h  
r e l a y s  w i l l  a c c o m p l i s h  t h e  d e s i r e d  t r a n s f e r  t o  
i n t e r n a l  p o w e r -  T h e  status of t h e s e  e l g h t  relays 
is  c o n t i n u o u s . l y  m o n i t o r e d  by B u s  t e l e a o t r y  
t l r ~ u q h  t h e  I P D s ,  

The L a r g e  P r u b ~  h d s  two s h e l t  heaters t h a t  a r c  
t u r n e d  on and of% by relays located i n  t h e  Bus 
1 E a c h  S m q l l  Probe a l s o  h a s  a s h e l f  h e a t e r  
t h a t  is c o n t r o l l e d  by r e l a y s  ~ n  t h e  Bus PXU- 

T h e  t e m p e r a t u r e  sensors for  e a c h  p r o b e  b a t t e r y  
a r e  a l s o  h a r d w i r e d  t o  B u s  t e l e m e t r y  f o r  
c o n t i n u o u s  a o n x t o r l n g  d u r i n q  c r u i s e ,  

Each p r o b e  b a t t e r y  h a s  a  h e a t e r  t h a t  is a c t u a t e d  
by a relay, T h i s  relay s h o u l d  llc3 o f f  d u r i n g  
crulr;ts  - r t  v l l l  b e  a c t u a t e d  by t h e  p r o b e  pre- 
t i m e o u t  g i q n a l  s p p r o x i m a t e i y  3 hours before V e n u s  
ataocp '~er t t  entry - T h e  4 b a t t e r y  r e l a y  o n / o f f  
s i j n d l s  are p r u v u l c d  across t h e  I( I F D s  f o r  
c o n t i ~ l u o u s  m o n i t o r i n q  d u r i n y  c r u i s e .  I t  is a 
m o n i t o r i n q  function on1 y - t h e r e  is  n o  m e a n s  of 
a c t u a t l n q  the battery r e l a y s  f ror t h e  Bus- 

3 -8 - 3  -10 a i l u r e  flodes, Hed_uydg&zr .~nd C ~ x t i v ~  Act ion - 
T h e  power subsys t t?m h a s  r e d u n d a n t  v o l t a q e  
l i m i t e r s ,  d i s c h a r g e  r e g u l a t o r s ,  a n d  b a t t e ~ j  cells 
u t l c h  a l low normal  or  n e a r  n o r a i d  s p a c e c r a f t  
o p e r a t i o n  t o  continue i a  ca se  o f  f a i l u r e -  T h e  
V V p L  p r o t e c t i v e  c ircu i t s  h a v e  a n  override mode 
t h a t  a l l o v s  b y - p a s s ~ n q  of t h e  reset mldys,  T h e  
p r o p u l s i o n  t d n k  h e a t e r  c i r c u i t ,  a r e  r e d u n d a n t  a n d  
t h e i r  o p e r a t i o n  c a n n o t  b e  c o m p r o m i s e d  by any 
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s i n g l e  point f a i l u r e .  a summary of potential 
f a i l u r e  modes a n d  c o r r e c t i v e  action is s h o w n  i n  
Table 3.8-3.10-1- 

3.8.4 Power Subsysfem Command Bes~ons%, T a b l e  3-8-4-1 
s x p l a i n s  t h e  f u n c t i o n  of each power subsystem 
command and bou t h e  a s s o c i a t e d  telemet rv s i g n a l s  
measure t h e  response t o  t h e s e  coasands, 

During  a l l .  mission phases ( u i t h  the e x c e p t i o n  of 
Smal l  Probe R e l e a s e )  , there w i l l  be excess solar 
pan 3 1  c a p a c i t y ,  tbat forces c u r r e n t  through t h e  
voltage limiter l o a d  resistors, Whenever t h i s  is 
t h e  case, an i n c r e a s e  i n  s o l a r  panel current 
results i n  an i n c r e a s e  ot bus limiter current by 
the same amount, Also, when a load  is t u r n e d  
off, a s  r e f l e c t e d  i n  a d e c r e a s e  i n  t h e  s p a c e c r a f t  
l o a d  c u r r e n t ,  t h e  bus limiter c u r r e n t  must 
increase by t h i s  same amount ,  



TABLE 3.8.2.7-1 

RECOGNITION OF UV/OL TRIP 

I I 

Ground Recognition Time of 
Occurrence 
After Fault 

Appears 

Subsystem 
Responae 

Science bus Relay to  OFF; 
Power to science loads i s  
cutoff, science loads rese t  
to OFF. 

Switched Loads Bus relay 
to OFF; all switched 
loads rese t  to OFF, except 

I I the star sensor. 

"I'M 
Mnemonic 

175 Msec. 

PSC BU S 

PSClCI 

Xmtr Bus Relay to OFF; 
all R F  Xmtr Bus loads 
reset t o  OZF, except 
Xponder-exciter. 

PBUSLI 

PLIMTI 

TM & Response 

Science Bus Relay Status = 0 (OFF) I 
Science Current decreases to zero. I 
s /C Loads Chrrent decreases by 
same amount a s  PSCICI. 

Bus Voltage Limiter current likely 
increases by s a v e  as  PSCICI 
decreased. 

~ o s s  of downlink telemetry data. 

Loss of downlink carr ier .  
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TABLE 3.8.3.10-1 

FAIINRE MC rES AND CORRFCTIVE ACTIONS 

Fallure hlode 

Bus Voltage Llmlkr  falls 

Mscharge Controller falls r- 
-~ ~ 

Current sensor f d l s  

Charge Controller Relay 
K t  falls In hlgh s t r tc  

Charge Controller 1tel:iy 
ti1 fails in low state 

Ch.~rgc Controller Itclay I--- K'L falls tn  h t ~ h  state 

Charge controller Relay 
ti2 falls in ;ow state 

Ovt~r'ccmpcraturt. Clrcult 
i nndv~r t e~ t ly  tvrns off 
Relay K l  

- 
IYV/OI. trlps off lnndvrrtently 

Prechnrge Clrcult f:iIls r 
Radial Jet Henter 1, 2, 3, 
o r  4 falls. 

Send disabled command to remove from power bus; 
1 limlter 1s redundant. 

Each battery has redundant dlbcharge regulator - select 
redundant unit by command. 

Current sensor elements consist of 2 parallel power 
reslstors (shurts) to prevent open In power bus - if 
sensor electronlcs fails, unknown current can be derived 
from other current sensor measurements wtth ;:ld of 
rquntlons in Section 5.8.3.2. 

By mcms of relay K2 can commsnd to high charge md off 
only - if battery gets too hot in hlgh charge state, must 
perlodtcally comm,md on and off by ground o r  memory 
commimd. 

Ry m e n s  of relay K2 can command to low charge o r  off 
only. 

Ry means of relay K1 can command to hlgh charge and off 
only - If battery gets too hot In high charge state, must 
pcrlodlcally commmc' or, and off by ground o r  memory 
coinm and. 

-- 
By means of re lw ?;I can command to low charge or  oli 
only. - 
Relay K l  C ~ D  be commanded back to previous posltlcn by 
ground comm md. 

B p a s s  I1V/01, reset rclnys by turning on relay K4 with 
"I'owcr Subsystem Prntectlon Off1' command. 

i f  I'V/OI. trtp occurs and loads unlatch . h e r  "I'V/OI, 
relays reset" comriai~d, send pulse commands to turn  
thrm on aguln. 
- 

Itcdundunt radlal Jets w d a b l e  if defective heater results 
In exceeelvely cold Jet. - 
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I Fallure Mode I Corrective Action/Comments I 
bannot turn on or  turn off 1 Use redudant axial jet wlth sultable temperature a s  I 
axid jet heater verified by temperature sensor. 

Cannot turn forward axial 
jet heater on or  off 

I -I 
If forward axlal jet temperature not suitable, use redun- 
dant aft axial jet. 

Open cell In a battery pack 
(ve.7 low probability event) 

Loss of complete battery - turn off charge to failed 
battery. 

Shortd cell 111 a battery 
pack 

Battery wlll continue to operate with one o r  two shorted 
cells with reduced capacity. 

One or  more heaters of pri- 
mary tank group fails 

Transfer to secondary tank heater group. 

Cannot turn on large or  small 
probe heater 

Cannot turn off large o r  small 
probe heater 

Probe internal power t rmsfer  
relay 1 or relay 2 fails 

Cannot turn on  robe checkout 
bus 

Cannot turn off probe checkout 
bus 

R1 and R2 I h e  Heater Status 
TM Value not n.minal 

I13 and H4 Idne Heater Status 
Thl V ; h e  not nominal 

Probe temperature uear Earth may fall below miidmum 
non-operating specification levels. 

Minimize operation time durlng probe checkout. Heaters 
will turn off after IFD separation. 

Relays and drive circcits redundant. Actuation of either 
relay will isolate checkout bus and transfer to lnternal 
battery. 

- 
Brief probe checkouts and commands to timers must be 
performed on internal battery power. 

All four probe timer circuits wlll have power applled con- 
tinuously resulting in small continuous parasitic load. 

Radial 1 and 1 tdial 2 Line Heaters defective; use riadial 
3 and Radial 4 jets instead. - 
Radial 3 and Radial 4 line heaters defective; use Radial 
1 and Radial 2 jets instead. 



1 Com.nand Comn-md Title C-and Response I Telemetry 
Mnemonlc Telemetry Tlt:e/Cornmenta I 

battery 1 - Relay 1 kommands battery 1 to lo I P R l R l S  l ~ a t t e r y  1. Relay 1 Statua  as to low 1 / B A T A ~  11 a .ate charge harye rate If K2  in lo state i='*0", - 
tate; turns ba!trry 1 
harge off If K2 I n  hl atate 

I'CHG11 Battery 1 Charge Current changes value 
low charge rate level o r  to zero. 

h e 1  C'urrent chaages by same f 
uantlty a s  battery charge c u r r a t  but 
hange la In oppoelte dlrectlon. 

attery 1 - Relay 1 ommande battery 1 to P B l R l S  Battery 1. Relay 1 Statua goea tohl &I& (=" 

I C H G l l  Battery 1 Charge Current change8 value 
to  hlgb c h a r g  rate level o r  to mro. 

PPANI I  Solar Panel Current c u r  by same 
quantlty a s  battery charge current  but 
,change la In opposite dlrectlm. 

BAT1 1 attery 1 Prlmary Ins- Prlmary/Rr&ndant Discharge Regulator 
BATAI Regulator Select 1 Status goes to prlmary atate 1="1"l 

attery 1 and outprt to 

! 

I BAT12 atter, 1 redundant Me- nprt d redundant dla- PREGlS J~rlmary/Fk&dant Discharge Regulator I t BATAZ k h p q e  Regulator Select harge regulator connrcte 11 S a t u s  gces to redunt.nt state (-"0"). / 
B.ttei-y 1 m d  w t p t  to I 

esaeutlal bus. r I 

I i ! 



Command 
Xfncmonlc I Telemetry 

C o m r n ~ ~ d  Reswnse  
Mnemonlc Telemetry TItle/Commenta I Command Title 

Battery 1 - Relay 2 
HI Rate Charge 

Commands Battery 1 to PBl  K2S Battery 1. Relay 2 Sta&s goes tohi e ta tep l :  
hl Chnrge Rate If K1 In - 
hl State; Turns Battery 1 I'CHG11 Battery 1 Charge Current changes value 
charge off if KI In lo to hl charge ra te  Level o r  to zero. 
state. 

P P A N I  I Solar Panel Current changes by eame 
quantity asba t te rychargecur ren t ,  but 
change Is In oppoatte dlrectlat. 

I I 

Battery 1 - Re1 ay 2 Low 
Rate Charge 

Commands Battery 1 to PB11QS Battery 1. Rehy 2 Statua goes tolastnte (rO) 
lo  charge rate if  Kl In 
lo  State; turn8 Battery 1 PCHGl I Battery 1 Charge Current changes value 
charge off U K1 In hl to low charge rate level o r  to zero. 
state. r 

Solar Panel Current changes by same 
quaatlty a s  battery charge current, hrt  
change Is La opposite dIrectlon. - 
Battery 2, Relay 1 Status qas to l o  Statem Battery 2 - Relay 1 I ow 

Hate Charge 
Commands Battery 2 to 
low charge rate If K2 In 
low state; U r n s  Battery PCHG2I 
P charge oil If K2 In hl 
utnte. 

Battery 2 Charge Current changes value 
to I ow charge rate level o r  to Fro. 

I 

PPANL 1 Solar Panel Current changes by same 
quantlty a s  httery charge current. but 
change Is In apposltp dlrectlon. 

Battery 2 - Relay 1 HI 
Rate Charge 

Command Battery 2 to 31 I PR2RlS Rattery2. Relay 1 Sta tw goer tohl  state (-1) 
2harge If K2 In hl stat;.; 
turns Battery 2 cha:ge off  PCHG21 Battery 2 Charge Current changes value 
.! K2 In low state. to hlgh charge rate level o r  to zero. 

Solar Panel Current changes by same 
quantlty a s  battery charge current, but 
change Is In opposlte dlrectlon. 



Command Title I 1 Telemetry 
Mnemonic I c-uld I Command Response I Mnemonic I Telemetry TItle/Commcnta 

Battery 2 Prlmary Ms- Lnplt of primary dla- PREC2S PrImary/Redundant Discharge Regulator 
charge Regulator Select charge regulator comecte 2 Status goes to prtmnry state (="lV'). 

to Battery 2 and outplt to 
essential bus, 

Battery 2 Redundnat DLs- Input of redundant d1s- PREC2S Prlmary/Redundant Discharge Regulator 
charge Regulator Select charge regulator comecte 2 Status goes to  redundad state ( = " O )  

to Battery 2 and outplt to 

i essential bus. 

BAT 24 

Battery 2 - Relay 2 Hlgh  'Command Battery 2 to hi 
Rate Charge charge if Kl in hl state. 

turns battery 2 charge oil 
If K1 In lo state. 

PPANI 1 

1 I 
Batterv 2. Relav 2 I Commend Batters 2 to I PRPRS 

lo charge U K1 in lo 
state: turnm battery 2 
charge off Lf K1 In hi 
s tate 

P9P18 Power System Pmtectlon Commande relay K4 d 
=PAS ION. t'v/OI Into OFF position. 

Battery 2 Charge Current chauges value 
to hlgb charge ra te  level o r  to zero. 

Solar Panel Current changes by s a m e  
quantlty a s  battery c h a r p  current, but 
c h w e  la In opposite dlrectlon. 

lo  s tate (="O1? 
PCHG2l Battery 2 charge current changes 

value to lo charge rate level o r  to zero 
PPANLI Solar Panel Current c h n g e s  by rams 

qunnttty a s  W a r y  charge current but 
change i s  In oppoalte directLon. 

PSPROS I M w r  System ProtPctlon ON/OFF goe8 

I to ON state (C'V/OL Protection active) 
(d'l"). 

;stem Protecuon OWOFF pe r  1 1  PROS Power System Pmtectlon lComrnaeds r e h y  K 4  of 
~ I 'V/OI  into ON poslt10n. to O r F  state ("0"); appller power to  

science, switched load and r.f. Lraormit- '- t e r  buses (Z'V/OL Protection overddden). 

l ~ l l  Sclence OFF ( ~ o m r n a n d s  relay K1 of Science Bus Reset Relay Statue goes toOF 

I ICV/Ol  into OFF pait ion.  mcieaceku removud. 



TABLE 3.8.4-1 tConttaredr 

I Command I Command Title I Command Response I Telemetry 1 
Xnemonic T-lemetxy Tltle/Conunenta I 

H T ~ $  
HTJM 

Forward Axial Jet  Heaters 
OFF. 

Aft Axlal J e t  and Line 
Heaters ON 

Turns OFF Forward Axia PHTFJS Forword Axial Je t  Heaters ON/OFF goes 
J e t  Heaters. to OFF state (="Ow) - 

VJETST Forward Axlal J e t  Temperature decrease 
, .- 

Turns ON ~ f i  Axial J e t  6 PHTAJS Aft krtal J e t  Heaters ON/OFF goes to 
Hr a te re  and LLnes OFF state (="I") 

VJETGT Aft Axial J e t  Temperature risea. 

PBVSI i Spacecraft Loads Current sensor rcsolu- 
t l m   ate to m e m u r e  42 m a  current 
chnsge. 

HTJ2U Aft Axial J .t and Line Turns OFF Ah Axld J e t  6 
H T J W  Heaters O F F  Heaters and Lines. 

VJET6T Aft A x l J  Get Temperature D e c n w a .  

t h n  U m l t e r r  1 and 2 I Latchlng relay coaaect. PL IM1S 1 BUII U m i t e r  1 EaPble/DIsaHe g&a to 
Enable. ku l lmlterr  1 a d  2 to p n 8 b l d  atate (="11') 

I pL'M2S I Bus Llmlter 2 E d e / D k r a b l e  goes to 
enabled.(="l") I 

lIhs I imlter 1 Disable. Latching relay diaconnec 

I 
d u s  Ltmlter 1 Enable/DIsable goes to 

bus l!mlter 1 f rom dlrabled atate (+"OM) 
e s s e a t l d  bur I 

Bus LJmlter 2 Disable. '2tcblm1 relay d!sc-c 

I 
Bua Llmlter 2 Enable/DIsable goes to 

tms llmlter 2 from d l ~ b l e d  s*Ae (="0") 
esrtentlai bum. 

I 



HTQD 
HTSAD 

I Telemetry 
Command Title Command Response Mnemonic I Telemetry Tltle/Commento ! 

U r g e  Probe Small 
Probe 1 Heaters OFF. 

Small Probe 1 Heater ON 

Removes -r from PI.HTHS Large Probe Heater O?l/OFF gczr to I 
I ~ r g e  Probe and %all 1 OFF ;=-y, 
P r d K  1 heaters. 

PlHTHS S r n d  Pro& 1 Heater ON/OFF -8 to 
OFF state p"0") . 

A~,.;tes p w e r  to Smdl 1 PI HTHS S m d  Probe i Heater ON/OFF .a to 
probe 1 heater 

L ON r b t e  (="I") 
1 

1 PBi.5I.I I +acecraft loads current 1ncre.scs by 
I 0.09 amps. 

Small Probe 2 rleater ON Applles power to Small P2FlTRS Sn;d Probe 2 Heater Oh'/OFF ~pes to 
P& 2 heater ON rt.:e (="I") 

b a l l  Probe 3 Heater OK. 

?mall P m k s  2 and 3 
Heaters OFF I heater 

P3HTliS 3 n d  OFF state Probe p " 0 )  3 Heater C)N/OFF ms to 

PB1'SI.I Spacecraft Loads Current decraua.  

I 

Applles p m e r  to .%all 
Probe 3 heater 

Removes power fmm 
Small Pmbes 2 and 3 

PBI3LI 

P3HTRS 

PB1'SI.I 

P2HTHS 

spacecraft l o d e  current lacrea@es bg 
0.09 a~.lps. 

Small Ph* 3 Heater ON/OFF goes to 
O N  rtate (="I") 

Spacecraft l d a  curreat Increamer by 
0.09 amps. -- 
Small P.robe 2 Heater ON/OFF goes lo 
OFF state (="O"r 



TABLE 3.8.4-1 (Continued) 

1 r I I 

Command I Command Tltle I Command Responw I Telemetry I Mnemonle Mnemonlc 

BUR Llmlter 3 and 4 
Enable. 

1.atchlng relay connects P I  lM3S 
bus l imiters  3 and 4 to 
essential t 18 

bus llmlter 3 from 
essential bus. 

I.IM59 Bas I lml te r  5 Enatu;~. Latchlng relay connects 
I lME9 I I bus llmlter 5 to 

essentlal bus 

1.1~ursd Bus I.lmlter 5 Dlsablr. I atchlng relaydlsconnec 1 PI.IMSS 
I I M E ~  bus llmlter 5 from 1 ease.-tial bus 

1 K O I '  l~robc Checkout P c w r  Oh. I ~ p p l l e s  bus checkout I P C H E K S  

Bus I.lmlter 3 
enabled state (="I") 

Bus 1.lmlter 4 Enable/Dlsable goes to 

Bua I lmlter 3 I.nableiDisablc goes to 
dlaabled state (="O") 

Bus I.imlter 4 Enable/DlsaMe goes to 
dlsabled state (="Ow) 

BUE 1 lmlter 5 EnaMe/Dlaable goes to 
enabled state (="I") 

Wls 1.lmlter 5 Enable/Dlsable goes to 
disabled state (="Ow)  

Probe Checkout -r ON/OFF goes to I 
K O l P  Probe Checkout Power OFF Rcmows bus checkout PCHEKS Probe Checkout Power OWOFF goes to 
I'COAI p o w r  from all 4 probes OFF state (7-0) 

OK. Appllo, power lo large P I . H T H S  I a r g e  Probe He-.era OWOFF goes to 
IITIA9 prnbe heat:. . O N  state (-"1") 

PBI'SLI Spacecraft Loads Current Increases by 
approximatply 0.75 amperes. 

1 
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TABLE 3.8.4-1 (Continued) 

Command 
Mnemonlc Command Title 

I P S ~ I  I'V/OL R e l a p  Heset. 
!5PA1 

PCGl9 Precharge ON 
PCCAS 

P C G l l  I Precharge OFF 

HT119 I Prlmary Propellant Tar,:- 
HTTA9 Heaters Select 

I 

HTTZ9 .Secondary Propellant Tank 
Herters  Select 

-- 

I Telemetry Titie/Comments I 
Commands Relays K1. 1 ~FB$ 1 ~ C i e n c e  BU &set  lay status, 1 K2 and K 3  into ON post- Switched Loads Reset Relay Satus,  
tion. and Xmtr l3u6 Reset Relay Status signals 

dl go to hi  s tate (="lo) 

PBI'SLI Spacecraft Loads Current w l l l  Lncrease 
from last observed value Lf science bus & I 
switched Loads bus had tripped OFF. I 

Commands precharge 

rommands R e c h a r g e  Precharge C , ~ / O F F  Status goes to  OFF 
mvttc.. OFF. state (="o") 

lwltches essential bus 
w w r  from secondary to 
>r lmary tank heaters. 

;witches essential bus 
m w r  from primary to 
lecondary tank heaters 

PH TTKS Prlmary/Secondarg Propuislon ink 

VLVPHS L/V Primary Heater Status i s  nominal 
VFDVHS 48 ma;F&D Valve Prlmary Heater S t a b s  

i s  npmlnal 75 ma. 

PHTTKS Prlmary/Secondary i'rqndsion Tadr 

lo zero  ma. 

VZ VPHS L/V Prtmarv Heater Status and 
VFPVHS F&D Valve Primary Heater S'.dtus both pa 

I'urns Oh' forward a x i d  Forward Axial Jet  Heaters ON/OFF' goes 
e t  Seaters. to ON state (="I"). Spacecraft load curren 

sensor  resolution Inadequate to measure 

I 
15 ma current  change. 1 

I VJET5T I Forward Axid Je t  Temperature rlse8. I 



TABLE 3.8.4-7 (Cmtlnued) 

1 Command TIUc I Comm;r.d Response 
I Telcrnrtry ' 

lfnrmonic I Jlriemon!c I T e i e r n e t ~  T!tie/Comments 

SPmY i >mall Probe 3 1ntern.d Applles 35  m.+ p l x s  io  / I 1  5md:  I>+ 3 Internal Fm?r Relay 1 O? 
SPPC9 Power 0% 1 0 Y  coi ls  uf Srnail Probe I I O F F  g ~ b  to OX mate 1="1") 

I 3 internal power relays t------ -- 
$ - - ------ 

1 :md 2. I J4P112S 1 :  
I 

S P P ~ ~  /Small R ~ M :  3 Internal Applies 31 m s  pulre. to 
S P K ~  Power O F F  O F F  coi ls  of small Probe 

3 Lnternal power re la l s  
1 an3 2. 

imall I w i  .. 3 'nterna! h w r  Relay 2 Ob 
3F. 2 ~ r . s  I , ?IN mate i= 1") 

imall Prohe 3 :nternal Power Relay 1 0 b  
SFF goes to OFF State I-7"0") 

-all Probe 2 Internal Power Relay 2 0 B  
> F F  goes to OFF state :="0") 
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FIGURC 3.8.1.2 1 BUS SHELF POWER SUBSYSTEM UNIT LOCATIONS 



Figure 3. 8, 2. 2-1. ';welve-Cell Battery Pack. 

0 9 I a 4 4 7 s a 

Energy Removed (A-HR)  

Figure 3 . 8 . 2 .  2-2 .  Firrt  Cycle Psrformonca (75'F and 
3. 7 5A Discharge Rate). 
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BATTEIIY ONLY (LAUNCH) 

El SHARED BATTERY A N D  SOLAR PANEL 

SOLAR PANEL ONLY 
( A L L  REMAINING PHASES) 

N O R M A L  VOLTAGE L IMITER RANGE m 
LIMITER RANGE WlTH 
THERMOSTATIC SW O N  

N O R M A L  OPERATINS RANGE 
(ALL PHASES WlTH N O  
ANOMALOUS CONDITIONS) 

26 0 26 0 27 0 28.0 29 0 30.0 31.0 

ESSENTIAL BUS VOLTAGE. VOLTS 

FIGURE 3.8.3.1-1 MULTIPROBE BUS VOLTAGE RANGES 
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FIGURE 3.8.3.2-2. DISCHARGE CONTROLLER SWUM CURRENT LOsS As 
FUNCTION OF OUTPUT CURRENT 
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FIGURE 3.8.3.3-1. SOLAR PANEL CURRENT AS FUNCTION OF SOLAR CONSTANT 
BEFORE REORIENTATION 
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1 .l 

1 . L t l  CRUISE M I N  

2 .  L * l  CRUISE M A X  
1.0 3 - L t 6 0  START PROBE C/O M I N  

4 Lt8OCRUISE M I N  

8 - E-28 REORIENTATION M I N  

6 - E.24 LP RELEASE M I N  ( 2 4 . ~ ~ 1  

aa  7 .  E-20SP RELEASE M I N  (17') 

In 
W 
a 
W 
Q 

f 0 6  
I-. 
z 
W 
a 
K 
3 
0 

0.4 

0 2 

0 4 6 8 10 

BOOST CHARGE ARRAY VOLTS 

FIGURE 3.8.3.4-1. BOOST CHARGE ARRAY VOLTAGE/CURRENT CURVES 
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D e t a i l e d  pe r fo r l aance  of t h e  J u l t i p r o b e  system i a  
n o r r a l  o p e r a t i n g  modas and backup m odes is p r e s e n t e d  
ahead. 

4.1 RISSION HECHBWICS 

T h e  mechan ics  o f  t h e  R n l t i p r o b e  m i s s i o n  a r e  d e l i n e a t e d  
by d e s c r i p t i o n s  o f  (i) t h e  nominal  m i s s i o n  p r o f i l e  
(4 1 )  (ii) d i s t u r b a n c e s  t o  n o ~ i n a ;  s p a c e c r a f t  

c o n f i g u r a t i o n s  (4 -1 - 2 )  , and (iii) c h a n g e s  i n  
s p a c e c r a f t  cofif i g c r a t i o a s  (4.3-3) , 

4 . 1 - 1  blor~nal  R i s s ion  Pjot i le -  T h e  nomina l  m i s s i o n  
p r o f i l e  is i n t r o d u c e d  by a c o r ~ p r e h e n s i v e  mission 
d e s c r i p t i o n  from lift-off t o  e n d  o f  life 
4 1 1 .  I )  , A detailed a t t i t u d e  profi l  e !find 
u p t i o n s )  f oPlows ( 4 -  1,1,2) , with i l l a s t r a Q i o n s  of 
s p i n  a x i s  a t t i t u d e ,  sun angle and c o m e u n i c a t i o n  
a n a l e  vhen a p p r o p r i a t e ,  T h e  spin r a t e  p r o f i l e  
(and o p t i o n s )  a r e  p r e s e n t e d  i n  4,1,1.3- The 
maneuver profile p r o p e l l a a t  b u d g e t ,  maneuver 
c h a r a c t e r s i t i c s  and c o n s t r a i n t s  a r e  discussed i n  
U,l,1.4, 

4 -1 -1 -1 aission Kh?scr&ption.. 

(a) Launch P b a s e  LLift-Off to Spacecraft  
L ; e v n r a t i o ~ .  The H u l t i p r o b e  vilP be 
l a u n c h e d  w i t h  an A t l a s  Cent-aur launch 
v e h i c l e  from Cape C a n a v e r a l ,  Launch 
w i l l  t a k e  p l a c e  d u r i a q  a one  h o u r  
windov o n  o n e  of t e n  s u c c e s s i v e  d a y s  i n  
r h e  period f rom I 1  August t h r o u g h  23 
August 1978, T h e  l a u n c h  vehicle w i l l  
p l a c e  t h e  Wultiprobe on  t h e  d e s i ~ e d  
i n t e r p l a n e t a r y  trajectrory a f t e r  a 16  
t o  21-minute coast p e r i o d  i n  a 90 nmi 
e a r t h  pa rk i n  g o r b i t ,  

After C e n t a u r  second  burn (f! ECO 2 )  and 
p r i o r  to s p a c e c r a f t  s e p a r a t i o n ,  t h e  
Centaur w i l l  r e o r i e n t  the s p a c e c r a f t  + Z  
axis t o  an a p p m x i r a t e l y  norral t o  the 
& l i p t i c  attitude i n  t h e  d i r e c t i o n  of 
t h e  s o u t h  e c l i p t i c  p o l e .  The south 



Section No. 4 . 1 . L l  
Doc. No. PC-403 
3 r i g .  IssGe Date ,-78 
Revision No. 

R e v  i s i o  n 

e c l i p t i c  p o l a r  direct i o n  h a s  been 
selected for t h e  H u i t i ~ r o k  s p i n  a x i s  
c r u i s e  attitude b e c a u s e  of t h e  g r e a t e r  
n u a b e r  o t  visible s t a r s  i n  t h e  southern 
e c l i p t x  h e m i s p h e r e -  T h e  s p a c e c r a f t  +2 
axis is  i n j i ~ a l l y  t i l t e d  =12 deqrees 
away f roa t h e  south eciiptic t o w a r d  t h e  
local s u n l i n e  i n  order to c o m p e n s a t e  
for a d e t e r ~ i n ~ t i c  a t t i t u d e  
displacement during s v i n u p .  

(B) Near E a ~ t b P h a s e  ( S e m ~ a t i o p  t o  
j6 After L i f t - O l f l .  Spacecraft 
s epara t ion  s w l t c h e s  i n i t i a t e  r e d u n d a n t  
command s e q u e n c e s ,  e a c h  s e q u e n c e  b e i n g  
stored i n  one of of the two s p i t c e c r a t t  
command p r o c e s s o r s  p r i o r  t o  l a u n c h ,  
Two ~ p i n c p  t h r e s t e r s  a r e  t i r e d  t o  
i m p a r t  a 15  t0.5 rpm s p i n  r a t e  a n d  t h e  
spacecraft is then c o n f i g u r e d  for 
initial. g r o u n d  s t a t i o n  a c q u i s i t i o n  
( S e c t i o , n  4,2,1), It IS C ? X D @ C ~ ~ ~  t h a t  
g r o u n d  s t a t 1 0 3  a c q u i s i t i o n  a t  
Honeysuckle w i l l .  occur w i t h i n  t h e  f i r s t  
h o u r  a f t e r  P a u n c h .  Cebreros, DSS-62, 
prow ic;c?s n o r i n d l  c o v e r a g e  d u r i n q  t h e  
f i r s t  6 to 16 h o u r s  w h i l e  Goldstone, 
DSS-12,  s h o u l d  a c q u i r e  = I 4  hours a f t e r  
lift-off .. 
T h e  s p a c e c r a f t  is  d e s i q n e d  s o  t h a t  t h e  
n o m i n a l  s p i n  (*Z) a x l s  w i l l  be t h e  a x i s  
of max lmun  m o n e n t  o f  i n e r t i a .  C e n t a u r  
reorientation n o m i n a l l y  t i l t s  t h e  +Z 
a x i s  a p p r o x i m a t e l y  1 2  deqrees  f r o m  t h e  
s o u t h  c x l l y t i c  p o l e  toward t h e  s u n l l n e  
i n  o r d e r  t o  c o m p e n s a t e ,  for  a 12 degree  
d e t e r a i n  i s t i c  a t t i t u d e  d i s p l a c e m e n t  
d u s i n q  s p i n u p .  H o w e v e r ,  C e n t a u r ,  
s e p a r a t i o n  a n d  s p i n u p  e r r o r s  c o n t r i b u t e  
tc; a 1 9 - d e g r e e  u r , c c ? r t a i n t y  i n  t h e  
ave rage  a t t i t u d e  so t h a t  t h e  aoeraqe 
sun a n q l e  a t  a c q u i s i t i o n  is  90 t 1t.I 
degrees,  In the absence of n u t a t i o n ,  
r u e  42 a x i s  v o u l d  be a l i q n o d  to t h e  
a n g u l a r  moment- v c c t ~ ? r ,  S i n c e  
n u t a t i o n  i n d u c d  3 y  SPLPLP i n  s t i l h l l ,  
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i-e,, less t h a n  2 d e g r e e s ,  a n y  r e s i d u a l  
n u t a t i o n  s n o u l u  be damped o u t  by the 
n u t a t i o n  daaper  p r i o r  t o  a c q u i s i t i o n ,  

T h e  s p a c e c r a f t  is  initially below t h e  
e c l i p t ~ c  after c e n t a u r  i~ j e c t l o n .  
However, i t  r a p i d l y  r ises above t h e  
e c l i p t i c ,  s o  t h a t  s e v e r a l  h o u r s  a f t e r  
separation, t h e  i n i t i a l  e a r t h  l o o k  
ai lg le  would be 7 5  t o  90 dwrees w-r,t. 
the +2 a x i s ,  i f  the +Z a x i s  were 
oriented toward t h e  s o u t h  e c l ~ p t i c  
p a l e .  B e c a u s ~  t h e  a v e r a g e  a t t i t u d e  
after s p i n u p  h a s  a  p o t e n t i a l  10-degree 
error, t h e  average e L  : t h  look a n g l e  a t  
a c q u i s i t i o n  l i e s  b e t w e e n  6 5  dnd  100 
d e g r e e s -  

S p a c e c r a f t  e n q i n e e r l n g  te1emet.r.-y u i l i  
n o m i n a l l y  he t r a r l s a i t t e d  v i a  the 
spacec r a f t  a f t  o r a l  a n t e n n a  d u r i n g  t h e  
i n i t i a l  acquisition p e r i o d  a n d  v i a  t h  
forward mni d u r i n g  t h e  l a t e r  
a c q u i s i t i o n  p e r i o a ,  T h e  s ; ln  sensor i.; 
u s e d  t o  l n i t l a l l y  assess  spin s p e e d ,  
s u n  a n g l e  a n d  r e s i d u a l  i ~ u t a t i o n -  I n  
t h e  presence of n u t a t i o n ,  t h e  a v e r a a e  
value o f  2 , '  t i a e  ~ n t e r v a l s  r e p r e s e n t s  
t h e  s p x n  p e r i o d  ( n o m i n a L l y  1 5  ?0,5 rps) 
w h i l e  t h e  a v e r a g e  v a l u e  of Y d 2  timc 
i n t e r v a l s  d l v i d e d  by  s p i n  p e r l o d  is  a 
m e a s u r e  of s o n  look a n g l e  ( n o a i n a l l y  90 
f10 a e q r e e ) .  N u t a t i c i n  g e n e r a t e s  a 
q u a s i - s i r . u s o i d a 1  v a r i d t i o n  In 9 i 2  a b o u t  
t S e  a v e r a g e  v a l u e  a t  b o d y  n u t a t l o n  
f r e q c e n c  y  ( l n e r t  i a l  n u t a t  ~ o n  f r e q u e n c y  
m i n u s  s p l n  f r e q u e n c y )  , i .e., =- 2 8 %  o t  
s p i n  f r e q u e n c y .  T h e  d a p l i t u d e  ol t h e  
variation no .. 2 t1.e i n t e r v a l s  is a 
m e a s u r e  OA r e s l d u a l  n u t a t l o n  ( n o m i n a l l y  
< 2  d q r e e )  , 

T h e  a t t i t u d e  w i l l  be  n o a i n t ; l y  
r e o r i e n t e l  t o  v i t n i n  2 d e q r e e s  o f  t h e  
s o u t h  e c l i p t i c  p o l e  i n  p r e p a r a t ~ o n  f o r  
t h e  c r u i s e  phase,  i ' r i o r  t o  t h i s  resr 
(< 10 d e q r e ~ s ) ,  s t a r  s e n s o r  
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m e a s u r e m e n t s  a r e  o b t a i n e d  t o  d e f i n e  
attitude a s  well a s  maneuver 
paraeaters, T h e  m a n e u v e r  t o  the s o u t h  
e c l i p t i c  p o l e  w i l l  n o m i n a l l y  be based 
on a t t i t u d e  i n f o r m a t i o n  s o  that when 
a t t i t u d e  measurements  a r e  o b t a i n e d  
af ter t h e  m a n e u v e r ,  an  i n i t j  a l  
c a l i b r a t i o n  of axial jet ( s )  p u l s e d  
per furbance  can be made. 

The s p a c e c r d f  t t r a j e c t o r y  c a r ~ i e s  Tt 
atcve  the e c l i p t i c  p l a n e  so t h a t  t h e  
e a r t h ' s  e l e v a t i o n  witn r e s p e c t  t o  the 
spacecraft s p i n  p l a n s  w i l l  b e  p o s i t i v e ,  
i-e., toward t h e  s p a c e c r a f t  +Z axis.. 
T b e  ear th ' s  e l e v a t i o n  s t a r t s  a t  +I0 t o  
118 dcgrees and decreases s k o w l y  
t h r o u g h  u.2 cruise phase .  The f o r v a r d  
o n u i  p r o v i d e s  the best e a r t h  look angle 
f o r  e e l e m e a r g  and command t h r o u g h o u t  
t h e  c r u i s e  phase with t h e  s p i n  a x i s  
o r l e n t A  a l o n g  the s o u t h  e c l i p t i c  pole. 

(c) l u t e r ~ & n e t a r y  C r u i s e  Phase (36 Hours 
After L i f t u f f  Po V e n u s  E n c o u n t e r -  For  a Type I E a r t h - t o - V e n u s  t r a j e c t o r y ,  t h e  
a n g l e  b e t w e e n  t h e  sun-Earth l i n e  a t  
l aunch  a n d  t h e  s u n - v e n u s  line a t  
a r r i v a l  ( h e l i o c e n t r i c  t r a n s f e r  aingle)  
is less t h a n  180 d e g r e e s .  A s  shown i n  
F i g u r e  -1 -1 -1-1, t h i s  t r a - j e c t w g  will 
a l w a y s  remain  i n s i d e  o f  t h e  E a r t h ' s  
o r b i t ,  p a s s  b e t v e e n  t h e  E a r t h  a n d  s u n  
(inferior conjunction) a t  about 7 5  days 
and proceed to  i n t e r c e p t  Venus  a t  0.72 
A11 f r o m  t h e  s u n  a t  about 176 d a y s  a f t e r  
;fa uneh - 
h ' a  j e c t o r p  correctlon m a n e u v e r s  (TCU) 
will b e  n e e d e d  t c  compensate f o r  l a u n c h  
v z h i c l e  i n j e c t i o n  e r r o r s  and  maneuver 
e r e c u t l o n  errors, The c o r r e c t i o n s  a r e  
e x p e c t e d  t o  total not more t h a n  12-9 
m/s [3u) i n  s p a c e c r a f t  v e l c z i t y  c h a n g e  
(AV] .. Tmee t -3 j e c t o r y  c o r r e c t i o n  

a a n e u v e r s  a r e  p i a n n e d ,  foi 
a p p r a x i a a t e l y  f i v e  a n d  t v e n t y  daye 
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after l a u n c h ,  aad t u e n t y - - e i g h t  days 
before V e n u s  e n c o u n t e r -  Tbe f i r s t  
s a n e o v e r  is t h e  l a r g e s t ,  r e q u i r i n g  a 
(99.5% prabsbilit]! of: n o t  e x c e e d i n g )  AV 
of 22 Vsec  to  correct l a u n c h  v e h i c l e  
inject ion errors. T h i s  maneuve r  cen be 
performed i n  t h e  s o u t h  ecliptic polar 
a t t i t u d e  using s u c c e s s i v a  f i r i n g s  of 
axial a n d  r a d i a l  -jets, Sinca  e i t h e r  
r a d i a l  jet p a i r  g e u o r a t e s  thmst n o r m a l  
t o  tbe spin a x i s  a n d  t h e  a f t  a n d  
L o r u a r d  a x i a l  --jets g e n e r a t e  t h r u s t  
,parsllel t o  t h e  s p i n  a~is, t h e  m q r r i r e d  
AT cam be d e l i r e r e d  i n  a n y  d i r e c t i o n  By 
& rector c o m b i n a t i o n  o f  i n d i v i d u a l  
a x i a l  a n d  ra?ial j e t  impa l se s -  

Bouever, t h e  u d q h t  p e n b l t y  a s s o c i a t e d  
wi*A u s e  of t h e  v e c t o r  r o d e  f o r  t h e  
f i r s t  a i d c o u r s e  can be s i g n i f i c a n t ,  so 
t h a t  use of t h e  a x i a l  mode (precession 
continuous a x i a l  t h r u s t )  o r  r a d i a l  

.ode ( p r e c e s s i o n  * p u l s e d  radial  
thrust) $or t h i s  maneuve r  c o u l d  save a s  
much as  9 lbs- of p r o p e l l a n t .  T h e  
m a g n i t o d e  of t h e  m u l t i p r o b e  first 
r i d c o u r s e  a n d  r b e  la rge  c a n t  a n g l e s  of 
tbe m u l t  i p m b  r a d i a l  jets n e c e s s i t a t e  
the t r a d e ,  b t  the time ol' t h e  f i r s t  
ridcourse, s p a a e c r a f t  sun angle is 
o o n s t r a i n e d  t o  be g r e a t e r  t h a n  65 
d e g r o e s  and less t h a n  120 degrees i f  a 
specif ie a t t i t u d e  is to be m a i n t a i n e d  
f o t  a t  least U hours ,  This c o n s t r a i n t  
a l u a y s  permits ass of t h e  r a d i a l .  mode 
when the AV  d i r e c t i o n  is w i t h i n  62 
d e g r e e s  of t h e  s u n l i n e  a n d  u s e  of t h e  
a x h 3  n o d e  w h e ~  t b e  AP d i r e c t i o n  is 
w i t h i n  90 * 2 5  degrees of t h e  s o n l i n e .  

The s e o o n d  a n d  t h i r d  TCHes e x p e c t e d  t o  
require n o t  mom t h a n  a AP of 0 - 7  m / s  
a n d  0.1 m/sec, r e s p e c t i v e l y ,  a r e  
erecr?ted w i t h  t h e  v e c t o r  mode; these 
maneuvers correct e x e c u t i o n  errors 
r e s a l t m g  f ror  t b e  p r e v i o t : ~  maneuver  
a n d  m o d e l l i n g  errors cowpara.8 with t h e  



section No. -1.1 
i 1 0 ~ .  NO, PC -40 3 
O r i g .  Issue Date -9 
Rav i s i o n  No. 

a c t u a l  solar pmssure e n c o u n t e r e d  i~ 
t h e  m i s s i o n ,  T h e  rector mode bas b e a n  
n o m i n a  11 y selected for t h e s e  TC?! * s  
because i t  does n o t  a p p r e c i a b l  J c h a n g e  
t h e  s t e a d y  s t a t e  c r u i s e  c o n f  i g u r a t i o n  
u h i l e  i n c u r r i n g  a s r a l l  p r o p e l l a n t  
p e n a l t y  for t h e  worst case AV 
d i r e c t  i o n ,  

Command and control of t h e  l l u l t h p r o b e  
v i l l  n o r m a l l y  te e x e r c i s e d  u t i l i z i , \ g  
t h e  D S U  2 6 - m e t e r  n e t  e x c e p t  t h a t  when 
maneuvers ar6 b e m q  p e r f o r m e d ,  t h e  b r -  
neter s t a t i o n s  w i l l  be  used- P r i o r  t o  
the s t a r t  of t h e  f i r s t  two TCRDs, t h e  
e a r t h  l o o k  a n q l e  i s  72 to  60 d e g r a e s ;  
prior to t h e  t h i r d  TCR, the l o o k  a n q l e  
is 7 b  t o  84 degrees, The c o m b i n a t i o n  
of forward sad a f t  o m n i m s  s i l l  ensure 
command f u n c t i o n  i n  t h e  event of an 
anomalous a t t i t u d e  c h a n g e ,  P r i o r  t o  
and f o l l o w i n g  any a x i a l  or r a d i a l  j e t  
f i i i n g ,  a t t i t u d e ,  s p i n  r a t e  and 
n u r a t i o n  y i l l  t*9 d e t e r m i n e d  f r o m  s u n  
and star s e n s o r  d a t a -  E a r t h  l o o k  a n g l e  
dv.ring T C E B s  i n  t h e  c r u i s e  a t t l t u d e  
cause 20 t o  308 of t h e  AV i n i p a r t e ?  by 
a x i a l  jets t o  be r e f l e c t e d  i n  . . inqe 
b a t e  c h a n q e  a n d  t h u s  d o p p l e r  f r e q u e n c y  
s h i f t -  Tte l a r g e  c a n t  s n g l e s  ot both 
r a d i a l  3et p a i r s  c a n  cause a s  much a s  
30 to  45% of a n y  AV 1 a p a r t t d  til b e  
r e f l e c t e d  i n  ranqe r a t t l  chanqc a n d  t h u s  
d o p p l e r  f r e q u e n c y  s h i f t  . Thus, near- 
rea l - t t r e  m e a s u r e m e n t  of prrformance 
d u r l n g  t 9 s  TCHs is a v a i i a h l e  v i a  
d o p p i e r  s h i t  t . 
The o r d e r  of a x i a l  zina r a d i a l  jet 
f i r i n q  can b e  s i g n i f i c a n t ,  Pcr r a d i a l  
jet p a i r  p u l s e d  m a n e u v e r s  o f  five 
rPeters/sec, t h e  a c c u a u l  a ted p r e c e s s i o n  
a n d  s p i n  s p o e d  c h a n q e  is o n  t h e  order 
of 3.9 d t - g r e e s  and 1-4  npm, 
r e s p e c b v e l y  ; the r e s i d u a l  n u t a t - o a  is 
n e q l i ( ) i b l e .  P o r  a s i n q l e  d x i a l  jet 
c o n t i n u o u s  m a n e u v e r  of t h e  s a m e  
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m g n i t n d e ,  precession is 0 - 5  d e g r e e ,  
spin ;+peed c h a n g e  i s  = 0 - 6  r p r ,  and  
n u t a t i o n  is 2 d e g r e e s ,  I n  order t o  
m i n r m i z e  the effect of c o u p l i n g  errors 
due  L o  t h e  f i r s t  p a r t  of t h e  rector 
a a n e i i r e r  o n  the p e r f c r m a n c e  of the 
second p a r t ,  t h e  follovinq s e q u e n c e  IS 
r e m a m e n d a d :  r a d i a l  p t  p a i r  polsed 
m a n e u v e r s  h a r e  first p r i o r i t y  when t n P  
AV c o r r e c t i o n  is s m r r l i  s u c h  as ? B e  
s e c o n d  and t h i r d  c o r r e c t i o n s ;  ax ia l  j e t  
m a n e u v e r s  have first p r i o r i t y  uhan t h e  
r a d i a l  AV is more t h a n  s e v e r a l  n/sec, 
b u t  a t  l e a s t  a h a l f - h o u r  s h o u l d  be 
a l l o c r a t e d  b e t w e e n  p a r t s  of n u t a t i o n  
d a m p i n q ,  An a t t i t u d e  t o u c h u p  a n d  s p i n  
s p e e d  trim w i l l  be e x e c u t e d  i f  r e q u i r e d  
a f t e r  t h e  m a n e u v e r  is c o m p l e t e  and  
n u t a t i o n  is damped, 

The i n i t i a l  r e o r i e n t a t i o n  t o  t h e  s o u t h  
e c l i p t i c  p o l e  affords a n  o p p o r t u n i t y  t o  
c a l i b r a t e  t h e  a x i a l  jet ( s )  i n  t h e  
p u l s e d  mode, A r a d i a l  jet p a i r  i n  t h e  
p u l s e d  mode h a s  p o t e n t i a l l y  s t r o n g  s p i n  
a n d  p r e c e s s i o n  couplinq d u r i n g  a 
v e l o c i t y  m a n e u v e r ,  A c a l i b r a t i o n  
m a n e u r e r  ( p e r h a p s  a d a y  earl ier  t h a n  
the f i r s t  TCH) o n  t h e  c r u i s e  r a d i a l  jet 
pa i r  is recommended  t o  a n t i c i p a t e  a n d  
p lan  for any l a r g e  c o u p l i n q  errors t h a t  
m i g h t  be e x p e r i e n c e d  d u r i n g  the f i r s t  
TCH- 

S t a r  a n d  s u n  s e n s o r s  w i l l  he u s e d  t o  
p r o v i d e  a t t i t u d e  d a t a  l o r  m a n e u v e r s  a s  
well as s t e a d y  s t a t e  operations- The 
s t a r  sensor w i t h  i ts r r - d u n d a n t  s i l i c o n  
detectors is e x p e c t e d  t o  be r e s p o n s i v e  
t o  2 5  s t a r s ,  The  s t a r  s e n s o r  f i e l d  of 
view is t h e  sector between 4 6  a n d  70 
degrees from t h e  s p a c e c r a f t  spin a x i s .  
T h i s  f i e l d  sweeps o u t  a 2 4 4 e g r e e  w i d e  
band of t h e  sky a s  t h e  s p a c e c r a f t  
spins. T h e  s t a r s  w h i c h  f a l l  in t h e  
sewor f i e l d  o f  v i e w  d e p e n d  on  t h e  
s p a c e c r a f t  a t t i t u d e ,  P o r  t h e  n o m i n a l  
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cruise a t t i t u d e  ( s o u t h  e c l i p t i c  p o l a r ) ,  
f i r e  stars a r e  p o t e n t i a l l y  r i s i k  ;u: 
S i r i u s ,  Rigel R e o t a u r u s ,  Pige l ,  Beta 
Grus, and F o m a l h a u t .  Some t ime  d u r i n g  
t h e  i n t e r p l a n e t a r y  c r u i s e ,  t h e  r e l a t i v e  
celestial l o n g i t u d e  o f  e a c h  o n e  of 
t h e s e  s t a r s  w i t h  r e s p e c t  t o  t h e  s u n  
w i l l  cause s u n  i n t e r f e r e n c e .  However ,  
a t  least t h r e e  of t h e  f i v e  s t a r *  an . ~ e f u l  a t t i t u d e  r e f e r e n c e s  a t  a l l  
times, Sun au+e  m e a s u r e m e n t s  a r e  
a v a i h b i e  f o r  s o i l  anglc-• ymater 
t h a n  15 degrpt?,~ 3rd less t h a n  165 
d e g r e e s ,  when t h e  a p p r o p r i a t e  m i d - r a n g e  
or e x t e n d e d  r a n g e  s e n s o r  is s e l e c t e d ,  

A t t i t u d e  d e t e r m i n a t i o n  i n  its simplest 
 OM r e q u i r e s  a s u n  measu remen t  a n d  a 
star m e a s u r e m e n t  , n u l t i p l e  s t a r s  
p e r m i t  e s t i m a t i o n  o f  s e n s o r  b i a s e s ,  and  
theref ore i m p r o v e  a t t i t u d e  a c c u r a c y  and  
e v a l u a t i o n  o t  s o l a r  d i s t u r b a n c e  
t o r q u e s ,  S t a r  s e n s o r  d a t a  o n  t h e  
a v a i l a b l e  s t a r  set w i l l  be o b t a i n e d  
p e r i o d i c a l l y  t h s ~ i l g h o u t  ~ r u i s e  t o  
i m p r o v e  a t t i t u d e  e s t i m a t i o n ,  
A s s e s s m e n t  ok a t t i t u d e  c h a n g e s  i n  
a s s o c i a t i o n  w i t h  TCU8s cr  a t t i t u d e  
t o u c h u p s  e m p l o y s  t h e  minimum d a t a  set  
w i t h  u p d a t e d  sensor b i a s e s -  S p i n  
p e r i o d  d a t e r m i n a  t i o n  is r o u t i n e l y  made 
by a v e r a g i n g  s u n  s e n s o r  (,$ time 
i n t e r v a l s ,  N u t a t i o n  t r a n s i e n t s  and  
d e c a y  can be o b s e r v e d  iu t h e  q u a s i  
s i n u s o i d a l  v a r i a t i o n  i n  ~ $ 2  tlme 
u t e n a l s  a t  2 5  t o  50% of s p i n  
f r e q u e n c y ,  d e p e n d i n g  on  the H u l t i p r o b e  
conf ly urat ion,  T e l e m e t r y  w i l l  be 
t r a n s m i t t e d  p r i m a r i l y  v i a  t h e  t o r w a r d  
omni  d u r i n g  t h e  f i r s t  = 89 d a y s ,  

(d) f l u l t i ~ ~ p k  B D C Q U ~ ~ & [ ~ ~  Pats Entsv t o  
Bus Bus. The e n c o u n t e r  p h a s e  o f  the 
m i s s i o n  s t a r t s ,  f o r  t a r g e t i n g  p u r p o s e s ,  
a t  2 8  d a y s  b e t o r e  e n t r y  i n t o  t h e  Venus  
a t e o s p h e r e  w i t h  a  t h i r d  m i d c o u r s e  
c o r r e c t i o n ,  which w i l l  p r o v i d e  
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a d d i t i o n a l  p r e c i s i o n  f o r  t a r q e t i x q  o f  
t h e  Large P r o b e .  P o l l o v i n g  t h i s  
maneuve r ,  t h e  s p a c e c r a f t  s p i n  a x i s  w i l l  
be p r e c e s s e d  t o  a n  a t t i t u d e  i n  t h e  
e c l i p t i c  p l a n e  so t h a t  t h e  m e d i u a  q a i n  
h o r n  c a n  b e  used  f o r  c o n m u n i c a t i o n s .  
This r e o r i e n t a t i o n  i s  e x e c u t e d  w i t h  
both a x i a l  jets t o  m i n i m i z e  any  
v e l o c i  t y p e r  t u r h a  t i o n  - The 
c o m m u n i c a t i o n s  a n g l e  is  = IS0 d e g r e e s  
u - r - t .  t h e  s p a c e c r a f t  +Z a x i s ,  
c o n s i s t e n t  w i t h  u s e  of t h e  h o r n ,  T h e  
s u n  a n g l e  is a p p r o x i m a t e l y  5 4  d e g r e e s  
i n  t b e  new a t t i t u d e  , The  p l a n e t  
J u p i t e r  and t h e  s t a r s  A 1  S u h a i l  and 
P r o c y o n  a r e  a l so  a v a i l a b l e  for a t t i t u a e  
d e t e r m i n a t i o n ,  P o u r  days  of t r a c k i c g  
f c  'low t o  p e r m i t  p r e c i s e  d e t e r m i n a t i o n  
o: t h e  t r a  j a c t o r y  b e f o r e  release of t h e  
L a r g e  Probe. 

A t  2- j  y s  b e f o r e  e n t r y  t h e  a u l t i p r o b e  
will b e  o r i e n t e d  ( w i t h  t h e  a x i t l  jet 
c o u p l e ]  s o  t h a t  t h e  L a r g e  P r o b e  w i l l  
e n t e r  the a t m o s p h e r e  a t  zero d e g r e e  
a n g l e  of  a r t n c k .  T h e  r e l e a s e  a t t i t u d e ,  
w h ~ c h  r c ? u i r e s  a U4 d e g r e e  p r e c e s s i o n ,  
h a s  a c o m ~ u n i c a t i o n s  a n g l e  o u t s i d e  t h e  
u s e f u i  range o f  t h e  kedium g a i n  horn, 
so t h a t  the a f t  omni is p r i m a r y .  The 
s u n  a n g l e  can v a r y  b e t w e e n  2 4  t o  37 
d e g r e ( ? s  d e p e u d i n g  on l a u n c h  d a t e .  T h e  
p l a n e t  S a t u r n  and t h e  stars A r c t u r u s  
a n d  A 1  S u h a i l  a r e  a v a i l a b l e  for 
a t t i t u d e  d e t e r m i n a t i o n ,  D a t a  
c o l l e c t ~ o n  b e g i n s  i m m e d i a t e l y  a f t e r  t h e  

, r e o r i e n t a t i o n ;  c o n f i r m a t i o n  o f  a t t i t u d e  
a n d  a n y  required t o u c h u p  n o m i n a l l y  
takes p l a c e  w i t h i n  t h e  n e x t  several 
h o u r s  so t h a t  t h e  release s e q u e n c e  c a n  
b e g i n ,  

I m m e d i a t e l y  a f t e r  L a r y e  P r o b e  release, 
the spin a x i s  o r i e n t a t i o n  w i l l  be 
precessed t o  t h e  Small P r o b e  t a r g e t i n g  
a t t l t u d e  t o  o n c e  a g a i n  a l l o w  use of t h e  
medium g a i n  h o r n ,  T h e  c o m m u n i c a t i o n s  
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angle c h a n q e s  to a b o u t  163 deqrees 
w h i l e  t h e  s u n  ang l e  i n c r e a s e s  t o  about 
4 8  degrees. The p l a n e t  J u p i t e r  and  
s t a r  A 1  S u h a i l  are aqain  v i s i b l e ,  A t  
E-23 d a y s ,  t h e  B u l t i p r o b e  w i l l  b e  spun 
up t o  48-5 rpm and a p u l s e d  r a d i a l  jet 
AV maneuver  u i l l  be performed t o  effect 
a AV of 5 m/sec t o  a c h i e v e  t h e  d e s i r e d  
Small Probe t a r g e t i n g .  Three d a y s  o f  
t r a c k i i q  tollow t r t  p e r m x t  p r e c i s e  
d e t e r r i n 3 t i o n  of t h e  t r a j e c t o r y  before 
release of t h e  S m a l l  Probes ,  

h t  2 0  aays  before e n t  l-y t h e  m u l . t i p r o b e  
u i l l  b e  o r i e n t t *  { v i t '  t h e  a x i a l  jet 
c o u p l e )  so  t h a t  t h e  proper  s e p a r a t i o n  
of t w  p r o b e s  on the surtace of th.2 
p l a n e t  w i l l  tw p r o v i d k . 1  u y  t h e  s p i n -  
i n d u c e d  e n i r i r u q n l  fo rce  a c t i c q  
p e r p e n d i c u l a r  to t h e  s p a c e c r a f t  s p i c  
a x i s ,  P h e  release a t t i t u d e ,  w h i c h  
r e q u i r e s  a 50  degrt?e v r e c e s s l o n ,  h d s  a 
c o n n u n i c a t l o n s  a n q l e  l e s s  t h a n  150 
d e g r e e s ,  s c  t h a t  t h e  a t t  orn i  is 
primary r a t h e r  t h d : ~  t h e  mea~um l a i n  
horn-  T h e  s u n  d ! ! . l l e  C ~ I A  varv b o t w e e n  
16 t ~ )  25 d e a r e u s  dt??on.!irlq on launch 
date . .  Power l i r r . i t , ~ t l o n s  a t  s u c h  low 
s u n  anq le s  1 i 1 ~ l t  t h e  d w e l l  time d t  the 
r e l e a s e  &t t i t n d e  ti) 4 h o u r s .  
C o ~ s e q u e n t l y  , t h e  p r t ? c u s s l o : i  t o  t h e  
release a t t i t u d e  1s d o n e  i n  t v o  p a r t s :  
An i n i t i a l  prect3st;ion t~ a h o l d i n g  
a t t i t u d e  w i t h  ,I l a  J e q r c r  s u n  angle; 
cnd ci s e c o n d  l m c r s s i o n  t o  t h e  r e q u i r e d  
a t t i t u d e .  T h ~ s  s t r b t z u y  increases t h e  
o v e r a l l  Jwel1. time t o  10 h , x u r s ,  
Several o t h e r  iwnet l ts  a l s o  r e s u l t :  
rhc. s t a r  sensor c o u l d o w n  p e r i o d  i s  
lonqer ,  u p y s a d i n y  p r r f o r n d n c e  a t  t h e  
r e l e a s e  attitude; t h e  s t a r -  '1 S u h a i l ,  
A r c t u r u s ,  d n d  Sa tcrn  a r e  v ,  'e a t  t h e  
h o l d i n g  d t t l t u u e ,  i n s u r i n g  n b.-ecise 
d t t l t u d e  d e t c r m i n d t l o n ;  a n d  t h e  first 
part ot t h e  maneuver p r o v i d e s  u p d a t e d  
jet c a l i b r a t i o n  d a t a  to us* for t h e  
s e c o n d  Ddrt, a small precession of 
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a b o u t  10 d e g r e e s ,  A f t e r  r e o r i e n t a t i o n  
t o  t h e  r e l e a s e  a t t i t u d e ,  t h e  star A 1  
S u h a i l  i s  a v a i l a b l e  a n d  A r c t l s u s  may b e  
a v a i l a b l e  f ~ r  a t t i t u d e  d e t e r m i n a t i o n  - 
Data c o l l e c t i o n  b e g i n s  i m m e d i a t e l y  
a t  ter r e o r i e n t a t i o n ,  C o n f i r r a t i o n  o f  
6 t t i t u d e  a n d  p o s s i b l y  a n  a t t F t u d e  
t o n c h u p  t a k e  place w i t h i n  the next tuo 
h o u r s -  The release s e q u e n c e  b e g i n s  
when the a t t i t u d e  a n d  s p i n  r a t e  are 
judged s a t  i s f a c t o r y  , 

I m m e d i a t e l y  a f t e r  r e l e a s e ,  t h e  s p i n  
axis w i l l  be p r e c e s s e d  t o  an a t t i t u d e  
which  allows u s e  of the medium g a i n  
h o r n  a n d  p r o v i d e s  a s u n  a n g l e  o f  40 
degrees ,  The stars A 1  S u h a i l ,  Acrux 
One a n d  a e g u l u s  a r e  a v a i l a b l e  fo r  
a t t i t u d e  d e t e r t i n a t i o n  - 
A t  E-18 d a y s ,  t h e  b u s  w i l l  be o r i e n t e d  
so t h a t  a AV maneuver  of 19 m/sec w i t h  
t h e  f o r w a r d  a x i a l  jet w i l l  move t h e  
t r a j e c t o r y  a i m  p o i n t  t o  t h a t  d e s i r e d  
f o r  b u s  e n t r y  and  s l o w  t h e  a r r i v a l  b y  
90 m i n u t e s  so t h a t  t h e  b u s  w i l l  a r r i v e  
a t  ter impact of a l l  prcbes o n  Venus. 
The r e q u i r e d  AV a t t i t u d e ,  which  
requires a  34 d e g r e e  p r e c e s s i o n ,  also 
h a s  a c o m a u n i c a t i o n s  a n g l e  less than 30 
d e g r e e s ,  s o  t h a t  t h e  a f t  o n n i  i s  
p r i m a r y -  T h e  s u n  a n g l e  is  a b o u t  28  
d e g r e e s ,  The  s t a r  A 1  S u h a i l  is 
a v a i l a b l e  f o r  a t t i t u d e  d e t e r m i n a t i o n .  
After t n e  c o n t i n u o u s  f o r w a r d  a x i a l  jet 
b u r n ,  t h e  b u s  s p r e c e s s e d  b a c k  to  t h e  
E-20 t r a n s i t  a t t i t u d e ,  T h e  f o r w a r d  
axial jet is employed  f o r  a l l  
p r e c e s s i o n s  a s s o c i a t e d  ulth t h i s  
maneuver  i n  order t o  t a k e  a d v a n t a g e  of 
its r e t a r d i n g  v e l o c i t y  i n c m m e n t  - 
A t  E-8 d a y s ,  t h e  bus  w i l l  be o r i e n t e d  
t o  t h e  t i c a l  e n t r y  a t t i t u d e  s o  t h a t  
a n g l e  of  a t t a c k  w i l l  be n e a r  z e r o  a t  
a t m o s p h e r i c  e n t r y  - The e n t r y  a t t i t u d e ,  
which  r e q u i r e s  a n  18 d e g r e e  p r e c e s s i o n ,  
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has  a c o m m u n i c a t i o n s  a n g l e  n e a r  380 
degrees so a s  t o  t a k e  advantage of t h e  
medium g a i n  ho rn .  T h e  sun a n g l e  i s  
a b o u t  50 d e g r e e s ,  T h e  p l a n e t  S a t u r n  i s  
a v a i l a b l e  f o r  a t t i t u d e  d e t e r m i n a t i o n .  

A t  E-2 d a y s ,  t h e  b u s  w i l l  be d e s p u n  t o  
9-45 rpm 1x1 p r e p a r a t i o n  fo r  e n t r y -  
This maoeuve r  is d e l a y e d  t o  this time 
in  t h e  mission i n  o r d e r  t o  l i m i t  t h e  
p r o p a g a t i o n  tire of t h e  a c c e l e r a t i n g  
v e l o c i t y  i n c r e m e n t  d u e  t o  t h e  c a n t e d  
sp inup  jets. A f i n a l  t r a j e c t o r y  trim 
maneuver  say be d o n e ,  i f  r e a u i r e d ,  a t  
o n e  day b e f o r e  e n t r y  t o  r e d u c e  t h e  
u n c e r t a i n t y  i n  e n t r y  f l i g h t  p a t h  a n g l e ,  
The b u s  n o m i n a l l y  a r r i v e s  a t  Venus on 
December 9 ,  1978 and p r o v i d e s  t h e  
d e s i r e d  s c i s n t  i f  ic s a m p l i n q  b e f o r e  its 
destruction a u r i n q  a t m o s p h e r i c  e n t r y ,  

4 , 1  -1.2 A t t i t u d e  Profile. The  s p a c e c r a t t  s p i n  a x i s  is 
t h e  axis of maximum moment o f  i n e r t i a  a b o u t  which 
t h e  s p a c e c r a f t  i s  s p u n  for a t t i t u d e  
s t a b i l i z a t i o n -  The p o s i t i v e  s p i n  a x l s  is 
n s r i n a l l y  coincident w i t  h t h e  s p a c e c r a f t  + 2  a x i s ,  
I n  t h e  a b s e n c e  o f  n u t a t i o n ,  t h e  p o s i t i v e  s p i n  
axis is a l s o  c o i n c i d e n t  w i t h  t h e  s p a c e c r a f t  
arlgular momentum a n d  a n g u l a r  v e l o c i t y  v e c t o r s ,  
S p a c e c r a f t  attitude is t h e  d i r e c t i o n  of t h e  
s p a c e c r a f t  a n q u l a r  momentuu v e c t o r .  I n  the 
absence of n u t a t i o n ,  s p a c e c r a f t  a t t i t u d e  is  
i d e n t i c a l  w i th  s p i n  a x i s  a t t i t u d e -  W i t h  n u t a t i o n  
p r e s e n t ,  s p a c e c r a f t  a t t ~ t u d e  represents t h e  
a v e r a q e  d i r e c t i o n  o f  t h e  positive s p i n  a x i s ,  
A t t i t u d e  w i l l  be tlaf i n e d  by t h e  c e l e s t i a l  
l a  ti t u d e  an3 l o n g i  tnae o  t t h e  w a v e r a g e m  d i r e c t i o n  
@f t h e  p o s i t i v e  spin a x i s ,  a s  shown i n  F i g u r e  
4 1 1 2 -  A d e t a i l e d  a t t i t u d e  p r o f i l e  e x p r e s s e d  
In t k s e  c o o r d i n a t e s  is d i s c u s s e d  below. 

(a)  L a u n c h g n d  Near E a r t h  P h a s e ,  P r i o r  t o  
s p a c e c t a  f t s e p a r a t i o n ,  t h e  C e n t a u r  w i l l  
o r i e n t  t h e  s p a c e c r a f t  + 2  and + X  a x e s  
s u c h  t h a t ,  a f t e r  s e p a r a t i o n  and s p i n u p ,  
s p a c e c r a t t  a t t i t u d e  w i l l  n o m i n a l l y  b e  
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p a r a l l e l  t o  t h e  s o u t h  e c l i p t i c  p o l e  and 
t h e  a v e r a g e  s u n  look a n g l e  w i l l  be -90 
d e g r e e s -  F i g u r e  4-1  -1 -2-2 s h o v s  t h a t  
the Cen tau r  o r i e n t s  t h e  +Z a x i s  t o  - 
78.2 degrees l a t i t u d e ,  8, d e g r e e s  
l o n g i t u d e ,  and t h e  +I a x i s  t o  411-6 
d e g r e e s  l a t i t u d e  and es -10-6 d e g r e e s  
l o n g i t u d e -  8, is t h e  c e l e s t i a l  
l o n g i t u d e  of tie s u n l i n e  prior t o  
s e p a r a t i o n ;  it v a r i e s  from 134 t o  150 
degrees o v e r  t h e  l aunch  o p p o r t u n i t y .  
S e p a r a t i o n  and s p i n a p  nomina l ly  
e s t a b l i s h  s p a c e c r a f t  a t t i t u d e  ( a n g u l a r  
momentum vector) a t  t h e  scut h e c l i p t i c  
p o l e ,  T h e  c o n e  of p o s s i b l e  a t t i t u d e s  
i n d i c a t e d  i n  t h e  f i g u r e  r h f l e c t s  a 
p o s s i b l e  a t t i t u d e  e r r o r  of 10 d e g r e e s  
d u e  t o  C e n t a u r  c o n t r o l ,  s e p a r a t i o n  and 
s p i n u p  e r r o r s -  T h e r e f o r e ,  t h e  a v e r a q e  
sun l o o k  a n g l e  can  r a n g e  between 80 and 
100 degrees. T h e  e a r t h l i n e  i s  a l s o  
d e l i n e a t e d  i n  t h e  f i g u r e  w i t h  l a t i t u d e  
6E and  l o n g i t u d e  BE. Both a n g l e s  v a r y  
r a p i d l y  d u r i n g  t h e  f i r s t  two hour s  
f o l l o w i n g  i n j e c t i o n .  The l a t i t u d e ,  6E, 
t h e n  set t les  to  -10 t o  -1 5 d e g r e e s  
depending  on  l aunch  d a t e .  The 
l o n g i t u d e ,  BE, becomes q u a s i  s t e a d y  a t  
4 0  t o  50 d e g r e e s  a s  a  f u n c t i o n  o f  
l aunch  d a t e .  The r e s u l t i n g  a v e r a q e  
e a r t h  look  a n g l e  l ies  between 6 5  and 90 
d e g r e e s .  

The s p i n u p  p r o c e s s  g e n e r a t e s  "-2 d e g r e e s  
o f  r e s i d u a l  n u t a t i o n  and c a u s e s  a  2 2  
d e g r e e  v a r i a t i o n  i n  sun  and  e a r t h  look 
a n g l e s  a s  t h e  p o s i t i v e  s p i n  a x i s  cones  
a round  t h e  s p a c e c r a f t  a t t i t u d e  a t  
i n e r t i a l  n u t a t i o n  f r equency  
( app rox ima t l ey  2 5  p e r c e n t  g r e a t e r  t h a n  

> s p i n  f r equency )  . F i g u r e  U .  1 - 1 . 2 - 3  
i l l u s t r a t e s  the mot ions  o f  t h e  +Z a x i s  
and p o s i t i v e  s p i n  a x i s ,  and how t h e  
l ook  a n g l e  t o  a n  i n e r t i a l  t a r g e t  w i l l  
v a r y  i n  t h e  p r e s e n c e  o f  n u t a t i o n  and 
s p i n  a x i s  tilt from t h e  +2 a x i s .  The 
n u t a t i o n  damper w i l l  damp o u t  t h e  2 2  
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degree v a r i a t i o n  i n  l o o k  angles ( ( 3 0  
m i n u t e s  time constant a t  IS rpm s p i n  
rate) - 
The s u n  s e n s o r  t r a n s f e r  f n n c t i o n  and 
f i e l d  of  view are i l l u s t r a t e d  i n  P i q u r e  
4 - 4  T h e  r i d - r a n g e  s u n  sensor is 
n o m i n a l l y  s e l e c t e d  a f t e r  s p i n u p  f o r  
i n i t i a l  o b s e r v a t ~ o n  a t  a c q u i s i t i o n ,  
T h e  s t a r s  R i g e l  K e n t a u r u s ,  R i g e l ,  Beta 
Grus,  Pomalhaut  and Badar are a v a i l a b l e  
f o r  a t t l t u d e  d e t e r m i n a t i o n  a f t e r  
a c q u i s i t i o n .  Phe t o u c h u p  reor t o  t h e  
s o u t h  e c l i p t i c  p o l e  w i l l  n o m i n a l l y  be 
based on sun and s t a r  i n f o r m a t i o n ,  An 
i n i t i a l  c a l i b r a t i o n  of a x i a l  jet (s) 
p u l s e d  p e r f o r m a n c e  can t h e 3  be made 
a f t e r  a t t z  t u d e  measurements a t  t h e  
crul.se a t t i t u d e  a r e  o b t a i n e d .  

(b)  Iuterda netarv C r u i s e  Pb ase. D u r i n g  
t h e  i n t e r p l a n e t a r y  c r u i s e  p o r t i o n  of 
t h e  ~ o l t i p r o b e  m i s s i o n ,  t h e  s p a c e c r a f t  
p o s i t i v e  s p i n  axis ( + Z  a x i s )  w i l l  be 
m a i n t a i n e d  w i t h i n  2 degrees of the 
s o u t h  e c l i p t i c :  p o l e  ( e x c e p t  a s  needed  
f o r  t r a j e c t o r y  c o r r e c t i o n  maneuvers)  , 
Tbere f  ore, t h e  c e l e s t i a l  l a t i t u d e  of 
t h e  p o s i t i v e  s p i n  a x i s  is -88 t o  -90 
d e g r e e s -  The c e l e s t i a l  l o n g i t u d e  would 
b e  a r b i t r a r y  ( 0  t o  360 degrees) if t h e  
a t t i t u d e  were n o t  b i a s e d  t o  t a k e  
a d v a n t a g e  of t h e  e n t i r e  a t t i t u d e  
deadband and minimize t h e  frequency o f  
a t t i t u d e  t o u c h u p s  r e q u i r e d  t o  
compensa te  f o r  s o l a r  t o r q u e  p r e c e s s i o n ,  
B t t i t u d e  b i a s i n g  i m p l i e s  t h a t  the 
d i f f e r e n c e  i n  c e l e s t i a l  l o n q i t u d e s  o f  
t h e  s u n l u e  and s p i n  a x i s  is k90 
d e g r e e s ,  so t h a t  a s  s o l a r  t o r q u e  
precesses t h e  s p i n  a x i s  a r o u n d  t h e  
s u n l i n e ,  the e n t i r e  a t t i t u d e  deadband 
is u t i l i z e d .  

The  B u l t i p r o b e  s u n  look a n g l e  h i s t o r y  
f o r  t h e  c r u i s e  phase is shown i n  F i g u r e  
4,1,1.2-5, The +2 axis is assoaed 
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o r i e n t e d  t o  t h e  s o u t h  e c l i p t i c  p o l d m  
The  n u l t i p t o b e  e a r t h  l o o k  angle history 
f o r  t h e  c r u i s e  p h a s e  is s b o v n  i n  Figure 
4 . 2 - 6  P a r t  of t h e  a t t i t u d e  
v a r i a t i o n  due t o  s o l a r  t o r q u e  w o u l d  bo 
reflected i n  e a r t h  l o o k  a n q l e  t h r o u g h  
most o f  t h e  c r u i s e  s i n c e  t h e  e a r t h  a n d  
s u n  l i n e s  o f  s i g h t  a r e  n e a r  c o i n c i d e n c e  
f o r  s h o r t  p e r i o d s  of time o n l y .  This 
is i l l u s t r a t e d  i n  F i g u r e  4.1 -1.2-7 b y  
the s u n - s p a c e c r a f  t - e a r - t h  anqle  d u r i n g  
cruise, 

F i v e  s t a r s  a r e  a v a i l a b l e  for a t t i t n d e  
d e t e r m i n a t i o n  a n d  r o l l  r e f e r e n c e  d u r i n g  
c r u i s e  when t h e  s p i n  a x i s  is o r i e n t e d  
n e a r  t h e  s o u t h  e c l i p t i c  p o l e .  A t  l e a s t  
t h r e e  s t a r s  a r e  u s e f u l  a t  a n y  time- 
Bigel, Beta G r u s ,  a n d  P o m a l h a u t  do  hot 
suffer a n y  s u n  i n t e f e r e n c e  t h r o u g h o u t  
m u i s e ,  S i r i u s  h a s  i n t e r f e r e n c e  d u r i n g  
the i n i t i a l  20 d a y s  a f t e r  l a u n c h ,  w h i l e  
R i q e l  K a n t a u r u s  h a s  i n t e r f e r e n c e  d u r i n g  

.ae. t h e  l a s t  30 days of c r u i -  

rra j e c t o r y  c o r r e c t i o n  m a n e u v e r s  a re  
n o m i n a l l y  e x e c u t e d  i n  t h e  south 
e c l i p t i c  p o l a r  a t t i t u d e  by a  v e c t o r  
c o m b i n a t i o n  o f  i n d i v i d u a l  a x i a l  a n d  
r a d i a l  jet i m p u l s e s -  P o r v a r d  a n d  a f t  
o m n i s  are  a v a i l a b l e  for command 
f u n c t i o n  i n  t h e  e v e n t  o f  an a n o m a l o u s  
a t t i t u d e  c h a n g e ,  Two o p t i o n a l  rCIl 
m e t h o d s  exist w h i c h  m i g h t  a v o i d  a n y  
p r o p e l l a n t  p e n a l t y  a s s o c i a t e d  w i t h  t h e  
v e c t o r  r o d e ,  p a r t i c u l a r l y  d u r i n g  a 
h r g e  f i r s t  TCW, T h e  a x i a l  jet mode 
r e q u i r e s  p r e c e s s i o n  o f  t h e  s p i n  a x i s  t o  
t h e  d e s i r e d  AV d i r e c t i o n  , c o n t i n u o u s  
A f t  or f o r w a r d  a x i a l  jet t h r u s t ,  a n d  
r e o r i e n t a t i o n  o f  t h e  s p i n  a x i s  back to  
t h e  s o ~ t h  e c l i p t i c  p o l e -  Power a n d  
t h e r m a l  c o n s i d e r t i o n s  w ~ u i r e  suu l o s k  
a n g l e s  b e t w e e n  65 a n d  I i O  d e g r e e s  f o r  4 
b o o r  d w e l l  a t  a n y  p o t e n t i a l  m a n e u v e r  
a t t i t u d e .  b i t h  t h e  a a r t h l i o e  a b o u t  90 
d e g r e e s  f r o a  t h e  s u n l i n e  a t  f i r s t  TCH, 
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che a a ~ t h  l o o k  angle c o u l d  r a n q e  
be tween  0 arid 180 d e g r e e s .  The 
a v a i l a b l e  stars or p l a n e t s  a r e  
d e p e n d e n t  upon t h e  s p e c i f i c  a t t i t u d e  
r e q u i r e d .  T h e  r a d i a l  jet mode requires 
p r e c e s s i m  o f  the spin a x i s  u n t i l  t h e  
d e s i t e d  AV d i r e c t i o n  l i e s  i n  t h e  r a d i a l  
jets t b r u s t  plane ( i - em,  t h e  p l a n e  t h a t  
 contain^ r a d i a l  g e t s  t h r u s t  v e c t o r s ) ,  
p u l s e d  r d i a l  j e t  p a i r  t h r u s t ,  a n d  
r e o r i e n t a t ~ o n  oC +.he s p i n  u x i s  back t o  
t h e  s o u t h  e c l i p t i c  p o l e ,  T h e  s u n  l o o k  
a n g l e  r a n g e  is 6 5  t o  120 d e g r e e s  w h i l e  
t h e  earth l o o k  a n g l e  r a n g e  is b e t v e e n  0 
and  180 d e g r e e s .  T h e  a v a i l a b l e  s t a r s  
a g a i n  are  d e p e n d e n t  upon t h e  specific 
a t t i t u d e  r e q u i r e d .  Both  of these 
m e t h o d s  r e q u i r e  p r e c e s s i o n  a t  t h e  c o s t  
of = l  l b / 6 9  d e q r e e s -  T h e  maximum 
w e i g h t  s a v i n g  associated w i t h  t h e s e  
methods f o r  t h e  worst case f i r s t  TCN AV 
m a g n i t u d e  a n d  d r r e c t i o n  is =9 p o u n d s ,  
T h e  u s e  of e i t h e r  method v i l l  depend  on  
a t r a d e - o f f  ot actoral weight s a v i n g  
a g a i n s t  o p e r a t i o n a l  c o m ~ l e x i t y  a n d  s t a r  
a v a i l a b i l i t y  a t  t h e  maneuver  a t t i t u d e -  

(e) " P c o u n t e g  Phase ,  P i q u r e  U . I .  1-2-8 
s u m m a r i z e s  t h e  H o l t i p r o b e  s p i n  a x i s  
a t t i t u d e  h i s t o r y  d u r i n g  the e n c o u n t e r  
p h a s e ,  A t  E-28 d a y s ,  t h e  s p a c e c r a f t  
s p i n  a x i s  is r c s r i e n t e d  i n t o  t h e  
e c l i p t i c  p l a n e  to i n i t i a t e  use o f  t h e  
medium g u n  h o r n ,  T h e  c o m r u n i c a t i o n s  
and  s u n  a n g l e s  r ,rot - t h e  q a c e c r a f t  +2 
a x i s  a r e  151 a n d  5 4  d e g r e e s ,  
r e s p e c t i v e l y ,  The , > l a n e t  J u p i t e r  and 
the s t a r s  A 1  S u h a i l  and  P r o c y o n  a r e  
n o m i n a l l y  v i s i b l e  i n  t h f s  a t t i t u c e ,  

A t  24  days b e f o r e  e n t r y ,  t h e  R u l t i p r o b e  
is r e o ~ i e n t e d  p r i o r  t o  L a r g e  Probe 
release so t h a t  its s p i n  axis is co- 
l x n e a r  w i t h  the L a r g e  Probe v e l o c i t y  
v e c t o r  a t  a t m o s p h e r i c  entry, The loc i  
of  r e q u i r e 0  f i u l t i p r o m  a t t i t u d e s  
a s s o c i a t e d  w i t h  L a r g e  P r o b e  entry 
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p o i n t s  o n  t h e  boundar ,es  o f  t c e  c e g i o ~ s  
of a c c e p t a b l e  t a r g e t  points are shovn 
i n  F i g u r e  Y.1.1-2-9 f o r  three l a e a c h  
dates and a r r i v a l  on  December 9 ,  197U. 
In the f i g u r e ,  t h e  b o u n d a r i e s  o n  
B u l t i p m b e  a  t t z t u d e  f o r  v i e w i n u  s t a r s  
a n 3  planets are a l s o  shown with t h e  
s h a d e d  s i d e  of  t h e  b o u n d a r y  i n d i c a t i n q  
the s t a r  ax p l m e t  is e i t h e r  n o t  i n  t h e  
f i e l d  o f  v i e w  or s u b j e c t  t o  s u n  
i n t e r f e r e n c e .  T h e  f i q n r e  i n d i c a t e s  
t h a t  f o u r  s t a r s  -- A r c t u r u s ,  A 1  S C h a ~ l ,  
Chnopus  and  H e q u l u s  -- r a y  be i n  the 
s t a r  s e n s o r  f i e l d  of v i e w ;  t h e  p l a n e t  
S a t u r n  w i l l  always b e  v i s i ~ l e .  The u s e  
o f  A r c t u r u s  as a r e l i a b l e  r e f e r e n c e  is 
someuba t  g u e s t  i o n a b l e  b e c a u s e  i t  is 
s u b j e c t  to  sun i n t a r f e r e n c e  o v e r  p a r t  
o f  t h e  a t t i t u d e  r e g i o n  o f  i n t e r e s t -  
T h e  s u ~  a n g l e  a t  r e l e a s e  can  v a r y  
b e t w e e n  ;4 and 33  dugrleL,- and  t e n d s  t o  
dec:&ase a s  t h e  1aur.cb d a t e  is d e l a y e d .  
The  coam un ica t  i o n s  a n g l e  a t  release c a n  
v a r  b e t w e n  140 and  1 5 4  d e g r e e s ,  and  
a l s o  t e n d s  t o  i n c r e a s e  a s  t h e  l a d n c h  
d a t e  is  d e l a y e d -  

A t  ter Large P r o b e  r e l e a s e ,  t h e  s p i n  
axis 3s r e ~ r i e n t c d  t o  t h e  S m a l l  Probe 
t a r g e t i n g  a t t i t u d e  a s  i l l u s t r a t e d  i n  
F i g u r e  U . I  -1 -2-8- The c o ~ m u a i c a t i o n s  
and s u n  ang les  a r e  163 a n d  47 degrees, 
r e s p e c t i v e l y  - The p l a n e t  J u p i t e r  and 
s t a r  A 1  S u h a i l  are n o v j n a l l y  v i s i b l e  i n  
this a t t i t u d e *  

A t  20 days before e n t r y ,  t h e  H u l , t i 2 r o b e  
is reorientec! so t h a t  p r o p e r  s e p a r a t i o n  
of t h e  Small Probes on t h e  s u r f a c e  of 
the p l a n e t  will be p r o v i d e d  by t h e  s p i n  
induced c e n t r i f u g a l  f o r c e  a c t i n g  
perpendicular t o  t h e  s p a c e c r a f t  s p i n  
axis .  The r a n q e  of r e q u i r e d  R u l t i p r o b . :  
a t t i t u d e s  a s  a f u n c t i o n  o f  l a u n c b  d c t e  
and tire of release a r e  shown i n  P i q u r e  
4.1.1-2-10 for a r r i v a l  o n  9 December 
1878. I n  t h e  f i g u r e ,  the b o u n d a r i e s  on 
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I l u l t i y  robe a t t i t u d e  for viewing stars 
a n 6  p l a n e t s  a re  also shown. T h e  f i g u r e  
i n d i c a t e s  that  t h e  p l a n e t  Saturn and 
s t a r  A r c u t u r u s  aay be v i s i b l e ;  the s t a r  
A: Suhail will a l w a y s  be v i s i b l e -  
Arcturus 6ay be too clcse to t h e  r e g i o n  
o f  sun i n t e r f e r e n c e  t o  p r o v i d e  a 
reliable r e f e r e n c e  - The p l a n e t  S a t u r n ,  
w h i l e  n o t  i n  the f i e l d  o f  view a t  most 
Small Probe release a t  tit u d e s ,  does 
provide a v e r y  r e l i a b l e  rsference f o r  
t h e  small probe h o l d i n g  attitude 
d i s c u s s e d  i.a 4,1,1,1 and  d e f i n e d  i n  
F i g u r e  4.1.1-2-10, Arcturas is also a 
reliable r e f e r e n c e  a t  t h i s  a t t i t u d e -  
T h e  s u n  angle a t  release can v a r y  
between 16 and  29 degrees and t e n d s  t o  
i n c r e a s e  a s  either launch date  or 
r e l e a s e  time is delayed.  The 
commuaicatio~s angle a t  r e l e a s e  can 
v a r y  between I46 and 152 degrees  and 
tends t o  Illcrease a s  the r e l e a s e  tine 
is delayed.  

After r e l e a s e  of t .he S n a l l  P r o b e s ,  t h e  
spin a x i s  is r e o r i e n t e i !  hack toward t h e  
e c l i p t i c  a s  shown i n  Figure 4-1.1.2-8- 
T h e  cawmunications and sun angles are 
166 a a d  40 d e g r e e s ,  r e s p e c t i v e l y ,  T h e  
s ta rs  A 1  S u h a i l ,  Acruz One  and Regulus  
are n o m i n a l i y  v i s i b l e  i n  this attitude, 

A t  $8 d a y s  be£ ore e n t r y ,  tne n u l t i p r o b e  
is reoriented f o r  b u s  targeting a s  
shown i n  F i g u r e  4.7 - 1  -2 -8 .  The 
c o n ~ n n i c a t i o n s  and sun angles are 143 
and 28 degrees, respectively, Only the 
star A 1  S u h a i l  is n o n i n a l l y  visible i n  
t h e  b u s  targe t ing  a t t i t u d e .  The 
H u l t i p r o b e  i s  r e o r i e n t e d  t o  t h e  E-20 
transit a t t i t u d e  after t h e  maneuve r  is 
coayleted. 

A t  8 d a y s  before e n t r y ,  t h e  5 n l t i p r o b e  
is r e o r i e n t e d  t o  t h e  f i n a l  e n t r y  
a t t i t u d e  v i t h  angle of a t t a c k  n e a r  
zero- T h i s  a t t i t u d e  h a s  n 
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c o m m u n i c a t i o n s  a n g l e  n e a r  180 d e g r e e s  
to  t a k e  f u l l  a d v a n t a g e  of t h e  mediua  
g a i n  h o r n  a t  e n t r y ,  T h e  s u n  angle is 
40 degrees i r a e d i a - t e l y  a f t e r  t h e  
maneuve r ,  a n d  52 d e g r e e s  j u s t  p r i o r  t o  
e n t r y -  O n l y  t h e  p l a n e t  S a t u r n  is 
n o m i n a l l y  v i s i b l e  i n  the b u s  e n t r y  
a t t i t u d e  - 

4 - 1  -1 - 3  S P J , ~  Rate P r o f i l e ,  l a m e d i a t e l y  f 01lo:f ing 
s e p a r a t i o n  f r o m  t h e  C e n t a u r ,  t h e  n u l t i p r o b e  is 
s p u n  up t o  the n o m i n a l  cruise s p i n  s p e e d  r a n g e  o f  
1s t -5  rpm by a prestored command s e q u e n c e -  The 
c r u i s e  s p i r  r a t e  h a s  been s e l e c t e d  o n  t h e  b a s i s  
of several t r a d e - o f f s .  The c r u i s e  s p i n  rate 
p r o v i d e s  sufficient s p i n  % t i f f  nessn t o  l i m i t  
a t t i t u d e  errors a n d  r e s i d u a l  n u t a t i o n  r e s u l t i n g  
f rom s u b s e q u e n t  m i d c o u r s e  m a n e u v e r s ,  Thrust 
p o i n t i n g  error a n d  n u t a t i o n  i n d u c e d  by a  
c o n t i n u o u s  a n a l  jet AV maneuver  ( b o t h  inversely 
p r o p o r t i o n a l  t o  s p i n  s p e d  s q u a r e d )  are bounded 
a t  0.5 and 2 d e g r e e s ,  r e s p e c t i v e l y ,  A t t i t u d e  
c h a n q e  i n d u c e d  by ci p u l b d  r ad ia l  jet p a i r  AV 
maneuver (19 v e r s e 1  y p r o p o r t i o n a l  t o  spin s p e e d )  
is bounded a t  9 - 3  degrees- T h e  same g y r o s c o p i c  
s t i f f n e s s  limits c r ~ i s e  a t t i t u d e  p r e c e s s i o n  d u e  
t o  s o l a r  t o r q u e  ( i n v e r s e l y  p r o p o r t i o n a l  t o  s p i n  
s p e e d )  t o  10 .1  degree/day,  T h e  s p i n  r a t e  is 
l i m i t e d  t o  15 rpm d u r i n g  cruise t o  m i n i m i z e  
p r o p e l l a n t  r e q u i r e d  for p r e c e s s i o n  m a n e u v e r s  
( p r o p o r t i o n a l  t o  s p i n  speed) while b e i n g  
c o n s i s t e n t  w i tb  r l n i m u m  g y r o s c o p i c  s t i f f n e s s  
r e q u i r e m e n t s ,  

P o l l o v i n g  release of the L a r g e  P r o b e  a t  t h e  15 
rpm s p i n  r a t e ,  the n u l t i p r o b e  is s p u n  up  t o  a b o u t  
48.5 r p u .  T h i s  is t h e  n o m i n a l  r a t e  c o r r e s p o n d i n g  
t o  S m a l l  P m k  r e l e a s e  a t  E-20 d a y s ,  The s p i n  
rates required f o r  r e l e a s e  a t  t ises other  t h a n  E- 
20 days v a r y  be tween  4 0  and 60 r p a ,  The i n c r e a s e  
i n  s p i n  r a t e  c o n t r L b w t e s  a t o t a l  of a p p r o x i m a t e l y  
2 -2 B e t e r s / s e c o n d  u s e f u l  AV ( a p p r o x i m a t e l y  0 -066 
mete r s / s econd / rpm)  for Small P r o b e  t a r g e t i n g  
because of t b e  s i g n i f i c a n t  c a n t  o t  t h e  s p i n u p  
t,h rasters - 
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After S m a l l  P r o b e  release, the b u s  s p i n  r a t e  is  
l e f t  a t  t h e  h i ~ h  4 8 , 3  rpm ra te  u n t i l  two d a y s  
p r l o r  t o  e n t r y ,  when t h e  b u s  is d e s p e n  t o  9 .US 
r p a ,  t h e  d e s i r e d  e n t r ;  s p i n  r a t e ,  E a r l i e r  d e s p i n  
would c m t r i b u t e  a n  a x i a l  AV which  would 
a c c e l e r a t e  t h e  tme  of b u s  a r r i v a l .  R i s s i o n  
r e q u i r e m e n t s  d i c t a t e  a r e t a r d a t i o n  o f  b u s  
velocity t o  effect a 9 0 - a i n u t e  d e l a y  i u  e n t r y  
time w i t h  r e s p e c t  to  Large P r o b e  e n t r y ,  

P i y u r e  4.1, -3-1 i l l u s t r a t e s  t h e  n o m i n a l  
H u l t i p r o m  s p i n  r a t e  h i s t o r y -  The p h a s e  lock 
l o o p  (PLL) s p i n  r a n g e s  and spin rate d e t e c t o r  
limits a r e  a l s o  shown i n  t h e  f i g u r e ,  S i n c e  t h e  
a c c e p t a b l e  s p i n  r a t e s  tor  L a r g e  P r o b e  e n t r y ,  
S m a l l  P r o b e s  d e p l o y m e n t ,  and  b u s  e n t r y  a r e  well 
d e f a n e d ,  t h e  o n l y  s p i n  r a t e  o p t i o n  is d u r i n g  
c ru ise ,  A s p i n  rate h i g h e r  t h a n  I S  rpm i n c u r s  
additional weight penalty w h i l e  a l o v e r  s p i n  r a t e  
s u f f e r s  l a r g e  a t t i t u d e  p e r t u r b a t i o n s -  

S p m  s p e e d  can v a r y  a s  a r e s u l t  o f  c r o s s - c o u p l i n g  
d u r l n g  t h r u s t i n q  m a n e n v e r s  and  e u t e r s i i i  
d i s t  urbanc t ?  t o r q u e s  g e n e r a t e d  during s e p a r a t i o n  
e v e n t s ,  S p i n  c h a n g e  a c c r u i n q  from t h e  f i r s t  TCH 
is e x p e c t e d  t o  be l e ss  t h a n  4 r p a ;  t h e  s p i n  
change r e s u l t i n g  f r o u  any  t a r q e t i n g  maneuve r  
s h o u l d  be less t h a n  1.5 rpm. Spin  trims during 
c r u i s e  o r  e n c o u n t e r  s h o u l d  be c o n s i s t e a t  w i t h  t h e  
n o m i n a l  p r o f i l e  o r  a n  a v a i l a b l e  o p t i o n .  
V a r i a t i o n  in t h e  s p i n  r a t e  o f  t h e  n u l t i p r o b e  a s  a 
r e s u l t  o f  a t h e r  Larqe P r o b e  o r  S m a l l  P r o b e s  
s e p a r a t i o n  is  expected t o  be lesb t h a n  0 . 2 5  rpm. 

4 -1 - 1 - 4  ~ ~ s s i o n  P r o f i l e -  T a b l e  4,1.1.4-.1 
delineates the c h r o n o l o q i c a l  s e q u e n c e  o f  n o m i n a l  
s p i n  s p e e a ,  a t t i t u d e  a n d  v o l o c i t y  m a n e u v e r s  
d u r i n g  t h e  9 u l  t i p r o b e  m i s s i o n .  Edch m a n e u v e r  h a s  
a n  a s s o c i a  t a d  row of t a b u l a t e d  v a l u e s  d e f i n i n g  
c a n e u v e r  m a q n l t u d e .  r e q u i r e d  p r o p e l l a n t ,  raneuver 
m i s s i o n  t i r e ,  n o m i n a l  t h r u s t e r  (s) e m p l o y e d ,  pulse 
w i 2 t b  s e l e c t e d ,  number of pulses a n d  e x e c u t i o n  
time. S p i n  speed maneuvers a r e  n o m i n a l l y  
e x e c u t e d  b y  c o u t i n u o u s l y  f i r i a q  a p a i r  o f  r a d i a l  
jet s p i n u p  or d e s p i n  t h r u s t e r s .  A t t i t u d e  
m a n e u v e r s  &re n o m i n a l l y  executed by p u l s i n g  t h e  
a x i a l  jet c o u p l e  k t  s p i n  f r e q u e n c y .  A t t i t u d e  
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m a n e u v e r s  a s s o c i a t e d  uitb bus targeting a r e  
e x e c u t e d  w i t h  t h e  f o r w a r d  a x i a l  jet t o  t a k e  
a d v a n t a g e  of t h e  a s s o c i a t e d  v e l t x i t y  i n c r e m e n t ,  
Tbe m l d c o u r s e  v e l o c i t y  m a n e u v e r s  are a s s u m e d  t o  
be e x e c u t e u  i n  t h e  v e c t o r  mode, a n d  the 
m a g n i t u d e s  ot both a x ~ a l  a n d  r a d i a l  AV 
c o r r e c t i o n s  are as sumed  maximum a n d  e q u a i ,  
c o r r e s p o n d  i n g  to t h e  worst casa r e q u i r e d  AV 
m a g n i t u a e  and  d i r e c t i o n ,  The maxinum a v a i l a b l e  
p u l s e  v i d t h  has been s e l e c t e d  f o r  t h e  first 
r a d i a l  A V  m i d c o u r s e  c o r r e c t i o n s  to l i m i t  
execut ion t i re ;  %is rest:ts i i i  i i e y Z i y i b l e  c h a n q e  
i n  o v e r a l l  i m p u l s e  e f f i c i e n c y  , 

T h e  E u l t i p r o b e  is  i n i t i a l l y  loaded w i t h  b 0  l b s  of 
p r o p e l l e n t ,  F i g u r e  4.1,l.U-? i l l u s t r a t e s  
r e m a i n i n g  p r o p e l l a n t  v e r s u s  m i s s i c n  time, Note 
t h a t  t h e  first midcourse consumes  t h e  most 
p r o p e l l a n t -  T h i s  maneuver  is d i s c u s s e d  f u r t h e r  
i n  Seutlon 4 - 3 . 1 ,  About 3 7  l b s  of p r o p e l l a n t  a r e  
n o m i n a l l y  r e q u i r e d  for a l l  m a n e u v e r s  so t h a t  
a p p r o x i m a t e l y  23 l b s  o f  p r o p e l l a n t .  are a v a i l a b l e  
f o r  c s l i b r a t i o n  a a n e u v e r s  and  contingency 
planning. 

a11 razeu?ers s h o u l d  be executed within a sun 
 loo^ a s p e c t  a n g l e  range of 6 5  t o  120  degrees i n  
o r d e r  t o  a v o i d  any l i m i t a t i o n  i n  a t t i t u d e  duel1 
time d u e  t o  t h e r m a l  and  power c o n s ~ d e r a t i o n s ,  
I f ,  is a d d i t i o n ,  t h e  s u n  a s p e c t  a n g l e  is 
m a i n t a i n e d  g m a t e r  t h a u  55 degrees ,  t h e   id-range 
s u n  sensor is a l w a y s  v i s i b l e  and n o  s e n s o r  
s w i t c h i n g  is r e q u i r e d ,  R a n e u r e r s  a r e  n o r i n a l l y  
executed I n  s u n l i g h t  s o  tht t h e  s u n  c a n  a l w a y s  
be employed  as t b e  s p i n  reference pulse for t h e  
PLL and  s p i n  r a t e  d e t e c t o r .  This is p a r t i c u l a r l y  
i m p o r t a q t  d u r i n g  l o n g  c o n t i n u o u s  a x i a l  jet b u r n s ,  
s i n c e  a ' s i n q l e  b i t  error i n  the jet select 
m a g n i t u d e  ccmmand o r  a logic f a i l u r e  could c a u s e  
o n e  of t h e  s p i r b  t h ~ u c t e r s  t o  i n a d v e r t e n t l y  f i r e .  
E a r t h  look angle i s  unlimited when b o t h  f o r w a r d  
a n d  a f t  o a n i s  are zn r e c e i v e  mode. However,  t h e  
forward o r n i  s h o u l d  be i n  t r a n s m i t  mode fo r  l o o k  
angles less t b a n  9 5  d e g r e e s  w h i l e  the a f t  orni 
s h o u l d  be  i n  t r a n s m i t  r o d e  for l o o k  a n y l e s  
qreater t h a n  65 d e g r e e s .  If a n  a t t i t u d e  maneuve r  
revwires crossing e i t h e r  t a r r i e r ,  p r c v  is ion 
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s h o u l d  be made t o  s w i t c h  t h e  a p p r o p r i a t e  ornx ta 
t b e  transmit mode i n  o r d l x  t;~, a v o i d  l o s s  of 
t e l e a e t r y ,  Long, c o n t i n u o u s  b u r n s  a r e  e x e c c t e d  
w i t h  b o t h  o m n i s  is zeceivs n o d e  a n d  w i t h  t h e  o m n i  
h a v i n g  the b e s t  e a r t h  l o o k  a n g l e  i n  t r a n s m i t  
mode; t h i s  p r a c t i c e  woulZ i n s u r e  t e l e m e t r y  
c o v e r a g e  of any a n o m a l o u s  b e h a v i o r  and  p r o v i d e  
command c a p a b i l i t y  for a n y  i m m e d i a t e  a c t i o n s  t h a t  
m i g h t  be r e q u i r e d ,  

D u r i n g  any  maneuve r ,  s p i n  period and s u n  angle 
s h o u l d  be t h e  selected a t t i t u d e  m e a s u r e m e n t  
u o r d s ,  A f t e r  t h e  i n i t i a l  s p i n - u p  m a n e u v e r  a t  
s e p a r a t i o n ,  t h e  s p i n  r a t e  d e t l x t o r  s h o u l d  a l s o  be  
enabled f o r  t h e  r e r a l n d e r  of t h e  m i s s i o n ,  F o r  
c o n t i n u o u s  a x i a l  j e t  b u r n s ,  the s u n  g a t e  a n d  PLL 
loss  of lock &re e n a b l e d  s o  t h a t  t h e  m a n e u v e r  
w i l l  terminate a u t o m a t i c a l l y  when t h e  t i n e  c o u n t  
r e a c h e s  zero, t h e  J C E  o u t p u t  is s w i t c h e d  o f f ,  t h e  
PLL loses l o c k  o r  t h e  s p i n  rate r a n q e  is 
e x c e e d e d ,  One o f  t h e  last two c o n d i t i o n s  w i l l  
q ! l c k l y  t e r m i n a t e  t h e  a a n e u v e r  i a  the event  a 
s p i n  t h r u s t e r  is i n a d v e r t e n t l y  f l r e d ,  F o r  
c o n t i n u o u s  r a d i a l  jet b u r n s  ( s p i n  m a n e u v e r s ) ,  t h e  
PLL loss  of l o c k  a n d  s u u  g a t e  are  d i s a b l e d  t o  
permi t  t h e  m a n e u v e r  t o  c o n t i n u e  a s  t h e  PLL loses  
l o t a  a n d  t o  a l w a y s  p r o v i d e  a s p i n  r e f e r e n c e  p u l s e  
t o  the s p i n  r a t e  d e t e c t o r ,  r e s p e c t i v e l y ,  
T h e r e f o r e ,  t h i s  t y p e  of maneuve r  w i l l  t e r m i n a t e  
when t h e  time c o u n t  r e a c h e s  z e r o ,  t h e  JCE o u t p u t  
is s u i t c h e u  off or t h e  s p i n  r a t e  ranqe is 
exceedea, P o r  p u l s e d  m a n e u v e r s  ( p r e c e s s i o n ,  
v e l o c i t y  o r  s p i n ) ,  t h e  P U  loss  of lock and  s u n  
g a t e  a r e  e n a b l e d  a n u  the same shu tdown  c o n d i t i o n s  
as t h o s e  fcr t h e  c o n t i n u o u s  a x i a l  b u r n s  a p p l y -  
These c o n d i t i o n s  insure a c c u r a t e  t h r u s t  d i r e c t i o n  
and no  e r r o n e o u s  s p i n  t h r u s t e r  f i r i n g -  However,  
a d u t y  c y c l e  d e t e c t o r  e n a b l e d  o ~ l y  i n  p u l s e  mode 
c a n  also t e r m i n a t e  t h e  m a n e u v e r .  I f  t h e  d u t y  
c y c l e  exceeds l i m i t s  d e p e n d e n t  on s p i n  speed and 
t h r u s t e r  p u l s e  w i d t h  s e l e c t i o n ,  a s t o m a t i c  
s h u t d o u n  occurs, This L e a t u r e  b a s i c a l l y  l i m i t s  
a n y  a n o r a l e a s  p u l s e  widths t o  less t h a n  60 
d e g r e e s  of t h e  s p i n  c y c l e  and  t h e r e f o r e  l i m i t s  
t h e  error i n  t h e  d i r e c t i o n  of a p p l i e d  jet 
impulse. The  duty cycle d e t e c t o r ,  which cannot 
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be  d i s a b l e d  by g r o u n d  comaand, p r e c l u d e s  t h e  u s e  
of t h e  512 n s  p u l s e  v u i t h  a b o v e  20 rpm, 

D i s t u r b a n c e s .  E x t e r n a l  forces w i l l  perturb 
s p a c e c r a f t  a t t i t u d e  d u r i n g  t h e  m i s s i o n ,  A t t r t u d e  
d r i f t  d u e  t o  so lar  p r e s s u r e  is  d i s c u s s e d  i n  
S e c t i o n  4,1.2,1, A t t i t u d e  p e r t u r b a t i o n s  d u e  t o  
a e r o d y n a m i c  forces a r i s i n g  d ~ r i n g  b u s  e n t r y  is 
p r e s e n t e d  i n  S e c t i o n  4,1,2.2. N u t a t i o n  c a n  be 
induct .d  by external forces  (e.g-, jot maneuve r s )  ; 
n u t a t i o n  is  d i s c u s s e d  i n  S e c t i o n  4 . I c 2 - 3 ,  wobb le  
refers t o  t h e  tilt o f  t h e  +Z a x i s  r e l a t i v e  t o  t h e  
a x i s  of saximum mouent  o f  i n e r t i a ;  t h e  s o u r c e s  
a n d  e f f e c t s  of wobble are summar ized  i n  S e c t i o n  
4,1,2,4. 

Solar  D i r , t u r b a n c e  T o r q u e ,  An e x t e r n a l  t o r q u e  d u e  
t o  s o l a r  p r e s s u r e  a r i s e s  when t h e  s p a c e c r a f t  
c e n t e r  of p r e s s u r e  ( c - p , )  and c e n t e r  of m a s s  
(c-n-) a r e  n o t  c o i n c i d e n t ,  The magnitude 3f t h e  
t o r q u e  and  t h e r e f o r e  the a t t i t u d e  d r i f t  rate are 
p r o y o r t i . & a l  t o  t h e  solar p r e s s u r e  < l u x  a n d  t h e  
c-p-/c-s i .  o f f s e t .  S i n c e  solar p r e s s u r e  is 
i n v e r s e l y  p r o p o r t i o n a l  t o  +.he s u u a r e  o f  t h e  
d i s t a n c e  from the sun, the p r e c e s s i o n  r a t e  of t h e  
! l u l r i p r o b e  a t  Venus (0.7 Au) would be a b o u t  twice 
t h a t  a t  e a r t h  (1 Au) f o r  a g i v e n  c-p,/c.m- 
o f f s e t .  D u r i n g  c r u i s e ,  t h e  c e n t e r  of pressure 
l i es  a b o u t  20 i n c h e s  below t h e  s p a c e c r a f t  center 
o f  mass, F i g u r e  4 ,1,2,1-1 i l l u s t r a t e s  a t i a e l i n e  
o f  t h e  n u l t i p r o b e  solar p r e c e s s i o n  rate d u r i n g  
c r u i s e -  P o s i t i v e  p r e c e s s i o n  rate i n d i c a t e s  t h a t  
t h e  c o p .  is a f t  of t h e  c.m, a n d  t h a t  t h e  
d i r e c t i o n  o f  p r e c e s s i o n  is given by the r i g h t -  
hand rule w i t h  t h e  r i g h t  t h u a b  p o i n t i n g  f rom t h e  
s u n  t o  the s p a c e c r a f t ,  

T h e  c u m u l a t i v e  s o l a r  t o r q u e  p r e c e s s i o n  f o r  t h e  
I l u l t i p r o b e  d u r i n g  c r u i s e  i n  t h e  e c l i p t i c  n o r m a l  
a t t i t u d e  is  a b o u t  Y d e g r e e s ,  A p p r o p r i a t e  b i a s i n a  
o f  t h e  a t t i t u d e  r e l a t i v e  t o  t h e  s u n l i n e  t o  t a k e  
a d v a n t a g e s  of t h e  e n t i r e  a t t i t u d e  d e a d b a n d  would 
l i m i t  t h e  number of a t t i t u d e  t o u c h u p s  t o  t h r e e -  

U -1  -2.2 ~ e r o d v n a a i c  D i s t u ~ b a n c e s  - An ez terna l  ( d r a g )  
t o r q u e  a r i s e s  d u r i n g  bas e n t r y  uben t h e  
s p a c e c r a f t  aesod yn an i c  c e n t e r  o f  p r e s s u r e  a n d  
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c e n t e r  o f  mass a r e  n o t  c o i n c i d e n t  T h e  
a p p r o x i m a t e  a l t i t u d e  a t  w h i c h  e a r t h  
c o s r u n i c a t i o n s  c a n  be e x p e c t e d  t o  be los t  is of 
i q  terest , 

B e c a u s e  t h e  b u s  i s  s p i n n i n g ,  t h e  s u r f a c e  
c o n f i g u r a t i o n  p r e s e n t e d  t o  tihe o n c o m i n g  g a s  flow 
is sfmmetrlcal a b o u t  t h e  s p i n  a x i s ,  T h e r e f o r e ,  
t h e  n e t  force v e c t o r  a p p l i e d  t o  t h e  v e h i c l e  will 
a l w a y s  l i e  i n  a p l a n e  c o n t a i n i n g  t h e  velocity 
v e c t o r  (v) a n d  t h e  s p i n  a x i s  IQ . The  
i n s t a n t a n e o u s  t o r q a e  v e c t o r  a n d ,  h e n c e  t h e  
i n s t a n t a n e o u s  momentum c h a n g e  v e c t o r ,  are n o r m a l  
t o  t h e  p l a n e  c o n t a i n i n g  V a n d  G ,  As t h e  s p i n  
a x i s  precesses i n  a d i r e c t i o n  n o r m a l  t o  t h e  
i n s t a n t a n e o u s  P-i2 p l a n e ,  t h e  f o r c e  c o m p o n e n t s  
r o t a t e  i n  s u c h  a vay  t h a t  t h e y  s t a y  i n  t h a t  
p l a n e -  T h e  r e s u l t i n g  m o t i o n  o f  the s p i n  a x i s  
w i l l  d e s c r i b e  a cone a b o u t  t h e  v e l o c i t y  v e c t o r .  
I f  t h e  t o r q u e  c o m p o n e n t s  t h a t  t e n d  t o  d r i v e  iG 
away from a r e  l a r g e r  t h a n  t h o s e  t h a t  t e n d  t o  
a r i v e  then together, t h e  f l i g h t  mode is u n s t a b l e  
a n d  5 uill cobe a b o u t  i i n  a n  ever i n c r e a s i n g  
spiral. lt the -mode  is s t a b l e ,  G u i l l  s p i r a l  
l n u a r d ,  t o w a r d  Y -  T h e  mode is u n s t a b l e  f o r  t h e  
P r o b e  B u s ,  S i n c e  t h e  e a r t h - v e c t o r  is 
a p p r o x i m a t e l y  1 4 0  from t h e  s p i n  a x i s  a t  e n c o u n t e r  
a n d  since t h e  gaia marg5.n o f  t h e  e a r t h  
communi c a t  j o n s  a n t e n n a  becomes n e g a t i v e  a t  a c o n e  
a n g l e  o f  300,  t h e  e a r t h  c o m m u n i c a t i o n s  w i l l  be 
l o s t  u h e n  t h e  s p i n  a x i s  s p i r a l s  c u t  to a p o i n t  
t h a t  is a b o u t  36u f r u m  t h e  v e l o c i t y  vector, 

T h e  n o m i n a l  a n g l e  of a . t t a c k  is zero, w h i c h ,  i f  
y r e c l s e l y  tsue, would  y i e l d  n o  i n i t i a l  
d i s t u r b a n c e  t o r q u e  a n d  n o  s p i r c l -  I n  a c t u a l i t y ,  
t h e  a n g l e  of a t t a c k  m l l  n o t  b e  e x a c t l y  zero a n d  
t h e  s p i r a l i n g  m o t i o n  w i l l  o c c u r ,  T h e  e x a c t  
choice f o r  an i n i t i a l  a n g l e  of a t t a c k  h a s  l i t t l e  
e f f e c t  o n  t h e  o u t c o m e .  T h e  ra te  of c h a n g e  of 
a t m o s p h e r i c  d e n s i t y  v i t h  a l t i t u d e  is s u c h  t h a t  
f r o m  250 km t o  a b o u t  120 ka t h e  s p i r a l i n g  m o t i o n  
w i l l  ada oaly a b o u t  1 d e g r e e  t o  the a n g l e  of 
attrck n o  matter w h a t  t h e  i n i t i a l  a n g l e  is o v e r  a  
1 0 - d e g r e e  r a n g e .  T h e n ,  when t h e  s p i r a l  d o e s  
b e g i n  t o  i n c r e a s e ,  i t  d i v e r g e s  so r a p i d l y  t h a t  
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communications would be l o s t  a t  a b o u t  the same 
a l t i t u d e  f o r  any i n i t i a l  a n g l e  o f  a t t a c k .  

Nu ta t ion .  A s p i n n i n g  body w i l l  a lways t end  
kowaras a s p i n  a b o u t  i t s  a x i s  o f  maximum moment 
o f  i n e r t i a ,  because  t h i s  is t h e  lowest r o t a t i o n a l  
energy  s ta te .  A "pure  s p i n "  e q u i l b r i u m  is 
c h a r a c t e r i z e d  by c o i n c i d e n c e  o f  t h e  body s p i n  
(maximum i n e r t i a )  a x i s ,  a n g u l a r  v e l o c i t y  v e c t o r  
and a n g u l a r  momentum v e c t o r .  E x t e r n a l  moments 
such a s  t h o s e  a r i s i n g  d u r i n g  jet maneuvers w i l l  
u s u a l l y  p e r t u r b  t h z  "pu re  s p i n "  s ta te  by 
accumula t ing  a n g u l a r  v e l o c i t y  and a n g u l a r  
momentum o r t h o g o n a l  to t h e  body s p i n  a x i s .  
N u t a t i o n  r e f e r s  t o  t h e  a n q u l a r  motion o f  t h e  
s p i n n i n g  body ~ l d e r  such  a  p e r t u r b a t i o n .  The 
r e s u l t i n g  n u t a t i o n a l  motion f o r  a  body whose s p i n  
a x i s  i s  an a x i s  o f  symmetry ( i . e . ,  moments o f  
i n e r t i a  a b o u t  a l l  a x e s  p e r p e n d i c u l a r  t o  t h e  s p i n  
a x i s  a r e  e q u a l )  Ls i l l u s t r a t e d  i n  F i g u r e  
4.1.2.3-1. I n  i n e r t i a l  space ,  the body s p i n  a x i s  
is obse rved  to  cone c o u n t e r c l o c k w i s e  a round t h e  
a n g u l a r  momentum v e c t o r  a t  t h e  i n e r t i a l  n u t a t i o n  
r a t e ,  w,. The l a t t e r  f requency  is  t h e  p r o d u c t  o f  
t h e  s p i n - t o - t r a n s v e r s e  moment o f  i n e r t i a  r a  t i 0  , a 
( g r e a t e r  t h a n  o n e ) ,  and  t h e  s p i n  s p e e d ,  uz. Two 
i m p o r t a n t  o b s e r v a t i o n s  c a n  b e  made from s t u d y  af 
t h e  f i g u r e .  The f i r s t  i s  t h a t  w i t h  r e s p e c t  t o  a 
body-f ixed o b s e r v e r ,  the a n g u l a r  momentum v e c t o r  
a p p e a r s  t o  cone c o u n t e r c l o c k w i s e  around t h e  body 
s p i n  a x i s  a t  i n e r t i a l  n u t a t i o n  f r equency  minus 
s p i n  speed  (i  .e., body n u t a t i o n  f r equency ,  
!d = (a-1 ) ulZ) . Thi s  i s  t h e  f r equency  a t  which 
any dampers on t h e  s p i n n i n g  body a r e  e x c i t e d .  
The second o b s e r v a t i o n  i s  t h a t  any s e n s o r  (e .g . ,  
sun s e n s o r )  which samples  t h e  a n g l e  between t h e  
s p i n  a x i s  and an  i n e r t i a l  t a r g e t  d i r e c t i o n  once  a 
s p i n  p e r i o d ,  w i l l  d e t e c t  an  a m p l i t u d e  modula t ion  
on t h e  measured a n g l e  a t  t h e  d i f f e r e n c e  (body 
n u t a t i o n )  f requency  . Thus, f o r  example,  n u t a t i o n  
would g e n e r a t e  a s i n u s o i d a l  v a r i a t i o n  a b o u t  t h e  
a v e r a g e  v a l u e  o f  the $$ d a t e  t y p e  a t  2 0 %  of  s p i n  
f r equency ,  i f  o were 1 .??. An a t t i t u d e  
s e n s o r / s p i n  r a t e  d e t e c t o r  such  a s  t h e  sun  s e n s o r  
i s ,  t h e r e f o r e ,  a  u s e f u l  nu ta t ion /mass  p r o p e r t i e s  
s e n s o r  on a  s p i n n i n g  body. 
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The P i o n e e r  Venus  B a l t i p r o b e  i s  a s l i g h t l y  
a s y n n e t r i c a l  body, i ,e ,, moments o f  i n e r t i a  about 
axes p e r p e n d i c u l a r  t o  the s p i n  a x i s  are u n e q u a l ,  
T h e  r e s u l t i n g  n u t a t i o n a l  m o t i o n  f o r  such a body 
is so lredhat  more c o m p L i c a t e d  t h a n  t h e  s y m m e t r i c a l  
case, a s  i l l u s t r a t e d  i n  Figure 4.1.2-3-2, T h e  
body s p i n  a x i s  is o b s e r v e d  t o  p r e c e s s  
c o u n t e r c l o c k u i s e  a r o u n d  t h e  a n g u l a r  momentum 
v e c t o r  a t  a n n t a t i o n  angle, 8, which v a r i e s  
be tween  emin and 8,,,, The p r e c e s s i o n  ra te  c a n  
s t i l l  b e  i d e n t ~ f i e d  as  t h e  i n e r t i a l  n u t a t i o n  
r a t s ,  wn , where t h e  l a t t e r  frequency is t h e  
p r o d u c t  of t h e  eff e c t i v s  s p i n - t o - t r a n s v e r s e  
moment of i n e r t i a  a, (greater t h a n  o n e )  a n d  the 
s p i n  s p e e d  w,. u, is d e f i n e d  by: 

Where u, i s  t h e  r a t i o  o f  the spin t o  maximum 
t r a n s v e r s e  moment o f  i n e r t i a  (Iz/Ix), and a2 is 
t h e  ratio of  t h e  s p i n  to  minimum t r a n s v e r s e  
moment of i n e r t l a  ( I z y )  The n u t a t i o n  angle 
v a r i e s  b e c a u s e  o f  t h e  t e n d e n c y  f o r  t h e  n u t a t i o n  
a n g l e  t o  i n c r e a s e  when t h e  a n g u l a r  momentum 
v e c t o r  a p p r o a c h e s  the p l a n e  d e f i n e d  by t h e  axes 
o f  s p i n  a n d  maximum t r a n s v e r s e  romeRts of 
i n e r t i a .  S i n c e  t h e  a n g u l a r  moment x m  v e c t o r  
a p p e a r s  ( t o  a body-f ixed  o b s e r v e r )  t o  c o n e  a b o u t  
t h e  body s p i n  a x i s  a t  body n u t a t i o n  t r e q u e n c y  (Q, 
= (a,-1) o,), lt w l l l  a p p r o a c . ~  t h e  p l a n e  of 
i n t e r e s t  a t  twice t h i s  f r e q u e n c y ,  I n  r n e r t i a l  
s p a c e ,  t h e n ,  t h e  s p i n  ax is  s ~ i r a i s  t r o m  @,in t o  
@,ax and  back  t o  @,in a t  twice body n a t a t i o n  
f r a ; j uency ,  w h i l e  precessing a b o u t  t h e  angqlar 
momentum v e c t o r  a t  i n e r t i a l  n u t a t i o n  f r e q u e n c y  . 
T h e  r a t i o  of t h e  r a x i a u m  t o  m i n i m u m  n u t a t i o n  
a n g l e s  is d e t i n e d  by: 
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T h i s  r a t i o  is a p p r o x i m a t e l y  3-03 for t h e  P i o n e e r  
Venus J u l t i p r o b e ,  so t h a t  any  d i s t o r t i o n  i n  t h e  
a m p l i t u d e  of t h e  s i n u s o i d a l  v a r i a t i o n  i n  s u n  
a n g l e  a t  body n u t a t i o n  frequency is negligible- 

N u t a t i o n  w i l l  be i n d u c e d  b y  a n y  t h r u s t i n g  
maneuver  which g e n e r a t e s  a t o r q u e  a b o u t  t h e  
s p a c e c r a f t  c e n t e r  o f  mass t h a t  is o r t h o g o n a l  t o  
the s p i n  a x i s  f o r  a n o n i n t e q e r  number o f  body 
n u t a t i o n  p e r i o d s ,  After s p i n u p ,  t h e  c o n t i n u o u s  
firing of a s x n g l e  a x i a l  jet 1s t h e  major s o u r c e  
o f  n u t a t i o n ,  A t h r u s t e r  f i r i n g  f o r  an  i n t e g e r  
p l u s  a half n u t a t i o n  p e r i o d  will d e v e l o p  a peak  
a v e r a g e  n u t a t i o n  p r o p o r t i o n a l  t o  t h e  t r a n s v e r s e  
t o r q u e  and i n v e r s e l y  p r o p o r t i o n a l  t o  the s p i n  
r o t a t i o n a l  e n e r g y  (1/2 1 ,w,z] and (ue-1) .. 
flaximum n u t a t i o n  p e r t u r b a t x o n  d u r i n g  c r u i s e  a t  75  
r p n  is 2  d e g r e e s ,  A soall n u t a t i o n  ((0.25 
dcgree)  v i l l  a l so  be i n d u c e d  by c o n t i n u o u s  
ririnus o f  r a d i a l  thrusters d u r i n g  s p i n  trim 
l i g n e u v e r s .  

A x i a l  and  r d d i a l  t h r u s t e r s  w i l l  a l w a y s  be p u l s e d  
fo r  a small fractron s f  the body n u t a t i o n  p e r i o d .  
A s  a r e s u l  L, e a c h  p u i s e  v i l l  i raduce  a  c h a n g e  i n  
t .he  n o t a t i o n  a n g l e  e q u i v a l e n t  to t h e  p r e c e s s i o n  
( n n q a i u z  movement o f  t h e  a n g u l a r  momentum v e c t o r )  
p e r  p u l s e .  Boueve r ,  since tile p u l s i n g  
k r e q u e b c i e s  ( s p i n  s p e e d  and  t v i c e  s p i n  s p e e d )  a r e  
a s y n c h r o n o u s  w i t h  body n u t a t i o n  f r e q u e n c y ,  Re, 
n n t a t i o n  w i l l  a l t e r n a t e l y  i n c r e a s e  and  d e c r e a s e ,  
T h e  r a x i m u e  n u k a t i o n ,  ep, r e s u l t i n g  from a 
p u l s i n g  maneuver  a t  f r e q r e n c g  Up which g e n e r a t e s  
b p r e c e s s i o n  p e r  p u l s e .  u p .  is q i r e n  by:  

P r e c e s s i . o n  m a n e u v e r s  v h i c h  p u l s e  a x i a l  j e t s  a t  
s p i n  f r e q u e n c y  v i l l  g e n e r a t e  t h e  r a x i a u r  n u t a t i o n  
d i s t u r b a n c e  associated w i t h  p u l s e  aaneiaverr; .  @P 
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is  a  p p r o x i a a  t e l y  30% g r e a t e r  t h a n  t h e  p r e c e s s i o n  
pe r  p u l s e -  

N u t a t i o n  1s damped b y  e m p l o y i n g  o n b o a r a  m o v a b l e  
devices t h a t  d i s s i p a t e  e n e r g y  a s s o c i a t e d  w i t h  t h e  
t r a n s v e r s e  a n g u l a r  r a t e s  so t h a t  t h e  p r i n c i p a l  
a x i s  of maximum moment o f  i n e r t i a  can become 
c o i n c i d e n t  v i t h  t h e  a n g u l a r  momentum ( c o n s t a n t  i n  
t h e  a b s e n c e  o f  e x t e r n a l  t o r q u e ) ,  The  s p i n  speed 
%ill a l w a y s  i n c r e a s e  s l i g h t l y  d u r i n q  t h e  p a s s i v e  
d a m p i n g  process, c o n s i s t e n t  v i t h  b o t h  
conseroa : i jon  o f  a n g u l a r  n o a e n t u n  a n d  t h e  l o v e ~ t  
p o s s l b l e  e n e r g y  s t a t e  f o r  " p u r e  s p i n * ,  Th,- 
a n a l y t i c a l  m e t h o d ,  c o r r o b o r a t e d  by many i n - o r b i t  
o b s e r v a t i o n s ,  f o r  d e s c r i b i n g  t h e  c o n v e r g i n g  
c h a r a c t e r  of t h e  n u t a t i o n  a n g l e  is t h e  time 
c o u s t a n t  a p p r o x i n a t i o a ,  T h e  b a s i c  a s s u m p t i o n  i s  
t h a t  t h e  r a t e  o f  n u t a t i o n  a n g l e  c h a n q e  is 
p r o p o r t i o n a l  t o  n u t a t l o n  a n g l e ;  t h e  r e s u l  t i n q  
e x p o n e n t i a l  d e c a y  o f  n u t a t i o n  a n q l e  is d e s c r i b e d  
v i a  t h e  time c n n s t  a n t  ( t h e  r e e i ~ r c  :a1 o f  t h e  
p r o p o r t i o n a l ~ t j  c o n s t a n t )  - N u t a t i o n  d a m p e r s  w i l l  
g e n e r a t e  d i i f e r e n t  r a t e s  of d e c a y  o v s r  d i f f e r e n t  
r ~ g i o n s  o f  n u t a t i o n  a n q i e ;  t i n e  c o n s t a n t s ,  
t h e r e f o r e ,  are i d e n t z f l e d  v i t h  s p e c i f i c  r a n g e s  of 
n u t a t i o n ,  

T h e  q e t h o d  f o r  o n b o a r d  n u t a t i o n  d a m p i n g  is 
p r o v i d e d  by t b e  f r e o n  t u b e  d a m p e r  d e s c r i b e d  i n  
3-3.2-6. The d a m p i n g  p e r f o r m a n c e  o f  t h i s  d e v i c e  
is a f u n c t i o n  o f  s p i n  s p e e d ,  mass p r o p e r t i e s ,  
t e m p e r a t u r e ,  a n d  n u t a t i o n  a n q l e  l e v e l .  P i q u r c  
3 - 3 - 2 - 6 - 1  i l l u s t r a t e s  its p e r t o r m a n c e  o v e r  s p i n  
s p e d  and t e m p e r a t u r e  for s m a l l  o u t a t i o n  
angles (<  10)  , T a b l e  3-3.2.6-1 d e f i n e s  d a m p e r  
p e r f o r m a n c e  f o r  k e y  m i s s i o n  e v e n t s  a n d  t h e i r  
a s s o c i a t e d  s p i n  s p e e d  a n d  n u t  a t  i o n  l e v e l s ,  

4 - 1  -2 -4 Hobble. Tbe s p a c e c r a f t  Z a x i s  i s  n o m i r ~ a l l y  
a l i g n e d  a l o n g  t h e  a x i s  o f  maximus moment o f  
i n e r t i a .  I n  t h e  a b s e n c e  of n u t a t i o n ,  t h e n ,  e v e r y  
p o i n t  o n  t h e  Y u l t i p r o b e  r o t a t e s  a b o u t  t h e  Z a r i s .  
U n c e r t a i n t i e s  i n  t h e  s p a c e c r a f t  a l i g n m e n t  and 
b a l a n c i n g  p r o c e s s e s  c a u s e  t h e  t r a e  s p i n  a x i s  
( a x i s  o f  maximum r o m e n t  of i n e r t i a :  t o  be t i l t e d  
u i t h  r e s p e c t  t o  t h e  s p a c e c m f t  2 a x i s ,  
C o n s e q u e n t l y ,  e v e r y  p o l n t  o n  t h e  m u l t i p r o b e  
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ro ta tes  a b o u t  t t a  t i l t e d  s p i n  axis, This i m p l i e s  
t h a t  t b e  2 a x i s  cones a b o u t  the traa s p i n  a x i s  a t  
the tilt a n g l e ,  Thi? m o t i o n  is  r e f e r r e d  t o  a s  
wobble i? d e f e r e n c :  to  t h e  b e h a v i o r  o f  t h e  d e s p u n  
SGA b e a m  o n  t h e  orbiter;  t h o  n o t i o n  is more 
p r o p e r l y  l a b e l e d  s p i n  a x i s  tilt o n  t h e  
f l u P t i p r o b e ,  

T h e  wobble or  spin a x i s  tilt a a g l e  is 
p r o p o r t i o n a l  t o  the s p a c e c r a f t  r e s i d u a l  d y n a m i c  
i m b a l a n c e  and i n v e r s e 1  y p r o p o r t i o n a l  t o  t h e  
d - f f  e r e n c e  b e t w e e n  t h e  s p i n  a n d  t r a n s v e r s e  
moments  of i n e r t i a ,  S i n c e  t h e  P i o n e e r  V e n u s  
U u l t i p r o b e  is a s l i g h t l y  a s y m m e t r i c a l  .body, the 
v o b b l e  a n g l e  w o u l d  be l a r g e s t  i f  t h e  d y n a m i c  
i m b a l a n c e  v e r e  l o c a t e d  i n  t h e  p l a n e  d e f i n e d  by 
t h e  s p i n  a n d  maximum t r a n s v e r s e  m o m e n t s  of 
ine r t i a ,  T h e  d y n a m i c  i m b a l a n c e  c o m p o n e n t  d u e  t o  
e a c h  error s o u r c e  h a s  b e e n  a s s u m e d  t o  l i e  in + h e  
worst p l a n e  i n  o r d e r  t o  c o n s e r v a t i v e l y  b o u n d  t b e  
t o t a l  w o b b l e  angle errfir, T h e  U u l t i p r o b e  is a 
v a r i a b l e  composite of t h e  b u s  a n d  p r o b e s ,  T h r e e  
d i s t i n c t  c o n f i g u r a t i o n s  c a n  be i d e n t i f i e d  for 
wobble a n g l e  s u m m a r i e s ;  n a m e l y ,  t h e  b u s  only, t h e  
b u s  + 3 Small Probes, a n d  t h e  b u s  + 3 Small  
P r o b e s  L a r y e  P r o b e s ,  T h e r e f o r e ,  a n y  d p ~ a m i c  
i m b a l a n c e  of t h e  p a r t s  ( b u s  or p r o b e s )  a n d  
i n s t a l l a t i o n  t o l e r a n c e s  i n  t h e i r  a s s e m b l y  will, 
r n  g e n e r a l ,  g e n e r a t e  different w c h b l e  a n g l e s  f o r  
e a c h  c o n f i g u r a t i o n  - 
T a b l e  4 ,l.2.U-l l istr t h e  v a r i o u s  u n c e r t a i n t y  
errors and t h e i r  c o n t r i b u t i o n s  t o  t h e  w o b b l e  
a n g l e  o f  t h e  b u s  o n l y  ( a l l  p r o b e s  s e p a r a t e d )  . 
R e s i d u a l s  a s s o c i a t e d  w i t h  a n y  c o n t r i b u t o r  are 
s m a l l  so t h a t  t h e  t o t a l  wobble a n g l e  u n c e r t a i n t y  
is less t h a n  0 ,014  d e g r e e -  T h e r e  are s y s t e m a t i c  
e r ror  s o u r c e s  t h a t  a r e  a l s o  l i s t e d  i n  t h i s  t a b l e ,  
The  b ~ s  v i l l  be n o m i n a l l y  b a l a n c e d  for  t h e  c r u i s e  
c o n f i g u r a t i o n ,  S i n c e  t h e  c a p  o c  t h e  n e u t r a l  mass 
s p e c t r o m e t e r  i s  n o m i n a l l y  ejected p r i o r  t o  e n t r y ,  
a  s y s ? . e r a t i c  0.1 d e g r e e  t ilt of tbe true s p i n  
a x i s  f r o m  t h e  *Z a x i s  { t o w a r d  8 = 1 6 0 0 )  v i l l  be  
p r e s e n t  d u r i n g  e n t r y ,  Retraction o f  t h e  L a r g e  
P r o b e  IID c o n n e c t o r  w i l l  c a u s e  a smal l  a d d i t i o n a l  
t ilt (= 0.0030) tbe t o t a l  r i g i d  body  v o b o l e  ~f 
t h e  b u s  o n l y  c o n f i g u r a t i o n  is 0.1 *0,014 d e q r e e -  



S e c t i o n  lo, 4.1.2.4 
Doc, No, PC403 - 
O r i q -  Issue Date 5/;2- 
i l ev i s i aa  No- - 
Rev i s i n n  

Table 4.1.2-4-2 lists t h e  v a r i o u s  u n c e r t a i n t y  
errors a n d  t h e i r  c o n t r i b u t i o n  t o  t h e  vobble a n g l e  
of t h e  Bus a n d  3 S m a l l  P r o b e s  ( L a r g e  P r o b e  
s e p a r a t e d } .  Tho  r e s i d u a l  .i.mbalance o f  t h e  b u s  
( d e s c r i b e d  above) c o n t r i b u t e s  a wobb le  a n g l e  o f  
0,005 d e g r e e  i n  t h i s  c o n f i g u r a t i o n .  An 
u n c e r t a i n t y  of  0 ,005  i n c h  i n  t h e  l a t e r a l  l o c a t i o n  
of t h e  b u s  c e n t e r  of  mass  rs t h e  main i n t e g r a t i o n  
error, c a u s i n g  a n  a d d i t i ~ n a l  v o b b l e  o f  0 ,003  
degree, U n c e r t a i n t y  i n  t h e  d y n a m i c  i m b a l a n c e  o f  
each S m a l l  Probe is  s m a l l ,  w i t h  a v o b b l e  
c o n t r i b u t i o n  o f  o n l y  0,OOt d e g r e e ,  An 
u n c e r t a i n t y  o f  U ,035 i n c h  i n  t h e  s t a t i o n  of a n y  
S e a l 1  P r o h e  c e n t e r  o f  mass  is t h e  main 
i n t e g r a t i o n  error, c a u s i n g  a v o b b l e  o f  0,027 
d e q r e e  per  probe, T h e r e  is  a  s y s t e m a t i c  e r r o r  
s o u r c e  t h a t .  is a l s o  l i s t e d  i n  t h i s  t a b l e ,  A 
m e a s u r a b l e  dynamic  i m b a l a n c e  h a s  b e e n  a l l o c a t e d .  
t o  e a c h  S m a l l  P r o b e  t o  accommodate  p o t e n t i a l  
d a f f i c u l t y  i n  b a l a n c i n q  t h e  p r o b e s  ( b a l a n c e  
weiq bt/plane l i m i t a t i o n s )  , R e c e n t  p r e l i m i n a r y  
b a l a n c e  of two S m a l l  P r o b e s  i n d i c a t e s  t h a t  t h e  
a l l o c a t e d  wobble  c o n t r i b u t i o n  d u e  t o  t h i s  s o u r c e  
is c o n s e r v a t i v e .  T h e  t o t a l  r i g i d  body v o b b l e  o f  
t h e  p r o b e  b u s  + 3 S m a l l  P r o b e s  c o n f i g u r a t i o n  is 
i0 .007  t0.046 d e g r e e ,  

T a b l e  4 ,l,2-4-3 llsts t h e  v a r i o u s  u n c e r t a i n t y  
errors and t h e i r  c o n t r i b u t i o n  t o  t h e  w o b b l e  a n g l e  
of t h e  p r o b e  b u s  + L a r g e  P r o b e  * 3 S a a l l  P r o b e s  
(cruise conf  i g u r a t i o n )  , Wobble c o n t r i b u t i o n s  d u e  
t o  r e s i d u a l  b u s  i a h a l a n c e ,  S m a l l  P r o b e  i m b a l a n c e  
a n d  t h e i r  m t e g r a t i o n  i n t o  t h e  l l u l t i p r o b e  h a v e  
b e e n  a p p r o p r i a t e l y  s c a l e d  to  t .his c o n f i g u r a t i o n .  
The r e s i d u a l  i m b a l a n c e  o f  t h e  L a r g e  P r o b e  
c o n t r i b u t e s  a u o b b l e  a n g l e  o f  0,006 deqree i n  
t h i s  c o n f i q u r a t i o n ,  An u n c e r t a i n t y  o f  Q-032 i n c h  
i n  t h e  l a t e r a l  i o c a t i ~ n  o f  t h e  L a r g e  P r o b e  c e u t e r  
o f  mass is t h e  ma in  i n t e g r a t i o n  error, c a u s i n g  a  
v o b b l e  o f  0.0117 d e g r e e ,  Tbe L a r g e  P r o b e  is 
assumed t o  b e  n o m i n a l l y  b a l a n c e d :  a n y  C i f f  i c u l t y  
in r e a l i z i n g  t h i s  s t a t e  c a n  be ove rcome  by 
l a t e r a l l y  p o s i t i o n i n g  t h e  L a r g e  Probe on the 
H a l t i p r o b e  such t h a t  t h e  m e a s u r a b l e  c e n t e r  o f  
mass  o f f s e t  c o o n t e r b a l n n c e s  a n y  m e a s u r a b l e  
p r o d u c t  o f  l n e r t i a ,  T h e  t oza l  r i g i d  body u o b b l e  
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d t h e  p r o b e  bus + L a r g e  P r o b e  + 3 S m a l l  P r o b e s  
c o n 2  i g u r a t i o n  is e 0 . 0 1 1  &0-087 degree. 

T h e r e  a r e  twa n o n - r i g i d  p a r t s  of t h e  s p a c e c r a f t :  
n a m e l y ,  h y d r a z i n e  p r o p e l l a n t  a n d  c a t a t i o n  d ~ ~ p € ? r  
f l u i d ,  t h a t  can i n c r e a s e  t h e  v a a b l e ,  Any s p i n  
axis tilt t o r a r d  o n e  h p d r a z i n e  t a n k  w o u l d  c a u s e  
f l u i d  t o  m i g r a t e  t o  the o t b e r  t a n k  i n  o r d e r  ta 
k e e p  tbe free s u r f a c e  i n  e a c h  Lank e q u i d i s t a n t  
from the s p i n  taxis -  The r e s u l t  of t h i s  t i g r a t i o n  
is t o  a m p l i f y  t \ e  w o b b l e  c o m p o n e n t  i n  t h e  p l a n e  
c o n t a i n i n g  t h e  t a n k s  a n d  t h e  2 a x i s ,  T h e  
m a g n i t u d e  o f  t h e  a s p l i f i c a t i o n  is d e p e n d e n t  o n  
t h e  p r o p e l l a n t  f i l l  f r a c t i o n ,  d i t f  e r e n c e  in 
s t a t i o n  b e t w e e n  t h e  s y s t e m  c e n t e r  o f  mass and 
p r o p e l l a n t  t a n k s ,  a n d  t h e  d i f f e r e a c e  b e t w e e n  t h e  
s p i n  a n d  t r a n s v e r s o  moments  o f  i n e r t i a .  S t u d i e s  
i n d i c a t e  t h a t  t h e  uor^ct  case a m p l i  f  i c a t i o n  of 
1.85 o c c u r s  in t h e  c r u i s e  c o n t i g u r a t i o n  a t  a  
p r o p e l l a n t  f i l l  f r a c t i o n  of 33%. T!v? s u b s t a n t i a l  
d i f f e r e n c e  (230 i n c b e s )  b e t u e e n  s t a t i o n s  o f  t h e  
s y s t e m  c e n t e r  o f  m a s s  a n d  p r o p e l l a n t  tanks is t h e  
m a i n  m n t r i . b u t o r  t o  t h e  l a rge  a m p l i f i c a t i o n ,  
V o r s t  case a m p l i f i c a t i o n  f a c t o r s  of 1-08 a n d  1-18 
a p p l y  t o  t h e  b u s  o n l y  a n d  b u s  t3 S ~ a l l  Probe 
con2 i g o  r a t i o n s ,  r e s p e c t l a * .  l y  - 
S i m i l a r l y ,  a n y  s p i n  a x i s  tilt t o w a r d  t h e  n u t a t i o n  
d a m p e r  v o u l d  c a u s e  damper f l u l d  t o  move s a c h  t h a t  
t h e  f r e e  s u r f a c e  i s  a l w a y s  p a r a l l e l  t o  t h e  s p i n  
a x i s ,  The r e a d  j u s t m e n t  of d a m p e r  f l u i d  a r p l i f  ies 
t h e  w o b b l e  c o m p o n e n t  i n  the p l a n e  c o n t a i n i u g  the 
d a m p e r  a n d  t h e  2 a x i s ;  t h e  wors. c a s e  
a m p l i f i c a t i o n  is 1 -03. When b o t h  h y d r a z i u e  a a d  
damper f l u i d  a r e  p r e s e n t  o n - b o a r d ,  t h e  
d i s p l a c e m e n t  o f  one f l u i d  is c o u p l e d  t o  t h e  
d i s p l a c e m e n t  o f  t h e  o t h e r -  S t u d i e s  i n d i c a t e  t h a t  
t h e  worst case r e s u l t a n t  a m p l i f  i c a t i o n  f a c t o r s  
due t o  b a t h  f l u i d s  are 1.9, 1 - 2 2  an? 1 - 1 2  for t h e  
bus + a l l  p r o b e s ,  bus + S m a l l  Probe?;  a n d  b u s  o n l y  
c o n t i g u r a t i a n s ,  T a b l e  4 -1 -2.4-1 i n d i c a t e s  t h a t  
t h e  maximum e x p e c t e d  w o b b l e  a n g l e  f o r  t h e  b u s  
p r i o r  t o  e n t r y  1s 0 -128  d e g r e e ,  T a b i e  k,t ,2.4-2 
i n d i c a t e s  t b a t  t h e  m a x i r u n  e x p e c t e d  w o b b l e  a n g l e  
f o r  the bas + 3 Small P r o b e r  is 0.067 d e g r e e ,  I n  
o r d e r  t o  assess t h e  t o t a l  r o o b l e  d n g l e  for t h e  
b u s  4 a l l  p r o b e s ,  it is  n e c e s s a r y  t o  n o t e  t h a t  
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a n y  L a r g e  P r o b e  c e n t e r  o f  mass o f f s e t  t o w a r d  
p r o p e l l a n t  t a n k s  t o  c o m p e u s a t e  f o r  its m e a s u r a b l e  
d y n a m i c  i m b a l a n c e  w i l l  cause p r o p e l l a n t  
r e d i s t r i b u t i o n  b e t w e e n  t a n k s ,  T a b l e  4 -1 - 2  -4-3 
i n d i c a t e s  t h a t  an i n t e n t i o n a l  o f f s e t  of t h e  L a r g e  
P r o b e  c e n t e r  of mass by 0 -05  i n c h  c a u s e s  a wobb le  
h n q l a  of 0.03 degree- After a m p l i f i c a t i o n ,  t h e  
maximum e x p e c t e d  w o b b l e  a n g l e  fcr the b u s  + a l l  
p r o b e s  is 0,196 d e q r e e ,  

n u l t i p r o b e  wobb le  causes a s m a l l  r e d u c t i o n  i n  t h e  
r e c e i v e d  s i g n a l  s t r e n g t h  f rom t h e  aed ium g a i n  
h o r n  and a n e q l i g i b l e  change i n  t h e  omni  
p a t +  ?t-ns, H o b b l e  v i l l  a l s o  a f f e c t  s u n  and  s x a r  
s e n s o r  a l i g n m e n t  p a r a m e t e r s ;  c a l i b r a t i o n  of 
biases i n  t h e s e  parameters  d u e  t o  s p i n  a x i s  t ilt 
w i l l  be a e c e L s a r y  i n  order t o  a c c u r a t e l y  define 
a t t i t u d e ,  Uobble w i l l  a l so  a f f e c t  a x i a l  jet 
a l i g n m e n t ,  c a u s i n g  e q u a l  and  i d e n t i c a l  spin 
b i a s c s  on t h e  t u o  a x i a l  jets- 

There a re  s e v e r a l  times m t h e  m i s s i o n  where  
w o b b l e  h a s  a t r a n s i t o r y  nature,  OV m a n e u v e r s  may 
t e m p o r a r i l y  draw p r o p e l l a n t  a s y m m e t r i c a l l y  f rom 
o n e  tank c a u s i n g  momentary wobble  chiiilqec; o f  a t  
most 0.5 degree; a f t e r  r e d i s t r i S u t i o n  of 
p r o p e l l a n t  ( l e s s  t h a n  1 h o u r ) ,  only ?he fuel 
a m p l i f i c a t i o n  effect d i s c - a s s e d  a b o v e  w i l l  be 
present, I t  is e x p e c t e d  t h a t  wobble  w i l l  a l s o  
c h a d j e  wheneves a n y  of t h e  p r o b 2 s  are r e z e a s e d .  

4 , I  -3.1 Launch V e h k i e  Separation S p a c e c r a f t  Spinup 
a n a m l c s .  s p a c e c r a f t  s e p a r a t i o n  occrars when t h e  
C e n t a u r  sequencer f i r e s  t h e  two e x p l o s i v e  b o l t s  
releasing the V- and c l a a p  which h o l d s  t h e  
s p a c e c r a f t  t o  t h e  a t t a c h  f i t t i n g .  When t h e  
a t t a c h  fitting a n a  s p a c e c r a f t  ~ h y s i c a l l y  
s e p a r a t e ,  two r e d u n d a n t  s epara t ioo  s u i  tches are 
a c t i v a t e d ,  e a c h  i n d e p e n d e n t l y  i n i t i a t i n g  o n e  of 
the  t u o  command memories t h a t  c o n t a i n s  t h e  s p i n -  
up s e q u e n c e  of commands, T h e  s p a c e c r a f t  clears 
t h e  a t t a c h  f i t t i n g  2-12 s e c o n d s  a f t e r  s e p a r a t i o n  
(Ts+2 .12  seconds), s p i n u p  jet f i r i n g  f o l l o u s  a t  
T s + 3 , 5  seconds, and  s p i n u p  t o  75 r p a  i s  completed 
a t  TS122 s e c o n d s ,  
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With a l l  probes a t t a c h e d ,  t h e  c e n t e r  o f  mass 
( C A  .) of the Rult i p s o b e  s p a c e c r a f t  is l o c a t e d  
a l o n g  t h e  Z - a x i s ,  As d c o n s e q u e n c e ,  t h e  l a t e r a l  
force of e a c h  of t h e  f o u r  s e p a r a t i o n  s p r i n g s  
( a r i s i n g  Zmm t h e  ax is3  c o a p r e s s i o n )  can be 
s e l e c t i v e 1  y a l i g n e d  to  h o l d  t h e  d e t e r r r i n l s t i c  
p o r t i o n  of t h e  s p a c e c r a f t  t i p - o f t  r a t e  t o  0.03 
d e g r e e / s e c o n d  ., The t i p - o f f  r a t e  i n d i c a t e d  i n  
T a b l e  4 ,l,3,l-l is i n c l u s i v e  o f  t h e  C e n t a u r  rate 
p r i o r  t o  s e p a r a t i o n ,  e s t i m a t e d  a t  0.7 
d e g r e e / s e c o n d  (RSS for p i t c h  and yaw) 

l i t b  t h e  l l a l t i p r o b e  s e p a r a t e d ,  t h e  i n i t i a l  s p i n u p  
maneuver  b e q i n s  a t  Ts+3,5 s e c o n d s ,  D u r i n g  
s p i n u p .  the s p a c e c r L o f i t  r o m e n t u a  rector w i l l  be 
u n d e r  t h e  i n f l u e n c e  o f  d e t e r m i i i i s t i c  torques 
p e r p e n d i c u l a r  to t h e  nominal s p i n  d i r e c t i o n -  
These d e t e r m i n i s  tic t r a n s v e r s e  t e r q u e s  r e s u l t  
from the i n d e p e n d e n t  c a n t i n g  of t h e  two p a i r s  of 
r a d i a l  jets t o  f i r e  t h r o u g h  system c.rc, locations 
a t  d i f f e r e n t  times i n  t h e  a i s s h o n .  As shown i:, 
P i g a r a  3-4  -1-3, jets  8 3  a n d  ki4 a r e  a i m e d  a t  t h e  
s p a c e c r a f t  corn, l o c a t i o n  p r i o r  t o  t s r q e  Probe  
release t o  m i n i m i z e  p r e c e s s i o n  d u r i n g  t h e  n o m i n a l  
AV m a n e u v e r s ,  T h e  o t h e r  p a i r  of jets (HI a n d  k2) 
i s  a i r e d  a t  t h e  center of mass w i t h  o n l y  t h e  
three S m a l l  P r o b e s  a t t a c h e d  t o  m i n i m i z e  
p r o c e s s i o n  d u r i n g  AV m a n e u v e r s  i n  t h a t  p h a s e  ot 
t h e  miss iou ,  

T h e  r a d i a l  jet p a i r  uhich 1s n o t  aimed a t  t h e  
c u r r e n t  c , m ,  l o c a t i o n  c o u l d  be u s e d  for  p r e c i s i o n  
a t t l t u d e  cmtral ,  or a s  a backup a t t i t u d e  
p r e c e s s i o n  a c x i ~ ,  

T h e  t r a n s v e r s e  t o r q u e  c a u s e s  a d e t e r m i n i s t i c  
a t t i t u d e  d i s p l a c e m e n t  of t h e  s p a c e c r a f t  momentum 
rector toward t h e  i n i t i a l  d i i e c t i o n  o f  t h e  t o t a l  
torque, as shown i n  Figure  4-1 -3 .1 -  1- T h i s  
dynamic  phenomota  c a n  38 v n d e r s t a o d  by n o t i n g  
t h a t  f o r  n body whose r a t io  of r o l l  i n e r t l a  t o  
p i t c h  i n e r t i a  is n e a r  o n e  ( I ) ,  t h e  p r i n c i p a l  a x i s  
teads LO c o n e  a b o u t  t h e  i n s t a n t a n e o u s  a n g u l a r  
n o r e n t u n  rector An inertial space a t  n e a r l y  t h e  
same r a t e  a t  which t h e  b d y  spins a b o u t  i ts  
p r i n c i p a l  a i i s ,  Therefom, t h e  t o t a l  t o r q u e  
ererted 03 such a body t e n d s  t o  be fixed i n  
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i n e r t i a l  s p a c e  and momentum t e n d s  t o  a c c u m u l a t e  
a l o n q  t h e  i n i t i a l  d i r e c t i o n  o f  t h e  t o t a l  t o r q u e ,  

The r e s u l t s  af t h i s  a n a l y s i s  a r e  seea t o  y i e l d  a 
m o a c e t u a  v e c t o r  t i l t  of 11-8 degrees a s  s h e ~ n  i n  
t h e  r e v i e w  o f  s p l n u p  p e r f o r m a n c e  given a n  Tab le  
4.1-3-2-2, h p r i o r i  k n o u l e d g e  of t h e  m a g n i t u d e  
ana d i r e c t i o n  of t h i s  r o t i o n  e n a b l e s  the C e n t a u r  
v e h i c l e  t o  be used to b i a s  t h e  s p a c e c r a f t  
a t t i t u d e  p r i o r  t o  s e p a r a t i o n  s o  t h a t  t h e  
d e t e r m i n i s t i c  effects e x p e r i e n c e d  d u r i n g  
s e p a r a t i o n  a n d  x n l t i a l  s p i n u p  ui19 p o s i t i o n  t h e  
averaqe  a t t i t u 4 e  v e c t o r  t o  a d e s i r e d  a t t i t u d e .  
I n  t h i s  way, w i t h  d e t e r m i n i s t i c  errors c o ~ b i n e d  
w i t h  C e n t a u r  r m r l e n t a t i o n ,  t h e  f i n a l  a t t i t u d e  
u n c e r t a i ~ t y  of :0 ,2  degrees is s e e n  t o  r e s u l t  
p u r e l y  from random s o u r c e s ,  

S i x a  t h e  d e s i r e d  average attitude rector 
p o i n  t i n q  f or t h e  n u l t i p r o b e  s p n c e c r a f  t f o l l o u i n q  
s p i n u p  is i n  t h e  g e n e r a l  d i r e c t i o n  o f  t h e  s o u t h  
e c l i p t i c  po l e ,  i t  IS, t h e r e f o r e ,  n e c e s s a r y  o n l y  
t o  p o s i t i o n  t h e  a t t i t u d e  of t h e  C e n t a u r  a l o n q  a 
c o n e  a h o u t  t h e  s o u t h  p c l e  p o i n t i n g  d i r e c t i o n  
v h o s e  h a l f  - a n g l e  i s  11 ,H degrees, a s  i s  s h o v n  i n  
a s i w p l i f  ied v i e w  ( Q i ~ ~ u r e  4.1..3,1-2), luokinq a t  
t h e  s o a c e c r a f t  a v e r a g e  a t t i t u d e  v e c t o r  from t h e  
soi1t.h e c l i y t ~ c  po le . .  Y ~ t h  the d e s i r e d  r o l l  
o r i e n ~ a t ~ u n  o f  t h e  s p a c e ~ r a t t  X - a x i s  d e t e r s i n e d  
from o t h e r  r e q u i r e m e n t s ,  t h e  roll p o s i t i o n  o f  t h e  
C e n t a u r  (.an effect, t h e ,  l o c a t i o n  ~ 3 f  t n e  C e n t a u r  
a t t i t u d e  v e c t o r  a l o n q  t h e  edge of  the cone) can 
b e  o r e s c r i b e d  so  t h a t  t h e  momentum t i l t  o c c u r r i n q  
d u r l n q  t h e  subsequent s p i n u p  m a n e u v e r  w 1 1 l  returr- 
t h e  s p a c e c r a f t  t o  a s o u t h  pole p o i n t i n q  
& i z e r t i o n -  .For t h e  s i t u a t i o n  p i c t u r e d  A n  P i q u r e  
Y.1.3.1-r, w r t h  t h e  r e q u i r e m e n t  t h a t  t h e  t i l t  b e  
p e r f  o r n e d  i n  : h e  s p s c e c r a t t  2 - g e o m e t r i c  
a r i s f s u n l i n o  p l a n c ,  t h e  C e n t a u r  must p l a c e  t h e  
spacecraft c o o r d i n a t e s  as shown In P S q u r e  
4.1-3.1-1. 

4 -1 .3 ,2  - Lame P r o b e  S e p a r a t i o n  Pmr r e  p -  T h e  
release of t h e  L a r g e  P r o b e  is s c h e d u l e d  t o  occur 
2 U  d a y s  p r i o r  t o  Venus e n t r y  w i t h  t h e  vchic la  a t  
a  sun d n g l e  o f  -300 a n d  s y l n n i n q  a t  15 rpm, 
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The  release s u b s y s t e m  c o n s i s t s  o f  t h r e e  m a t c h e d  
s p r i n g s  l o c a t e d  a t  a 22.5 i n c h  r a C i u s  a r o u n d  t h e  
b a s e  o f  t h e  L a r g e  P r o b e ,  The s p r i n g  
c h a r a c t e r i s t i c s  are l i s t e d  i n  T a b l e  4 -1 A -2-1 - 
T h e  s p r i n g s  a r e  a c t u a t e d  by a n  e x p l o s i v e  n u t  w i t h  
r e d u n d a n t  p r e s s u r e  c a r t r i d g e ,  w i t h  a 1/8- bolt 
w h i c h  is h e l d  c a p t i v e  a f t e r  e j e c t i o n  - 
The o n l y  c o n c e i v a b l e  c l e a r a n c e  p r o b l e m  e x i s t i n g  
d u r l n g  s e p a r a t i o n  conceras p o t e n t i a l  r e c o n t a c t  o f  
t h e  lowar l i p  o f  t h e  a e r o s h e l l  of t h e  Urge P r o b e  
w i t h  the f o r w a r d  omni-an t e n n a .  - T h i s  a n t e n n a  l ies 
r a d i a l l y  o a t b o a r a  a t  a d i s t a n c e  of 38.5P f r o m  t h e  
b u s  c e n t e r l i n e  a n d  e x t e n d s  a x i a l l y  t o  a  p o i n t  
s o m e  W n  f r o m  t h e  s e p a r a t i o n  p l a n e .  T h e  f i r s t  
b e n d i n g  n a t u r a l  f r e q u e n c y  o f  the a n t e n n a  is a b o v e  
30 c p s ,  and v i t h  the v e h i c l e  spinning a t  15 rpm, 
f l e x i b i l i t y  effects were n o t  c o n s i d e r e d  i m ~ o r t a n t  
i~: t h e  s e p i r r a t  l o n  a n  a1 y s i s  , 

Yorst case s t u d i e s  of o f f  - n u a i n a l  c o n d i t i o n s  s u c h  
a s  c.q, o f f s e t ,  probe d y n a m i c  i m b a l a n c e  and 
o f f s e t ,  a l s a 1 i g n ~ e r . t  lmpulse a n d  i n l b a l  bus 
nuta  t i o n  show p o s i  t l v e  c l e a r a n c e  when , l i t i a l  
n u t d t i o n  is less t h d n  4 aegrees. ( T h e  n o m i n a l  
c l e a r a n c e  is 70-3 i n c h e s )  . A summary of L a r q e  
Probe  separation s y s t e m  p e r f o r m d n s e  is shown i n  
T a b l e  4 . 1 , 3 - L - 2 ,  

4 -1  - 3  - 3  ---- S m a l l  Probe Separation From P r o b e  E u s / S m a l l  P r o b g  
&?spin, The t b r *  S m a l l  P r o b e s  c a r r i e a  by the 
H n l t i p r o S e  a r e  scheduled t o  D e  r e l e a s e d  20 d a y s  
p r i o r  t o  V e r ~ u s  entry, w i t h  t h e  s p a c e c r a f t  a t  a 
s u n  a n g l e  of - i O o  a n d  with a 48.5 rpm s p i n  rate3. 

I n  t h e  s t o v e d  p o s i t i o n ,  t h e  Smal l  Probes a r e  
c a r r i e a  e q u i d i s t a n t  a r o u n d  t h e  e d g e  of t h e  b u s ,  
w i t h  their c e n t e r s  n o a r n a l l y  l o c a t e u  a t  a r a d i u s  
of 39  i n c h e s  f r o s  t h e  y e u m e t r i c  Z - a x i s  of t h e  
b u s -  A s  shown i n  F i g u r e  4 - l , 3 - 3 - l ,  e a c h  sroba is 
s u p p o r t e d  ~y a bus mounted  r i n g ,  d n d  i s  nclZ t o  
t h e  vehicle v i t h  a  p r e - l o a d e d  s e m i c i r c u h r  c i a m p  
of r a d i u s  15 i n c h e s  v h i c h  cups tte edge of t h e  
probe-  A t  o n e  e n d ,  t h e  c l a m p  interfaces w i t h  t h e  
b u s  w ~ u n t e d  r i ~ q  w i t h  a n  o p e n  h i n g e d  t a n g ,  w h i l e  
t h e  F X D ~ O S ~ V ~  nu t / b o l t  release a s s e m b l y  is 
l o c a t e d  a t  t h e  o t h e r  e n d -  
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T h e  e x p l o s i v e  n u t / b o l t  interface a l s o  h o u s e s  a 
s p r i n q  which  p r o v i d e s  e n e r g y  t o  accelerate t h e  
clamp a v a y  from t h e  p r o b e  d u r i n g  s e p a r a t i o n .  The  
o p e n  h i n - e  a t  the other end is m a c h i n e d  so t h a t  
the c l a m p  wrll s e p a r a t e  f r o m  t h e  b u s  after it h a s  
r o t a t e d  s u f t i c l e n t l y  ( a p p r o x i m a t e l y  900) t o  clear 
t h e  e m e r g i n g  probe. 

T h e  release s p r l n y  h a s  b e e n  c h o s e n  t o  i m p a r t  d 

r e l a t l v e  v e l o c i t y  of 540o/sec t o  t h e  c l a m p  a t  
r e l a x a t i o n  t o  provide s u f f i c i e n t  r a d i a l  clearance 
b e t w e e n  t h e  prooe a n d  c l a m p ,  a n d  t h e  c l a m p  is 
p r e l o a e e d  t o  1200 lbs ,  t o  v i t h s t a n d  c e n t r i f u g a l  
f o r c e s  a c t i n g  on  t h e  probe i n  t h e  s p i n  
e n v i r o n m e n t .  O t h e r  release system 
c h a r a c t e r i s t i c s  are o u t l i n e d  i n  T a b l e  U-1-3.3-1, 

A t  t h e  s e p a r a t i o n  e v e n t ,  t h e  p r o b e  is u n d e r  t h e  
i n f l u e n c e  of t h e  c e n t r i f u q a l  f o r c e s  a n d  a l s o  a n  
i m p u l s i v e  t y p e  f o r c e  d u e  t o  t h e  r e l e a s e  o f  e n e r g y  
s t o r e d  i n  p r e - l o a d i n g  t h e  c l a r ~ .  A s  t h e  p r o b e  
r o v e s  fro8 t h e  b u s ,  ~t fol lous a t r a j e c t o r y  
c l o s e l y  a p p r o x i m d t i n g  an i n v o l u t e ,  a s  shown i n  
Fiqure  4 -1 -3 -3 -2  - 
P o t e n t i a l  r e c o n t a c t  of tuo s t r u c t u r e s  w h i c h  
p r o t r u d e  downward f r o n  t h e  S m a l l  P r o b e ,  t h e  
SNPR/SAS h o u s i n q  , a n d  t h e  o r n i - a n t e n n a  radore, 
a re  of p r i m a r y  c o n c e r n .  The n o m i n a l  c l e a r a n c e  
v a l u e s  for t h e c e  s t r u c t u r e s ,  a n d  t h e  c l e a r a n c e  
geomeLrg  f o r  b o t h  t h e  r a d i a l  a n d  axial p l a n e s  is 
shown i n  Plgure 4.1.3.3-2- To p r o v i d e  f o r  
a d d i t i o n a l  c l e a r a n c e  t h e  u p p e r  s u r f a c e  of t h e  b u s  
s t r u c t u r e  h a s  b e e n  c u t  o u t ,  a s  shown i n  t h e s e  
f i g u r e s ,  

The s a x i r u s  r a d i a l  and a x i a l  c l e a r a n c e  l o s s e s  
r e c o r d e d  i n  a n a l y t i c a l  s t u d i e s  of t h e  s e p a r a t i o n  
are g i v e n  i n  T a b l e  4.1-3,302 w h i c h  i n d i c a t e s  t h a t  
t h e r e  r i l l  b e  n o  c l e a r a n o e  p r o b l e m .  T h e  
p e r f o r m a n c e  ot t h e  s e p a r a t i o n  s u b s y s t e m  a s  
p e r t e i n i n g  t o  SV t a r g e t i n q  b i a s e s  a n d  post 
s e p a r a t i o n  a t t i t u d e s  is g i v e n  i n  Tab le  
4 . 1 . 3 . 3 - 3 ,  



TABLE 4.1.1.4-1 

MULTIPROBE MANE I'VER PROFILE 

NOTES: S = Ttme of Separation A = A x l d  J e t  
L = Tlrne of Launch R = Radial J e t  
E = Tlme  of Encounter + = Spln-Up 
* = Two Part Maneuver 

Mlsslon Phase 
/(cross-Coupllng E r r o r s  Treatei. 1 

L - - 
Init! a1 b>in-up 
F l r s t  Mldcourse Rad LIV 
Fl r s t  Mldcourae Ax. AV 
Second Mldcourse Rad AV 
Second Mldcourse Ax. AV 
7h i rd  TCM Radial AV 
Thlrd TCM Axial AV 
End F l r e  Reorlentatlon 
I.arge Probe Reorient. 
End F l r e  Reorlentatlon 
Small Probe  Spln-t'p 
Smdl  Probe Target  (Iiad. 
Small Probe Sep. lieor. * 
End F:re Reorlentatlon 
Bus Target. Reor. 
Bus Target. (Axlal) 
End Fire Reorleststion 
Reor for  E3us Entry 
Bus Spln- Down 

rnlnal Maneuver: 

Thrus ter  

R1 H3 
R3 . R4 
A5 + A6 
R3 . R4 
A5 + A6 
R3 ' '34 
A5 + A6 
A5 . A6 
A5 * A6 
A5 A6 
R1 R3 
R1 R2 
A5 . A6 
A5 . A6 
A 5 
A 5 
A 5 
A 5 
R 2  . R4 

Prop. 
k q .  
Lbs. 

1.64 
11.27 

9.93 
0.63 
0.57 
0.09 
0.08 
1.3 
0. 64 
0.64 
2.93 
2.34 
2.17 
0.61 
0.63 
3.9 
0.63 
0.37 
1.66 

No. of 
Mlselon 
T ime  

(Days) 

S 
L+5 
L+5 
L,+20 
L+20 
E-28 
E-28 
E-28 
E-24 
E-24 
E-23 
E-23 
E-20 
E-20 
E-18 
E-18 
E-18 
E-8 
E-8 

Execution 
Tfme 

LA Hours) 

0.032 
2.01 
0.547 
0.493 
0.032 
0.070 
0.005 
1.039 
0.508 
0.513 
0.087 
0.611 
0.592 
0.168 
0.345 
0.257 
0.370 
0.216 
0.051 
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TABLE 4.1.2.4-1 

MULTIPROBE WOBBLE ANGLE SUMMARY I 

(BUS ONLY) 

Contributor 

UNCERTAINTY ERRORS 

1. Alignment to Spin Balance Machine 

2. Spin Balance Machine Residual 

3. Propellant Tankhhes Residuals 

4. Battery Pack Changeouts 

5. Thermal Mstortion 

RSS lhcertalnty 

ME ASITRABLE ERRORS 

1. Large Probe IFD Connector 
(He tracted at Separation) 

2. BNhlS Cap (Ejected Prior to Bus Entry) 

Total Rigid Body Wobble 

Worst Case Ampliflcati~n Factor 

Maximum Rcpected W~bble Angle 

Wobble Angle 



TABLE 4.1.2.4-2 

MULTIPROBE WOBBJ,E ANGLE SUMMARY I1 

(BUS + 3 SMALL PROBES) 

Sect ion No. a . 3  
DOC- NO- PC-403 - 
Orig. Issue Date 5 1 2 2 1 7 8  
R e v i s i o n  No. 

ITNCERTAINTY ERRORS - 
A. Bus 

Residual Bus Imbalance 

Integration of Bus in Multiprobe 

B. Small Probe 

Residual Shall Probe Imbalance 

Integration of Small Probe in 
Multiprobe 

RSS ITnccrtainty 

MEASlTRABLE ERRORS 

Allowable shall Probe Dynamic Imbalance 

Total Rigid Body Wobble 

Worst Case Amplification Fact01 

Maximum Expected Wobble Angle 

Wobble Angle 

Per (+0.001 

{ _4*@04 

Probe 

R e v i s i o n  
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TABLE 4.1.2.4-3 

MULTIPROBE WOBBLE ANGLE SUMMABY I11 

(BUS + LARGE PROBE + 3 SMALL PROBES) 

Contributor 

UNCERTAINTY ERRORS 

Bus 

a Residual Bus Imbalance 

Integration of Bus in Multiprobe 

Largo Probe 

Residual Large Probe Imbalance 

a Integration of Large Probe in 
Multiprobe 

Small Probe 

Residual Small Probe Imbalance 

Integration of Small Probe in 
Multiprobe 

RSS Z'ncertainty 

MEASVRABLE ERRORS 

Allowable Small Probe Dynamic Imbalance 

Total Rigid Body Wobble 

Propellant Redistribution Due to Large Probe 
Center of Mass Offset of 0.05 Inch 

Worst Case Ampliflcatton Factor 

Maximum Expected Wobble Angle 

Wobble Angle 
(kg) 



Spacecraft f-Uig -78-20 I Direction 

Spacecraft X - A x i s  +11.6. 
Direct io~ 

8, - Dtvsired celert dal  longi tude  for spacecraft 
X-axis 
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Hav i s i o n  

flULTIPROBE SPIN-UP PEBPOHHAHCE SURHAhY 

/ I .  TRANSVERSE TQRQDE 
(DETERI¶INISTIC,  19% 
OF SPIN TORQUE)  

2 .  TIY-OPP RATE ( R A N D O H ,  
0 -72Q/SEC) 

RESOLTAN T* 

3 .  ATTITUDE UWCT?BTAINITY O P  

! 
CENTAUH 

TOTAL 
/ _ . _ . _ - . . . - . - -- - -- .. - 

I D E T E R ~ ~ I P X S T I C  ATTITUDE E R R O R  CANCELLED B Y  CENTAUR' 
i REORIENTATION A N D  ROLL COITHOL.  



TABLB 4 -1 -3 -2-1 

ARATXON SPRING CHARACTERISTICS 

FREE REIGY? 

CCjJPRESSED REIGHT 

SPRING RLPE 

COHPRESSED SPRING POHCE 

STROKE 

DUnBEB OP SPRINGS 

Section lo. 4.1& 1 
Doc- No. _PC403 
O t i g .  Issue Date 5/22/te 
Revision Woo 

-------------a 

5.2 I N C H  

3.2 I Y C H  

1 2 5  LB,/IN. 

250 2 3  LB. 

1.1 A-03 I N .  

3 



T A B U  4 - 1 -3 -2-2 

LARGE PBOBL SKPAR1TIOB StSfl lh PISBPOBHAICI 

S S P A R A T X O R  UBLOCITY -2 -5  ??/SIC (SPIR P A T E  15 BPR) 

BUS ATTITUDE 2 -00 
UYCEBTAIITY 

i 
WOBBLE 

(PPI UCXPAL 
A X I S )  

L-=sz%E= 

L A R G E  PBOBE DYDAHIC / 0.30 1 0 -95 
IUBALPNCB (1.25a) 1 I 

I 
(1.250) i ! 

SEPARATION TIPOF? 0.93 ; 0.93 
(2"/StC) I I 

BSS 1 2.23 I 

I 9-33  
I 



T A B L E  4.  1 .  3. 3 - 1  

S M A L L  P R O B E  S E P A R A T I O N  S U B S Y S T E M  CHARACTERISTICS 

SPINNING RATE 100 5 lb/In 

COMPRESSED SPXJSG 86 l'i. 
FORCE 

STROKE 0. b6 In. 

NOMINAL SPIN ~ U T L  (RPM) 48.5 

NOMINAL PROBE VEIOCITY (ME? ERS/SEC) 5 .0  

SPRINC RELE 4SE TIME (MILLiSECONDS) 6 . 0  

ROTATIONAL VEI,WITY OF 
CLAMP AT END OF SPRING (DEC,'SECI 538.3 
STROKE 

I CI.AMP RELEASE TIME (MIT.LISEtlONDS) 141.0 1 
CLAhlP ROTA? IONAL HATE (DEG/SEC) 1073.1 

AT TIME O F  RELEASE I 
T A B L E  1. 1. 3 .  3 - 2  

SMALL, PtiOBE CLF.4RANCE 



TABl,E 1.1.3.3-3 

SRIALI. PROBE SEPAHATIGiU AND DCSPIN ='USYSTEM PERFORM XCE 

Maximum Allowance Entry Angle of Attack. 

Description 

- - -- --. 

After ~ e p a r a t i o n / ~ e f o r e  r , Despin 
I 

i After Despln 

NOTE: Error Squrces include Probe location, Mass ,  Qynamic Balm i., Release Tfme, l'lp-off, Bus Attltude and Targeting 
Uncertainty. 

Spin Speed 
(RPM) 

43.5 

12.1 

Degrees 

-- 
( M k c )  

Attltude 
Error 

Out-of- 
Plane 

AV 

0.18 

Max. Angle 
oi Attack 

Error 
Nutation In-Plane 

SV 

7.25 

13.5 

Wobble 

::: .:: 0.1 1.25 

1 .25  

1 . 1  
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Figure 4.1.1.1-1. Multiprobe Trajectory Trace In 
Ecliptic Plane 



ECLIPTIC NCjFITH 

AITITUDE VECTOR 
(POSITIVE SPIN AXIS) 

I 

SPACECRAFT 

CELESTlAL 
LONGITUDE \ 

OlRECTlON 
ECLIPTIC PARALLEL 

/ 

Figure 4.1.1.2-1. Representation Of Multiprobe 
Attitude 



t 
SWTH ECLIPTIC POLE 

t MOMENTUM VECTOR 

FIGURE 4.1.i.2.2 SEPARATION, SPINUP, AND INITIAL ACQUISITION GEOMETRY 

CONE OF POSSIBLE 
ATTITUDE AFTER 

MOTION OF SPACECRAFT AVERAGE 
ATTITUDE VE3TOR DURING INITLAL 

/He- --- b SPINUP 
7; 

,I' \ 
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P 
( T R U E  SPlN  AXIS)  

- 
H 
( A N G U L A R  M O M E N T U M  VECTOR) 

x 

[ I N S T A N T A N E O U S  LOOK A N G L E  

FIGIJRE 4 1 1 2 3 MOTION OF SIC + Z  AXlS A N D  SPlN AXlS  I N  THE PRESENCE OF 
NUTATION, INCLUDING EFFECT OF SPlN A X l S  T I L T  FROM THE S/C + I  AXlS 
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1 8 0  0 0  

1po.00 I 
I 

I 
I 

1 
I 

ETR-0.0  DEGREES =T ILT  O F  PRINCIPAL A X I S  
NU-0.0  DEGREES F R O M  +Z A X I S  

=LINGLE T H A T  PROJECTION O F  PRINCIPAL 
AXlS  I N  X-Y PLANE MAKES W I T H  + X  A X l S  

- =a,,. , I I I 

j / i  E N D  O C  F O V  (186)  

0 0 0  30 0 0  6O.CO 9 0  0 0  120.00 150.00 180.00 

PSI2-PS I (DEGREES) 

FIGURE 4.1.1.2-4 SUN SENSOR TRANSFER FUNCTION 
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NOTE. A Z  AXIS ORIENTED TO SOUTH 
E C L I P T I C  POLE DURING CRUISE 

ARRIVAL DATE: DEC. 9, 1978 

T I M E  AFTER LAUNCH, days 

Figure 4 . 1 . 1 . 2 - 5 .  Multipsobe Crcise Sun Angle 
History 
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ARRIVAL DATE: DEC. 9,  1978 

TIME AFTER LAUNCH, days 
NOTE: +Z AXIS ORIENTED TO SOUTH 

ECLIPTIC PDLE DURING CRUISE 

Figure 4.1.1.2-6.  Multiprobe Cruise Comnunication 
Angle History 
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CELESTIAL LONGITUDE.  DEGREES 

FIGURE 4.1.1.2.9 BUS ATTITUDE AT LARGE PROBE RELEASE - ARRIVE 
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4.2 KEY MISSION EVENTS 

T h e  s t e p - b y - s t e p  s e q u e n c e  o f  a c t i o n s  Lor e a c h  of 
s e v e r a l  key m i s s i o n  e v e n t s  is described below- 

1s - 2 - 1  S e ~ a r a  t i o n  a n d  Initial S ~ ~ n u n  

4 - 2 - 1 - 1  I n t r o d u c t i o n ,  ! lu l  t i p r o b e  s p a c e c r a f t  s e p a r h t i o n  
f rom t h e  C e n t a u r  l a u n c h  v e h i c l e  o c c u r s  a t  a zero 
spin ra te  a n d  o u t  of v i e w  o f  g r o w n  s t a t i o n s  u i t h  
command c a p a b i l i t y ,  Depending  on l a u n c h  d a t e  a n d  
time, g r o u n d  s t a t i o n  ( s )  become v i s i b l e  a n y w h e r e  
be tween  20 m i n u t e s  a n d  4 h o u r s  a f t e r  l a u n c h .  T o  
a c h i e v e  a t t i t u d e  s t a  bi : i ty  and  p r e v e n t  t u m b l i n g ,  
spacecraf t  s p i n u p  must  be a c c o m p l i s h e d  a s  s o o n  as 
p o s s i b l e  a f t e r  s e p a r a t i o n :  much b e f o r e  i n i t i a l  
g round  s t a t i o n  a c q u i s i t i o n ,  

n u l t i p r o b s  s p a c e c r a f t  s p i n u p  is e f f e c t e d  v i t h  
s i m u l t a n e o u s  use o f  the s p a c e c r a f t  s t o r e d  command 
pr .wessors .  The s p i n u p  seq;ence  o f  commands is 
l o a d e d  i n t o  t h e  command memories p r i o r  t o  l a u n c h ,  
a c d  initiated upon s p a c e c r a f  t / C e n t a u r  s e p a r a t i o n ,  
The t . to s p i n u p  t h r u s t e r s  a r e  f i r e d  t o  e f f e c t  a 
1 5 ° C  rpm s p i n  r a t e  dnd t h e  s p a c e c r a f t  is t h e n  
c c ~ f  i c u r e 3  for i n i t i a i  g r o u n d  s t a t i o n  
s c ; c i s Z t i c n ,  &I1 v i a  s t o r e d  command - C e n t d u r  
zeorjc: : ta t :on r e q u i r e m e n t s  and  C e n t a u r / J u l t i p r o b e  
s e ; : a r a t i o n  Cynamics a r e  p r e s e n t e d  i n  S e c t i o n  4 -1  
of t h a s  d ~ c u m ? n t ,  

4.2 , I  - 2  Comma~ld Yeaory L o a d i n s  and  V e r i f i c a t i o n .  T h e  two 
H u l t i p r o b e  commiind memor ie s  w i l l  h e  l o a d e d  with 
t h e i r  respective s p i n u p  command sequences a b o u t  
three h o u r s  p r i o r  t o  l i f t o f f  This c o r r e s p o n d s  
to  the b e g i n n i n g  of t h e  s t a n d a r d  6 0 - n i a u t e  b u i l t -  
i n  h o l d  i n  the coun tdown .  S o t h  m e a o r i e s  w i l l  
h a v e  t h e i r  c o a t e n t s  v e r i f i e d  a f t e r  l o a d i n g .  A 
f i n a l  v e r i t i c : a t l o n  w i l l  be made approximately 1 5  
m i n u t e s  b e f o r e  l i f  tof  f , a f t e r  t h e  s p a c e c r a f t  has 
t e e n  s w i t c h e d  t o  i n t e r n a l  power. ( S u i t c h i n g  f r o m  
e x t e r n a l  power t o  i n t e r n a l  power does n o t  a f f e c t  
t h e  c o n t e n t s  o f  e i t h e r  c w a a n d  memory) . D e t a i l e d  
procwures fo r  l o a d i n g  a n d  v e r i f y i n g  t h e  command 
rerories are d e l i n e a t e d  i n  S e c t i o n  3.6 -3-2 o f  
t h i s  documen t .  
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4.2 -1.3 S v a c e c r a f  t Subsystem _La9pch C o n h q u r a t i o n -  A t  
l i f t o f f ,  t h e  H u l t i p r o b e  s u b s y s t e m s  w i l l  be  
c o n f i g u r e d  i n  t h e  f o l l o w i n g  o p e r a t i o n a l  s t a t u s  
m o d e s  a s  l i s t e d  i n  T a b l e  4.2-1 -3-1, 

4-2.1.4 Command Memory I n i t i a l i z a t i o n .  A t  l i f t o f f  t h e  
S t o r e d  Comlarld Logic (SCL) 1 a n d  2 a r e  i n  the 
"Arm Separation S w i t c h m b  s t a t e ,  Upon c l o s u r e  o f  
t h e  s p a c e c r a f t / a t t a c h  f i t t i n g  s e p a r a t i o n  s w i t c h e s  
a t  s e p a r a t i o n ,  t h e  SCL sta tes  s w i t c h  t o  
n i l a m e d i a t e  s t a r t "  ( i n i t i a t i o n  o f  t h e  s t o r e d  
corsmand s e q u e n c e s )  , F i g u r e  4 -2.1 .-. -1 d e p i c t s  t h e  
f u n c t i o n a l  s p i n u p  s e q u e n c e  i m p l e m e n t a t i o n ,  One  
c o n t a c t  ot  e a c h  s e p a r a t i o n  s w i t c h  s h o r t s  i ts 
r e s p e c t ~ v e  ADP " O N w  comaand  t o  g r o u n d  w h i l e  t h e  
s w i t c h  is i n  t h e  l a u n c h  c o n t i q u r a t i o n .  E a c h  
s w i t c h  p r o h i b i t s  j ts r e s p e c t i v e  command p r o c e s s o r  
f r o m  e x e c u t i n g  the s p i n u p  s e q u e n c e  p r i o r  t o  
s e p a r a t i o n ,  a n d  c i r c u m v e n t s  a mission 
c a t a s t r o p h i c  failure d u e  t o  a p o s s i b l e  s i n q l e  
p o i n t  f a i l u r e  I n  t h e  SCi. rhis  f a i l u r e  c a u s e s  a 
c h a n g e  o f  s t a t e  i n  t h e  SCL; e , g . ,  "armw t o  n r u n * -  
( S e e  S e c t i o n  3.6 -3  - 2  for f u r t h e r  d e l i n e a , t i o n  o f  
this f a i l u r e  mode), S e p a r a t i o n  S u l t c h e s  1 a n d  2 
i n h i b i t  ADY 1 ON a n d  ADP 2 ON (ADP19 v i a  CC3 
a ~ s l g n m e n t  5D28 a n d  ADPBS v i a  COq a s s i g n m e n t  
b D 3 l ) ,  r e s p e c t i v e l y -  ADPs 1 and 2 may still b e  
commanded ON p r l o r  t o  l a u n c h  v i a  commands ADPAS 
a n d  ADP2S ( v i a  COP! a s s i y n m e n t s  6D28 a n d  5D31), 
r e s p e c t i v e l y .  T h e  s t o r e d  s z q u e n c e s  w i l l  o n l y  
s e n d  ADP 1 commands v i a  C3R 5, a n d  ADP 2 commands 
v i a  Con 6, 

4.2-1.5 S t o r e d  C o n p ~ d  S e q u e n c e .  T a b l e  4 .L-1.5-1 
p r e s e n t s  t h e  d e t a i l e d  s e q u e u c e  o f  c o m a n d s  s t o r e d  
i n  e a c h  SCP a l o n q  w l t h  t u e  of e x e c u t i o n  r e l a t i v e  
t o  s e p a r a t i o n -  Heasonr ;  f o r  time delays, etc,, 
a r e  g i v e n  i n  t h e  n c o m m r n t s M  c o l u m n  o f  t h e  T a b l e .  

4 .2 -1 ,6  S F a c e c g a f t  Subsysteui Acu u i s i t i o n  Conf i < r u r a t & g -  
T h e  s p a c e c r a f t  c o n f  i g u r a  t i o ~  a t  i n i t i a l  g r o u a d  
s t a t i o n  a c q u i s i t i o n  is shown i n  Tab le  4 .2.l,6-l. 

4 -2.2-1 . G ~ n e r i i & , ,  T h i s  p h a s e  o f  t h e  m i s s i o n  e n c o m p a s s e s  
a l l  of -he e v c n t s  f r o m  r e c o n f i g u r i n g  t h e  S/C f o r  
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t h e  S n a l l  P r o b e s '  s t a b l e  o s c i l l a t o r s  m b a k e o a t m  
p e r i o d  ( n o m i n a l l y  a t  E -45  days) t h r o u g h  release 
o f  t h e  L a r g e  P r o b e  ( n o m i n a l l y  a t  E-24 d a y s ) .  

The o v e r a l l  t i a e l i n e  o f  t i m e - t a g g e d  c v e n t s  is 
shown i n  T a b l e  4 -2  -2-1, t h e  d e t a i l e d  f l i g h t  
s e q u e n c e  ot commands a n d  v e r i f y i n g  t e l e m e t r y  a r e  
shown i n  T a b l e  4 -2 -2-2, and t h e  r e t e r e c c e s  are 
l i s t e d  i n  T a b ~ e  4 -2 -2 -3 -  

T h e  s t a r t i n g  a n u  i n t e r i m  c o n f i g u r a t i o n s ,  
i n c l u d i n g  e a r t h  1-0,s- and  s u n  l .o .s , ,  a r e  shown 
i n  P a b l e  2.3.1-1, 

Huch of t h e  i n f o r m a t i o n  is b a s e d  a l s o  on 
R e f e r e n c e s :  P a r a g r a p h s  1.5.6 and 1 -5 -34 .  

4 .2-3 Small P r o b e  Ta r g s i n q  and  S e p a r a t i o n  

4 - 2 - 3 . 1  -- G e i l e r a l -  This p h a s e  of t h e  m i s s i o n  e n c o m p a s s e s  
a l l  of t h e  e v e n t s  o c c u r r i n g  i m m e d i a t e l y  a f t e r  
L a r g e  P r o b e  S e p a r a t i o n  ( n o m i n a l l y  a t  E-24 d a y s )  
t h r o u g h  r e l e a s e  of t h e  Small P r o b e s  ( n o m i n a l l y  a t  
E-20 d a y s ) .  

The o v e r a l l  timel i n e  o f  t i m e - t a g g e d  e v e n t s  is 
s h o v n  i n  T a b l e  4-2.3-1, t h e  d e t a i l e d  f l i g h t  
sequence o f  c o m r a n d s  and  v e r i f y i n g  t e l e m e t r y  a r e  
shown i n  % a b l e  3 -2.3-2, and  t h e  r e f e r e n c e s  a r e  
l i s t e d  i n  T a b l e  4-2-2-3- 

T h e  s t a r t i n g  and  ir~terim c o n f i g u r a t i o n s ,  
i n c l u d i n g  e a r t h  1-o.s. and  s u n  1-0,s- a r e  s h o v n  
ia T a b l e  2.3-1-7, 

Huch o f  t h e  i n f o r m a t i o n  is b a s e d  a l s o  on  
R e f e r e n c e  1.5.6. 

4  -2 -4 B u s  T a r q e t a  

4 .2 -4 -1  I n t r o d u c t i o n ,  T h e  Bus t a r g e t i n g  maneuve r  is 
r e q u i r e d  t o  move t h e  t r a j e c t o r y  aim p o i n t  a n d  t o  
d e l a y  t h e  t i n e  o f  B u s  e n t r y  u n t i l  a f t e r  a l l  
p r o b e s  h a v e  i m p a c t e a  t h e  s u r f a c e  t o  p r o v i d e  a  
r a d i o  s i g n a l  r e f e r e n c e  f o r  a n a l y s i s  o f  p r o b e  
t r a  j e c t o s i e s  v i t h i a  t h e  a t m o s p h e r e .  T h e  B u s  
t a r g e t i n g  s e g m e n t  of t h e  R u l t i p r o b e  mission 
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c o n s i s t s  of t h r e e  s e p a r a t e  m a n e u v e r s ,  A t  t -I8  
d a y s ,  a gV m a n e u v e r  t o t a l i n g  19-2 m/sec m a x i r u r ,  
w i l l  be p e r f o r m e d  t o  move t h e  t r a  j e c t o r p  aim 
p o i n t  t o  t h a t  d e s i r e d  f o r  Bus e n t r y  a n d  r e t a r d  
B u s  a r r i v a l .  

A t  E-8 d a y s  a B u s  t a r g e t i n g  t o u c h u p  u ! l l  be 
p e r f o r m e d  ( i f  n e c e s s a r y ]  a n d  t h e  B u s  w i l l  be 
o r i e n t e d  t o  t h e  f i n a l  e n t r y  a t t i t u d e ,  A t  B - 2  
d a y s  a d e s p i n  from 48.5 r p m  t o  9 - 4 5  rpa,  t h e  
e n t r y  s p i n  rate, a n d  a f i n a l  a t t i t u d e  t o u c h u p  
w i l l  b e  p e r f o r m e d ,  This s e c t i o n  d e s c r i b e s  t h e  
e n t i r e  Bus t a r g e t i n g  s e q u e n c e  o f  e v e n t s  f r o m  p o s t  
Small P r o b e  re lease a t  E-20 d a y s  u n t i l  f i n a l  
d e s p i n  a t  E-2 days a s  c h r o n o l o g i c a ~ l y  l i s t e d  i n  
ra31e 4.2.4-1, T h e  h i s t o r y  of B u s  a t t i t u d e  
d u r i n g  t h l s  m i s s i o n  s e g m e n t  is shown i n  t h e  p o l a r  
h e m i s p h e r i c a l  p l o t  p r e s e n t e d  i n  S e c t i o n  U . l , l , Z ,  
The  b u s  e n t r y  mission s e q n e n t ,  from E-2 d a y s  
u n t i l  e n t r y ,  is p r e s e n t e d  i n  S e c t i o n  4  - 2 - 5  o f  
this d o c u m e n t ,  

4 -2 -4  - 2  C r u i s e  A t t l t u e z Y r o a  S m a l l  P r o b e s  Belease, 
I m m e d i a t e l y  a f t e r  S m a l l  P r o a e  r e l e a s e  a t  E-20  
d a y s  t h e  s p a c e c r a f t  t r a n s m i t t e r  will b e  r e t u r n e d  
t o  low power  mode, a n d  t h e  s p a c e c r a f t  s p i n  a x i s  
will be precesseo t o  a n  a t t i t u d e  which  p e r m i t s  
u s e  of t h e  medium g a i n  n o r n  a n t e n n a  a n d  p r o v i d e s  
a minimum s p a c e c r a f t  s u u  a n q l e  o f  UOo. T h e  B u s  
c r u i s e  a t t i t u d e  a t t e r  Small Probe release is 
s e l 2 c t e d  t o  s a t i s f y  c o ~ ~ u n i c a t i o n s  a n d  t h e r m a l  
c o n s t r a i n t s .  For c r u i s e  o r  " n o n - c r i t i c a l n  
mission W ~ A O ~ S ,  o n l y  t h e  D S N  26 meter n e t w o r k  is  
a v a i l a b l e  f o r  s p a c e c r a f t  e o v e r a q e ,  To e f f e c t  a 
2 6 - m s t e r  n e t  d o w n l i n k  f o r  t h e  o o m m u n i c a t i o n s  
d i s t a n c e s  e n c o u n t e r e d  i n  t h i s  l a t t e r  ~ h a s e  of t h e  
M u l t i p r o b e  m i s s i o n ,  t h e  nediua g a i n  h o r n  a n t e n a a  
m u s t  be e m p l o y e d ,  S i n c e  its e f f e c t i v e  L e a m u i d t h  
is a h a l t - c o n e  a n g l e  of 300 a l i g n e d  w i t h  t h e  
s p a c e c r a f t  n e g a t l v e  Z - a x i s ,  a n  e a r t h  
c o m m u n i c a t i o n s  a n g l e  of a t  l e a s t  1500 m e a s u r e d  
u , r . t ,  t h e  s p a c e c r a f t  +Z a x i s  m u s t  be m a i n t a i n e d -  
A t  t h e  same time, s p a c e c r a f t  s u n  a s p e c t  a n g l e  
m u s t  b e  m a i n t a i n e d  g r e a t e r  t h a n  400- Phis is t o  
p r e c l u d e  Elus t h e r m d l  p r o b l e m s  (see s e c t i o n  3-2-3) 
as well s p r o v i d e  a d e q u a t e  s o l a r  p a n e l  p o w e r  
m d r g i n  (see sect i o n  3.8-3-9) , 'The celestial  



S e c t i o n  130, -3 
Doc, No, PC-403 
Orig .  Issue Date $/22/78 
R e v i s i o n  No. 

R e v i s i o n  

a t t i t u d e  for t h e  bus  p o s i t i v s  z-axis w h i c h  
s a t i s f i e s  b o t h  o f  t h e s e  c o n s t r a i n t s  w h i l e  a t  t h e  
s ame  time m i n i m i z i n g  h y d r a z i n e  p r o p e l l a n t  
c o n s u m p t i o n  is a celestial l a t i t u d e  of -6.00 a n d  
c e l e s t i a l  l o n g i t u d e  o f  204 -00. 

D u r i n g  t h i s  c r u i s e  p h a s e ,  t h e  Bus s u b s y s t e m s  u i l l  
be c o n f i g u r e d  i n  the o p e r a t i o n a l  s t a t u s  modes  as 
listed i n  T a b l e  4-2.4-2, 

9,2,4..3 T a r q e t i n q  R e q u i r e m e n t s -  The  E u s  is to  be  
t a r g e t e d  t o  a p o i n t  w i t h i n  t h e  r e q i o n  of e n t r y  
l o c a t i o n s  a s  shown i n  P i g u r e  4-2-4.3-1 f o r  e n t r y  
f l i g h t  p a t h  a n g l e s  (PPA) o f  -70 ,  -80 or - 9 0 ,  
S c i e n t i f i c  p r e f e r e n c e s  a r e  t o  g u a r a n t e e  d e s c e n t  
t o  a  specified minimum a l t i t u d e  (125 km) w h i l e  
m i n i m i z i n g  t h e  rdte o f  d e s c e n t  t o  t h i s  a l t i t u d e .  
To s a t i s f y  b o t h  of these p r e f e r e n c e s  t h e  
t a r g e t i n g  of t h e  Bus would be c h o s e n  s o  a s  t o  
h a v e  t h e  e n t r y  PPA a s  close t o  t h e  s k l p o u t  
b o u n d a r y  a s  would b~ p e r m i t t e d  by n a v i q a t i o n a l  
u n c e r t a i n t i e s ,  Zhe v i c i n i t y  o f  t h e  s k i p o c t  
b o u n d a r y  f o r  a t y p i c a l  t r a j e c t o v  is b e t w e e n  PPAs 
-70 and -80. I n  a d d i t i o n ,  Bus e c t r y  is  t o  b e  
r e t a r d e d  t o  o c a r  a t  least 60 m i n u t e s  a f t e r  e n t r y  
of  t h e  l a s t  p r c b e  v e h i c l e .  T h e s ' e  t w * ?  
r e q u i r e m e n t s  a r e  met b y  e f f e c t i n g  a  Bus  A V  
t a r a e t i n g  n a n e g v e r  w i t h  d i r e c t i o n  a n d  m a g n i t u d e  
a s  shown i n  F i g u r e s  4-2.4.3-2 and 4.2.4-3-3, 
r e s p e c t i v e l y  - Note t h e  d e p e n d e n c e  on l a u n c h  a n d  
a r r i v a l  d a t e s  f o r  t h e  A V  m a g n i t u d e  and d i r e c t i o n ,  

U -2  -4 -4 P r e - s s i o n f l a r q e  tiu Haneuve r  - I t  is d e s i r a b l e  
t o  p e r f o r m  t h e  Bus targeting maneuve r  as  s o o n  a s  
p o s s i b l e  a t t e r  S m a l l  P r o b e  release i n  o r d e r  t o  
c o n s e r v e  p r o p e l l a n t -  The  closer t o  Venus ,  t h e  
nure p r o p e l l a n t  r e q u i r e d  t o  e f f e c t  t h e  same 
t a r q e t i n g / r e t a r d ; .  t i o n .  A n o m i n a l  48-hour  p e r i o d  
is d l l o c a t e d  a f t e r  S m a l l  Probe r e l e a s e  t o  a l l o w  
f o r  t r a c k l n g  d a t a  a s s i m i l a t i o n  a n d  r e c h a r g i n g  of 
t h e  Bus b a t t e r i e s .  Hence. the s e l e c t i o n  of E-18 
days  for t h e  n o ~ i n a l  e x e c u t i o n  o f  t h e  Bus 
t a r g e t i n g  maneuver .  

S i n c e  the ~ e q o i r e d  aV maneuver  is o n e  t o  e f f e c t  
r e t a r d a t i o n  o f  t h e  Bus  a p p r o a c h i n g  Venus,  the 
n o m i n a l  m e t h o d  of d e l i v e r y  u i l l  be t p r e c e s s  t h e  
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BUS s p i n  aris t o  t h e  r e q u i r e d  a t t i t u d e  and 
d e l i v e r  t h e  AV m a g n i t u d e  w i t h  a c o n t i n u o u s  burn 
of the f o r w a r d  a x i a l  t h r u s t e r -  Also, t h o  f o r w a r d  
a x i a l  t h r u s t e r  n i l 1  be u s e d  a l o n e  i n  t h e  p u l s e d  
mode i n  p r e c e s s i n g  t o  t h e  t a r g e t i n g  a t t i t u d e  and 
r e t u n i n g  t o  t h e  sane c r u i s e  a t t i t u d e  a f t e r  
d e l i v e r i n g  t h e  c o n t i n u o u s  AV b u r n -  The two 
p r e c e s s i o n s  (. ,t I 8  m i n u t e s  e a c h )  a r e  each 
a p p r o x i m a t e l y  300 t o  350 i n  m a g n i t u d e  ( d e p e n d i n g  
o n  l a u n c h  a n d  a r r i v a l  d a t e s )  . By e x e c u t i n g  t h e  
p r e c e s s i o n s  w i t h  t h e  f o r w a r d  a x i a ~  thruster a i a n e  
a s  opposed t o  u s i i ~ g  the dual a x i a l  t h r - i s t e r  r o d e  
( o p t i o n a l  m o d e ) ,  a u t i l i z a b l e  A Y  c o m p o n e n t  of 
a b o u t  2 ./sac ( e a c h  p r e c e s s i o n )  can be r e a l i z e d .  
T h e  A V  c o m p o n e n t s  p r o d u c e d  by t h e  p r e c e s s i o n s  
w i l l  s l i g h t l y  c h a n g e  the a t t i t u d e  from F i g u r e  
4,2..4.3-2 a t  w h i c h  t h e  B u s  m u s t  d e l i v e r  t h e  
c o n t  i n u o u s - b u r n  AV . S h i l a r l y  , the m a g n i t u d e  o f  
t h e  c o n t i n u o u s - b u r n  AV w i l l  be r e d u c e d  
s i g n i f i c a n t l y  ( a p p r o x i m a t e l y  4 m,/sec) f r o m  t h a t  
s h o w n  i n  P i g u r e  4-2.4.3-3. 

P r i o r  t o  p r e c e s s m q  to  t h e  B u s  t a r g e t i n q  
a t t i t u d e ,  a n  a t t i t u d e  d e t e r m i n a t i o n  w i l l  b e  
p e r f o r m e d .  T h e  d e t a i l s  o f  t h i s  o p e r a t i o n  are 
p r e s e n t e d  i n  S e c t i o n  U -3 -2 ( " A t t i t u d e  
D e t e r m i n a t i o n n )  of t h i s  d o c u m e n t ,  Once t h e  
c r u i s e  a t t l t u d e  a n d  s p i n  r a t e  h a v e  been 
d e t e r m i n e d ,  t h e  p r e c i s e  p r e c e s s i o n  r a n e L  - er 
F a r a m e t e r s  r e q u i r e d  s u c h  as ACS a n g l e  d e l a y ,  
p u l s e  w i d t h ,  a n d  n u m b e r  of p u l s e s  can b e  
d e t e r m i n e d .  T h e  Bus t a r g e t i -  t t i t u d e  t h a t  is 
a n t i c i p a t e d  will p r e c i u d c  c kne mediwm g a i n  
horn a u t e n n a .  As s u c h ,  thc . rnl  a n t e n n a  a n d  
t h e  h i g h  RF pouer mod? ?ill .* c . . Z s % r  ad by t h e  
commands l i c i e d  i n  Idlie 4 .. - -1. . 5 viLl be 
t r a n s m i t t e d  just p r i o r  t o  t h e  p - c  n Once 
u p l i n k  and d o w n l i n k  have teen ,- . ,bed o n  t h e  
6 4  -reter DSN stath on the prece.: ~ . . , , ~ e u u s r  w i l l  
commence a c c o r a i n g  t o  t h e  s e q u t . -  oi T;l\lz 
4-2.4-1. 

O n c e  a t  this n o m i n a l  Bus t a r g e t i n q  a t t i t u d e ,  
s p a c e c r a f t  s u n  a s p e c t  a n g l e  a n d  e a r t h  
( c o r a u n i c a t l o n )  l o c k  angle w i l l  be l n  t h e  r a n g e s  
uf 240 to 350 and 1380 t o  1480, r e s p e c t i v e l y ,  
T h e  s p r e a d  i n  raages is due  t o  t h e  v a r i a t i o n s  i n  
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l a u n c h  and a r r i v a l  d , t e s  as well a s  B u s  entry 
l o c a t i o n  p a r a m e t e r s ,  E i t h e r  o n e  o r  b o t h  of t h s  
s t a r s  b l  S u h a i l  a n d  A r c t u r u s  a r 2  w i t h i n  t h e  s t a r  
s e n s o r  POV t o r  t h e  e n t i r e  r c n g e  of Bus t a r g e t i n y  
a t t x t u d e s .  T h i s  wlll p r o v i d e  a d e q u a t e  a t t * t ~ d z  
m e a s u r e m e n t s  f o r  a n  a t t i t u d e  d e t e r a i n a t i o a  
o p e r a t i o n  a s  p r e s e n t e d  i n  Section 4.3-2 of t h i s  
d o c u m e n t  . 
P o r  a r t q : - r i m a t e l y  f o u r  h o u r s  a t  t h e  B u s  t a r g e t i n g  
a t t k t u a e ,  . -* Bus  s u b s y t e m s  w i l l  be c o n f i g u r e d  i n  
t h e  operat ic . , , :  1 n o d e s  a n d  c o n f  i g u r a t i o n s  a s  
1; s te  i n  l ' 2b l - -  4-2.4-2. T h e  c o n t i n u o u s  f o r w a r d  
a x i a l  A V  m a n e u v e r  is p e r f o r m e d  a c c o r d i n g  t o  t h e  
d e t a l l e i i  s+ 4uec:e p r e s e n t e d  l u  S e c t i o n  4 . 3  1.2- 
Foi !owinq  t+e  , : o n t i n u o u s  LIV m a n e u v e r  t h e  B u s  w i l l  
b e  r e o r i e n t e i  b:ck t o  t h e  p o s t - S m a l l  P r o b e  
tel.eastl , ~ t  t : 8.ude p r e s e n t e d  In S e c t i o n  4.2-4-2- 
DSiJ s t a t i o n  c o v e r a g e  w i l l  r e t u r n  t o  t h e  2 6 - a e t e r  
n e t w o r k  a f t e r  t h e  Bus  d o w n l i n k  is s w i t c h e d  t o  t h e  
medium g a i n  h o r n  a n t e n n a  a c c o r d i n q  t o  T a b l e  
U-2.U-3. 

B a t t e r y  d i s c h a r q e  c u r r e n t  m u s t  b e  m o n i t o r e d  
d u r l n q  t h e  e n t i r e  b u s  t a r g e t i n q  b a w u v e r  d e t a l l e d  
a D o v e  t o  ~ m i t  e x c k . s s i v e  l a v t . 1 ~  of b a t t e r y  DOD. 
D e p e n d i n g  on t h e  s u n  a n q l e  a t  the c a r g e t i n g  
d t t l t u d e  a n d  a c c u m u l a t e d  s o l a r  p d n e l  d e g r a d a t i o n  
up t o  t h i s  p o r t i o u  of t h e  m i s s i o n ,  b a t t e r v  
d i s c h a r g e  c u r r e n t  m y  vary  a n y w h e r e  b e t u e e n  zero 
a n d  ; .7 amps.  

T h e  a b o v e  o u t 1  i n e d  n o m i n a l  p ~ e c e s s i o n / t a r q e t i n g  
m a n e u v e r  is p r e d i c a t e d  upoa t h e  e x c ~ u s i v c !  u s e  c . f  
t h e  f o r w a r d  a x i a l  t h r u s t e r -  I n  t h e  e v e n t  t h e  
f o r w a r d  a x i a i  t h r u s t e r  tank. t be u s e d ,  o n e  of t w o  
o p t i o n a l  modes  of w r f n r s i n g  t h e  o r e c e s s i o n  and  
AV m a n e u v e r s  may be used, These o p t i o n a l  modes 
are: 

(a)  P r e c e s s  t h e  s p a c e c r a f t  *Z a x i s  ( w i t h  
t n e  a f t  a x i a l  t h r u s t e r  i n  t h e  ; .**' .sed 
r o d e )  t o  a n  a t * , i t u i e  1800 o p p o s i t e  t h e  
n o m i n d 1  B u s  t a r q e t ~ n q  a t t i t u d e  g i v e n  
a b o v e ,  a n d  d e l i v e r  t b e  r e q u i r e d  AV w i t h  
a  ~ o n t i n u o u s  ba rn  01 t h e  a f t  a x i a l  
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t h r u s t e r .  R e o r i e n t  t h e  spacecraf * back 
t o  t h e  c r u i s e  a t t i t u d e .  

(b)  Prece,s the s p a c e c r a f t  t o  an a t t i t u d e  
ui t h tire "post - s m a l l - p r o b e - r e l e a s e n  
radjdl.  thruster p a i r s m  ( R 1  a n d  H2) line 
ot thrust .  p a r a l l e l  t o  t h e  direction of 
the requlred AV, Deliver t h e  AY 
n a q n i t u d e  requirea by usinq R l  and R2 
i n  t h e  pulse p a i r  mode ,  Reorie~~t  the 
s p a c e c r a s t  back  t o  .:he cruise a t t i t u d e -  
Use o f  t h e  r a d i a l  p a i r  H 3  a n d  R4 for 
th13 ODtlonal m a n e d v r r  would r e s u l t  i n  
a s i g n i f i c a n t  unv :n t ed  a t t i t u d e  
precessidn s i n c e  R3 2nd R4 are a l l g n e d  
t n r o u g n  t h e  s p a c e c r a f t  c r u i s e  c e n t e r  of 
q r d v i t y -  

E r t h e r  c>! the two o p t i o n a l  m o d e s  l i s t e c !  
above revulre = b o u t  5.5 t c ,  6 -0  p o u n d s  
rkre ; r a p e l l a n t  t o  execLLe t h a n  the 
c. : . i n n 1  forward a x i a l  moac p r e v i o u s l y  
p r r s e n t t . 9 .  IR d d a l t i o r , ,  the maneuvers 
d ~ t a l l e d  i n  a l t e r n a t e  modes 1 a c d  2 
r e q u i r e a  a b o u t  L a n d  2.5 h o u r s  longer 
to execute t r l a n  t h e  n o m l n a l  f o ~ u a r d  
a x l a i  mode, 

4 -2-4 - 5  -- C r u i s e  t o  -~)ays- T h e  c r a i s s  a t t i t u d e  
( c e l e s t i a l  l a t l t  UJP -6 -00 a n d  c e l e s t i a l  longitude 
~04.00) 1s & g a i n  chosen k o i  * h e  same r e a s o n s  a s  
i e l l n e d t . 3  i r i  S e c t i o n  4 . 2 . 4 - L ,  i'te Bus s u ~ s y s t c a s  
v l l l  be c o n t r g u r e u  ln the o p a r a t l o n a l  s t a t u s  
modes 3s l i s t e a  I n  f a b l e  k - 2 - 4 - 2 .  T h i s  cruise 
a t t i t u J e  i s  a a i n t d i n e d  u n t i l  E-8  d a y s  f o r  two 
reasons; 1 )  thrs a u r a t i o n  a l l a u s  f o r  ten days of 
u n d i s t u r b e d  t r h c k l n q  d a t a  a s s i m i l a + i @ 9 ,  and 2) 
b e q l n n i n y  a f t e r  L-H d a y s  t h e  B u s  ady ke 
r e o r i e n t e d  t o  t h e  Uus entry  d t t i t a d e  without 
-01 a t i n g  the r l  n l  m u m  4 0 0  s u n  a q l e  s t e a d y - s t a t e  

t h e r m a l  r c q u l r e a e n t  - 
4.2 .U - 4  T a ~ T o u c h u ~ R e o r  t o  1 : : ~ y  ~ t t i t u d e .  A L  E-8 

days a t a r q e t l n g  t o u c b u p  w i l l  h? per formed ,  i f  
n e c e s s a r y ,  Lasec o c  t h e  p r e v l o u s  ten d a y s  of 
u n d i s t u r b e d  t r a u k i r ~ y  i n  t h e  y r e v a i l i n q  c r u i s e  
a t t i t u a e .  A precession I., t h e  B u s  entry a t . t i t u d e  
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w i l l  be p e r f o r m e d  w i t h  trims a n d  t o o c h n p s  ( i f  
n  :essary) i n  t h e  s e q u e n c e  d e t a i l e d  i n  Table 
4,2 ,4- l ,  S p a c e c r a f t  a t t i t n d e s  f o r  Bus e n t r y  
s p a c e c r a f t  f o r  t h e  f u l l  r a n g e  of l a u n c h  d a t e s ,  
a r r i v a l  dates, and  e n t r y  f l i g h t  p a t h  a n g l e s  are 
d e p i c t e d  i n  F i g u r e s  4.2-4.6-1 and 4-2-4.6-2. 
S u b s y s t e m  o p e r a t i n g   odes and  c o n f i g u r a t i o n s  are 
listed i n  T a b l e  4-2-4-2-  

D e g i n  (E-2 Davs). A t  E-2 d a y s  t h e  B u s  v i l l  be 
despun from 48.5 rpm, t h e  n o m i n a l  Small P r o b e  
r e l e a s e  s p i n  r a t e ,  t o  9-45 *0.1 rpa8 t h e  d e s i r e d  
B u s  entry s p i n  r a t e -  Desp in  w i l l  be effecteC i n  
t h e  s e q u e n c e  d e t a i  l k d  i n  S e c t i o n  4  -3.1 -3-  F i n a l  
d e s p i n  is d e l a y e d  u n t i l  this p o i n t  b e c a u s e  t h e  
r a d i a l  d e s p i n  jet t h r u s t e r s  are s i g n i f i c a n t l y  
canted t o v a r d s  a f t  a n d  c a u s e  a +Z a x i s  AV 
component  which  is o p p o s i t e  i n  d i r e c t i o n  t h a n  t h e  
d e s i r e d  r e t a r d i n g  AV maneuver p e r f o r m e d  for Bus  
t a r g e t i n g -  D e l a y i n g  f l n a l  d e s p i n  beyond E-2 days 
w i l l  i n t e r f e r e  w i t h  p r e p a r a t i o n s  f o r  t h e  Bus 
e n t r y  p h a s e  a s  a e l i n e a t e d  i n  S e c t i o n  4 - 2 - 5 -  
Desp in  a t  E-18 d a y s  would r e q u i r e  a p p r o x i m a t e l y  
a n  a d d i t i o n a l  3 mfsec f o r w a r d  a x i a l  c o n t i n u o u s  
b u r n ;  o r  r o u g h l y  a  1.3 pound p r o p e l l a n t  p e n a l t y ,  
S u b s p s t e s  o p e r a t i n g  modes and c o n f i g u r a t i o n s  a r e  
a s  l i s t e d  i n  T a b l e  4-2-4-2,  

4  .L -5  Bus Entyy, The p u r p o s e  of t h i s  s s c t r o n  is to 
d e s c r i b e  t h e  Bus  s p a c e c r a f t  m i s s i o n  o p e r a t i n g  
s e q u e n c e  f r o m  two d a y s  b e f o r e  e n t r y  ( j u s t  a f t e r  
f i n a l  spacecraft d e s p l n  t o  9.45 rpm) t o  f i n a l  
b u r n u p  i n  t h e  V e n u s i a n  a t m o s p h e r e ,  T h i s  e n t i r e  
command/event s e q u e n c e  is d e l i n e a t e d  i n  T a b l e  
4 -2.5-1 . 
F o l l o w i n g  f i n a l  spdcecraft d e s p i n  t o  9 - 4 5  *0,1 
r p e  a t  2-40 h o u r s  a s  d e s c r i b e d  i n  S e c t i o n  
4-2-4.7, f i n a l  a t t i t u d e  and  s p i n  r a te  trim 
m a n e u v e r s  w i l l  b e  p l a n n e d  and  p e r f o r m e d ,  
A t t i t u d e  a n d  s p i n  r a t e  d e t e r m i n a t i o n s  are 
p e r f o r m e d  as shown i n  T a b l e  4-2.5-1, T h e  
a p p r o p r i a t e  trim a a n e u v e r s ,  i f  r e q u i r e d ,  are t h e n  
c a l c u l a t e d  and  e x e c u t e d ,  T h e s e  w i l l  be t h e  f i n a l  
mz.neuvers o f  t h e  B u s  m i s s i o n ,  Two h o u r s  a f t e r  
t h e  f i n a l  a raneuver ,  t h e  BNBS s c i e n t i f i c  
i n s t r u m e n t  c a l i b r a t i o n  gas p p c o  a n d  t l . ?  b r e a k o f f  
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h a t  ( c o v e r )  y y r o  w i l l  be f i r e d ,  The t u o - h o u r  
time p e r i o u  is t o  a l l o w  f o r  all f i n a l  o u t g a s s i n g  
to o c c u r  w h i c h  u i y  h t  c o n t a m i n a t e  t h e  e x p e r i m e n t ,  

D u r i n g  t h e  t w o - h o u r s  " w a i t n  p r i o d  d e s c r i b e d  
a b o v e ,  t h e  s p a c e c r d  t command p r o c e s s o r  command 
memories a r e  l o a d e d  w ~ t h  t h e  b a c k u p  s p a c e c r a f t  
c o a t  i g u r a t  i o n  oommancl s e q u e n c e  (timed t o  execute 
a t  E-4  h o u r s )  and t h e  f i n a l  e n t r y  c o n r a n d  
s e q u e n c e  ( t i m e d  t o  e x e c u t e  n e a r  E=O) , T h e  B u s  
e n t r y  stored comlrdnd s e q u e n c e  p o r t i o n  will be a 
series of s c i e n t i f i c  i n s t r u m e n t  commands fo r  t h o  
two B u s  i n s t r u m e n t s ,  B N H S  a n d  BIRS, a n d  w i l l  be 
s p e c l f i a d  by HASA/AHC. S p a c e c r a f t  s u b s y s t e m  
conf i y u r a t ~ o n  u i l l  not n o m i n a l l y  b e  c h a n g e d  f r o m  
t h a t  p r e s e n t e d  i n  f a b l e  0 . 2 . 5 -  2 ,  One a t  a time, 
t h e  two command p r o c e s s o r  u n , ~ t s '  s t o r e d  c o r m a n d  
logic s u b u n i t s  ( S c L s )  are l o a d e d ,  v e r i f i e d ,  a n d  
f i n a l l y  s t a r t e d  a s  d e t a i l e d  i n  T a b l e  U - 2 - 5 - 1  a n d  
Figure 4-2.5-1. T n e  e n t r y  s e q u e n c e  is s tarc?d a t  
t h i s  e a r l y  t i r e  (E-44 h o u r s )  t o  p r e c l u d e  t h e  
p o s s i b i l i t y  o f  t h e  SCLs n o t  b e i n g  a b l e  t o  be  
l o a d e d  b e c a u s e  o f  CI s p a c e c r a f t  r e c e i v e r  f a i l u r e ,  
A t  t n e  Bus e n t r y  a t t i t u d e ,  a command uplink c a n  
o n l y  be m a i n t a i n e d  w i t h  the a f t  o m n i  a n t e n n a .  
T h e  t o r u a r u  nmni  d n t a n n a  is not v i s i b l e  from 
e a r t h  a t  t h i s  attitude, a n d  the medium g a i n  h o r n  
a n t e n n a s  h a s  a t r a n s m i t  o n l y  c a p a b i l i t y .  I f  t h e  
r e c e i v e r  s w i t c h e d  t o  t h e  a f t  o m n l  s h o u l d  f a i l ,  a 
36.4 h o u r  time per'od w i l l  elapse b e f o r e  t h e  
r e c e i v e r  revzse t u n c t i o n  s w i t c h e s  t h e  r e m a i n i n g  
r e c e i v e r  t o  t h e  .if t omni .  P l a n n i n g  t o  l o a d  t h e  
SCL n o m i n a l l y  a t  E-44 h o u r s  a l l o w s  a m a r g i n  of 
a b o u t  s e v e n  h o u r s  p r l o r  t o  e n t r y  (worst case) in 
which  the SCL map be l o a d e d -  

A f t e r  s t a r t ~ n q  t h e  SCL s e q u e n c e s  the B N H S  
c a l i b r a t i o n  yas p y r o  a n d  hreakoff  corer w i l l  be 
f i r e d  v i a  t h e  commands listed in T a b l e  4.2-5-1. 
P i n a l  s c i e n t i f i c  ~ n s t r u m e n t  commands (set u p  f o r  
e n t r y )  will be t r a n s a ~ t t e ? ,  if r e q u i r e d ,  a n d  t h e  
s p a c e c r a f t  w i l l  be c o n f i g u r e d  as shown i n  T a b l e  
4 -2-5-1  t o  a l t e r n a t e l y  a s s i m i l a t e  a t t i t u d e  a n d  
e n g i n e e r i n q  d a t a  f o r  t Ire r o m a i r ~ i n g  u n t i l  e n t r y  , 
T r a j e c t o r y  d a t a  w l l l  be g a t h e r e d  o n  t h e  g r o u n d  i n  
s u p p o r t  of t h e  r a d i o  s c i e n c e  e x p e r i m e n t .  
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About t e n  h o u r s  p r i o r  to  e n t r y  t h e  BU8 dounPink 
w i l l  b e g i n  za c o n t i n u o u s l y  m o n i t o r e d  f o r  
r e f e r e n c e  a g a i n s t  the L a r g e  a n d  S m a l l  P r o b e  
downl ink  f r e q u e n c i e s  t h x o ~ g h o u t  t h e i r  r e s p e c t i v e  
e n t r i e s  i n t o  t h e  atmosphere,  Dur ing  t h i s  p e r i o d ,  
a s  many a s  two u p l i n k s  (Bus a n d  Large Probe) a n d  
f i v e  d o u n l i n k s  (Eus and a l l  f o u r  p r o b e s )  must  be 
s i n u l t a n e o u s l y  m a i n t a i n e d  by t h e  DSI. Bus and 
p r o b e  r e l a t i v e  e n t r y  and d e s c e n t  times a r e  t o  be 
specified by NASA/ARC. F i n a l  Bus c o n f i g u r a t i o n  
commands are s e n t ;  h i g h  BP power, Bus e n t r y  
f o r m a t ,  and 1024 bits p e r  s e c o n d  i n  p r e p a r a t i o n  
f o r  B u s  entry o n e  hour  a f t e r  t h e  last p r o b e  
v e h i c l e  h a s  e n t a r a d  the Venusian a t m o s p h e r e ,  
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TABLE 4.9.1.3-1 

MULTIPROBE SUBSYSTEM LAUNCH CONFIGURATION 

-- - -  -- 

OPERATIONAL CONFIGURATION 

Power Ampllftere 

Swltoh Drlw rs 

COMMAND 

CommRMf Prooesaors 

COMs 

PCIle 

CONTROIH 

Affltude Dnta Proceaeors 

Star Sensor 

POWER 

h e  Ilmltera 

Chargr./Maoharm Controller 

Exalter 1 ON/2 OFF 
Reatom Coherent Mode (ON) 
Bus HI Mod Index Select 
P r o b e  Mod Index Select (don't care) 

P o w r  Amp 1 ON 
Power Ampa 2, 3, 4 OFF 

Exotter 1 Selecrt 
Power Amp 3 Select. 
Forward Omnl Antenna Select* 
Amp 1 Low hwer/Amp 2 High Power Select 
High Power to Aft Omnl/Low Power to Fwd Omnl 

o r  Horn Select 
Receivers Normal Select (vla Command Pmoeeaor 

Configure Command) 

Command Processors 1 and 2 ON (both memorlea 
In "Arm Separation s3tch" State) 

All Seven (7) COMB ON 

PCU 1 nisarmed 
PC11 2 Dimrmed 

ADP 1 OFF 
ADP 2 OFF 
JCE W e r a  Output tXeobled 

All Star Seneor Channele OFF 

Al l  Five (5) Wls Limlters Enabled 

LAW Rate Charge Select (both r e l a y  - Both 
batterlee) 

Primary Dlboharge Reg Selcot @oth batterlea) 

tlV/OL Power @@tern Pmtmtlon OFF 
Pre-Charge OFF 

Aft  Ornni durtng m m h  phare). 

4 -2-12 



TABLE 4.2.1.9-1 (Carrtlnued) 

I SCIENTI A C  INSTRUMENTS 

DATA HANDLJNG 

Telemetry Prooeemr 

PCM Emoder 

DIM 

Latoh Valve8 and Heaters 

L 

OPERATIONAL CONFIGURATION 

8 All Heater8 OFF 
0 All SubryotamsOFF 
0 All & I e m  OFF 

0 All Soleme OFF 

Telmctrp Prooereur 1 ON/2 OFF 
Bus E n g h e r l l l g  F o m a t  
256 Blts/Seo 

0 DataON 
Coavalutlaaal EhmdLag OFF 

0 PCM Enooder 1 ON/2OFF 

0 All Jet Heaterr ON 
0 Prlmaxy Ta#k/Llne Heaterr Sclcut 
0 Utah Vulvea 1 and 2 Clored 



or, w r ~ i t  t t r m  
b . 1 ~  arc rctercnccd rr. 
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:+ Or, r~ 'x 

c o r r e c t l y  p r a e a u d  t l r  
dsl-a) t o  rracute  

o r -  ly 



- -- 

=.: 
32-70.8 rpm 

0 N LO.. o f  L a L  
1nk ib i t . d  

0 sUI cat. A: -1 
o I t o r  Cot. I: Chmlu l  
0 sim nx h p l t  
0 l u n  Selocr  
a I lm PI watt 

s tu  l o r u l  
0 Di..bl. lun c o t e  
0 mm lorul 

node Se1.a 
l N Spln lsnge: 

32-70.8 rpm 
0 111. LO.. of  Loci 

I n h l b l t d  I 0 S t o r  Chta 8 .  C-1 
0 Bcor Cote  6: C h n n e l  
0 Sim ?SX Xnwt 
0 Sun Smloct 
l s i m  cm s o l o c t  
0 S t a r  -1 
0 Di.ab1. km Cat. 
0 SUR U m u l  

6 OD 10 0 Ih. ILL l w a  of lock c i r -  
c u i t  i s  i n h i b l t d .  a s  the 
N cllraot txack l a rgo  rp ln  
r a t *  c h m p s .  

0 Iho 1 . r p o t  m a t l a b l o  apln 
rot. r a s e  I. n l 0 c t . d  t o  
a i d  tho N, t o  u t t l e  







p r r d t a  val id U P =  AD1012 41011 - 0.I (0) 
a t t i t u d e  r a m l t  b AD? lUlYOC J a  C o r n t h  - bI I  W 

IS J a t  k b c t  Btta - A l l  
8 h t r t h r  backup of J e t s  t b  -0.. 

a IQ to  innrre 2 La s e t  no r s p u t  CO S t d b  of 

*pinup .qU.Dc.. 
a W- 2 18 not yet C u r d  

Or? in  mdrr t o  r e t a i n  
-7 content. t o  t h .  
p r m t  t h  I Q ~ N P  d l J  not 
occur, md i t  1s e b c t d  
t o  r.pat a e c u t l m  of 
t h  lCL 2 coa t ra t# .  I f  
th S t d b  C' 18 
a f f ~ c t i v a .  t h  u b y u r n t  

i n  Chi* cOI- 
rill not gat . u c u t d ,  
m l ~  8 rea l - t i -  c a r d  
d l 1  c h n g -  th. IQ 2 
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P a r  A r g l l f l c r r  1 -1.3 1 
O W  

Lw I u n r  t o  Aft Om1 
h l e c t  - 

Yt 2 OF? (Notei )  

ems . SCL 2 O W  d i s c r e t e  c w r d  
1 ,  backup t o  the p r c v l a a  
ow c l M n d .  

s Parer  *qs O?? 1. f i r a t  
c-nd t o  c a u n l c a t l m s  
aubsyste- t o  l u i t c h  d m -  
l lnk t o  Am m:. (Aft an 
l a  f w o r a b l e  for  int?Lal  
grmnd st . t ion a c q u l a i t i o n  
a t  Honysucklc c l r c a  
L m n c h  plum 1 h a . r . 1  

C o u n d  ( 8  bmcb-lp t o  abora 
and a l s o  l a  required t o  
art  Ci 2 r r c e l v r r  l q l l c  
t o  "noru l"  . t a l e .  

T U ~ T  7 ~ 1  nun- 
, 





(Cont inued)  

Ct1 State Statua - STOP 
(- 0010) only it a t a d  

y coaaund i s  ineffect iva 
Ithervise, Sm? c d  
a s  n o  e f fec t  I n  
TANLIIC' State.  

. SCL 1 OPP 

SCL 1 OPP d i scre te  c o u n  
is backup t o  the previous 
OW c w n d .  



TABLE 4.2.1.6-1 

MULTIPROBE SUBSYSTEM ACQUISITION CONFTGURATION 

COMMUNIC ATTONS 

CONTROLS 

COMMAND 

DATA HANDLING 

POWER 

PROPU~ON/THERMAL 

SCIENTIFIC INSTRUME NTS 

OPERATXONAL CONFIGURATIOK 

Same as Launch (See Table 4.2.1.3-1). 

0 Same as Launch except ADP 1 ON. 

0 Same aa Launch except SCL 1 and SCL 2 are "OFF. 

e Same aa Launch (See Table 4.2.1.3-1). 

0 Same a8 Launch (See Table 4.2.1.3-1). 

0 Sameas Launch (SeeTable4.2.1.3-1). 

0 Al l  OFF. 



!FGAXTOF SMALL P R - Z -  
S I  C f ~ r  S.-.-.ail P r o h a '  rtatle  s a c i l l a t o r  1 Ref: Par. !. 5 .  34. 

E-27D23H SAtch %3 Horn for Trsnsmfeslon. i 

E-30 h y s  Attltade abd Orbit rktermlnatlfm. 

Heater la turned OFF lmmedlately prior to pre- E-28DO3 H Forward Axld Get Heater OFF; Precesa to Horn AUltude. 





LPR-3oM 

LPR-ISM 

LPR so 
f-E-24 m 

Precess to Large Probe Release Attitude. 

Amtude Determination and Attitude Trtm (if required). 

Prepare LP for Release. - 
Separate I F b .  

Release Large Probe. 

REMARKS 

TO produce o0 angle d attadt. 
m i c a 1  AUO precesston - Ref: MS. 
Ref: M1 and ME?. 

To attaln 9pln rate of 1 5  9 . 1 5  rpm (Hel: MI). 
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TABLE 4 .  
STEP I. 

&(START 
TIME) 

6 

2 - 2  (Conti 

COMMAND 
MNEMONIC 

e d )  
REMARKS & VERIFICATION 

COMMAND OR ACTION TELEMTTRY REMARKS & TM DATA 

1 an follorvn: 
PXCDlS I SPX CIDU and RF Power Relay 1 

PBUSLI 

PLLMTI 

j ONlOFF = 1 (ON,. 
PXCDZS 1 SPX ClDU and R F  Power Relay 2 

SIC Loadn current  tncreanen a 
nom~nal  435 ma (@ 29 Vdc). 

Bun voltage l ~ r n l t e r  current  ltkel) 
dacreanen by the name amount an 
PBUSLl had mcreaned - ~f there 
I #  mufftctent excenn molar panel 
current.  

After lockup to the S P  
, telemetry s t ream occurs. verify 

ON/ O F F  = 1 (ON). 
SPX Bun Voltage: Should read 
name value an PEBUSV (Emsen- 

I t ~ a l  BU. Voltage) 
PXOSC.5 I SPX Stable Ooc~l la to r  ONlOFF = 

SPX Stable 0.cillator ON. PBUSLI 

PXBUSI 

%name value 8. the A increane in 

SIC h d n  
Current  

SPX Bun 
Current  I 

Each increaser  
about 200 ma (cold 
# ta r t )  immedtately. 
*hen each decrearen 
with ttme (see Fag. 
4.2 .2 -X)  fo r  a typi- 
cal  net increase of 
30 ma. 



I RXHTOI 

TABLE 4. 2.  2 - 2  (Continued) 

PXGSCS L 

PBUSLI I- 

C 

COMMAND OR ACTION 
STEP 

TIME) 

REMI RKS & VELZIFICATION 

SCDXfi  

PLIMTI 

COMMAND 
MNEMONIC 

TE1,EMETRY 
MNEMONIC 

a Monitor telemetry linred in previous s tep 
for about ZO rnlnrites to v e r ~ f y  proper atable 
urclllator current  conaumptionl 

Turn O F F  SPX CDU a n d  turn ON SPY Stable 
Oac~l la to r .  

(X = 1 or  2  or  3, Y = 1 o r  2  or  3 and 
alno Y t X)  

S P X  ClDU and RF Power Relay OFF. 

SPX Stable Osctllator Heater 
CurrentZO. 2 Volts (TM) initially. I 

REMARKS 61 TM DATA 

then r laes  aa seen in Figure 
4 . 2 . 2  -X. 

SPX Stable Oscillator ONIOFF = 
1 (ON). i 
a Refer to Flgures  4.  2.  2 - X ,  

4.  2 . 2 - 5 ,  and 4. 2 . 2 - 6 .  I 
Bus Communications Subsystem 
i s  designed to accommodate only 
one Probe subcarr ier  ON a t  a 
t ime w~thout  garbling telemetry. 1 
0 Probe X rubcar r le r  d ~ r a p -  

pears  - Downlink c a r r i e r  
ruppression will decrease by 
5. 7 dB over Bun n u b u r r i e r  
(Lo Mod Index) only operat iol~ 

SIC Loads current  decreanen 8 

nominal 436 nu. @ 2 9  Vdc. 

Bus Voltage l ~ m i t e r  current  like- 
l y  increases by the same amount 
as PBUSLI had decreased - if 
there in sufficient exceom Soh: 

0 T u r r  ON SPY CDU and then its Stable. 

a Turn O F F  SPY CDU and turn ON remalnlng 
t h ~ r d  SP:  

Panel  Current.  

Y i s  a different SP than the 
previoua SP. 



TABLE 4 .  
STEP I 

&(START 
TIME) C 

- 
- 
- 

- 

- 

II 

2 -2 (Con t~nued)  

ZOMMAND 
dNEhlONIC 

COMMAND OR ACTION 
REMARKS & VERIF!CATION 

TELEMETRY REMARKS & TM DATA 
MNEMONIC 

r T u r n  O F F  th i rd  SP :  

f o r  the t h i rd  SP.  

0 A8 fu r the r  a s s u r a n c e  tha t  the Stable Osc l l -  
lator.  a r e  ON.,  r epea t  t u rn  ON Command 
l o r  each  SP Stable  Oscillator: 

S P X  Stable O c c ~ l l a t o r  ON. 

T h e r e  is no Step  

PBUSLI S I C  Loadr  r Cur ren t  con rump  
tlon of 230 ma l o r  a 
s t ab l e  o r c ~ l l % t o r  tha 
I S  powered ON l r  
l ea8  than 1 count f o ~  
each  of t h e r e  T M  
p a r a m e t e r r  - 

t r ans i en )  C C C U T ~  

upon t u r n  ON that  
lamtr anywhere  bc- 
tween a few second1 
(even if the  s t ab l e  
o8c i l l r t o r  had been 
OFF for a m a t t e r  of 
recondo)  and a d u r a  
t ion a s  aeon  rn Fig. 
4 .2 .2 -X  f o r  a cold  

I I osc i l l a to r .  



T A B L E  4 .2 .  2-2  (Contrrrued) 

S T E P  # 
&(START 

a 
I 

COMMAND 
MNEMONIC I COMMAND OR ACTION 

( a Y e r l l y  f r e q u e n t l y  the  T M  a t  the  r:ghl. 

SAMXO 

XEMARKS k VERIFICATION + 
' E L E M E T R Y  REMARKS k T M  DATA 
MSEMONIC 

Ver~fythatnoneofthefollowingcomrnands 
a r e  e x e c u t e d .  If a n y  one  1s. t h e n  the  a f f e c -  
t e d  P r o b e ( # )  S tab le  O s c r l l a t o r  should  be 
t u r n e d  O N  ~ m m e d r a  
p a r t  o r  a11 01 S t e p r  

C o m m a n d  t h a t  wi l l  T o r n  O F F  O n e  o r  M o r e  S P  
S s l e  Osc11la:ors: 

S P X  F-ower A m p l i l l e r  O F F I S t a b l e  O a c l l l a t o r  

PCOl# 
P C O A #  

INSIP 
INSA d 

- 

PSCBL'S S c i e n c e  Bur  R e s e t  R e l a y  S a t u s  = 
1 (ON) 

P C H E K S  P r o b e  Checkout  B o w e r  O N I O F F  = 

O F F  

P r o b e  Checkout  P m e r  O F F .  

A l l  S c i e n c e  O F F  

a It I r  r u g g e r t e d ,  a s  f u r t h e r  Insurance. t h a t  
t h e  f o l l o w ~ n g  a c t i o n s  be  d o n e  i m m e d i a t e l y  
following p e r i o d s  of S / C  a c t l v i t v  (e .  g . ,  
P r o b e s  Checkout .  TCM # 3): 

V e r i f y  P r o b e  C n e c k o u t  P o w e r  I S  ON. 

I 1 (ON)  

a F o r  X = I and  2 a n d  3: 1 
P X P R I S  I S P X  I n t e r n a l  P o w e r  R e l a y  1 ON1 

O F F  = 0 ( O F F ) .  

I A F F E C T E D  S P :  ! 
S P X ,  w h e r e  X = 1 o r  2 o r  3. 

1 A l l  3 S. P. 1 
I 

A l l  3 S. P. 

I -. 

P C H E C K S  1 P r o b e  Checkou! Pwr ON/OE 7 = 

-- I 1 (ON) 
I F o r  X = 1 a n d  2 and  3: I 

? X P R  .S I S P X  I n t e r n a l  P w r  R e l a y  1 ON/  
OF'F = 0 ( O F F )  I 



COMhUND OR ACTION 

0 Execute turn O N  Cc>mrnand for each SP 
Stable Oscillator: 

SPX Stable O8c1llalor ON. 

If there had been a detectable change In the 
telemetry l ~ b t e d  In the previma atop that 
indicated one or  more atable oacrllatokm 
had been O F F ,  then the ?use of that un- 
wanted turn O F F  muat be avoided through- 
ant the "bakeout" period. I 

REMARKS & VERIFICATION 
TELT' *-'- - *  ' 5 M l . l  K Y I REMARKS & TM DATA 

PXPRZS I S P X  Internal Power Relay 2 ON1 
O F F  = 0 ( O F F ) .  

1 

0 Execute for X = 1 and 2 and 

PBUSLI Sf C Load8 No change indr- 
Current ca tern each Stable 

P LIMT I Voluge I O ~ c i l l a t o r  ia ON, a 

L~~~~~~ had been O F F  for a 

current ahort time. & the I' turr? of 200 ON ma tranaient war too 
ahort in duration to 
be eeea by the TM 
ayetern (current  
consumption of Z30 
m a  for  a warm 
Stable Oarillator ie 
lees  than I c m n t f o  
each of there TM 
parameterr.) 

0 Diecermble 
change of 200 ma 
indtcatem the Omcil. 

- lator had been OFF 
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TABLE 4.2.2-2. (Cant- 

RKS & VERIFICATION 

REMARKS '& TM DATA 
COMMAND 

MNEMONIC COMMAND OR ACTION 
I MNEMONIC 

Power Ampllfler 3 ON/4 OFF. 0 Recovery d Qwnlbk a r r l e r  
demod eync to mburrier .  & 
bit sync to telemetry. Frame 
eym s i l l  follow later beau= d 
low bit rate, 
Ground recelved 8- rrtre-h 

HI Pwr to Fwd or  Horn/Lo Pwr to 
Aft O m 1  = (HI F'wr to Aft omd). 

e Preceea the remrlnlng aegment of the total 
requlred preoeaelan (pertormed f&lonally 
the name a8 tbe h t  precession) - then 
Cloae h h l n g  valve& - 

Svitcb to Horn for T ~ m l s s l o n  

- 

0 Rd: Par.1.6.21 

Power Arnpllflera 3 81 4 OFF LUFaly l m s  of blt eync k 
telemetry. 
Possible lose of carrler. 
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TABLE 4.2.2-2. (Cmtlnwd) 
I 7 

P o w r  AmpilCler 3 ON/4 OFF. 0 Recovery of i a n l i a k  carrler, 
d e d  qm w ~ b c a r r k r .  .ad 
Mt .Ja? to telemetry. Prune 
q a c  MU follow l d e r  boaum d 
l o r  Mt r e .  

0 G r m d  redred st- 
n h d d b e s t  rthrnctthc 
8- d 

I & r to Aft Gmnl - 1 (HI& Porer 
to Horr;, 

I.. 

RAMP3W RF P o w r  Ortprt 3 - 10 Watt.. 
I 

- - 

I Amp 1/2 to Hlgb/Iar Porrr - 1 
(Amp 1 to Hw Pmtr). 

0 A M U ~  256bprb r u t . W e  
for Xm' HI* P a r  a d  
remat& er d Ulrt 



TABLE 4.2.2-2 (Continued) 

MNEMONIC 

REMARKS & VERIFICATIOS 

Telemetry Proceaeor I. Contml (Select 256 hps). 

TELE?.lETRY 
JlSEBIC)S!C 

WORD 3 Bit Fate Selectton = 256 bps. 

REMARKS & T.I1 DATA 

Load Command Memory for  Laet Large Probe 
Cheokalt. 

To olear SCL memory ocotente I- 4 7 
Ettber C P  (CP 

Command Proceeeor 1 Configure - (SCL OFF') 

Command Pkoceeeor 1 Conilgure (9CL C h a r / O ~ )  @ a Turnr SCL Power 03, r t a  SCL 
to Standby, aad 1nlttaliz.er 
memory addreso polnter (Ref: 
8eoUoa 3.8.3.2.2). 

Selcat) ; No OP 
(RCVR); OFF 

(XL) 

c-1; 
E1th.r C P  (CP 
&Ieot)r No OP 
(RCVR); Clear/ 
ON (SCL) 

CSCL? S 

CLUClS 

I F  Either C P  {CP 

SCL = 1 (ON). 

SCL w o  State - 1 5  (8tuuEy) 

CMEMlC 

"and h o c e s s o r  1 Configure (SCL Lod)  

Commtuxl Memory 1 Addream Polnter 
= AU Zercw - ~ o t n t a  to n r a t  -bit 
r o r d  d o t  la memory. I 



TABLE 4.2.2-2 (C-td) 
r I 1 

Rr"JARK5 42 VENFlC..IT!OS 
TELEIIETRY 
MKEAlOXIC P.C'>LZMS & TX DATA 

1 Checkout power Ir already ON 
in order to aupport S .  P. atable I 
o e c ~ l l a t o r r  operatlona. IC.EMLC- I "Corrrnand Memory l Addree.8 

Polnter"  ha^ advanced a count of 
1 &r temame of &Is command: 
a3d MU lncreaw by a cant ot 1 for 
each subsequent Is8uance of a 
command. ~~- .- - .  

Cilecxout pa\. r .  must  be left ON 
lNth t o m m d  to be Stored. I after i. P c..cckout in order t o  

1 - 1  I i aupport S. P. rtablr oac~ l la tora  I 

CPCQ1; 
Elther CP (CP 
Bacct):NoOP 
(ACVR); STOP 
WL). 

- 

-. - - - . - 

ARer last special c0mrnar.d for WP nuquence has 
ken atored. r e d :  -. 
C a m m u d  Pmcessor 1 Configure - (SCL ST04 
- (STORED COMMAND) . 

1 

CUW;lS 

@ I 0 ;   ammu mud Processor 1 Configure - (SCL STANDB 

J I '(bcr CP (CP 
  cot)^ No OP 

'WVR): 

-- 
SCL Logic State = 15 pmdby). 

- I 

0 T o  take SCL out d load rtate; DO 
otbe r wmm and wlU accompllsb 
thle cud keep memory ooatenta 
Intact (Ref: Sectlm 3.6.3.2). 

, 

CLOGIS 

CMEMlC 

operatton. 

0 T o  lnsure m automatic repeat of 
the ntord canmaul eequence 
mce It has beem InlttPted 

9CL ~.ag1~state=14 fStfll=Load 
State). 

"Command Memory 1 Addrear 
Pdnter" = Location of thls l u t  
command ntored In memory (record 
for later use). 



TABLE 4.2.2-2 (CmUaut 
* 

Command Procensor 1 Configure (SCI. INDEX). I a To move address polntar to 
nrnt 24-W wrd slot In 

1 memory. 

C a n m d  H c m o r y  1 Addreu m t c r  
= AU - ~ ~ l n t .  to nmt Z C M ~  
word slot In memory. 

I 
I 1 

r Command Memory ts nor LDdexed 19 f lrnt  
stored command, and re* to be verUled or 
CXCCUted. 1 

Verify C o m m d  Memory Caatentn Before 
euclrtloa: I I 

1 
Command Procensor 1 Codgure W L  R e d )  

t Reqtrlred l a c  m t a t e  for mcmoq.  
resdout. 

CLOGIS , 8 C ~ I ~ @ a S t u t e = l O ( R c d )  

CMEMlC Cornmad M m o r g  1 Mdrcu = All 
Zcror, - Rqdrcd io o e  O read 
eutin memory La me cycle (Hd: 
Bcotlar 3.6.1.2). I 

-- - . -~ - - - -  

T e l e m e t r y  hocersor 1 Coritrol - (&kt WORD 3 
" C a n m d  Ycmory Reulmt" TM Format). 

i 
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TABLE 4.2.2-2. (Coatlrmed) 

COMMAND OR ACTION 

(CP Select); 
No OR (RCVR); 
Immediate 
Stvt (SCL). 

Command Proceesor 1 Configure (SCL 
Immediate Start) 

I Return to Slngle Trmamltter 

JBUt8rlcm to HI Charge M e )  

I 

.TUG & VERIFICATION 

REMARKS I TM DATA 

0 'Repeat  ~tep@ then return bere. 

-- - -- - - -- 

SCL Loglc State: T r a d e ~ . ~  flru? 
to  "Run" state (=12). If a mtored 
command le a t lmz delay, thlm 
w f f l  t runder  to the "Process 
Commrrd" rtate (=8); I a &red 
comnmnd Is a tIme delay. tU 
w U I  t m 6 r  to the "Load Tlmar" 
state (43). Last stored command 
Is a 'WOP" wmmpnd, nod thls 
wi l l  become."STOP 1" (=3) 

Command Memory 1 Addreem 
Pohter :  Increare .by count of 1 M 
escb stored wmmaad L. executed. 
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COMMAhT 
MNEMONIC 

COMMAND OR ACTION 

Brttery 2 - Relay I Hi Rnte Charge. 

- 
Bwttery 2 - Relay 2 Hi Rate Chnrge 

s Monitor T M  at Rigbt. 
When conditions a n  met.  raturn lmtterlerr 
to tr ickle charge rate via event  ahsad. 

REMARKS I VERIFICATION 

TELEMFIRyI MNEMONIC R E ~ U R K S & T M D A T A  

PBPRlS I Battery 2. Relay 1 Satus = 1 (To 
HI Charge Position). 

- - 

PCHG2I Bmtbry 2 Charge Cur ren t  = 0 Amp 

PLIMTI Bun V o l t q p  Limi te r  Current  
I1~cmamrr. 

PB2R2S Battery 2 - Relay 2 St . tu r  = 1 
(To Hi C h w g e  Posi t ion)  

I k t t e r y  2 Charge Current  = 0.750 
Amp (C/10). 

PLI HTI I Bus Voltage Limiter  Cur ren t  
I)scre.wr 

PBlPlT Battery 1. Pack 1 T e m p r a t u a c .  

P B l P 2 T  Battery 1. Pack 2 T e m p e r r t u n  

PB2 P i T  Bnttery 2. Pack 1 Tempera ture  

PB2P2T k t b r y  2. k . ~ k  2 Tempemtun 

PBATlV 

mttery 2 Terminal Volt.%e. 



T A B L E  4.2.2-2. IConttnuerl) 

REMARKS & VERI FICATI(;N 
COMMAND OR ACTION I REMhRKS I Tbl LATA Mh'EMONIC t 

- 
To Reduce Pattrq 1 Charge Rate: 

Battery 1 - Relay 1 ia Rate Charge 

aatter?. 1 - Relay 2 1.0 Rate Chaqe. 

W h e n  m e  oatrery v u l b k e  r;.es dur- ling high rate chaige & *Ll*ro l leI  
over" L a e c r e a s e s  by 2 aaca unrts 
( 2  0.  3 V) from rta peak value, a n d l  
or the battery temp. rate of r i s e  
suddenly become13 ateep,  transfer 
to Lo*, (trickle)  charge rate via the 

l- 

PBlRlS Batten 1, Relay 1 S t ~ t u s  = 0 
(To Lo C h a m  Positbm) 

PCHG11 I Rattery 1 Charge Curnrn = 0 Amp 

PLI >IT1 I Bus Voltage Limiter Current - 
 increase^. 

PBlR2S I Battery 1. Relay 2 Status = 0 
(To Lo C h r g  Pdaltton). 

X H G l l  I Eattery 1 Chnrge Current = 150ma 
( ~ / 5 0 )  Average. 

Bus Voltage Limiter Current - 
Dccnnscs 

ill' . . * . .  ,.,, , . . .  
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Crr m o w  s t a d f  

TABLE 4.2.2-2 (Coatlrmed) 

I P r a a r e  Large Probe fo r  Release; Transfer to 
Large Pro& Battcry. Load and Inltlate Coast 

LPPI9 Large Probe Internal Power ON. 
LPPAB 

Coaet Tlmer Set (Time Delay as  Required). 
LCTQA 

TPCQl I Telemetry Processor No. 1 Control - Bus Eng 
Format Select. 

PLBRIS Large Pralw Internal Power Relay 1 
ON/OFF = 1 (ON). 

PLBR2S Large Probe Internal Power Relay 2 
O N ~ O F F  = I (ON). ! 

PLBATT Large Probe Battery Temperature 
r i ses  and stablllzes 
result of battery belng steadily dls- 

cant bite and the second ~ r d  contal 

change to select the format containl 
subcom C should happen to occur 
exactly between the two coast t imer 
rendout words, such ae between wor 
5 & 6, the contents of those two wor 

(Continued) 
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TABLE 4.2.2-2 (Cootlmed) 

STEP * 
& START 

TIME 

Attlhrde Determlnaclon and Attitude Trlrn 02 
Requlmd). 

- -  

Perform Attltude Deienninatlon per Sectlon 
4.3.2 for the s tars  vlslb!e at thls polnt In 
mlsston. 

Attltude Trlrn (a Requlred) 

U a refinement in attitude i s  required, per- 
form the appropriate detalled precession 
sequence Ln Sectlw 4.3.1 (Mantuvere). 

%La Rate Trim (If Requlred) 

U ATTM telemetry Lndlcate~ a need to trfm 
tbe spln rate, perform the appropriate 
detelled spln m m v e r  sequr?nw In Sectlon 
4.3.1 (Maneuvers). 

Prepare I arge Probe for Release; Separate IFD's. 

B,o ... 
O R M 4  Flre Large Probe IFD 

ORDA4 Flre Large Probe IFD 

Thls is  periorrned to Insure 
Large Probe release attltude 18 
eildiclently accurate. (Ref: M1 
- Wlthln 22.5' J &el red 
attitude). 

(SRR to SRR) shoukd be a spln 
period correspoodlng to a spin rate 
of 1 5  5 . 1 5  rpm (Ref: MI). 

JFD .Sepnratlm 18 lndlcated bg all 
Large Probe TM to the W e  changing 
suddenly to f ~ l l - ~ a l e  values. I 
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TABLE 4 . 2 - 2 - 3  

REFERENCES FOR TIMELINE AND COMMAND SEQUENCES 
O F  SECTIONS 4.2 .2  AND 4.2. 3. 

-- 
REFERENCE 
IDENTIFIER 

Paragraph  2.2.2 of Reference 1.5.20 

View Graph 1.4.16 of Reference 1.5.5 

View Graph 1.19.4-1 of Reference 1.5.5 

Mrrltiprobe Mission Sequence - HAC Memo No.HS507/1679 - 
Hartenstein - Dated 4 November 1974. 

Pa r ag raph  2.1 of Refcrence 1.5.3. 

Tab le  2.5.2-1 (Page  2-65) of Rel'erence 1.5.3 

Page 2.49 and Table  2.4.1-1 of Reference 1.5.3 

Table  2.3.2-1 (Page 2 4 8 )  of Reference 1.5.3 

F igu re  2.2.1-21 of Reference 1.5.3 

Page  4-9 of Reference 1.5.13 

F igures  2.2.1-23, 6.?.  12-4, 6.3.12-5, 6.3.13-2 and 6.3.13-3 of 
Reference 1.5.3. 

Paragraph  2.2.1 of Reference 1.5.20. 

AVO f rom R. Fehr of HAC, dated 6/13/77. 

Multiprobe TTM Review, February  24, 1977, and Lee  Hennis 
of HAC. 

~ 



TABLE 4.2.3-1 

WST-L. P. SEPARATIOX THROUGH S. P. SEPARATION TIMELINE OF EVEhTS 

TIME C1- 
- 

MULTrPROBE I MISSION PHASE ] & 
MISSION EVENT 

I POST-L. P. SEPARATION THROUGH S. E 

Reorient for Small Probes targeting; Swltch to Horn. 

Return to Stogle Transmitter 

I38tterler to HI Charge Rate 
- -- - -  

Spinup to 48.5 rpm (Nominal) 

Attltude Determlxution & Attltude Tr lm (If Required) 

Retarget for Smnll Probea 

AV Trlm. 

REMARKS I 
SEPARATION ] 4 

~ 4 8 . 4 '  Preceaslon - Ref: M8. 

a Re$: M7 
Earth 1.0.8. -- 18' w. r. t. S,& -2 W permit. 
h r e a e e  In blt rate even at low 8/C Xmtr power. 

P a r  R. Ihnlel  of HAC c l r w  6/12/77 

To produce Lateral AV of 5. OBM/S~O for Small 
Probes at tbelr releaae - Ref: M12, 

c Nomlnal AV of 5.1 M/Scc - ReZ: MS & M8. 
Allowe 3 days d trackfog prlor to w' 
release. 



TABLE 4.2.3-1. (Continued) 

SPR-UH Lord Command Memorv for last S.P. Checkout; 1 S. Y. /Bus bit rates a r e  nominally 64/8 

X¶ULTIPRCBE MISSION PHASE & 
MISSION EVEhT 

L Laat S. P. Checkout ( ~ k h  Sequentially). & stable  osc i l l a -  ( T h l s  1s the terrn1na:ionof the twenty-five days 
t o r e  :urn OFF. 1 s tab le  o s c i l l a t o r s  "bakeout" period. 

REMARKS 

SPRY H 
30M 

S5wH 
S P K - 7 H  
; 

SPR-ZII4M! Att:bde D e t e r m ~ l o n  & Attltude Tr lm (U Required) I To attain attitude w l t b  22.5' of dealred 
attitude - Red: MI. 

I 1 

S P R  - 3H 

I 0 To attaln epb rate  of 48.5 5 . 4  rpm - 
Ref: M1 & M4. 

Prepare S m d l  Proboa; trader to  Probee' batteries & 
load S. P. coaet tlmoa. 

S. P. Coas t  T ~ r n e r s  In~t ia t ion .  

P r e c e s s  t o  Interrnedlate  Xttltude. 

Prepare for S. P. Release 0 Switch to S/C Xmtr HI Pwr & lZ8 bpo (mrnlnal). 

I 

0 Allows s t a r  s e n s o r  Lo cool while the SIC  batter- 
i e s  r e m a i n  in  a charging o r  z e r o  discharging s t a t e  

P r e c e s s  to  S. P. R e l e a s e  A t t ~ t u d e  - 

SPR-ZSM Arm S.P. & Separate IFD's. 

I 
- 

I 

- - 
(Sun look angle is nominally 28Oj. 

0 Norn~nal  bJ p r e c r s ~ i o n t i n ~ l u d i n g  r e c e s s  t o  
I n t e r r n e d ? ~ ~  Attitude - Rcl; M3. MI 147 L M& 

ISPR = 0 1 Release Smell Probes I 



COMMANI 

TABLE 4.2.3-2 

WST-L P. SEPARATION THROUGH S. P. SEPARATION DETAXED SEQUENCE 

COYXAKD OR ACTION 

lnftlrl c o a d l t l o ~  a r e  M s b w n  In the appro- 
prlata columns d Table 2.3.1-1 (Multlprobe 
Nomlnrl Equipment Conllguratlons Durlng the  
Mlsslon). Eeseatlally. It c o m l s t s  of: 64M. 
D6N In me.  Aft Omnl In uee for  &wnllnl. 
t rannmltter  HI Power, S/C in L. P. Relt?ase 
Att lhde aad Spln W e  at 15 rpm. 

Reorlent for  Small Protes 2 u g e t x  I 
Perform tbe epproprlr te  daGiled precosslon 
requeace ln Sectlnn 4.3.1 (Maneuvers). except 
lod the number d pulses requlred for  thb  
preceoslon magnitude and tbe q l e  1'3Lay mag 
n l M e  c o r r e q m d h g  to that unlquely requlred 

Swltcb to Horn for  Tr.rumlarlon I 
B P&orrn .tap@of Table 4.2. 2-2, tben 

re turn  here. I 





TABLE 4.2.3-1 {Caatlnued) 

k (STAR' 

I 

E-20D 141 
WPR-141 

where SPR 
S S d l  
Probe. 
Redsue 
- 9  

E-ZOD) 

@ 
(SPR-DH) 
i 

1 

COMMAND 
MNEMONIC 

.oad Comhurrd Memory For Lmt Smdl  Probes' 
%ecbut - i 

P d o r m  8tep 11 of Table 4.2.2-2, except: 
(1) Lold corn a- s unlque to small probe6 

checkout. 
(2) The capacity d one cornmasid memory 

may be lnsufficlent. The second 
command memory m y  have to be 
linked to operate sequeutlally afLer tbe 
coctents d the firmt.comrmad memory 
have been executed. R d e r  lo rrectlon 
3.6.3 for furtber Mornutloa. 

(3) After load- the memorlcs. return 
hare 

Checkout power 1s a lready ON 
at s tart  of checkout sequence ,  
In o r d e r  to  support S. P. s table  
o s c i l l a t o r s  operation (s table  
o s c i l l a t o r s  should have been 0 1  
continuously s i n c e  E-45 d a y s  
f o r  an ~ n t e n d e d  -5-day "bake- 
out" per'od). 
Stable o r c i l l a ~ r s  I checkout 
power should be turned OFF a t  
end of checkout sequence .  



TABLE 4.2.3-2 (CoaUnued) 

5TEP + 
COhIX4h'D OH ACTIOS 

R E ~ R K S  & VERIFICATION 
TELEMETRY I 

REMARKS & T Y  DATA 
319E?rIO>X 

Verify CommPnd Memorg (IES) Contenta Before 
Executlulz 

I 

a Rdom Sep @ of Table 4.2.2-2. then 
retuln hm. 

I CheckouttheSmall Probes 
eequentlally. 

a Rrform Step @ d Table 4.2.2-2, then 8 I n c l u d e s  t u r n  OFF of s t a b l e  o a c i  

return be re. l a t o r s  & checkout p o w e r  at  the 
end of t h e  checkout  6cauence. 

After a l l  Small Probee' subcarriers have been 
Ituxned OFF, Increase Run Blt Rate to highest 
mppor tdde  level: 

I 

Telemetry Procesmr 1 Control (Select 64 bpe). Assumes 64 bpa Is hlgbsst 
supportable via Horn, Low 
Tranm!tter Power, ud 
remainder of link budget. 

Prepare Small Probes for Releaae; Transfer to 
Small Pmbea Battertea. Load and Inlaate Coast -- =: 

When loadlng a probe coast tlmer, a 
Wla format that does nct contaln rrub- 
corn C s b d d  be selected mtll B e  
loadlng has been acoompllshed. Tbla 
wlll prevent any interference betweer 
the subcorn C read envelope a d  ;'re 
loadlag pmcess  wblcb would result h 
a m!sloaded register. 



RKE 81 VERIFlCATION 

REMARKS & TM DATA 

REN 
TELEMETRY 
MNEMONIC 

COMMAND 
MNEMONIC COMMAND OR ACTION 

Small Probe 1 Internal Power OX. SF 1 Internal Power Relay 1 ON/ 
OFF = 1 (ON). I 
SP  1 Internrl Power Relay 2 ON/ 
OF- = I (ON). 

Small Probe 1 Battery Temperab r  
r i ses  and stablllzes as a 
result of battery belng dtscbarged. 

SP  2 Internal Power Relay 1 ON/ 
OFF * 1 (ON). 

Small Probe 2 1nter.d P o w r  ON. 

S P  2 lnternal Power Relay 2 ON/ 
OFF = 1 (ON). 

- 

SP  2 Battery Temperature rlae . 
and stablllzes as a r e su l t  
of battery belng dlscharged. 

SP  3 lnternal Power Relay 1 ON/ 
OFF - 1 (ON). 

SP  3 Internal Power Re!ay 2 ON/ 
OFF = I (ON). 

- 

Smdl  P m k  3 Internal IYwer Oh'. 

- -  -- 

SP  3 Battery Temperature rlaea 
and atablllzes a s  a r e su l t  
d battery belng dlscharged, - 

PP 1 C O I L ~ ~  rimer Set (Ttme Delay as required). 



TABLE 4.2.3-2 (ConUrredj 
J 

REMARKS & VERIFICATION 

MIEMOMC COXMAND OR ACTION TELEMETRY 
I MXEX0,MC REMARKS & T M  DATA 

S P  2 Coaet Tlmer Set (Time Iklay a8 rcqulred) i 
SP 3 Coast Timer .Set fl lme Delay as required) I 
Telemetry Processor No. 1 Control - Bus 
En& Format Select. 

To vertty a tout tlme that has been 
loaded tnta a coast tlmer, a Bus 
format that oontaha subcorn C muat 
be selected. Wlthla N ~ C O ~  C, the 
I P Coast Tlmer v d u e  la located la 
words 21 & 22. 37 6 38 pad 53 1 54, 
respecCivoly. In each case. tbe Rrst 
word contabs tbe elgbt less! s1g.M- 
cant M b  and the eecatd word c-1 
the et&t moat slgniilcantblts. 
change to eelect the format cmtaIn- 
Ing s u b c m  C should h m  to occur  

readout aords.  sukh as between 
wordr 5 & 6. the contents of those 
two w r d e  wal  h, Interchanged. I. e., 
the n r s t  word wlU cantata the e4@t 
moat slgrdncant blta nnd the r e c d  
wonl rlll crmt8ln tbp elght least  sic- 
nlficant bits. The contents of the 
remalnlng three coast timer readouts 
rlll be correct  to Pllevlate the dhm- 
tlon tt vlll be n s e a s a q  to command 
outofthelormatand reload the m. 

ClTJUC SP 1 Coast T ~ m e r  Verincatlm - 
Tc!emckred ns commanded. I 

I 



T A B L E  4 Z 3-2 ( C o n t ~ n u c d )  

S C T 3 9  OR 
SCTCY 

PEP* 
! T I M E )  

I 

SrT2Y OR 
: S C T B Q  

.- 
down -- - 

S P  3 Z ~ - r ?  C o a s l  Tirraer SP 3 C o a s t  T ~ m e r  V e r i f l -  
(7SDlO) c a t t o n  - r n d ~ c a t e *  count -  

down - 
P r e c e s s  to  S m a l l  P r o b e s  In te rmeddate  
At t l tude  

P e r f o r m  the  appropriate d e i a l l e d  i No, ]ma1 A 40 p r e c e s -  
p r e c e s e ; o n  s e q u e n c e  in S e c t i o n  s l o n  t o  a  sun look a n g l e  of 

4 3  1 ! M a n e u v e r s )  i 2 8 O  and  in e a r t h  iook  ang\ 
I of 30°. 

I 
A l l o w s  s t a r  s e n s o r  t o  cool 
w h ~ l e  the  S I C  b a t c t r * r s  

z e r o  d : s c h a r g i n g  state- ---+ 1- P r e c e s s  t o  S m a l l  P r o b e s  R e l e a s e  At t i tdde  

-- 
CdMMANi) ' 1 R E M A R K S  & VERIFICf l ION 

-- 
S P  2 S t a r t  C o a s t  T l m e r  

I 
I P e r  J r m  t h e  a p p r o p r i a t e  r l ~ l a l l e d  

MNEMOSlC 

S C T 1 9  

p r e c e s s i o n  s e q u e n c e  .n S e c t i o n  
4 3 1  ( M a n e u v r r a ) .  

C O h l M A  N D  OR A C  I 10S 
.U NEhlONIC 

R E M A R K S  & TM DA 1 A 

S P  1 S t a r t  C o a s t  Ttrr ler  S P  1 Coact T i m e r  V e r i f l -  
c a t i o n  - ~ n d l c a t e s  c o u n t -  

C ? ?  I.UC 

mion to a s u n  look a n g l e  01 ' 
17O a n d  a n  e a r t h  l o d k a n g l .  
of 31°. 
Batteries a r e  In a d > s -  
c h a r g i n g  s t a t e  

CZTIMC S P  2 Coabt T ~ r n e r  V e r t f ~ c a r i o n  

I - r e l e m e t e r e d  a s  c o m m a n d e d  

C3TIMC S P  3  Cdas: T ~ m e r  Ver i f ica t ion  

- - T e l e n e t c r t  d a s  c o m m = n d c d  

dorun. 

0 S P  2 C o a s t  T ~ m r r  V e r l f l -  
c a t i o n  - lnd lca tps  c o u n t -  



TABLE 4.  2 3-2  (Con t~nued)  

REMARKS L  VERIFICATION^ 

@ 5P - H 
4 5M 

t 

0 Pre l aunch  t e s t s  have ~ n d l c a -  
ted  tha t  the conservat ive  
t i m e  de l ays  between (appll-  
ca t ion  of electrical power t o  
t he  Re lease  Squibs)  and (the 
Instant tha t  a  Sma l l  P r o b e  i n  
no longer  influenced by the 
rotational motlon of t he  Bus)  

T E L E M E T F  Y REMARKS k TM DATA 
MNEMONIC 

4 3. 1 (Maneuve r s )  - 
P r e p a r e  f o r  Smal l  P r o b e s  Re lease :  

Load the d e s l r e d  Smal l  P r o b e s '  Roll Re lease  
Angle. 

S. % maeci. 

10.7 am. 
The actual r e l ~  w a y  tlmes 
may be an much PII 3 mil& 
aeconde lese. 

COMMAND OR ACTION 
EP 

TI.ME) 

-- 

COMMAND 
MNEMONIC 

0 Attltude r equ i r ed  t o  he 
wlthin +2. 5O of dea l r ed  
a t t ~ t u d e .  
Ref: M1. 

0 T o  a t t a ln  spln  r a t e  of 48 5 
+O 4 r p m  - Ref: M1 

(SRR to  SRR) should t e  a  sp in  
per iod corresponding t o  a  sp in  
r a t e  cf 48 .  5 fi.4 rpm.  Ref: M1. I 

Attitude Determrnatlon and Attitucie T r i m  (If 
Required) 

- -- 
0 P e r f o r m  Attltude D e t e r m l n a  ion pe r  

Sectlon 4. 3. 2 for  the S t a r s  vls.Sle a t  th ls  
point In the missron 

0 .I a  reflnement ' ln 'at t l tude 1s required .  

t 
p e r f o r m  the  app ropr l r t e  de ta l led  p r e c e s -  
sion sequence  In Section 4. 3. 1  (Maneuve r? ) .  I 

Spln Rat-  T r l m  (If  R e q u ~ r e d )  

- 
If A1  TM Te leme t ry  ind l r a t e s  a  neec  to  
t r l m  the spln r a t e ,  pe r fo rm the appropriate 
deta i led  sprn maneuve r  sequence  In Section 

A T T M l Z  
ATTMLZ 



T A B L E  4. 2 .  3 - 2  (Continued) 
-- 
STEP ' COMMASD 

REMARKS & VERIFICATION 

MSEMONIC COMMAND OR ACTIOrl TELE,METRY 
MNEMONIC 

R E M A R h S  & T M  DATA 
TIME1 - s I 

ADP Carfigure - Roll l ~ d r x  Delay Magnitude A N  PAD Roll Index Delay Magnitude = 
ADP 1 On1 (Addreus ?Go. 5 )  (Magnltutie = >.a Keyulred). Commanded Value. 

(SIW to RIP): Step functloa charge 
to commanded value t q # e  'a 
degrees) dlvtded by +:r I v . 2 ~ .  

I 

Increase T M  blt rate O Mgbest available level 
(msurned to be 128 bpb for nclmlnal lldt w e t $  

TPCQl. Telemetry Pmcctleor 1 Cmtrol (Select 128 w) 
Bit Rate  = 

128 bps WORD 3 - 
hrm Small Probes. %parate IFDte eurl Releme 
mrlf Probes: 

iSaR-  1 3 4  



T A B L E  4 . 2 .  3 - 2  ( C o n t ~ ~  

COMMAND OR ACTION 

- -- ~- 

Arm Small Probe IFD & BNMS C A L  Gas Pyro. 
- 

Fire Small Probe IFD 

COMMAND 
MNEMONIC 

ORDIL 

ORD2 3 

ORDB3 

' 

Flre Small Probe IFD 

'IEP ' 
TIME) 

@ 
Mmirnurn 
6 aecondr 
LMaxl -  
mum 14 
aecondr 
between 1 a 
Arm & 
Flre 
Commands 

REMAP.KS & VERIFICATION 

. E I , E T -  REMARKS L IM DATA 

IFD Separation is lndlcated by all t-- 
i telemetry f m m  a probe to the Wu, 

changfng suddenly ta full-wale valuea 

P l  BATT 

S l A F l T  

Small Probe 1 Battery 
Temperature 
----- 
S m d l  P r r h  1 A h  Shelf 
Temperatare 1 

S m l l  Probe i Fwd 
Shelf Temp 2 

small Probe 1 Count 
Ttxner Verlifcatlaa 

men 
change to 
full-wale 
values 
lndlcates 
SP1 IFD 
Sepratlau 



RKS .5 VEX!F:C.%TIfi:: 

RL:,>.?.!.!.;S C T:.; 5.47.). 

Tempramre change to 
Full-scalc 

Temperature 1 l d l c a t e s  
sr.2 IC-u 

Small Probe 2 Fwd Separatlor 
Shelf Temperature 2 

Small Probe 2 C'oaet 
Tlmer Verlflcatlon. 

Small Probe 3 Battery 
Temperature 

 iden en 
change to 
FW1-scalc 
values 
lndlcates 
sm rFr) 
Separatlot 

Small Probe 3 Aft Shelf 
Temperature 1 

Small Prohe 3 Fwd 
Shelf remperature 1 

- 
S h a l l  Probe 3 Coast 
Tlmer Verlflcatlon. 

Arm %all P r o b  Separation. 

Iln. 6 sec. 
Max.14 
ec. be- 
ween 1st 
rm & F l n  

ADP 1 Small Probe &!:ease 

----- -- -- 

May cause detectable translent In 
Downlink Signature. 



TABLE 4.2.3-2 (Cootioued) 

CGX?L~.:iD GX ACTIGS T.ZLEI.!L'i.D,Y 
RKS 2. VER:FICATIG:; 

RE3IAHK.S & TLI DATA 

0 May cause detectpble trawlent 
lo Downllnk Siennfure. 

h a l l  Probe 1 Sb&/ 
Released Stam. 

- - -  

small Probe 2 Stoweti/ 
RE1 eased S t a b .  

Small Probe 3 Stowed/ 
Released Setan. 



R E L A - V E  TIME r COMMAND 
MNEMONIC 

-- - 

4MP12 o r  
4blPA2 

t m l l  o r  
MMAl 

TABLE 4.2.4-1 

R1 S I'ARGETIKC; SEQI'ENCE OF EVEKTS 

- 
COMMAND TITLE OR EVENT 

%all Pro& Release (see .Section 
1.2.3) 
- 
Post SP Release Crulse  (see Suctlon 
I. 2.4.2) 

Begln Bus Targeting Mlssion S e p e n t :  

Power Ampllfler 3 ON/4 OFF 

\mplVler 2 IDW Power/Ampllfler 1 
Jlgt. Power Select 

3us High Mod Index %:ect 

[mk- l ' p  Dm 64-m Station 

Perform Attltude Determlnatlon (flee 
iectlon 4.3.2) 

k t e r m l n r  Precession Parameters  
see Sf-ction 4.2.4.4) 

r m  MNEMONIC TLM TITLE 

RAMP3W (Radiating via Aft Omnl) R F  Power a t pu t  
3 = 10 Watia 

PBCSLI 
1.20 amps 

I Bus voltage Ilmlter current  decreasee a 
nomlnal 1.20 amps 

RAMPIS I Amp 1/2 to HI/Im Power Status = 1 (1 to 
, 111) 011 Power radiating via aft omnt). 

I DSN Receive Parameter  

DSN Recelve Parameter  



TABLE 4.2.4-1 (Continued) 

COMMAND TELEMETRY VERIFICATION 
tELATIVE TIME MNEMONIC COMMAND TITLE OR EVENT 

TLM MNEMONIC, TLM TITLE 

r + 2 Hours I I Execute Precesslon to Bus Targetlng 
Attltude (see Sectlon 4.3.1.1) I 
Perform Attttude Determination (see 
Sectloo 4.3.2) 

T .+ 6 Hours Attitude Trlm Maneuver (Optional) 
(see Sectton 4.3.1.3) - 
Perform Continuous AV Targeting 
Maneuver (see LSectlon 4.3.1.2) 

Execute Precesslon to Horn Attltude 
(See Sectlon 4.3.1.1) 

Perform Attltude Determtnatton (see 
Secttan 4.3.2) 

Low Power to Aft  Omnt/Hlgh Power t o  RANTlS 
Fwd OmnI o r  Horn Select t----ti ~ l / L o  Fower to Fwd o r  ~orn/Aft  Omnl 

Status = 1 (Hi power to horn) 

I Return to DSN 26-rn Sst lon I I ON Recelve Parameters 

E - 17 Daye Return Batterles to Low Charge Rate: 

BATl$ o r  Battery 1 Relay 1 Law Rate Charge PBATlS Battery 1 Relay 1 Statue = 0 (low charge) 
BATAU 

BAT14 o r  Battery 1 Relay 2 Low Rate Charge PBCRlS Battery 1 Relay 2 Status = 0. Battexy 1 
BATA4 PCHGlI Charge Current 1s nominally 150 ma. 

 BAT^^ o r  Battery 2 Relay 1 Low Rate Charge PBAT2S Battery 2 Relay 1 Statue = 0 (low charge) 
BATEXI - 
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RELATIVE TIME 

E - 2 Days 
(Carttnued) 

COMMAND 
MNEMOMC COMMAND TITLE OR EVENT 1 

Perform Attltude Trim (Optional) 
(See Sectlon 4.3.1.3) 

Begln B\us Entry Mlsslon Segment 
(See Section 4.2. 5) 

'TELEMETRY VERIFICATION 
- - - - -- - 

TLM MNEMONTC TLM TITLE 



:OMMAKD 

Command Procem.on 

, 
I 

section lo* Y* i 
DOC* NO- ! 
O t i g -  Issue Date 5122/18 i 

Revhion No. I 

E 

Revision 

TABLE 4.2.4-2 

BVS SI'BSYSTEM OPERATIONAL CONFIGI'RATli3N 

MISSION PHASE 

PO--SMALL PROBE RELEASE 
ckcuon 4.2.4.2) 

Exclter 1 ON/2 OFF 
Remtore Coherent Mode (OM 
Bw Low Mod b d m ~  Select . Probe. Mod 1ndU select 

( d d t  care) 

Exclter I Select 
P o n r  Amp S Select 
Mcdlum G J n  Horn Antenna 

*lect 
Amp 1 Low Power Select 

HLb P a r e r  to Ah C m n l / I ~ w  
D w r  to k'orvard Omnl or  
Horn Srlrct 

Rccclven Normal .Select (vla 
command procensor conllgure 
cornmandl 

Command Proce#rors 1 1 2 
ON (both memotiem In "OFF" 
.late) 

A11 .Six (6) COME Oh' . PCI'. marmcd.  

. PSI'ON 
PSI2. OFF 
PSI* Srwor  W n  1 B d w l d t h  

(A* Requlrcd) 

ADPlON 
ADPZOFF 
SRH to SRR 
SRR to PSI2 
All Jet. IXslblrd 
Spln Rate Urtactor Enrblcd 
SHR Advum Umdlcd 
ma O.tc ENblcd 

B .Star Aepulmltla to Normal 
B SckC(rd SKH 
B I*cn ?kuor Mtet (rxtnwkrl 

R a m - V p p r l  
D PLL l a u  d I& E n d e  
B PLL .Wn R- S ~ l e c t  32 to 

70.8 rpn. 
B P1.L 41n Rrlod M u  Fmlv- 

d d t o 4 8 . 5  rpn.  
8 JCE W e r  Outprt lX.abled 
D Ochc* hr.metem (don't care) 

CHANGES FROM POST-!MALL PHODE HELEASE COKFIGI'RATlOlr 

TARGETING 
ATTlTI'DE 

8eotlaa 4.2.4.4 

CRI'ISE. TO 
E-8 DAYS 

Scctlon 4.2.4.3 

HI Mod Index 

A m p 1  & S O N  
A m p  2 1 4 OF 

Amp 2 L o w  PWI 
.select 

Hlgh Power to 
Horn 

--- 
E-8 DAYS iY) 

E-8 DAYS 
SccUon 4.2.4. I 

HI Mod Index 

A m p  1 1 SON 
A m p  2 1 4  OF 

Amp i Low Pwr 
select 

Hlgh P o w r  to 
Horn 

-- 

FINAL DESPIF 
E-2 DAYS 

vctlon 4.2.4.7) 

HI Mod l n d a  

A m p 1  &SON 
A m p 2 L  IOFF 

Amp 2 Low Pwl 
select 

Hlgh P o n r  to 
Horn 

g .Ola l l . l tpn  

). 45 rpm 



section No. 4.2.5 

- kevision No. 

Rev isioa 

Heaten 0 All Jet Heaten ON, except Frrd 
Axld Jet neater OFF 

0 Primary T.dr/Llac Heatcra 

DATA HANbUND 

Telemetv 3rcrt.M~ 

0 All Pmb@ Heawn OFF 

0 Tclrmetry Pmcraaor 1 ON/2OFF 
0 F&m Dy(nccr( ly  Fonnat 

118 mtl/Sec 
0 n8U ON 
0 Cmrdutlon Emoslq Oh' 

0 P C M  Emadcr 1 ON/2 OFF 

0 All E m  18) DIM1 Oh: 

All  Wnac OFF 

TARGETING 
ATTITUDE 

(Sratloa 4. a. 4.4) 

ACS Forma: 
64 to 258 Bp 

CRI'lSE TO 
E-8 DAYS 

*ctl00 4.0.4.6) 

E-8 M Y S T O  
E-2 DAYS 

d o n  4.1.4.81 

FINAL DESPIN 
E-1 DAYS 

&on 4.2.4.71 



TABLE 4.2.5-1 

BUS ENTRY SEQUENCE OF EVENTS 

COYYAM) 
w w  v E R I m A n o w  

YNEYONtC COYYAM) OR EVENT 
TLM YHBYONIC TLM TITLE 

R r l O r m  Affltlnle .ad 9pln Rate 
Determloatlau (See Bcctlca 4.3.2) 



L 

- - L Y  Boll= . l  gokaufic lrntnnnent Comm.alr to 
b ~-10 Bcun. : wdl@re BNMS ibr dlhratle  g u  

.rprwmct TBD by NASMARC. 

I 1 Arm SPIPFDad BN'Ms cd Gm hm 

VertllcnLlao from BNMS bsimmumt 

mms on 
0lU.w- 

Arm Lam h&e IFD .ad BNMS B/O 
Aat. 

~ -- 

Flre  BNMS R/O Ant P r l s a m  Veriibat&on lram BNMS I lr tmment  
teIeBl*. 

Arm Lam Pmk 1FD .ad BNMS B/O No ".rm" .t.tru telcmetq exlmt . .  
A d  

tl ORM6 Fire BNMS B/O Hat sccQd.ry VerLflcaUoo Cram BNMS Ml~mat 

telemetry. 

t l + l M l u t e  ORm0OR m u m  my 1 No **arm1' h t n r  tdcmttrJ d.1.. 
IS &om& ORDM- 

I 
I 

8okatlOc hmtrumcllt Cammaad8 ta T e l c m c t m  verlflcrtloa d "TBW' 
aoPllgPre BNMS mml BIMS for entry; 11  Canmpld. .  

I 
TBD tg N A W A R C .  

TP-1 ~clmmetry Pmoeuor 1 cmtd Obcnd chagc ~n ~ 8 1 8 t 8 ~  (mrd 5) 
( d e a t l O l 4 b p  md ACSOr BPI) d every mimr C r a w .  



TABLE 4.2.5-1 I C e M  



TABLE 4.2.5-1 (caWd) 

TELEMETRY VERIFICATION 

?LM MNEMONIC TLM TITLE 

Ampltfler 3/4 Swltch Position = 1 (13 
Llected). 

Ampllfler 3 Select 
Ampllfler 3 Select 

-- 
Ampllfler 2 Low Pomr/Anpl l f ier  1 
High Power Select 
AmplVler 2 Low ~owerfAmpltfler  1 
Htgb Power Select 

' ~ x c i t c r  1 Select 
I Exciter 1 Select 

Ampltfler 1/2 o HIgWtow Power Status = 
1 @1 to  Hlgh Power). 

Exciter 1/2 Swltch Poslthm = 1 #I 
Selected). 

EXCIBf Exclter 1 ON/2 OFF 
rJCAS** R c l t e r  1 ON/2 OFF 

COYlS* %store Coherent Mode 
COHAS** Restore Coherent Mode 

Wls Hlgb Mod Index Select 
MMAI** Bus High Mod Mar Select 

Exclter 1 ~nhtbit/Restore Cohere?t Mode 
Ratus = 0 (Restore). 

DSN Receive Parameters Indicate High 
Mod Mex in use. 
- -- -- 

PCM E n c d e r  1 ON,'OPF = 1 (ON). PCMIO* PCX Encoder 1 ON/2 OFF 

Sclentlflc :nstnunent Commanda TBD 
a t  t lmes TBD by NASA/ARC. 

Telemetry verification of "TBD" 
Command@. 

I All commands sent Ln redundant palrs 
from SCPl and SCP2. 



TABLE 4.2.5-2 

BUS SUBSYSTEM ENTRY CONFIGURATION 

COMMUNICATIONS 

Transponders 

Power Ampltflers 

Swltoh Drivers 

COMMAND 

Command P m e e e o r s  

COMs 

Y U s  

CONTROLS 

Star Sensor 

Section lo. 9.2.5 

Rerisioa lo- 

OPERATIONAL CONFIGURATION 

Cxclter 1 ON/2 OFF 
Restore Cohcrent Mode (ON) 
Bua High Mod Index Select 
Probes Mod Index (don't care) 

Power Ampa 1 and 3 ON 
Power Ampe 2 and 4 OFF 

molter  1 Select 
Power Amp 3 Seleot 
Medlum Galn Horn Antenna Seleot 
Low Power to Aft Omnl/Hlgb Power to 

Forward Omnl or 3orn Select 
Receivers Normal Selcat (vla m m a n d  

processor configure oommand) 
Amp 2 Low Power/Amp 1 High Power Seleot 

Command Prooessom 1 and 2 ON @oth 
memorlee In "RUN" state) 

All slx (6) COME ON 

PCUe Disarmed 

PSI* ON 
PST2* OFF 

Sensor Galn and E3andwldth (Aa Req'd) 

ADP 1 ON 
ADP 2 OFF 
SRR to SRFt 
SRFt to Pa2 
All Jet8 Dietbled 
Spln Rate Deteator Enabled 
SRR Advance Msabled 
Sun Gate w e c ;  
Star AoquI8ttlon to Normal 
Seleated SRR = Sm 

R e v i s i o n  



a-LrAU11 Nu, 4 & 5  
DOC. YO- 
Orig.  Issue Date - 
R e v i s i o n  

TABLE 4.2.6-2 (Coatlnued) 

CONTROLS ( C m t l ~ ~ a d )  

Attltude Data mvloermrs 
(COnt1d) 

DATA HANDLING 

Telemetry Prooessor 

PCM Enooder 

DIM 

SCIENTIFIC INSTRUMENTS 

POWER 

Charge/Dlecharge 
Controller 

UV/OL Control 

OTHER 

Sun S e m r  Seleot (extended range-upper) 
PLL Inca of Lock Enable 
PLL Spin Range Selsot 8.0 to 17.7 rpm 
PLL Spln Perlod Mag Equivalent to 9.45 rpm 
JCE Wdlor Output Dlsabled 
RIP Deley for BNMS bleated 
Other Parameters (don't care) 

Telemetry Prooessor 1  ON/^ OFF 
Bus Entry Format 
1024 Bita/Seo 
Data ON 
Convolutional Encoding ON 

PCM Encoder 1  ON/^ OFF 

All Elght (8) DIM0 ON 

All Sclence ON (oontlguratlon modes ae 
speclfled by NAsA/ARC) 

Al l  Flw (5) Bus Urnitera Enabled 

Low Rate Charge Select (both relays - both 
batteries) 

Primary DLscbnrge Reg Select (both 
battertes; 

Power Spstem Protection ON 
Pre-Charge OFF 

Pmb Checkout Power OFF 
Large Probe Internal Power OFF 
Small Probe 1 Internal Power OFF 
Small Probe 2 Internal Power OFF 
Small Probe 3 Internal Power OFF 

All Je t  Heatem ON, except Forward Axid 
Jet  Heater OFF 

Prlmarg TaddLLne Heaters Seleat 
All h'obe Heaters OFF 
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Secticrn No. 
DOC- NO- _ PC-U_Oj 
or iq .  Issue Date 5/123/78 
h e v i s i o n  No. 

R e v  ision 

" 20 2 r l 6  * 3 1  *SO r 6 8  * a 6  t l 0 4  * I 2 2  '140 

A M B I E N T  ( A F T  S H E L F I  T E M P  O F  I S X A F l T .  W H E R E  X - 1  O R  1 O R  3)  

FIGURE 4 2 2 5 SMALL PROBES STABLE OSCILLATORS INDIVIDUAL STEADY STATE CURRENT 
CONSUMPTION VS TEMPERATURE 

FIGURE 4 2 2 6 SMALL PROBES STABLE OSCILLATORS TOTAL STEADY STATE CURRENT 
CONSUMPTION VS TEMPE AATURC 



LOCI OF BUS ENTRY POINTS 

CELESTIAL LONGITUDE AT 200 km ALTITUDE, deg 

325 330 335 340 345 350 355 0 5 

FLIGHT PATH ANGLE 
VELOCITY VECTOR 
ANGLE OF ATTACK 
BUS SPIN AXIS 

26 TO CENTER OF VENUS 
/ 

FLIGHT PATH ANGLE 
AT 200 krn ALTITUDE 

- 7" 

AUG 15 

AUG 5 

I I I I I - 
40 35 30 25 20 15 10 

DEGREES FROM TERMINATOR 

Figure 4.2.4.3-1. Bus Entry Locations 
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Section No. 
Doc. No. PC-40) 
Orig. Issue Date _li/22/3C) 
R e v i s i o n  No, 

R e v i s i o n  

46 48 60 52 

CELESTIAL LONGITUDE, DEGREES 

(ENTRY FPA gal 

FIGURE 4.2.4.3.2. BUS TARGETING A V  DIRECTION 



Section Yo. 4.u 
DOC- UO - J-403 
O r i r j .  Issue Date A D 7 8  
Rev i s ion  lo. - 

R e v i s i o n  

W 1  6/10 8/16 8/11 

LAUNCH DATE, 1978 

(ENTRY FPA - -90) 

FIGURE 4.2.4.3-3. BUS TARGETING AV MAGNITUDE 



S e c t i o n  no. ,b2.S 
Doc- No- -KAQL-- 
oriq.  Issue Date 
Revis ion  No. 

Rev ision 

~~ 

SPACECRAFT ORIENTED FOR 1' ANOLE OF ATTACK A T  200 K M  ALTITUDE 

FLIGHT PATH ANGLE 
AT 200 K M  ALTITUDE 

CELESTIAL LONGITUDE, DEGREES 

ARRIVE ON @ DECEMBER 1-8 

FIGURE 4.2.4.6-1. SPACECRAFT ATTITUDE AT BUS ENTRY 



Section No. 4.2.5 
DOC- ' 0 -  
Orig- Issue Date 
Berision lo- - 

1 1 1 1 

1 
L 

22 1 222 222 224 226 

CELESTIAL LONGITUDE X G R E E S  

ARCWE OM 12 DECEMI ER 1@9@ 

FIGURE 4.2.4.6-2. JSACECRAFT ATTITUDE AT BUS ENTRY 



I- T D ~  -- 
COMMAND 
MEMORY 1 -+- 

I , 

E-48 I 
1 TRACKING D A T A  

HR L .  j - UPCfiTE 
I I I 

LOAD AND SEND e E-44 t i  R 
VERIFY "TIMED (NEAREST 
.T E 4 6  HR START'' 4096 CLOCK 

COMMANDS TRANSIT ION 
THEREAF'TEH) 

J P A C ~ C R A F T  ENTRY 
CONFlGlJRATlON SEQUENCE 
BACKUP SCIENTIFIC 
COMMANDS INSTRUMENT 
(SEE TABLE COMMANDS 
4.2.51) (TED) 

TD' - TlME DELAY EQUIVALENT TO Tlhdrz BETWEEN €4 HOURS AND NEAREST 4096-SECOND 
CLOCK TRANSITION AFTER E 4 4  Ha 'JRS WITH COMMAND PROCESS03 1 CLOCK STABILITY 
BIAS INCORPORATED. 

T D ~  = SAME AS TD' EXCEPT WITH COMMAND PROCESSOR 2 CLOCK STABILITY BIAS INCORPORATED. 

COMMAND PROCESSOR ACCURACY ISTABILITY) DETERMINED FOR EACH COMMAND 
PROCE=DR DURING INTERPLANET LAY CRUISE, PREF ERABLY I N  LAST 20 DAYS OF CRCIISE. 
EACH COMMAND PROCESSOR'S CLOCK TIMING IS CALIBRATED AGAINST REAL  TlME ON 
GROUND. CALIBRATION IS EFFECTED BY STCRING AN EXACT 40.0 HOUR T lME DELAY CODE 
FOLLOWED lMh*EDIATELY BY AN RF MODULATION INDEX CHANGE COMMAND, A N D  
MEASURING THE T lME BETWEEN STARC OF THE MEMORY AND THE OBSERVED CHANGE 
I N  DOVGNLINK MODULATION INDEX. 

FIGURE 4.2.5-1. BUS ENTRY COMMAND MEMORY UTILIZATION SEQUENCE 




