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Abst ract  

Th is  paper summarizes t h e  r e s u l t s  o f  Purdue U n i v e r s i t y  GAS-I  payload 
and descr ibes t h e i r  i m p l i c a t i o n s  from an engineer ing design standpoint .  
The payload consis ted o f  one b i o l o g i c a l  and two phys i ca l  science 
experiments, a long w i t h  t h e  suppor t ing subsystems. Some of these 
subsystems included, the  s t r u c t u r e ,  power supply, e l e c t r o n i c  c o n t r o l l e r  and 
thermal c o n t r o l  system. Data was obta ined f rom one o f  t he  experiments, but  
e l e c t r i c a l  and mechanical malfunct ions prevented t h e  opera t i on  of t h e  o the r  
two. The thermal c o n t r o l  design maintained the  des i red  temperatures and 
t h e  s t r u c t u r e  s u c c e s s f u l l y  supported a l l  components. The microprocessor 
c o l l e c t e d  and s to red  temperature readings and other  da ta  du r ing  t h e  f l i g h t .  
A s e r i e s  o f  recommendations based on these r e s u l t s  and our experiences a re  
inc luded i n  t h i s  r e p o r t .  f 

1. I n t r o d u c t i o n  

The Purdue U n i v e r s i t y  G A S - I  was housed i n s i d e  a standard 2.5 cubic 

f o o t ,  100 pound c a n i s t e r  donated by an alumni i n  1977. I n  1978 experiment 

proposals were s o l i c i t e d  by a f a c u l t y  committee f rom t h e  Purdue U n i v e r s i t y  

community. Three experiments were se lec ted  f o r  t he  p r o j e c t .  The completed 

payload was f lown on STS-7 i n  June, 1983. 

The space science experiment i s  e n t i t l e d  "The Nuclear P a r t i c l e  

De tec t i on  Experiment". The purpose of t h i s  experiment was t h e  d e t e c t i o n  of 

nuclear p a r t i c l e s  t h a t  are encountered i n  t h e  near e a r t h  space environment, 

and t o  s tudy t h e i r  subsequent paths a f t e r  t he  p a r t i c l e s  penetrated a stack 

o f  s e n s i t i v e  sheets. The second experiment was a b i o l o g i c a l  p r o j e c t  

e n t i t l e d  "The Seed Germination Experiment". 

m i c r o g r a v i t y  on t h e  germinat ion o f  sunflower seeds was the  o b j e c t i v e  here. 

"The F l u i d  Dynamics Experiment" was intended t o  i n v e s t i g a t e  t h e  mot ion i n  

low g r a v i t y  c o n d i t i o n s  of a drop of mercury immersed i n  a c l e a r  J iqu id.  

A study o f  t h e  e f f e c t  o f  
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I n  a d d i t i o n  t o  the  pr imary experiments, o the r  impor tant  subsystems 

inc luded t h e  b a t t e r i e s ,  temperature c o n t r o l  system and t h e  e l e c t r o n i c  

c o n t r o l  package which inc luded a Radio Corporat ion o f  America CDP1802 

microprocessor C11. 

Schematics of t h e  payload a re  shown i n  F ig.  1. 

A l l  t h e  u n i t s  were h e l d  toge the r  by a s t r u c t u r a l  framc 

2. S t r u c t u r a l  Design 

Ascent and l a n d i n g  loads were supported by a s t r u c t u r e  composed of 

f o u r  c a n t i l e v e r  beams f i x e d  t o  t h e  mounting p l a t e  and connected a t  t h e  f r e f  

end t o  t h e  seed experiment can is te r .  Crossbeams connect t h e  c a n t i l e v e r  

beams and served t o  c a r r y  t h e  experiment subsystems (see Fig. 1) .  The 

e n t i r e  s t r u c t u r e  i s  made of 6061-T6 aluminum w i t h  a t o t a l  mass o f  7 pounds, 

With a f a c t o r  o f  s a f e t y  of 1.5 used i n  the  s t r e s s  analys is ,  i t  was found 

t h a t  t h e  s t r u c t u r e  could support t h e  payload mass o f  100 pounds up t o  16.3 

i n  a d i r e c t i o n  perpendicu lar  t o  t h e  major ax i s  o f  t h e  Get Away Special  

conta iner .  

performed, and showed t h a t  t h e  s t r u c t u r e  cQu ld  s u r v i v e  t h e  f l i g h t  C21. 

I n s p e c t i o n  of t h e  payload a f t e r  t h e  f l i g h t  determined t h a t  t h e  frame 

s u c c e s s f u l l y  c a r r i e d  a l l  t he  components and conf i rmed the  p r e f l i g h t  t e s t s  

and analyses. 

V i b r a t i o n  t e s t s  s i m u l a t i n g  t h e  space s h u t t l e  f l i g h t  were a l s o  

3.  Thermal Contro l  System 

A temperature c o n t r o l  system had t o  be designed t o  s a t i s f y  t h e  thermal 

The seed germinat ion experiment was t o  requirements of var ious subsystems. 

be kep t  between 15 and 27Oc, and t h e  b a t t e r y  packs needed t o  be w i t h i n  15 

and 50OC. The microprocessor was al lowed a s l i g h t l y  l a r g e r  range. 
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The f i n a l  temperature c o n t r o l  des ign was based on thermal models and 

heat t r a n s f e r  s imu la t ions  of t h e  environment be fore  and du r ing  f l i g h t .  

Outer thermal p r o t e c t i o n  prov ided by  NASA cons is ted  o f  POMEX f e l t  

i n s u l a t i o n  around t h e  s ides and on t h e  bottom o f  t h e  can is te r .  The upper 

surface was coated w i th  wh i te  pa in t .  

b lankets,  var ious i n t e r n a l  methods were used t o  ma in ta in  t h e  r e q u i r e d  

temperatures. A complete ly  passive c o n t r o l  system was chosen, because of 

t h e  excessive weight and power requirements of o ther  opt ions.  The p r imary  

component o f  the  system cons is ted  o f  t h r e e  custom-bui l t  "heat c e l l s "  (mfg. 

TEXXOR, Inc., Omaha, NE). 

I n  a d d i t i o n  t o  these ex te rna l  

These c e l l s  con ta in  a m ix tu re  o f  ca lc ium 

c h l o r i d e  hexahydrate and B i s o l  I I T M  (Ahfg = 221 kJ/kg)  t h a t  me l ts  a t  2 7 O C  

and have a t o t a l  heat capac i t y  o f  1585 kJ. They act  as heat sources and 

s inks  dur ing  l i q u i d - s o l i d  phase changes. 

covered w i t h  aluminum f o i l  t o  i n h i b i t  o r  enhance t h e  l o c a l  r a d i a t i o n  

exchange. 

s ides t o  reduce r a d i a t i o n  t o  t h e  c a n i s t e r  wa l l .  A r a d i a t i o n  s h i e l d  

c o n s i s t i n g  of a t h i n  f i be rg lass  s h e l l  covered w i t h  f o i l  surrounded t h e  seed 

experiment, heat c e l l s  and f l u i d  conta iners.  Th is  s h i e l d  minimized t h e  

r a d i a t i o n  t o  t h e  GAS can is te r  w a l l ,  t h e  p r imary  cause of heat loss.  

Surfaces of o ther  components were 

The b a t t e r y  packs, f o r  example had aluminum f o i l  on t h e  ou ter  

Microprocessor records analyzed a f t e r  f l i g h t  showed t h a t  both t h e  seed 

experiment and mounting p l a t e  were between 294 and 2990K (21-260C) f rom 94 

t o  145 hours a f t e r  launch C31. n o t e  t h a t  due t o  a malfunct ion,  t h e  seed 

experiment d i d  not  operate and was no t  a source o f  heat. T h i s  d i f f e r s  f rom 

t h e  p r e f l i g h t  s imu la t i on  which had assumed an opera t ing  seed experiment. 

n ed Nevertheless,  t h e  pass ive thermal system used i n  t h i s  pay 

t h e  r e q u i r e d  temperature range. 

oad mainta 
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4. P a r t i c l e  De tec t i on  Experiment 

The main component of t h e  p a r t i c l e  d e t e c t i o n  experiment cons is ted  o f  a 

s tack of 78 s e n s i t i v e  CR-39 p l a s t i c  sheets s t o r e d  i n s i d e  an aluminum 

conta iner .  Each sheet measured 2 x 3 x .025 inches. The sheets on t h e  t o p  

and bottom o f  t h e  s tack and t h e  i n s i d e  w a l l s  o f  t h e  con ta ine r  were coated 

w i t h  a boron p a i n t  so t h a t  as neutrons entered t h e  con ta ine r  t h e y  were 

converted t o  alpha p a r t i c l e s  by t h e  boron. The alpha p a r t i c l e s  then would 

penetrate t h e  subsequent s e n s i t i v e  sheets and leave t r a c k s  t o  be detected. 

P o s t f l i g h t  ana lys i s  and i n v e s t i g a t i o n s  showed t h a t  t r a c k s  o f  p a r t i c l e s  were 

indeed present i n  the  sheets C41. 

5. Fa i  1 ure Analys is  

Inspec t i on  o f  t h e  payload a f t e r  f l i g h t  revealed t h a t  two o f  t he  t h r e e  

experiments (seed germinat ion and f l u i d  dynamics experiments) d i d  not  

operate as planned. An i n v e s t i g a t i o n  was performed t o  f i n d  t h e  cause(s) o f  

t h e  problems. 

t raced  t o  an e l e c t r i c a l  s h o r t  which occurred when t h e  payload s t r u c t u r e  was 

a c c i d e n t a l l y  placed over a w i r e  f rom t h e  b a t t e r y  pack. Th is  i n c i d e n t  

happened d u r i n g  f i n a l  assembly a t  NASA and appeared a t  t h e  t ime t o  have 

caused no damage. The i n s p e c t i o n  made a f t e r  t h e  f l i g h t  showed t h a t  t h e  

heat generated by t h e  sho r t  damaged t h e  p r o t e c t i o n  diodes used i n  t h e  main 

power supply. Dur ing t a k e - o f f  these diodes e v e n t u a l l y  f r a c t u r e d ,  and 

formed an open c i r c u i t  t h a t  prevented e l e c t r i c i t y  f rom reaching t h e  seed 

experiment E l l .  

F a i l u r e  o f  t h e  seed germinat ion experiment t o  s t a r t  was 

The reason behind t h e  f a i l u r e  o f  t h e  f l u i d  dynamics experiment t o  

operate was independent from t h e  problems descr ibed above s ince t h i s  system 

used a separate b a t t e r y  set. A mechanical ma l func t i on  o f  t h e  camera used 
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i n  t h i s  experiment was r u l e d  out as a f a i l u r e  cause s ince t h i s  camera 

operated before and a f t e r  f l i g h t .  

a poss ib le  source of problems i s  t h e  f i l m  c a r t r i d g e  used by the  camera. 

T h i s  c a r t r i d g e  model had several  moving p a r t s  t h a t  cou ld  have jammed and 

prevented t h e  camera f rom running. 

Although t h e r e  i s  no concrete evidence, 

6. Concl us i ons and Recommendat i ons 

Successful designs i n  t h e  Purdue U n i v e r s i t y  G A S - I  payload inc luded a 

s t r u c t u r e  which was able t o  support t h e  components du r ing  ascent and 

landing,  and a microprocessor which recorded f l i g h t  data. The thermal 

c o n t r o l  system maintained t h e  requ i red  temperatures and data was c o l l e c t e d  

i n  one experiment. An e l e c t r i c a l  sho r t  which occurred du r ing  f i n a l  

3 

mechanical problems prevented the  operat ion o f  i n s t a l l a t i o n  and p o s s i b l e  

t h e  other  two experiments 

Based on these exper ences and p o s t - f l  i g h t  observat ions,  several  

recommendations are made here. Systems must be kept s imple w i t h  as few 

moving p a r t s  as poss ib le .  Passive systems a r e , h i g h l y  recommended. The 

e l e c t r o n i c  package should be p ro tec ted  against  p o s s i b l e  damage and 

redundant components should be inc luded t o  serve as backups t o  important 

par ts .  Repeated s imu la t i ons  o f  t h e  assembly, p r e f l i g h t  and f l i g h t  

environments must be performed. 

fo l lowed by f u l l  sca le operat ion under as r e a l i s t i c  c o n d i t i o n s  (i.e. 

thermal)  as possible.  

problem and f a i l u r e  sources should be formed. 

These should i n c l u d e  v i b r a t i o n  t e s t s  

A task group i n  charge o f  a n t i c i p a t i n g  p o s s i b l e  
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