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P r o j e c t  MAUS i s  a p a r t  o f  t he  German mater ia l  sciences program and provides 

autonomous payloads f o r  the Space Shut t le .  These payloads are housed i n  cani -  

s t e r s  which are i d e n t i c a l  w i t h  those of NASA's Get-Away-Special program. The 
main components o f  the hardware are: a standard system c o n s i s t i n g  o f  power sup- 

p ly ,  experiment con t ro l ,  data a c q u i s i t i o n  and the  experiment modules conta in ing  

experiment s p e c i f i c  hardware. So fa r ,  th ree  MAUS modules w i t h  experiments from 
the  area o f  mater ia l  sciences have been f lown as GAS payloads. 

I n troduc t i on 

NASA's announcement t o  prov ide f l i g h t  oppor tun i t i es  i n  t h e  Space Shu t t l e  on a 

low-cost, space-available bas is  induced the German government, represented by 

the  M i n i s t e r  f o r  Research and Technology (BMFT), t o  book 25 op t ions  i n  the Get- 
!-, 

Away-Special Program. For  optimal u t i 1  i z a t i o n  o f  these f l  i g h t  oppor tun i t i es  pro- 
j e c t  MAUS (Materia1"wi - ssenschaf t l  i che  - autonome Experimente - unter  - Schwerel o s i  g- 

k e i t )  was i n i t i a t e d  w i t h  p r o j e c t  management assigned t o  DFVLR and MBB/ERNO com- 

pany se lected as the main contractor .  Th i s  p r o j e c t  i s  p a r t  o f  the  German ma- 

t e r i a l  science program support ing experiment development f o r  the  German Spacelab 
Missions (D1 and DZ),  a sounding rocke t  p r o j e c t  (TEXUS) and ground based 

research. 

As a r e s u l t  o f  a phase A study i t  was decided t h a t  a MAUS payload should c o n s i s t  
o f  a standard system, developed and manufactured by a main cont rac tor  and an ex- 

periment module conta in ing  experiment s p e c i f i c  hardware. I n  general t h i s  hard- 

ware i s  suppl ied by the  p r i n c i p a l  i n v e s t i g a t o r  w i t h  support be ing a l so  prov ided 

bv the  main contractor .  
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I n  addi t ion,  a no t  o n l y  be compatible w i t h  the  requirements 

o f  the  GAS program b u t  a l so  should be designed f o r  use i n  dedicated S h u t t l e  

Missions as payload complement o f  p a r t i a l  payloads. I n  t h e  pas t  years ten  MAUS 

experiments have been f lown among others w i t h  the  s t ruc tu re  OSTA-2 (1983) and 

the  s a t t e l i t e  SPAS-01 (1983, 1984). 

I n  December of 1979 a con t rac t  was p lced w i t h  MBB/ERNO f o r  development and fa -  

b r i c a t i o n  o f  t en  MAUS standard systems 'and prepar i o n  o f  f l i g h t  experiments was 
s t a r t e d  a t  several i n s t i t u t i o n s .  

MAUS Standard System 

A MAUS Payload cons is ts  o f  the experiment mounting s t ruc tu re  (EMS), the 
b a t t e r i e s ,  the standard e l e c t r o n i c s  f o r  experiment con t ro l  and data acqu is i t i on ,  
t he  house-keeping systems, and the  experiment hardware. 

, 

The experiment mounting s t ruc tu re  i s  b u i l t  o f  an adapter r i n g ,  6 posts and 2 

experiment p la t fo rms w i t h  brackets. Three d i f f e r e n t  b a t t e r i e s  are p rov id ing  

power f o r  experiments and e lec t ron ics .  The t o t a l  capac i ty  o f  the experiment 

b a t t e r y  i s  1.8 kWh. The data a c q u i s i t i o n  system cons is ts  o f  a microprocessor 

c o n t r o l l e d  mu l t i p lexe r  u n i t  w i t h  d i g i t a l  and analog inputs .  The data are s to red  

v i a  an in termediate memory on tape. The capac i ty  i s  10 Mbits. To a l l ow  f o r  l ong  

measurement phases a data reduc t ion  system i s  provided. A d e t a i l e d  desc r ip t i on  

o f  the standard serv ice  system can be found i n  Ref. 1, a photo i s  given i n  

F ig .  1. 

Experiment I n t e r f  ace 

For  the experiments t o  be accomodated i n  a MAUS module two p la t fo rms are 
ava i l ab le  one o f  which i s  ad justable i n  he igh t  by 25 mm-steps. The maximum 

he igh t  f o r  t he  experiments i s  400 m and the  maximum mass about 20 kg. Space f o r  

6 cards i s  ava i l ab le  i n  the  standard e l e c t r o n i c  boxes f o r  the  experiment 

dedicated e lec t ron ics .  

Experiments 

It i s  a p o l i c y  o f  the  p r o j e c t  t o  assign experiments t o  a MAUS mission r a t h e r  

l a t e  i n  order  t o  mainta in  a h igh  degree o f  f l e x i b i l i t y ,  About one year  i s  con- 
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Fig .  1: Total view of MAUS Standard System w i t h  dispersion experiment a t  top 
dur ing  integration. The battery housing can be seen a t  the lower part  
of the photo, above the electronics for experiment control and data 
acquisition. 

sidered for the development of the experiment specific f l i g h t  hardware by the 
experimenter. Preliminary f l i gh t  assignments are made from a pool of experiments 
consisting of microgravity relevant proposals which f i t  into the 1 imitations se t  
by the MAUS project w i t h  regard t o  power-consumption, volume, weight etc. 

The objectives of the different  proposals are generally of a sc ien t i f ic  nature 
and do not attempt manufacturing processes i n  space. I t  has been one of the re- 
sul t s  of ea r l i e r  experiments tha t  "secondary" phenomena become important which 
are normally masked by Earth's gravity. These effects  should be understood f i r s t  
i n  order t o  perform meaningful future experiments and t o  be able to  exploit the 
benefits of microgravity. In this regard MAUS experiments from the area of mate- 
r i a l  sciences so f a r  dealt  w i t h  the e f fec ts  of reduced sedimentation, convection 
phenomena caused by temperature gradients and the behaviour of dispersed parti-  
c l e s  ahead of a solid/l iquid interface. 
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The f i r s t  f l i g h t  of a MAUS payload occured w i t h i n  the  GAS program on S h u t t l e  

STS-5 (1982). The ob jec t i ves  were twofold: t o  t e s t  t he  func t i on  o f  the MAUS 

standard system and t o  perform a s c i e n t i f i c  metal1 urgy experiment us ing X-ray 

radiography as a d iagnos t ic  t o o l .  A sho r t  sumnary o f  ob jec t i ves  fo l lows:  

"S tab i l  i ty o f  Metal 1 i c  Dispersions" 

Inves t i ga to r :  D r .  G. Otto, DFVLR Koln-Porz 

There are several combinations o f  two d i f f e r e n t  metals which show s o l u b i l i t y  i n  

t h e i r  1 i q u i d  s ta te  above a c e r t a i n  temperature (consolute temperature) and i m -  
m i s c i b i l i t y  below t h i s  temperature. Such a combination c o n s i s t i n g  o f  ga l l i um and 

mercury was used t o  i n v e s t i g a t e  the  d i s s o l u t i o n  process above the  consolute tem- 

perature and the  time-dependent s t a b i l i t y  o f  the r e s u l t i n g  dispersion, composed 

of mercury d rop le ts  i n  gall ium. For  the f i r s t  time, t h i s  experiment employed 

X-rays t o  penetrate the  m e t a l l i c  sample and t o  prov ide a ser ies  o f  rea l - t ime 
data dur ing  d i f f e r e n t  s ta tes  o f  the  experiment sequence. The sample cou ld  be re-  
cyc led  i n t o  i t s  s t a r t i n g  cond i t ions  by repeated thermal treatment. The exper i -  

ment was planned t o  run f o r  a dura t ion  o f  3 days. 

A f t e r  r e t u r n  o f  the payload t o  the  MAUS team i t  was found t h a t  the  experiment 

had n o t  worked. A f a i l u r e  ana lys is  y i e l d e d  t h a t  a leak i n  a s i l v e r - z i n c  e lec t ro -  

n i c  b a t t e r y  had developed dur ing  the  several weeks o f  w a i t i n g  t ime on ground. 

Because o f  no vo l tage cond i t ions  the  e l e c t r o n i c s  o f  the  standard system cou ld  

n o t  be ac t i va ted  by the  "on" s ignal  given by the  crew. 

The cause o f  the leak, a simple O-r ing seal, was cor rec ted  and the  same payload 

successful 1 y r e f 1  own on the  NASA s t ruc tu re  OSTA-2 w i t h  STS-7. Th is  experiment 
then y i e l d e d  the  f i r s t  X-ray photos from a m e t a l l i c  d ispers ion  by coo l i ng  a ho- 

mogeneous s o l u t i o n  i n t o  the m i s c i b i l i t y  gap. Some o f  the observations made are 
the  fo l low ing :  

- Homogenisation appears t o  be completed a f t e r  4 hours a t  190%. Th is  can be 

concluded from the  constant  grey scale value o f  the  sample when measuring 

across the  X-ray f i l m .  I n  the  l abo ra to ry  a t  l e a s t  8 hours are needed f o r  worst  
case cond i t i ons  when the  heavier mercury i s  on the  bottom o f  the  container. 

- When coo l i ng  the  sample i n t o  the  m i s c i b i l i t y  gap w i t h  a r a t e  o f  30 K/min the  

p r e c i p i t a t i o n  o f  Hg-droplets occurs rap id ly .  However, no f i n e l y  dispersed 
s ta te  w i t h  a p a r t i c l e  s ize  o f  about 0.3 mm diameter ( r e s o l u t i o n  l i m i t  o f  the  

X-ray photos) can be observed. Hg-droplets seem t o  be generated by heteroge- 
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neous nuc lea t ion  a t  t he  ga l l i um surface. Drop le ts  seem t o  be s ta t i ona ry  once 

they achieve the v i s i b i l i t y  l i m i t  and do n o t  show any b l u r r i n g  by movement 

desp i te  an exposure t ime o f  20 s. 

- Supercooling o f  the  me l t  appears small and i f  present should be l e s s  than 
\ 

20 oc. 

- When coo l i ng  i n t o  t h e  gap the  growth o f  p r e c i p i t a t e d  d rop le ts  i s  r a t h e r  f a s t  

(Fig. 2) .  Wi th in  one minute (30 K i n t o  the  gap) the  p a r t i c l e s  have a l ready 

grown t o  an average diameter o f  0.8 mm, A n t i c i p a t i n g  growth by d i f f u s i o n  only, 

the diameters increase too f a s t  by a t  l e a s t  a f a c t o r  o f  f i v e .  Other processes 
l i k e  convective ma te r ia l  t ranspor t  o r  coalescence are l i k e l y  t o  con t r i bu te  t o  

growth. A d e t a i l e d  d iscuss ion o f  t he  data i s  given i n  Ref. 2 

Fig. 2: P r e c i p i t a t i o n  o f  mercury du r ing  coo l i ng  i n t o  the  m i s c i b i l i t y  gap w i t h  a 

r a t e  o f  30 K/min. Shown are from l e f t  t o  r i g h t  the  ground based state,  

t he  appearance o f  t he  sample a f t e r  8 hours a t  190°C i n  m ic rog rav i t y  and 

the  coo l i ng  sequence. Time i n t e r v a l  between each o f  t he  l a s t  f ou r  

photographs i s  30 sec. Color  representat ion:  Ga - Dark; Hg - L ight ,  

The housekeeping systems a1 so provided in fo rmat ion  about the  payload from which 
the  acce le ra t ion  data taken over a pe r iod  o f  th ree  days are the most i n te res -  

t i n g  (Ref. 3) .  Crew a c t i v i t i e s  and a c t i v a t i o n  o f  the r o b o t i c  arm can be seen 

c l e a r l y  on the  record. It should be s ta ted  t h a t  g -sens i t i ve  runs o f  the X-ray 

experiment were programmed t o  happen dur ing  the  s leeping t ime o f  the crew. 
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Fig.  3: Acc le ra t i on  data acquired dur ing  the  run of the  X-ray experiment f o r  a 

pe r iod  o f  th ree  days du r ing  mission STS-7. The generation o f  g - j i t t e r  
by d i f f e r e n t  crew a c t i v i t i e s  and the a c t i v a t i o n  o f  the r o b o t i c  arm 

dur ing  t h i s  mission can be seen c l e a r l y .  Satura t ion  o f  the g-sensor 
occurs a t  5 x lom3 g. Each MAUS payload c a r r i e s  i t s  own acce le ra t ion  

sensor which i s  ac t i va ted  w i t h  the  "on1' s ignal . ,  

Two add i t i ona l  MAUS payloads t o  be f lown aboard STS 51-G i n  t he  GAS program were 
turned over t o  NASA on A p r i l  26, 1985. A sho r t  desc r ip t i on  o f  the  experiments 

and t h e i r  s c i e n t i f i c  ob jec t i ves  are given below. 

"Fundamental Studies i n  the  System Manganese-Bismuth" 

Inves t i ga to r :  P. Pant, Krupp Research I n s t i t u t e ,  Essen 

The main o b j e c t i v e  o f  t h i s  experiment i s  t he  synthesis o f  the  i n t e r m e t a l l i c  com- 
pound MnBi i n  an isothermal furnace. The compound forms by a p e r i t e c t i c  r e a c t i o n  

a t  45OoC i n v o l v i n g  l i q u i d  bismuth and s o l i d  manganese. Th is  k i n d  o f  reac t i on  i s  

d i f f u s i o n  c o n t r o l l e d  and requ i res  a longer  t ime f o r  completion as when both com- 
ponents were i n  a l i q u i d  state. On Earth, such reac t ions  are incomplete when 

bo th  components e x h i b i t  d i f f e r e n t  dens i t i es  and become separated by sedimenta- 
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t i o n  and buoyancy. The compound MnBi has promising app l i ca t i ons  as a magnet ma- 

t e r i a l  because o f  i t s  h igh  t h e o r e t i c a l  c o e r c i t i v e  s t rength  which so f a r  cou ld  

n o t  be achieved w i t h  ground based specimens. 

F i r s t  experiments on TEXUS (Technology Experiments und Reduced Grav i ty ,  a German 

program us ing  sounding rockets )  showed t h a t  dur ing  me l t i ng  and s o l i d i f i c a t i o n  

under m ic rog rav i t y  separation of the  components d id  n o t  occur and forces promo- 

t i n g  segregation, e.g. surface tens ion  gradients  d i d  n o t  become e f f e c t i v e .  The 
MnBi-phase i n  the  f l i g h t  samples was found i n  form o f  micron-sized p a r t i c l e s  

un i fo rm ly  d i s t r i bu ted .  The small s ize  i s  thought t o  be responsib le  f o r  the  good 

magnetic p roper t i es  o f  the  f l i g h t  samples when compared w i t h  the ground base 
samples. 

Dur ing the  course o f  t h i s  MAUS experiment 8 MnBi samples w i l l  be iprocessed i n  a 

two-chamber isothermal furnace. Sequent ia l ly ,  each furnace chamber conta in ing  2 
samples w i l l  f o l l o w  a pre-programed temperature p r o f i l e  o f  heat ing and 
cool ing. Since the  processing t ime under reduced g r a v i t y  i n  MAUS i s  about 3 
hours f o r  each sample the  question may be answered weather the  p e r i t e c t i c  reac- 

t i o n  t o  form MnBi can run i t s  f u l l  course. Th is  hasn ' t  been poss ib le  w i t h  the  

TEXUS experiments which were performed du r ing  only  6 minutes o f  m ic rog rav i t y  

condi t ions.  

'IS1 i p  Casting Under Mic rograv i  ty Condit ions" 

Inves t i ga to r :  D r .  I(. Schweitzer, Motoren und Turbinen Union (MTU), Miinchen 

The process o f  s l i p  cas t i ng  employs a ceramic s l u r r y  t o  form complicated shapes 

o f  ho l low bodies. On Earth, t h i s  process i s  l i m i t e d  i n  app l i ca t i ons  because o f  

g r a v i t a t i o n a l  in f luences  on the  dispersed p a r t i c l e s  i n  the  s lu r ry .  Sedimentation 

can on ly  be avoided by the  use o f  ma te r ia l s  w i t h  equal dens i t i es  o r  by the  u t i -  

l i z a t i o n  o f  s t a b i l i z i n g  addi t ives.  However, t he  l a t t e r  may be harmful t o  the  de- 

s i r e d  p roper t i es  o f  the  s l i p  c a s t  product. Goal o f  t h i s  experiment i s  t o  demon- 

s t r a t e  w i t h  model ma te r ia l s  t h a t  s l i p  cas t i ng  i s  poss ib le  i n  m ic rog rav i t y  even 
w i t h  u n s t a b i l i z e d  suspensions. Using mixtures o f  powders w i t h  d i f f e r e n t  density, 

g r a i  n -s i  ze and concentrat ion. For  t h i s  reason ceramic and/or metal powders are 

homogeneously mixed i n  s o l i d  p a r a f f i n  by kneading. Rods o f  these s o l i d  s l u r r i e s  
are pressed i n t o  ca r t r i dges  against  the  ends o f  porous ceramic rods which are 

mounted i n  the  lower halves o f  these car t r idges.  
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Dur ing weightlessness t h i r t e e n  samples o f  these sol i d  s l u r r i e s  w i l l  be melted by 

heat ing  the  upper p a r t  o f  the  c a r t r i d g e  i n  a furnace. Then t h e  s l i p  cas t i ng  pro- 

cess w i l l  be s t a r t e d  by a d d i t i o n a l l y  heat ing  the  lower p a r t  o f  the  c a r t r i d g e  
conta in ing  the  suc t ion  bodies made o f  porous ceramic. These w i l l  s lowly  absorb 

p a r a f f i n  b u t  no t  the  dispersed p a r t i c l e s .  The cas t i ng  process w i l l  be stopped by 

t u r n i n g  o f f  t he  furnace and c o o l i n g  o f  t he  samples. S o l i d i f i c a t i o n  o f  the paraf -  

f i n  w i l l  preserve the  s l i p  cas t  l a y e r s  as we l l  as the  res idua l  s l u r r i e s  f o r  

l a t e r  examination on Ear th  i n  respect  t o  t h e i r  s t r u c t u r e  and p a r t i c l e  d i s t r i b u -  
t i on .  Th is  experiment w i l l  l ead  t o  a b e t t e r  understanding o f  the  s l i p  cas t  pro- 

cess and evaluate the  p o s s i b i l i t i e s  f o r  the  cas t i ng  o f  d e l i c a t e  shapes under 
m i  c rograv i ty con d i  t i on s . 

Future  P1 anni ng 

MAUS missions w i l l  continue w i t h  f l i g h t s  o f  dual payloads us ing  the  remaining 22 

GAS options. Launch Services Agreements wi th  NASA have been signed. I n  p r incp le ,  

i n t e r n a t i o n a l  p a r t i c i p a t i o n  i n  t h i s  p r o j e c t  i s  possible. The MAUS standard 
system i s  a lso  ava i l ab le  by MBB/ERNO on a commercial basis. 
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