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M a t e r i a l s  S c i e n c e  i n  Sweden 
Materials S c i e n c e  h a s  a t r a d i t i o n a l l y  s t r o n g  p o s i t i o n  i n  
Sweden. T h e r e f o r e  it was n a t u r a l  t h a t  t h e  Swedish Space 
C o r p o r a t i o n  when s t a r t i n g  up M i c r o g r a v i t y  A c t i v i t i e s  
c o n c e n t r a t e d  on M a t e r i a l s  Sc ience .  Exper iments  w i t h i n  t h i s  
f i e l d  have  been performed on sounding  rockets and a l s o  on 
NASA-aircraft F-104 i n  p a r a b o l i c  t r a j e c t o r y .  

GAS exPer iment  
When t h e  i n t e r e s t  t u r n e d  towards  l o n g - d u r a t i o n  zero-g 
f l i g h t s  and t h e  p o s s i b i l i t i e s  opened up w i t h  t h e  NASA GAS 

program, SSC r e n t e d  two f l i g h t  p o s s i b i l i t i e s .  The f i r s t  of 
t h e  two t h i s  pay loads  c o n t a i n s  - i n  l i n e  w i t h  t h e  s c i e n -  
t i f i c  t r a d i t i o n  - t h e  f i r s t  foundry  i n  space .  Four samples  
w i l l  be m e l t e d  i n  t h r e e  f u r n a c e s .  The samples  have  a 
s i g n i f i c a n t  s i z e  and weight .  A s  t h e  material  t o  be 

p r o c e s s e d  is l e a d - t i n  of d i f f e r e n t  compos i t ion ,  t h e  w e i g h t  
is  q u i t e  h igh :  8 kg. Thus, n e a r l y  10% of t h e  p a y l o a d ' w e i g h t  
is sample weight .  

The s c i e n t i f i c  r e q u i r e m e n t s  have p u t  heavy r e q u i r e m e n t s  on 
sys t ems  l i k e  power, h e a t  s t o r a g e  and  r e j e c t i o n ,  and 
mechanica l  s u p p o r t  system. Some of t h e  f e a t u r e s  is pre-  
s e n t e d  i n  t h i s  paper .  
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Scient i f i c  o b i e c t i v e s  
The aim of t h e  experiments  is t o  s tudy  s o l i d i f i c a t i o n  
phenomena i n  metal a l l o y s .  E s p e c i a l l y  t h e  d e n d r i t i c  growth 
and t h e  e f fecf  of t h e  abscence of n a t u r a l  convec t ion  are of 
p a r t i c u l a r  in te res t  f o r  t h e  s c i e n t i s t ,  p ro fes so r  Hasse 
Fredr iksson  a t  t h e  Royal I n s t i t u t e  of Technology ( R I T )  i n  
Stockholm. The r e s u l t s  from t h e  f l i g h t  processed samples 
w i l l  be compared w i t h  resu l t s  from a l o t  of ear th-processed  
samples i n  order  t o  i n v e s t i g a t e  t h e  i n f l u e n c e  of t h e  
n a t u r a l  convec t ion  on t h e  s o l i d i f i c a t i o n  process .  

-niaues 

Number of experiments  and sample dimensions a *  ------------ ---------------- ------------- 
Four samples of d i f f e r e n t  s i z e  of a l ead - t in  a l l o y  (compo- 
s i t i o n  10-90 and 90-10 per c e n t )  w i l l  be s o l i d i f i e d  u n i -  
d i r e c t i o n a l l y .  Two samples have t h e  dimensions 
1 0 0  x 1 0 0  x 25 mm, each p laced  i n  a g r a p h i t e  crucible a l s o  
con ta in ing  h e a t e r s  and a cooler .  A t h i r d  crucible contain-  
i n g  two samples w i t h  t h e  dimensions 1 0 0  x 50 x 25 mm and 
1 0 0  x 25 x 25 mm is used fo r  s imultaneous process ing  of t h e  
two smal le r  samples. 

b. Experimental  i ig ,a  
The idea  is t o  heat  and melt t h e  sample(s )  and a f t e r  t h a t  
create a tempera ture  g r a d i e n t  across one of t h e  long  s ides  
whi l e  keeping t h e  s h o r t  ends a t  i so thermal  c o n d i t i o n s  (see 
f i g u r e  1). 

The temperature  i s  t h e n  decreased w h i l e  main ta in ing  t h e  
tempera ture  g r a d i e n t  a c r o s s  t h e  sample ( s )  , u n t i l  t h e  whole 
a l l o y  is s o l i d i f i e d .  T h i s  arrangement g i v e s  a unid i rec-  
t i o n a l  s o l i d i f i c a t i o n  as suming  t h a t  t h e  i n s u l a t i o n  on o t h e r  
surfaces is  s u f f i c i e n t l y  good. 
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The tempera tures  are  monitored w i t h  n ine  Chromel-Alumel 
thermocouples p o s i t i o n e d  i n  t h e  sample according t o  t h e  
s k e t c h  i n  f i g u r e  2. I n  t h i s  way some informat ion  on t h e  
i s o t h e r m a l i t y  across t h e  surfaces Ah and A, is ob ta ined  
a s  w e l l  a s  t h e  temperature  g r a d i e n t  from Ah t o  A,. 

I n  o rder  t o  keep t h e  i so thermal  c o n d i t i o n s  over t h e  s u r -  
faces Ah and A, d u r i n g  t h e  coo l ing  phase ( t h e  s p e c i f i -  
c a l l y  i n t e r e s t i n g  experimental  phase)  t h e  c o n t r a c t i o n  of 
t h e  a l l o y  d u r i n g  coo l ing  and s o l i d i f i c a t i o n  m u s t  be taken  
i n t o  account.  To compensate f o r  c o n t r a c t i o n  of t h e  sample a 
p r e s s u r i z e d  a l l o y  melt f o r c e s  a p i s t o n  t o  decrease t h e  
sample volume (see f i g u r e  3 )  . 
Pav l  5 oad d e s c r i p t i o n  e .  

5.1 General 
The payload consis ts  of t h e  fo l lowing  subsystems. 

. Experimental fu rnaces  ( 3 )  

Cruc ib le  con ta in ing  t h e  sample (s) w i t h  t h r e e  
h e a t i n g  elements  and i n s u l a t i o n  

. Cooling system: 

- pumps 
- plumbing 
- a coo le r  f o r  each crucible,  attached t o  t h e  cold 

- a heat s i n k  w i t h  phase change material 
s ide of t h e  sample 

. S t r u c t u r e  

. E l e c t r o n i c  system f o r  c o n t r o l  of t h e  experiments 

and monitor ing of experiment and housekeeping 
s i g n a l s .  
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5.2 

Data handl ing and  s t o r a g e  system 

Energy system 
- B a t t e r i e s  w i t h  c o n t r o l  e l e c t r o n i c s  
- Power e l e c t r o n i c  u n i t  

. NASA I n t e r f a c e  e l e c t r o n i c s  

F igure  4 shows t h e  d i s p o s i t i o n  of t h e  subsystems of t h e  
payload. 

Experimental  fu rnaces  
Four samples w i l l  be processed:  

- two l a r g e  samples of dimensions 100  x 100  x 25 mm 
each conta ined  i n  a g r a p h i t e  crucible. 

- two smaller samples of dimensions 1 0 0  x 50 x 25 mm 
and 1 0 0  x 25 x 25 mm, both conta ined  i n  one 
g r a p h i t e  crucible of t h e  same s i z e  as  used f o r  each 
of t h e  two large samples (see f i g u r e  5 ) .  

The g r a p h i t e  crucible ( o u t e r  dimensions 
1 6 0  x 1 2 0  x 47 mm) ho lds  three h e a t i n g  elements and 
a coo le r  (see f i g u r e  6 ) .  

The h e a t e r s  are  i n s u l a t e d  c o a x i a l  r e s i s t i v e  
elements w i t h  a shea th  of s t a i n l e s s  s t e e l  
(Thermocoax, P h i l i p s ) .  They are  pos i t i oned  
according t o  t h e  diagram i n  f i g u r e  7 .  

The fo l lowing  experiment sequences d e l i n e a t e  t h e  f u n c t i o n  
of t h e  furnace  : 

- Hea t ing  and m e l t i n g  phase 
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A l l  three h e a t e r s  a re  switched on and t h e  coo le r  is 
pass ive  (no gas  f low).  The sample is  melted and t h e  

"hot"  s u r f a c e  Ah brought U p  t o  34Ooc ( T h ) .  

- Establ ishment  of t he  tempera ture  g r a d i e n t  

When t h e  temperature  of t h e  h o t  surface Th is  
equal  t o  34OoC t h e  h e a t e r s  H2 and H3 are  swi t ched  
o f f  w h i l e  t h e  h e a t e r  H 1  t r i e s  t o  e s t a b l i s h  t h e  
d e s i r e d  temperature g r a d i e n t  Th - Tc of around 
2OoC, and a c t i v a t e s  t h e  gas cool ing .  

- Cooling phase 

When t h e  desired va lue  of t h e  temperature  g r a d i e n t  
Th - Tc is reached, t h e  h o t  s u r f a c e  tempera ture  
Th is decreased according t o  a preprogrammed 
p r o f i l e  g i v i n g  a decrease  of around 1°C/minute. 

The tempera ture  g r a d i e n t  s i g n a l  (Th - T ~ )  w i l l  
c o n t r o l  t h e  gas  flow through t h e  coo le r  i n  order t o  
main ta in  a cons t an t  g rad ien t .  

- Post-experiment phase 

When t h e  h o t  surface tempera ture  i s  below 18OoC, 
t h e  sample is t o t a l l y  s o l i d i f i e d  and t h e  h e a t e r  H 1  
is switched o f f .  Also t h e  n i t r o g e n  gas flow through 
t h e  coo le r  is s h u t  o f f .  

The c o n t r a c t i o n  of t h e  sample d u r i n g  t h e  coo l ing  phase has 
t o  be taken  i n t o  account. A melted a l l o y  is  p r e s s u r i z e d  by 
t h e  bellow and f o r c e s  t h e  p i s t o n  t o  decrease t h e  sample 
volume, t h u s  compensating f o r  t h e  c o n t r a c t i o n  of t h e  
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5.3 

sample. I n  t h i s  way a good thermal  c o n t a c t  between t h e  
g r a p h i t e  surface Ah and t h e  c o n t r a c t i n g  sample is  
pr e se r ved . 
We have chosen an a l l o y  of lead-tin-bismuth. I t  is 
conta ined  i n  a small c y l i n d r i c a l  compartment i n  t h e  
g r a p h i t e  crucible and next  t o  t h e  heater H1. 

The g r a p h i t e  crucibles are surrounded by i n s u l a t i o n  b locks  
25 mm t h i c k .  The i n s u l a t i o n  m a t e r i a l  is F i b e r f r a x  Duroboard 
1 2 0 0  (72% Al2O3, 25% S i 0 2 ,  manufacturer Carborundum, U S A ) .  

The th ree  experiments  a r e  placed besides each other on a 
honeycomb a l u m i n i u m  deck (see a l s o  f i g u r e  8 ) .  

6 

Coolina s v s t e ~  
A p r i n c i p l e  f o r  t h e  coo l ing  system is shown i n  f i g u r e  
9. 

Three pumps Pl-P3 - one f o r  each experiment fu rnace  - 
o p e r a t e  by p r e s s i n g  n i t rogen  gas  through t h e  plumbing 
system t o  t h e  experiment coolers .  

There are  three check va lves  (Vl, V2, V3) - one f o r  each 
pump - c o n t r o l l i n g  t h e  gas  flow d i r e c t i o n  i n  t h e  plumbing 
system. 

The hea ted  gas is t r a n s p o r t e d  from t h e  experiment coo le r  t o  
a n  energy buf fer  s t o r e .  T h i s  is a c y l i n d r i c a l  box of 
diameter 456 mm and h e i g h t  50 mm wi th  copper p ipe  plumbing 
(see f i g u r e  1 0 )  and t h e  f ree  volume f i l l e d  w i t h  a phase 
change material .  I n  t h i s  case  we have chosen p a r a f f i n  w i t h  
me l t ing  p o i n t  56-58OC because of i t s  h igh  l a t e n t  h e a t  and 
ra ther  low weight (around 6 kg is needed). The energy 
s t o r e d  i n  p a r a f f i n  bu f fe r  is radiated t o  space v i a  t h e  GAS 
experiment mounting p l a t e .  
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The experiments  a r e  r u n  i n  sequence. When experiment no 1 
is on pump P1 f o r c e s  n i t rogen  gas v i a  check v a l v e  Vl t o  t h e  
c o o l e r  C1. The gas f lows  f u r t h e r  on through c o o l e r  C2 and 
C3 and t h e n  through t h e  energy buf fer  s t o r e ,  where t h e  gas  
is cooled down t o  around 5OoC befo re  f lowing back i n t o  t h e  
f r ee  volume of t h e  c a n n i s t e r  . 
The c o o l e r s  i n  t h e  experiment f u r n a c e s  are  b u i l t  of copper 
p l a t e s  w i t h  grooves f o r  t h e  gas flow according t o  f i g u r e  
11. The p l a t e s  a r e  s tacked  on to  each o the r .  With t h i s  
d e s i g n  of t h e  coo le r  t h e  optimum performance r ega rd ing  
i s o t h e r m a l i t y  and h i g h  gas  flow c a p a c i t y  is achieved. 

5.4 Structure  
The s t ruc ture  is b u i l t  wi th  th ree  a luminium s t r u t s  
( f i g .  4 and 1 2 )  p o s i t i o n e d  between t h e  energy buf fer  s t o r e  
(EBS) and t h e  b a t t e r y  package. The GAS experiment mounting 
p l a t e  is  screwed on t o  t h e  EBS con ta ine r  i n  t h e  24 h o l e s  
spaced on 19" diameter. 

The s t r u t s  a re  made of hollow a luminium'  type  6063 p r o f i l e s  
(75  x 25 mm, wall t h i c k n e s s  2 m m ) .  The experiment fu rnaces  
t o g e t h e r  w i t h  t h e  coo l ing  system and some of t h e  e l e c t r o n i c  
systems w i l l  be mounted between t h e  b a t t e r y  box and t h e  
EBS. The fu rnaces  package w i t h  t h e  i n s u l a t i o n  a r e  mounted 
between two honeycomb a luminium (Metawell 05-02-05, A16063)  

decks. The tempera ture  monitoring e l e c t r o n i c s ,  t h e  pumps 
and a power box are  s i t u a t e d  on oppos i t e  s i d e  of one 
suppor t  deck. 

On t h e  cover of t h e  b a t t e r y  box t h e  data handl ing  and 
s t o r a g e  system boxes a s  well a s  t h e  c o n t r o l  e l e c t r o n i c  box 
a re  placed. These boxes w i l l  be a v a i l a b l e  from o u t s i d e  
wi thou t  any n e c e s s i t y  t o  disassemble o t h e r  p a r t s  i n  t h e  
con ta ine r .  
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5.5 E l e c t r o n i c  Svstem 
To c o n t r o l  t h e  experiments  and t o  monitor experiment and 
house-keeping s i g n a l s  the  fo l lowing  e l e c t r o n i c  b locks  are 
b u i l t  (see block diagram i n  f i g u r e  13): 

- Experiment tempera ture  sens ing  systems: T E l ,  TE2, TE3 
- Control  Electronic system: CE 
- Micro-g sensor  e l e c t r o n i c  sys t em;p -g  
- Temperature sens ing  system f o r  t h e  Energy B u f f e r  S t o r e  

(EBS)  : TEB 

D u r i n g  t h e  coo l ing  phase t h e  c o n t r o l  system ( C E )  regulates 

t h e  power t o  t h e  ho t  s ide  heater and t h e  gas f low,  i.e. t h e  
number of r e v o l u t i o n s  of t h e  gas pumps. The s i g n a l  from t h e  
thermocouple on t h e  h o t  side (Th) i n  t h e  sample c o n t r o l s  
t h e  h o t  s i d e  h e a t e r .  The s i g n a l  from t h e  thermocouple on 
t h e  co ld  side ( T c )  is compared w i t h  Th. The difference 
Th-T, is t h e  tempera ture  g r a d i e n t  c o n t r o l l i n g  t h e  speed of 
t h e  pump, and t h u s  t h e  gas  flow, towards t h e  desired 
g r a d i e n t  of 2OoC. 

The microgravi ty  s e n s i n g  system has three acce lerometers  
p laced  i n  three or thogonal  d i r e c t i o n s .  The acce le romete r s  
used are  purchased from Sundstrand and have t h e  d e s i g n a t i o n  
se rvo  accelerometer type  QA 2000-001 wi th  a t r i a x i a l  
a d a p t e r  type  MB2000 Q-flex. The accelerometer  s i g n a l s  are 
ampl i f i ed  and s e n t  t o  t h e  d a t a  handl ing  u n i t .  Also  ambient 
tempera ture  s i g n a l s  i n  t h e  accelerometer u n i t  a r e  sensed 
and r e g i s t r a t e d  i n  t h e  data h a n d l i n g  u n i t .  

The tempera ture  i n  t h e  energy buf fer  s t o r e  (EBS)  is sensed 
by two thermal sensors .  The s i g n a l s  from these senso r s  are  
f e d  t o  t h e  e l e c t r o n i c  c o n t r o l  system, where it may de lay  
t h e  swi tch ing  on of t h e  experiments.  The p a r a f f i n  i n  t h e  
EBS has  t o  be s o l i d i f i e d  before an experiment is  s t a r t e d  
up, meaning t h a t  t h e  temperature  m u s t  be below 45OC. 
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5.6 u t a  han d l i n a  and s t o r a a e  svstem 
The experiment and house-keeping data w i l l  be f ed  t o  t h e  
fou r  data a q u i s i t i o n  u n i t s ,  o n e , f o r  each experiment and one 
f o r  house-keeping. 

e timers 
The data  a c q u i s i t i o n  system is c o n t r o l l e d  by fou r  timers. 
Which are  s t a r t ed  on t h e  power-on command. 

Qata a cau i s i t i on  svstem 
The data a c q u i s i t i o n  system (DAS) c o n s i s t s  of fou r  inde-  
pendent subsystems. Each subsystem h a s  32 s i n g l e  ended 
ana log  inpu t s .  Each system d e l i v e r s  14 b i t s  d a t a  t o  t h e  
memory u n i t .  

. . .  

, 

I n  each subsystem t h e  channel sampling p a t t e r n  i s  de te r -  
mined by a programmable memory. The memory c o n t a i n s  f o u r  
d i f f e r e n t  formats ,  which are  changed dur ing  t h e  experiment 
process t o  i n c r e a s e  t h e  sampling ra te  on channels  of 
special  in te res t  . 
Pata storaae uni t ;  
The data  s t o r a g e  u n i t  (DSU) is a s o l i d  s t a t e  device  using 
s t a t i c  N-channel MOS e r a s a b l e  and e l e c t r i c a l l y  programmable 
read only  memories (EPROM's). 

I n  read and erase mode t h e  DSU is removed and i n s e r t e d  i n t o  
a Data Readout u n i t .  After reading  a n  au tomat ic  erase- and 
check sequence can be a c t i v a t e d .  

The timers, DAS:s  and DSU:s for  experiment 1 and 2 are  
i n t e g r a t e d  i n t o  one e l e c t r o n i c  box p laced  on t h e  b a t t e r y  
deck; the corresponding u n i t s  f o r  experiment 3/4 and t h e  
housekeeping systems are  b u i l t  i n t o  t h e  second of t h e  three 
e l e c t r o n i c  boxes ( f i g u r e  4 ) .  
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5.7 v 
The Swedish Space Corporat ion (SSC) proposes  t o  u s e  a 
s p e c i a l  s o r t  of Li th$um b a t t e r i e s  f o r  t h i s  payload, The 
type  of L i t h i u m  ba t te r ies  are  s u p e r i o r  t o  o t h e r  b a t t e r y  
systems w i t h  r e s p e c t  t o  energy d e n s i t y  (as a f u n c t i o n  of 
volume or we igh t ) ,  ease of handl ing,  low self d i scha rge ,  
and high s a f e t y  s tandards .  

L i t h i u m  f o r  t h e  anode, polycarbonmonofluoride f o r  t h e  
cathode and an organic e l e c t r o l y t e  form t h e  b a t t e r y  cel l .  
Polycarbonmonof luo r ide  is  a chemical ly  and thermal ly  s t ab le  
s o l i d  m a t e r i a l .  The ba t te r ies  a r e  h igh ly  safe compared w i t h  
other  l i t h i u m  ba t t e r i e s  which use c o r r o s i v e  and t o x i c  
a c t i v e  l i q u i d  material ( S O C 1 2 )  o r  a c t i v e  gaseous m a t e r i a l  

t 

(SO21 . 
Due t o  t h e  high power requirements  (around 3300 Wh) of t h e  
payload a g r e a t  e f f o r t  was p u t  i n t o  an i n v e s t i g a t i o n  of 
a v a i l a b l e  ba t te r ies .  The National/Panasonic b a t t e r i e s  
L i ( C F ) , ,  model BR-C, were selected because they  are in-  
h e r e n t l y  safe and meet t h e  experiment power requirements .  
T h i s  b a t t e r y  is not t o  be confused w i t h  Lithium/Sulphur- 
oxychlor ide  b a t t e r i e s  which are  referred t o  a s  hazardous i n  
NASA Reference P u b l i c a t i o n  1099 (dated November 1982)  . 
The b a t t e r y  c o n s i s t s  of 378 primary l i t h i u m -  
polycarbonmonof l u o r i d e  cel ls  connected i n  14 p a r a l l e l  
branches w i t h  27 ce l l s  i n  each branch. Mechanically t h e  
ce l l s  are  conta ined  i n  7 c y l i n d r i c a l  boxes mounted on a 
common deck w i t h  f u l l  payload diameter 501.6 mm (or 
19 .75") .  The p r o t e c t i o n  and  c u r r e n t  l i m i t i n g  e l e c t r o n i c s  is 
mounted i n  t h i s  deck. The upper s ide of t h e  deck s e r v e s  
a l s o  as  a mounting surface for  some experiment subsystems 
(see f i g u r e  14). 
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I n s i d e  t h e  b a t t e r y  a number of p r o t e c t i o n  dev ices  are used 
i n  such a way t h a t  no possible f a i l u r e  mode or combinations 
of d i f f e r e n t  f a i l u r e s  could cause a s a f e t y  hazard. 

I n  t h e  tab le  below w e  have made comparison between differ-  
e n t  b a t t e r y  systems. For each system w e  have g iven  t h e  
energy d e n s i t y  ( c a p a c i t y  per weight u n i t )  and t h e  r e q u i r e d  
weight of t h e  c e l l s  (N.B. t h e  cover and ven t ing  system, 
when required, are  no t  inc luded)  t o  f u l f i l  t h e  energy 
demands from t h e  payload. The data comes from informat ion  
from t h e  d i f f e r e n t  b a t t e r y  manufacturers. The data i s  
c o n s i s t e n t  w i t h  t h e  b a t t e r y  data given i n  t h e  GAS ("red 
book") handbook- 

B a t t e r y  type  Energy d e n s i t y  Necessary c e l l  
/ku weiaht  l k a  

Lead-acid 

Ni-Cd 

(h igh  c a p a c i t y )  

Ag-Zn 

Alka l ine  (pr imary)  

L i t h i u m  (Li /CF) ,  
low d i scha rge  r a t e  
high discharge ra te  v 

our case 

25 

35 

60 

50 

260 
180 

128 

91 

53 

6 4  

12 
18 

It is clear t h a t  none of -&*e cel l  ..ypes, excep, t h e  l A b a , i u m  
Li /CFn bat ter ies ,  a re  a r e a l i s t i c  a l t e r n a t i v e  i n  our case. 
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The r easons  t o  choose t h e  BR-C lithium-polycarbonmono- 
f l u o r i d e  cel ls  are summarized here: 

- low w e i u h t  and volume per  c a p a c i t y  u n i t  (best  
when compared t o  other  b a t t e r y  sys tems) ,  

e .  - SimDli f ied  handl- compared t o  Ag/Zn ce l l s ,  

- lower s a f e t v  r i s k s  than  Ag/Zn ce l l s ,  

DO s t o r a a e  p r o b l e m  
The s t o r a g e  time for t h e  selected l i t h i u m  ce l l s  is 
10 vea r s :  t o  be compared t o  3 months , fo r  
e l e c t r o l y t e - f  i l l e d  Ag/Zn cells .  

The drawbacks of t h e  selected l i t h i u m  c e l l s  a re  

- no recharge c a p a b i l i t y  ( b u t  i n s t e a d  1 0  y e a r s  l i f e  
c y c l e  time which means a very low self d i s c h a r g e ) ,  

- rather low cu r ren t  c a p a b i l i t y  ( t h i s  drawback i s  
compensated f o r  by connecting, i n  p a r a l l e l ,  i n  our 
case, 14 ce l l  packages).  

5.8 yeiaht budaet 
The fo l lowing  t ab le  g i v e s  t h e  weight budget  f o r  t h e  pay- 
load:  

Items Weight k g  To ta l  

Enerav svstem 
( B a t t e r y  w i t h  box and cove r )  36.0 

w 
P a r a f f i n  5.0 
Box and cover 2.0 
Cooler 2.0 
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6 

Struts ( 3  pes) 

Exper iment  system 
Sample 
G r a p h i t e  c r u c i b l e s  
I n s u l a t i o n  
Experiment  c o o l e r  
Mounting p l a t e  
Mounting d e t a i l s  

Gas c o o l i n u  system 
Zero-u s e n  s o r s  w i t h  

e l e c t r o n i c s  

Temperature s e n s i n q  
e l e c t r o n i c s  

Pats ha n d l i n a  sv stem 
DSU 

DAS 

Power u n i t  
C o n t r o l  e l e c t r o n i c s  

3 x 0.5 1.5 

8.0 
4 . 5  
3.0 20.0 
2.5 
1.0  
1.0 
3.0 3.0 
1 .0  1 . 0  

1.0 1 .0  

2.0 
2.0 7 .O 
3.0 
3.0 3.0 

E i s c e l l a n e o u a  

( N u t s ,  b o l t s ,  c a b l i n g ,  p i p i n g )  2.0 2.0 
T o t a l  83.5 
Margin 7.1 

90.8 A l l  owed we i gh t 

8 c o m p l i c a t e d  Davloa d 
T h i s  f i r s t  mini-foundry i n  s p a c e  is  a compl i ca t ed  payload  
w i t h  h i g h  power and  h e a t  r e j e c t i o n  r equ i r emen t s .  However 
t h e  deve loped  concep t  seems t o  be i n  acco rdance  w i t h  t h e  
expe r imen t  requirements. ssc is  now w a i t i n g  f o r  a c c e p t a n c e  
of t h e  f i n a l  s a f e t y  d a t a  package. The payload  i s  on t h e  
t e n t a t i v e  pr imary  f l i g h t  l i s t  f o r  STS61-C, c u r r e n t l y  
s c h e d u l e d  f o r  December 2 0 ,  1985. 
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heating 

Hot i so the m a  1 
surface Ah 

Cold isothermal 
surface A, 

temperature Th temperature Tc p;i--- - - - - -  --/ 

That 
(OC' t 

AC 

TC 

- 

7 

I 

i, 

cool 
I 

I 4 

I 

4 0 0  ~~ 

300 

200 

Distance across 
the sample 

ing 

Heating and 
melting of 
the sample 

Creating of 
temperature 
gradient 

Unidirectional 
solidification 
of the sample 

Figure 1. Principal experimental idea: solidification studies. 
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- 
heating 

insulation 

O T 1  

QT2 

OT3 

e T4 

T6 

T7 O 

T8 ' 

Tg 9 

insulation 

C 
A 
____) 

cooling 

T1-T2-T3 monitor the temperature distribution at the hot side Ah 

T7-T8-Tg monitor the temperature distribution at the cold side Ac 

T2-T8 gives the temperature gradient 

Figure 2. Distribution within the sample of temperature monitoring Chromel-Alumel thermocouples. 
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Bellow activat 
by internal gas 
(nitrogen) pressure 
I ata (-1 4 psia: at 25Oc 
2 ata (28psia) at33(! 

Isothermal part, 
temperature 

Pistonring of 
graphite yarn 

Graphite piston 

i 

Sample which 
contracts during 

1 the cooling phase I 
I 

1 
The Pb/Sn/Bi alloy 
has a low melting 
point and is used 
to compensate for 
the contraction of 
the sample during 
cooling 

Figure 3. Mechanism, compensating for contraction of the sample - principal view. 
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Experiment 
mounting plate 

--, Experiments 

Cooling system: 
3 pumps attached 
to the deck 

Strutk 

Electronic boxes 

teral load ouppor 

Figure 4. The configuration of the subsystems of the payload. 
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Sample 

100x25 
mm 

Crucible used 
for  processing of 
a 100 x 100 x 25 mm 
sample 

length 100 I R ~  

25x25 E 
Crucible used for 
simultaneous processing 
of two samples of the 
dimensions 

100 x 50 x 25 mm 
100 x 25 x 25 mm 

Figure 5. Cross section view of the two types of graphite crucibles used for the experiment samples. 
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Graphite crucible 
Beater El 
at the hot end 

Eeater 2.  * 
Positioned on one 
of the f & a t  sides 
below Ule cover. 

-Copper cooler Gas Gas 
with gas channels inlet outlet 

Figure 6. Experiment furnace. 
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Heater H3 Heater H1 

Heater H2 

Figure 7. Heater Positioning. 
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Figure 8. Insulation material around the three furnaces 

(four blocks are used, three are visible on the photo). 
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c3 

Nitrogen 
1 ,ata 

E 

Figure 9. Principle for the  cooling system. 
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stern with copper tubes and f langes .  The box 
i t h  the  phase change ~ a t ~ r ~ a ~  ( 

Figure IO. Energy buffer store. 
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Figure 11. Cooler components showing the copper plates with grooves. 
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Figure 12. The three struts attached to the energy buffer store (EBS). 

215 



9 exp. temp. 

T€ Temperature sensing Experiment 
TEB Temperature sensing Energy Buffer 

CE Control Electronic systun 
P - g  l4iCrQ-g sensing system 

Figure 13. Electronic system. 
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I 

( d  501.6 
.ma. 

Mounting deck with 
limiting e l e c t r o n i c  

:urrent 
5 

Figure 14. Outline drawing giving the dimensions of the battery system. 
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