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ABSTRACT 

A programmer t o  automate the SNAP-8 mercury-loop s t a r t u p  s t a r t e d  
t he  system from an i n i t i a l  cond i t ion  i n  which a l l  system pumps were powered 
by an a u x i l i a r y  power s o u r c e  a t  reduced frequency and i n  which there  was 
no  mercury i n  the mercury pump. The f i n a l  cond i t ion  a t  the  end of s t a r t u p  
was s e l f - s u s t a i n i n g  ope ra t ion  of mercury loop and a l l  pumps were powered 
by the t u r b i n e - a l t e r n a t o r  a t  r a t e d  frequency.  The programmer was success- 
f u l l y  used f o r  26 mercury-loop s t a r t u p s .  
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SUMMARY 

An exper imenta l  au tomat ic  s t a r t u p  sequencing programmer f o r  the 
SNAP-8 space  power system was des igned ,  assembled and t e s t e d .  The pro- 
grammer ope ra t ed  from an i n i t i a l  c o n d i t i o n  i n  which a l l  system pumps 
opera ted  on a u x i l i a r y  pDwer a t  reduced frequency and the  mercury pump 
conta ined  no mercury. The f i n a l  c o n d i t i o n  of the programmed s t a r t u p  was 
s e l f - s u s t a i n i n g  o p e r a t i o n  of the mercury loop  (flow, 6600 l b / h r )  , and 
a l l  pumps w q r e  powered by the  t u r b i n e - a l t e r n a t o r  a t  r a t e d  frequency (400 
h e r t z ) .  The programmer was s u c c e s s f u l l y  used f o r  26 mercury-loop s t a r t u p s .  

INTRODUCTION 

A s  p a r t  of the development of the  SNAP-8 s p a c e  power system (ref. 1) , 
an i n v e s t i g a t i o n  of system s t a r t u p  c h a r a c t e r i s t i c s  was conducted u s i n g  
the SNAP-8 ground t e s t  f ac i l i -ky  a t  the  L e w i s  Research Center.  These s t a r t -  
up t e s t s  were mainly concerned w i t h  e v a l u a t i o n  of t h e  effects  of s p e c i f i c  
system o p e r a t i n g  v a r i a b l e s  on the c h a r a c t e r  of the  s t a r t u p  t r a n s i e n t  and 
component i n t e r a c t i o n s .  Br inging  the mercury loop t o  s e l f - s u s r a i n i n g  
ope ra t ion  w i t h  a mercury flow r a t e  of  6600 pounds p e r  hour  is the  most 
c r i t i c a l  p o r t i o n  of SNAP-8 s t a r t u p .  A d e s c r i p t i o n  of the s t a r t u p  sequence 
and some of the r e su l t s  of  these s t a r t u p  t e s t s  a r e  p re sen ted  i n  references 
2 and 3. 

The mercury loop s t a r t u p  sequence was performed manually d u r i n g  the  
i n i t i a l  s t a g e  of the t e s t  program i n  o rde r  t o  g a i n  b a s i c  in format ion  re- 
q u i r e d  f o r  the  des ign  of the sequencing ' l o g i c  of an au tomat ic  s t a r t u p  
programmer s i n c e  a f l i g h t  system would, i n  most a p p l i c a t i o n s ,  b e  r e q u i r e d  
t o  s t a r t  by remote command. 
grammer was des igned  and f a b r i c a t e d  a t  the  Lewis Research Center .  The 
des ign  of t h i s  programmer and i t s  performance d u r i n g  2 6  s t a r t u p s  of the 
mercury l o o p  a r e  d i s c u s s e d  h e r e i n .  

For  t h e s e  r easons  a breadboard s t a r t u p  pro-  

SYSTEM DESCRIPTION 

The v a r i o u s  v a l v e s  of  the  SNAP-8 t e s t  sys tem,  c o n t r o l l e d  by the  s t a r t  
programmer, a r e  shown i n  f i g u r e  1. The loop  of prime i n t e r e s t  is the 
mercury loop.  This loop i n c l u d e s  f o u r  major SNAP-8 components: the mercury 



pump, the  b o i l e r ,  the  t u r b i n e - a l t e r n a t o r  and the  condenser.  The s t and-  
p i p e  shown i n  the f igure  is used t o  c o n t r o l  the  mercury inventory  i n  t h e  
loop .  Mercury can e i ther  b e  added t o  o r  withdrawn from the loop by v a r i -  
a t i o n  of the  cover  gas  p r e s s u r e  i n  the s t andp ipe .  During the s t a r t u p  a 
f i x e d  gas  p r e s s u r e  is maintained on the  s t andp ipe .  Valve V 2 1 7  is used 
t o  i s o l a t e  the s t andp ipe  from the mercury loop. 

The p o r t i o n  of the  l u b r i c a n t - c o o l a n t  loop shown i n  f i g u r e  1 is used 
t o  provide  b e a r i n g  l u b r i c a t i o n  and c o o l i h g  f o r  b o t h  the t u r b i n e - a l t e r n a t o r  
and the  mercury pump. Redundant v a l v e s  a r e  used a t  the  i n l e t  and o u t l e t  
of each component. L i f t - o f f  s e a l s  on bo th  the t u r b i n e - a l t e r n a t o r  and 
mercury pump provide  a s e a l  between the  mercury and l u b r i c a n t - c o o l a n t  
f l u i d s  when e i ther  component is o p e r a t i n g  below the speed a t  which the 
v iscous  s e a l s  a r e  e f f e c t i v e .  The l i f t - o f f  s e a l s  a r e  l i f t e d  f o r  normal 
ope ra t ion  by p r e s s u r i z i n g  the bel lows a t t a c h e d  t o  the s e a l s .  
and V434 provide  the necessary  p r e s s u r e  t o  l i f t  these s e a l s .  

Valves V417 

A l s o  shown i n  f igure 1 is the NaK-to-NaK a u x i l i a r y  s t a r t  h e a t  exchanger 
t h a t  t r a n s f e r s  h e a t  from the primary loop ,  du r ing  r e a c t o r  s t a r t u p ,  t o  the  
h e a t - r e j e c t i o n  loop  p r i o r  t o  t he  mercury loop s t a r t u p s .  Valve V 1 1 7  is  
used t o  shut o f f  the  a u x i l i a r y  s t a r t  loop flow dur ing  the s t a r t u p  sequence. 

Two p r e s s u r e  t r a n s d u c e r s  and one weight t r a n s d u c e r  were used t o  s e n s e  
the condenser i n l e t  p r e s s u r e ,  the  mercury pump i n l e t  p r e s s u r e ,  and the 
s t andp ipe  mercury inventory .  

All of the va lves  shown i n  f igure 1 were opera ted  i n  an on-off mode 
with the  except ion  of the  mercury f low c o n t r o l  v a l v e ,  V230. T h i s  va lve  
was an e l e c t r o - h y d r a u l i c a l l y  opera ted  v a l v e  c o n t r o l l e d  by an ana log  com- 
p u t  er .  

START -PROGRAMMER DES I GN 

The programmer opera ted  from an i n i t i a l  cond i t ion  i n  which a l l  system 
pumps a r e  o p e r a t i n g  on an a u x i l i a r y  power sou rce  a t  r a t e d  frequency and 
the  mercury pump c o n t a i n s  no mercury. The f i n a l  cond i t ion  of  the  programmed 
s t a r t u p  is a s e l f - s u s t a i n i n g  ope ra t ion  of the mercury loop (flow r a t e ,  
6600 l b h r )  and a l l  system pumps a r e  powered by the  t u r b i n e - a l t e r n a t o r  
a t  r a t e d  frequency (400 h e r t z ) .  P r i o r  t o  the mercury-loop s t a r t u p ,  the  
primary NaK loop and h e a t  r e j e c t i o n  loop were s lowly brought  up t o  o p e r a t i n g  
tempera ture  and the  l u b r i c a n t - c o o l a n t  loop was ope ra t ing .  The f u n c t i o n s  
of the  s t a r t  programmer a r e  shown i n  the b lock  diagram of f igure 2 .  D e t a i l s  
of  the  des ign  a r e  p re sen ted  i n  the  fo l lowing  d i s c u s s i o n .  
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Automatic-Manual Valve Opera t ion  

S e v e r a l  va lves  (V117, V210, V 2 1 7 ,  V247, and V260) had t o  have pro-  
v i s i o n  f o r  e i t h e r  manual ope ra t ion  or automat ic  ope ra t ion  by the s t a r t  
programmer. An automatic-manual mode switch was t h e r e f o r e  provided  f o r  
each of these va lves  on t h e  s t a r t  programmer p a n e l .  

To avoid  c y c l i n g  these v a l v e s  when s w i t c h i n g  between the manual and 
au tomat ic  modes, two des ign  f e a t u r e s  were i n c o r p o r a t e d  i n  the programmer. 
F i r s t ,  a p a n e l  l i g h t  was provided f o r  each of  these va lves  t o  i n d i c a t e  
the p o s i t i o n  the v a l v e  would seek when o p e r a t i n g  i n  the au tomat ic  mode. 
These l igh ts  i n  con junc t ion  w i t h  the  v a l v e  p o s i t i o n  l i gh t s  p rov ide  a v i s u a l  
i n d i c a t i o n  of  proper  o p e r a t i o n  of the v a l v e  c o n t r o l  c i r c u i t s .  Secondly,  
a make-before-break r e l a y  was used t o  switch the va lves  between manual 
and au tomat ic  modes of ope ra t ion .  Thus,  the  only p recau t ion  t o  be  t aken  
when s w i t c h i n g  the v a l v e s  between au tomat ic  and manual modes i s  t o  check 
the  p o s i t i o n  of the manual switch when s w i t c h i n g  to manual mode, or t h e  
i n d i c a t i o n  l i g h t  on the s t a r t  programmer p a n e l  when s w i t c h i n 5  to automat ic  
mode. 

S tandpipe  Opera t ion  

During t h e  mercury loop  s t a r t u p  sequence the mercury s t a n d p i p e  v a l v e ,  
V217 ( f ig .  1) , was i n i t i a l l y  open, a l lowing  mercury t o  flow from the  s t a n d -  
p i p e  i n t o  the  mercury loop .  When the s t a n d p i p e  v a l v e  was ope ra t ed  i n  
the au tomat ic  mode, it was energ ized  t o  t he  c l o s e d  p o s i t i o n  by the a d j u s t -  
a b l e  meter r e l a y  t h a t  provided  the r eadou t  fo& the  weight s e n s o r  on the 
s t andp ipe .  Thus, the  d e s i r e d  mercury loop  inven to ry  was a u t o m a t i c a l l y  
obta ined  by s e t t i n g  the  t r i p  p o i n t  on the s t a n d p i p e  meter r e l a y  t o  b e  
t h e  d i f f e r e n c e  between the  i n i t i a l  s t a n d p i p e  weight and the d e s i r e d  weight 
of mercury t o  be t r a n s f e r r e d  from the  s t a n d p i p e  t o  the mercury l o o p .  Once 
the s t a n d p i p e  v a l v e ,  V217 ,  was c l o s e d ,  the  au tomat ic  c o n t r o l  c i r c u i t  is 
e l e c t r i c a l l y  s e a l e d - i n  and r e q u i r e s  manual rese t .  

Mercury Pump I n l e t  P r e s s u r e  PermissivF 

Opening t h e  mercury pump i n l e t  v a l v e ,  V207 (fig.  l), i n i t i a t e s  the 
mercury loop  s t a r t u p .  To  i n s u r e  t h a t  mercury has  reached the mercury 
pump, a pump i n l e t  p r e s s u r e  requi rement  was used a s  a pe rmis s ive  s i g n a l  
t o  con t inue  t h e  s t a r t u p  sequence. 
r eadou t  f o r  t h e  mercury pump i n l e t  p r e s s u r e  t r a n s d u c e r ,  was used t o  accom- 
p l i s h  t h i s  f u n c t i o n .  When t h i s  meter r e l a y  was t r i p p e d  t h e  fo l lowing  
occurs :  v a l v e s  V247, V206, and V260, between the  mercury pump o u t l e t  
and the b o i l e r ,  were opened. Valve V117 is c l o s e d ,  s h u t t i n g  o f f  the 
a u x i l i a r y  s t a r t  loop f low t o  the h e a t  r e j e c t i o n  loop.  An a d j u s t a b l e  
t ime de lay  r e l a y  was a l s o  a c t i v a t e d ,  t o  a l low any t r a n s i e n t s  produced 
by the above o p e r a t i o n s  t o  s e t t l e  b e f o r e  proceeding  with t h e  s t a r t  sequence.  

An a d j u s t a b l e  meter r e l a y ,  used a s  the  



When the meter r e l a y  c i r c u i t  t r i p p e d  it was e l e c t r i c a l l y  s e a l e d  i n ,  s ince 
the  mercury pump i n l e t  p r e s s u r e  w i l l  l a t e r  drop below the  t r i p  va lue .  

Mercury Flow Con t ro l  Valve Opera t ion  

The purpose of the  flow c o n t r o l  v a l v e ,  V230 (f ig .  1) , was t o  p rov ide  
a programmed mercury flow ramp t o  t h e  b o i l e r  and t o  s e t  the  s t e a d y - s t a t e  
flow i n  the  mercury loop.  An ana log  computer, w i t h  a flow feedback s i g n a l ,  
was used t o  program t h i s  h y d r a u l i c  va lve .  The s t a r t  programmer s u p p l i e d  
two s i g n a l s  t o  the ana log  computer f o r  the  c o n t r o l  of t h i s  va lve .  The 
first s i g n a l  was s u p p l i e d  by the t i m e  de l ay  r e l a y  a c t i v a t e d  by the  mercury 
pump i n l e t  p r e s s u r e  meter r e l a y .  T h i s  s i g n a l  opens the f low c o n t r o l  v a l v e  
s l i g h t l y  and a l s o  a c t i v a t e s  ano the r  t ime de lay  r e l a y .  The i n i t i a l  opening 
of the v a l v e  pe rmi t s  a very s m a l l  f low t o  pas s  through the l i q u i d  v e n t u r i  
(f ig.  l), producing  a f low feedback s i g n a l  f o r  the  computer. When the 
second t i m e  de l ay  r e l a y  times o u t ,  a l l owing  s u f f i c i e n t  time f o r  t h e  flow 
feedback s i g n a l  t o  b e  e s t a b l i s h e d ,  a second s i g n a l  is sen t  t o  the computer 
t o  i n i t i a t e  the  mercury flow ramp. 

Condenser-Outlet  Valve Opera t ion  

The condense r -ou t l e t  v a l v e ,  V210 (f ig .  1) , can be  a u t o m a t i c a l l y  
opened by either:  (1) the  end of the mercury f low ramp, o r  (2) a s p e c i f i e d  
condenser i n l e t  p r e s s u r e .  I n  t h e  first mode the  v a l v e  was opened by a 
s i g n a l  from a t ime de lay  r e l a y  t h a t  was a c t i v a t e d  a t  the  s t a r t  of the  
mercury f low ramp and p r e s e t  f o r  t he  l e n g t h  of the f low ramp. I n  the 
second mode the v a l v e  was opened by a s i g n a l  from the a d j u s t a b l e  se t  p o i n t  
me te r - r e l ay  t h a t  p rov ides  the r eadou t  f o r  the  condenser  i n l e t  p r e s s u r e  
t r ansduce r .  Once the s e l e c t e d  mode opened the v a l v e ,  the  v a l v e  c o n t r o l  
c i r c u i t ,  i n  the au tomat ic  mode, was e l e c t r i c a l l y  s e a l e d  i n  and had t o  b e  
r e se t  manually.  

Frequency Dep end en t Funct ions  

S h o r t l y  a f t e r  the  beginning  of  the  mercury flow ramp the t u r b i n e -  
a l t e r n a t o r  s t a r t e d  t o  a c c e l e r a t e .  
programmer performed two f u n c t i o n s ,  each a t  a d i f f e r e n t  f requency .  These 
func t ion?  were: (1) t r a n s f e r r i n g  the  f o u r  system pumps from an a u x i l i a r y  
power supply  t o  the ou tpu t  of the  a c c e l e r a t i n g  t u r b i n e - a l t e r n a t o r  a t  a 
s p e c i f i e d  frequency (pump b o o t s t r a p p i n g  frequency)  , and (2) opening the 
l u b r i c a n t - c o o l a n t  v a l v e s  and p r e s s u r i z i n g  the l i f t - o f f  sea ls  on b o t h  the 
t u r b i n e - a l t e r n a t o r  and the  mercury pump. A s e p a r a t e  s e r i e s - t u n e d  inductance-  
c a p a c i t a n c e  (LC) c i r c u i t  was used t o  t r igger  a s i l i c o n  c o n t r o l  r e c t i f i e r  
and r e l a y  i n  o r d e r  t o  perform each of the  above two f u n c t i o n  . Since  the  

g a t e d  (220 t o  300 h e r t z ) ,  a c a p a c i t i v e  decade box was used i n s t e a d  of a 

During t h i s  a c c e l e r a t i o n  the  s t a r t  

t e s t  program r e q u i r e d  t h a t  a r ange  of b o o t s t r a p p i n g  f r e q u e n c i e s  7 b e  i n v e s t i -  
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f i x e d  c a p a c i t o r  i n  the a p p r o p r i a t e  s e r i e s - t u n e d  LC c i r c u i t .  This pe rmi t t ed  
the  pump boo t s t r app ing  c i r cu i t  t o  b e  convenient ly  r e tuned  f o r  each boot-  
s t r a p  frequency.  Three-pole ,  double-throw c o n t a c t o r s  were used t o  t r a n s f e r  
each pump from the  a u x i l i a r y  power sou rce  t o  the a l t e r n a t o r .  By using 
a s e p a r a t e  c o n t a c t o r  on each pump, any o r  a l l  pumps could b e  t r a n s f e d r e d  
a t  the  b o o t s t r a p  frequency.  Once the t r a n s f e r  c i r c u i t  was a c t i v a t e d ,  it 
was e l e c t r i c a l l y  s e a l e d  i n  and r e q u i r e d  manual r e se t .  To t r a n s f e r  the  
pumps from the a l t e r n a t o r  t o  the a u x i l i a r y  power sou rce ,  the  frequency 
s e n s i n g  c i r c u i t  was first switched o f f  and the pumps w i l l  t h e n  t r a n s f e r  
when the manual r e se t  is a c t i v a t e d .  

Pre l iminary  Programmer Adjustments 

P r i o r  t o  switching t h e  v a r i o u s  f u n c t i o n s  of the s t a r t  programmer t o  
the  au tomat ic  mode, s e v e r a l  p re l imina ry  ad jus tments  were r e q u i r e d .  The meter 
r e l a y s  used f o r  the s t andp ipe  weight, t h e  mercury pump i n l e t  p r e s s u r e ,  
and the condenser i n l e t  p r e s s u r e  (if used t o  open va lve  V210) were s e t  t o  
the  r e q u i r e d  va lues .  The three t ime-delay r e l a y s  used i n  the  s t a r t  pro- 
grammer were a d j u s t e d  f o r  the proper  t i m e  s e t t i ngs .  These t i m e  s e t t i n g s  
were: (1) the  t i m e  de lay  between the mercury pump i n l e t  p r e s s u r e  t r i p  
and the s l i g h t  opening of  v a l v e  V 2 3 0 ;  (2) the  t ime de lay  between the 
s l i gh t  opening of v a l v e  V 2 3 0  and the s t a r t  of t he  mercury f low ramp; and 
(3) the t ime-dura t ion  of the mercury flow ramp (if  t h i s  l o g i c  is used t o  
open va lve  V 2 1 0 ) .  I n  a d d i t i o n ,  the p rope r  capac i t ance  v a l v e  f o r  the  pump 
b o o t s t r a p p i n g  tuned c i r cu i t  was a l s o  s e l e c t e d .  

With c o n t r o l  power on, a l l  reset  c i r cu i t s  were manually a c t i v a t e d .  
Proper  ope ra t ion  of  the s t a r t  programmer was confirmed by checking the  
va lve  i n d i c a t o r  l i gh t s  on the s t a r t  programmer panel .  A l l  s t a r t  programmer 
f u n c t i o n s  were manually switched t o  the  au tomat ic  mode. 

A t  t h i s  p o i n t  i n  the procedure a l l  the  va lves  opera ted  by the  s t a r t  
programmer (fig.  1) were i n  the  c losed  p o s i t i o n ,  except  f o r  the  s t a n d p i p e  
va lve ,  V 2 1 7 ,  and va lve  V117, t h a t  c o n t r o l l e d  the a u x i l i a r y  s t a r t  loop 
flow. A l l  system pumps, except  the mercury pump (which was inope ra t ive )  
were o p e r a t i n g  on a f a c i l i t y  power s o u r c e  a t  the b o o t s t r a p  frequency.  
Immediately p r i o r  t o  a c t i v a t i n g  the s t a r t  programmer sequence,  the  mercury 
pump was s t a r t e d  and opera ted  a t  the  b o o t s t r a p  frequency.  The l i f t - o f f  
s e a l s  were k e p t  i n  c o n t a c t  w i t h  the  pump s h a f t ,  and the  l u b r i c a n t - c o o l a n t  
va lves  were i n  the c losed  p o s i t i o n .  

DISCUSSION OF RESULTS 

The f u n c t i o n i n g  of  the  s t a r t  programmer may b e  fol lowed by r e f e r r i n g  
t o  the exper imenta l  d a t a  f o r  a t y p i c a l  s t a r t  sequence p resen ted  i n  f igure 
3. For t h i s  s t a r t  sequence the d u r a t i o n  of the mercury flow ramp from 0 
t o  6600 l b / h r  was approximately 85 seconds ,  while the  b o o t s t r a p  frequency 
(switch over  from a u x i l i a r y  power t o  t u r b i n e - a l t e r n a t o r  power) was 2 4 0  
h e r t z .  
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Once the mercury pump had been s t a r t e d  ( f ig .  3d ) ,  the  s t a r t  sequence 

The somewhat r a p i d  
was i n i t i a t e d  by opening va lve  V207. This a c t i o n  pe rmi t t ed  the mercury 
i n  the s t a n d p i p e  t o  f i l l  the dry  mercury pump c a v i t y .  
dec rease  i n  s t andp ipe  weight, a s  shown i n  f igure 3 f ,  g ives  evidence of 
t h i s  f i l l i n g  a c t i o n .  Once the  pump was f i l l e d ,  the  pump i n l e t  p r e s s u r e  
inc reased  very r a p i d l y ,  a s  shown i n  f igure  3a. When the pump i n l e t  p re s -  
sure reached 30 p s i a ,  the  s t a r t  programmer c losed  va lve  V 1 1 7 ,  reducing  
the  a u x i l i a r y  s t a r t  loop  flow t o  z e r o  ( f ig .  3c) and opened va lves  V247, 
V206, and V260. A 10-  t o  15-second t i m e  de lay  was provided b e f o r e  the 
nex t  s t e p  i n  the s t a r t  sequence t o  a l low any p e r t u r b a t i o n s  caused by 
opening va lves  V247, V206, and V260 t o  s e t t l e  ou t .  

A t  the  end of t h e  t i m e  d e l a y ,  the  flow c o n t r o l  va lve  (V230) was 
opened very  s l i g h t l y .  The ensuing sma l l  f low through t h e  l i q u i d  v e n t u r i  
( f ig .  1) provided a flow feedback s i g n a l  f o r  the programmed mercury flow 
ramp. The 30-second t i m e  de lay  between the  s l i gh t  opening of the flow 
c o n t r o l  v a l v e  (V230) and the s t a r t  of  the  mercury flow ramp provided 
s u f f i c i e n t  t ime f o r  the flow feedback s ignak  t o  b e  e s t a b l i s h e d .  
a f t e r  the  flow ramp had s t a r t e d  ( f ig .  3b) the  t u r b i n e - a l t e r n a t o r  began 
t o  a c c e l e r a t e  a s  shown by the  a l t e r n a t o r  f requency t r a c e  i n  f i g u r e  3e. 
When the  a c c e l e r a t i n g  a l t e r n a t o r  reached the b o o t s t r a p  frequency (240 
h e r t z  i n  th i s  c a s e ) ,  the  f o u r  system pumps were t r a n s f e r r e d  t o  the a l t e r -  
n a t o r  and then a c c e l e r a t e d  t o  400 h e r t z  w i t h  the  a l t e r n a t o r .  The pump 
t r a n s f e r  i s  v d r i f i e d  by the i n c r e a s e  i n  the mercury pump speed ( f ig .  3d) 
and the change i n  the a c c e l e r a t i o n  r a t e  of  the a l t e r n a t o r  due t o  the  pump 
load  a s  shown i n  f igure 3e. 

S h o r t l y  

Between the  t i m e  t h a t  the  pumps were t r a n s f e r r e d  from a u x i l i a r y  t o  
t u r b i n e - a l t e r n a t o r  power and 400 h e r t z  ope ra t ion  was reached ,  t h e  l u b r i c a n t -  
coo lan t  va lves  on the  mercury pump and a l t e r n a t o r  were opened and the 
l i f t - o f f  s e a l s  a c t u a t e d .  

For t he  s t a r t u p  example g iven ,  the  condenser o u t l e t  v a l v e  (V210) was 
opened by the s i g n a l  i n d i c a t i n g  the end of the mercury flow ramp, r a t h e r  
t han  by the  condenser i n l e t  p r e s s u r e  s i g n a l .  The opening of t h e  condenser 
o u t l e t  v a l v e  (V210) can be  v e r i f i e d  by n o t i n g  the t i m e  a t  which the  mercury 
flow ramp ended (approximately 165 seconds on f igure  3b) and t h e n  r e fe r r ing  
t o  t h e  mercury pump i n l e t  p r e s s u r e  t r a c e ,  f igure  3a,  f o r  the  same t i m e .  
The r e s u l t i n g  jump i n  the pump i n l e t  p r e s s u r e  was due t o  the condenser 
o u t l e t  v a l v e  opening upstream of the pump i n l e t .  

The f i n a l  s t a r t  programmer o p e r a t i o n  t h a t  occurred i n  t h i s  s t a r t  
sequence was the c l o s i n g  of the  s t a n d p i p e  va lve ,  V 2 1 7 ,  when the programmed 
mercury inventory  had been reached i n  the mercury loop.  The v a l v e  c l o s u r e  
occurred a t  approximately 180 seconds (on f igure\  3 f ) ,  and the s t andp ipe  
weight remained c o n s t a n t  a f t e r  t h i s  t ime. 
how long  it t a k e s  f o r  the  mercury t o  be  t r a n s f e r r e d  from the s t andp ipe  
t o  the  mercury l o o p  a r e  the amount of mercury t o  be  t r a n s f e r r e d  and the  
p r e s s u r e  maintained on the s t andp ipe .  With the programmer sequence com- 
p l e t e ,  the  mercury loop was o p e r a t i n g  a t  a 6600 lb /hr  s e l f - s u s t a i n i n g  

Two f a c t o r s  t h a t  determine 
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flow c o n d i t i o n ,  and a l l  f o u r  system pumps were r e c e i v i n g  power from the 
a l t e r n a t o r  a t  400 h e r t z .  

This au tomat i ca l ly  programmed s t a r t u p  sequence was used f o r  26 s t a r t -  
ups du r ing  the  t e s t  program. Experimental  d a t a  obta ined  from these t e s t s ,  
a s  t y p i f i e d  by f igure 3 ,  show t h a t  the  c o n t r o l  l o g i c  used i n  the s t a r t  
programmer was compatible  w i t h  the SNAP-8 system and could b e  adapted 
t o  a f l i g h t  v e r s i o n  of the  SNAP-8 system s t a r t  programmer. The d a t a ,  
when compared w i t h  d a t a  from p rev ious  manual s t a r t u p  t e s t s ,  show t h a t  
t h e  au tomat i ca l ly  a t t a i n e d  t e s t  cond i t ions  were more a c c u r a t e  and more 
r e p e a t a b l e .  

CQNCLUDING REMARKS 

A s t a r t  programmer was des igned  and b u i l t  t o  b e  used i n  t h e  SNAP-8 
s t a r t u p  t e s t  program conducted a t  the  Lewis  Research Center .  The pro- 
grammer ope ra t ed  from an i n i t i a l  c o n d i t i o n  i n  which pumps were d r iven  by 
power a t  reduced frequency and the  mercury pump cdnta ined  no mercury. 
The f i n a l  cond i t ion  a t  the  end of s t a r t u p  was s e l f - s u s t a i n i n g  ope ra t ion  
of the mercury loop (flow r a t e  6600 l b h r )  and a l l  pumps were powered 
by t h e  t u r b i n e - a l t e r n a t o r  a t  r a t e d  frequency (400 h e r t z ) .  

The s t a r t  programmer was used s u c c e s s f u l l y  f o r  26 automatic  system 
s t a r t s  d u r i n g  the  t e s t  program. The exper imenta l  d a t a  from these s t a r t -  
up t e s t s  show t h a t  the  system s t a r t u p  was accomplished s u c c e s s f u l l y ,  
a c c u r a t e l y ,  and w i t h  e x c e l l e n t  r e p r o d u c i b i l i t y .  S i m i l a r  l o g i c  could  
b e  adapted t o  a f l i g h t  v e r s i o n  of t h e  SNAP-8 system s t a r t  programmer. 
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