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TECHNICAL MEMORANDUM x -64977 

SKYLAB MATERIALS PROCESS LNG FACILITY 
EXPERIMENT DEVELOPER'S REPORT 

SUMMARY 

The development of t h e  Skylab M512 Materials Processing F a c i l i t y  
i s  t r aced  from the  design of a po r t ab le ,  se l f -conta ined  e l e c t r o n  beam 
welding system f o r  t e r res t r ia l  a p p l i c a t i o n s  t o  t h e  h ighly  complex ex- 
periment system u l t ima te ly  developed f o r  t h e  t h r e e  Skylab missions.  The 
M512 experiment f a c i l i t y  was designed by t h e  George C .  Marshal l  Space 
F l i g h t  Center (MSFC) t o  support  s i x  in-space experiments intended t o  
explore  the  advantages of manufacturing materials i n  the  near-zero- 
g r a v i t y  environment of Ea r th  o r b i t .  The s i x  experiments, i n i t i a l l y  
developed f o r  use i n  t h e  M512 f a c i l i t y  were: 

M551 - Metals Melting 
M552 - Exothermic Brazing 
M553 - Sphere Forming 
M554 - Composite Casting* 
M555 - GaAs C r y s t a l  Growth 
MA79 - Zero-Gravity Flammabili ty 

*Replaced by experiment 365, Aluminum-Copper Eutectic, performed i n  
t h e  M518 Maltipurpose E l e c t r i c  Furnace F a c i l i t y  wi th  t e n  o t h e r  e x p e r i -  
ment.s (not covered i n  t h i s  r e p o r t ) .  

Deta i led  d e s c r i p t i o n s  of the  M512 f a c i l i t y  and r e l a t e d  expe r i -  
ment hardware a r e  provided i n  t h i s  r e p o r t ,  with d i scuss ions  of hardware 
v e r i f i c a t i o n  and man-machine i q t e r f a c e s  included. An a n a l y s i s  of t he  
ope ra t ion  of t h e  f a c i l i t y  and experiments dur ing  the  t h r e e  Skylab 
missions is  presented,  including d i scuss ions  of t h e  hardware performance, 
anoml. ies ,  and d a t a  re turned t o  Earth.  No a t t e m p t  has been made t o  i n -  
te rp i - t t  the  s c i e n t i f i c  s i g n i f i c a n c e  of the d a t a ;  i nd iv idua l  experiment 
f ind ings  and conclusions w i l l  be  published by t h e  r e s p e c t i v e  experiment 
P r i n c i p a l  I n v e s t i g a t o r s .  

It  i s  concluded from the  Skylab ope ra t ions  t h a t  t he  M512 f a c i l i t y  
performed a s  expected. A malfunctioning r e l a y  i n  t h e  e l e c t r o n  beam welder 
t u rn -o f€  c i r c u i t r y  d id  not prevent t h e  crew from completing M551 or M553, 
although M553 was terminated e a r l y  because of t he  l ack  of a v a i l a b l e  m i s -  
s i o n  t i m e .  Experiments M.552 and M479 were f u l l y  completed. It must be 



noted t h a t  the  welder c i r c u i t r y  w a s  e s s e n t i a l l y  designed i n  1966 with 
minimal upgrading. Incorpora t ion  of new c i r c u i t  technology due t o  
advances i n  the  "s ta te-of-ar t"  undoubtedly would have reduced power 
consumption and weight and improved the  hardware's r e l i a b i l i t y  and 
performance. Nevertheless ,  t he  v e r s a t i l e  N512 system proved t o  be 
extremely successfu l .  Even the  ques t ionable  malfunctioning welder 
c i r c u i t r y  d id  not  cause t h e  terminat ion of any experiment. 

Rela t ive  t o  s a f e t y  cons idera t ion ,  an ex tens ive  t e s t  program w a s  
implemented and conducted t o  eva lua te  the  p o t e n t i a l  hazards a s soc ia t ed  
with the  opera t ion  of t h e  processing f a c i l i t y  and each a s soc ia t ed  experi-  
ment. Simultaneously wi th  f a c i l i t y  and experiment design m a t u r i t y ,  
var ious tests were performed t o  a s su re  hardware, experiments,  and f a c i l i t y  
opera t iona l  sa fe ty  w e l l  beyond a l l  NASA regula t ions .  

The e f f o r t  was a cont inuing cyc le  of ex tens ive  review, des ign ,  
eva lua t ion ,  and t e s t i n g  r e l a t i v e  t o  s a f e t y  matters throughout t he  develop- 
ment of t h e  experiment sys tem.  Safety cons idera t ions  were a key f a c t o r  
i n  the  development, design and implementation of t he  experiment f a c i l i t y  
and assoc ia ted  experiments.  Extensive t e s t i n g  was conducted covering a l l  
f a c e t s ,  e .g . ,  no te  t h r e e  key documents: Qua l i f i ca t ion  Test Xeport f o r  
Experimepts, No. 70TRI-95M10500-1, August 18, 1975; Test and Analysis  
Report p : ~  and P a s t  Qua l i f i ca t ion  Checkout Experiments M5121479, QUAL-AE- 
R-39, .?\(:gust 2,  1972; an Experivental  Inves t iga t ion  of t h e  Skylab Experi- 
ment M479 Operating Hazards and Contamination P o t e n t i a l ,  No. EP72-1. Many 
tests were conducted i n  Skylab atmosphere - 70130 02/N2 a t  5 ps i a .  

Considerat ion parameters covered: 

Gasses 

o Toxici ty  
o Combustion 

Temperature 

o Chamber 
o B a t t e r y  
o EB System 
o Experiment s 

Rad i a  t ion 

o Chambcr 
o Vacuum Por t s  

E l e c t r i c a l  

o Fa i lu re  Safety 
o Insu la t ion  

For t h e  hene f i t  of fu tu re  m a t e r i a l s  processin: p r o j e c t s ,  a number 
of recommendations are made, summarizino thc? more important lessons  learned 
from t h i s  undertaking. 
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SECTION I. INTRODUCTION 

This  r e p o r t  provides  a d e s c r i p t i o n  of Skylab 's  M512 Materials 
Processing F a c i l i t y  and r e l a t e d  experiments,  traces t h e  h i s t o r y  of t h e i r  
development, and eva lua te s  t h e i r  performance on t h e  t h r e e  Skylab manned 
missions.  The M512 f a c i l i t y ,  developed by MSFC, was designed to  provide 
a common spacec ra f t  i n t e r f a c e  i n  which s e v e r a l  manufacturing in-space/ 
ma te r i a l  sc ience  experiments could be performed. The experiments de- 
s igned t o  be performed i n  the M512 f a c i l i t y  included: 

M551 - Metals Melting 
M552 - Exothermic Brazing 
M553 - Sphere Forming 
M554 - Composite Cas t ing  
a 5 5  - G a A s  C r y s t a l  Growth 
M479 - Zero-Gravity Flammabili ty 

During t h e  development of the  hardware, experiment M554 was 
de le t ed  from t h e  Skylab Program and rep laced  by M566, Aluminum-Copper 
E u t e c t i c ,  performed i n  t h e  Skylab M518 Multipurpose Electric Furnace 
System. This  system was also operated i.. t h e  M512 f a c i l i t y  but  is not  
d i scussed  i n  t h i s  r e p o r t  s ince  i t  was a s e p a r a t e l y  developed system. 
However, t he  M512 f a c i l i t y  support  provided f o r  the  ope ra t ion  of t h e  
11 M518 experiments is descr ibed.  

Also included i n  t h i s  report are d i scuss ions  of t h e  methods 
used t o  v e r i f y  the  M512 hardware f o r  manned space f l i g h t  
learned dur ing  t h e  development and ope ra t ions  of t he  experiments. 

Qd t he  lessons  
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SECTION 11. EXPERIMENT DEVELOPMENT H I F i O R Y  

The f i r s t  appearance of t he  e l e c t r o n  beam p r o w s =  wa'. j1i 19C7 
when a concentrated beam o f  e l e c t r o n s  w a s  app l i ed  t o  a fea'nacr, as a 
hea t  source ,  t o  m e l t  r e f r a c t o r y  metals. However, i t  w a s  3t  u n t i l  1954 
t h a t  e l e c t r o n  beam (EB) welding was researched i n  F r m c e ,  ana .?qL i n  
t h e  United S ta t e s .  By t h e  c l o s e  of 1959 t h e  MSFC, hanu:acturing 
Engineering Laboratory had designed, b u i l t ,  and op2ra':ed an  Elec t ron  
Beam Welding System. Also i n  1959, t h e  Laboratory xade a technic21  
p resen ta t ion  t i t l e d ,  "Hand Held Elec t ron  Beam C..n f o r  Repair i n  Spice". 
By t h i s  t i m e  a g r e a t  d e a l  of e a r l y  planning 3n t h e  system had been 
performed and a cont inuing  research  e f f o r t  was w e l l  underway. 
is considered an e x o t i c  process  bv some engineers  because t h e  process  
r equ i r e s  a high vacuum and a sophistic,.ited power source  f o r  i ts  opera t ion .  
By way of r e fe rence  a t y p i c a l  commercial system, inc luding  vacuum chamber, 
power supply and con t ro l s ,  has  a mass of  6800 kilograms (1500C pounds) 
and r equ i r e s  5.66 cubic  meters  (200 cubic  f e e t )  of space.  

EB weldili;; 

A. The Saturn Applicat ion Elec t ron  Beam Welding System 

I n  1966 t h e  Westinghouse E l e c t r i c  Corporat ion,  under c o n t r a c t  
IlSFC, i n i t i a t e d  the  development of a l igh tweight ,  se l f -conta ined  EB r-nioing 
system f o r  terrestrial app l i ca t ions .  
designed f o r  l imi t ed  weld f a b r i c a t i o n ,  o r  weld r e p a i r  w i th in  a po r t ab le  
vacuum chamber. 
s p e c i f i c a t i o n s :  

This  Sa turn  a p p l i c a t i o n  system was 

The system w a s  t o  be designed t o  these  six gene ra i  

1. 

2 .  

3. 

4 .  

5 .  

6 .  

The mass of t h e  complete unit--gun, power supply,  
and controls--would be no more thzn 34 kilograms 
(75 pounds). 

The system would be capable  of ope ra t ing  cont inuously 
f o r  2 minutes. 

The maximum ope ra t ing  p o t e n t i a l  would be no more than 
20,000 vo l t s .  

The sysLe3  would be operable  i n  a p re s su re  range of  
1.3 x 10- newtons p e r  s uare meter t o r r ) ,  o r  
lower,  down t o  1.3  x lo-? newtons per  square meter 
(10-9 t o r r ) .  

The system would have a gun-to-work d i s t a n c e  range 
frcm 6 . 4  :. 38 millineters (0.25 t o  1.5 inches) .  

The beam diameter  i t  the  work p iece  would be no 
g r e a t e r  tiian 0.51 mill imeter (0.02 i nch ) .  

The Saturn a p p l i c a t i o a  system, shown i n  Figure 1, more tha.1 met 
these six s p e c i f i c a t i o n s .  The u n i t  had a mass of 2 7 . 7  kilograms 
(61 pounds), was 53.4 centi-meters (21 inc; .es) long,  and  30.5 cent imeters  
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(12 inches) i n  d i a m t e r .  Tile KB qun assembly protruded 
35.4 cent imeters  (19 inches) ' elow t h e  body of t h e  u n i t .  
It cotlid be operated a t  98 mill iamperes and 20,000 v o l t s  f o r  as long 
as 5 minutes without overheating. 
operated independent of i t s  se l i - con ta ined  b a t t e r y  power supply; t h i s  
f e a t u r e  e l iminated t h e  depeniency ~7 b a t t e r i e s  and increased the  poten- 
t i a l  usefulness .  This  gun was capable of welding alilminum and s t a i n l e s s  
steel up t o  6.4 millimeters (0.25 inch) th ick  aC speeds u p  t o  1.0 
meter (GO inches) per minute. The t e c h n i c a l  s i g n i f i c a n c e  of t h i s  
development is recognized by comparing the  Sa tu rn  a p p l i c a t i o n  system 
with the  t y p i c a l  commercial EB welding system previously described. 

In add i t ion ,  the uni t  could b e  

B. Construct ion and Repair i n  Spac;: 

Concurrent with t h e  development of t h e  Sa tu rn  a p p l i c a t i o n  EB 
welding s y s t e m ,  s t c d i e s  made by General E l e c t r i c ,  Westinghouse, 
Hamilton Standard and Hughes A i r c r a f t  i nd ica t ed  t h a t  EB welding he ld  
the  most Zromise f o r  weld r e p a i r  and assembly i n  o r b i t i n g  spacec ra f t .  
Ea r th  o r b i t i n g  satel l i tes  had te lemetered atmospheric informatlon t o  
Ea r th  i n d i c a t i n g  t h a t  vacuum i n  space was approximately 1.3 x t o  
1.3 x 10-5 ncwtons per square meter (10-6 t o  10-7 t o r r ) .  
no problem was a n t i c i p a t e d  opera t ing  t h e  e l e c t r o n  beam welder i n  t he  
space environment. With the  success fu l  development and f u n c t i o n a l  use 
of t h e  Sa tu rc  a n p l i c a t i o n  u n i t ,  i t  was proposed t h a t  t h e  system be 
adapted f o r  welding on one of t h e  e a r l y  f l i g h t s  of t h e  Apollo Applica- 
t i o n s  Program (AAP) ( later t o  become Skylab). 

Therefore 

In p a r a l l e l  wi th  t h e  planning t o  perform an  EB welding expe r i -  
ment on AAP, i n v e s t i g a t i o n s  i n t o  the  1 . h t l  of the  exothermic brazing 
techniqu.. for  j o i c i n g  tubu la r  s tee l  assemblies i n  the  space environment 
were a l s o  bcing madc. These i n v e s t i g a t i o n s  were t h e  outgrowth of North 
American's B-70  program, where exotherm packages were used t o  j o i n  
tubc ia r  assemblies i i1  i naccess ib l e  areas o t  t h e  airframe. Exothermic 
packages seemed t o  o f f e r  another  s o l u t i o n  t o  t h e  assembly and r e p a i r  
of s t r u c t u r e s  i n  the  space environment. The r e s u l t s  of t hese  i n v e s t i -  
ga t ions  led t o  a con t r ac t  between MSFC and SOLAR, a d i v i s i o n  of 
I n t e r n a t i o n a l  Harvester Inc., t e  s tudy high vacuum a p p l i c a t i o n s  of 
ei.ath-rmic packages. 

1. NSFC ExpcrimLnt 36 - Welding i n  Space. By la'c 1964, MSFC 
had completed t!ic conceptual design of t h e  welding i n  sp; 5 +:xpsriment. 
This  concept i s  shown i n  f i g u r c  2 .  The experiment cons i s t ed  of a s e l f -  
contair , td EB welding systerr wiiich was moved ac ross  the  weld specimens 
by a d r i v e  motor. The e l e c t r o n  beam would be used t o  T v l d  aluminum, 
s t a i n l c s s  s t e e l  and t i t an ium p l a t e s  of varying thickness .  

a .  Experiment ob jec t ives .  The specific o b j e c t i v e s  of t he  
wolding i n  space experiment: were t o  develop and democstrate the  capa- 
b i l i t y  f o r  welding i n  space environments. Determination would a l s o  be 
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made of the  flow and splatter c h a r a c t e r i s t i c s  of the molten weld puddle 
a t  zero  g rav i ty  and high vacuum, performance paramerers of welding equip- 
ment a t  zero  gravi ty  and high vacuum, and the  performance of the  weld 
j o i n t s .  

0 .  Experiment descc ip t ion .  The f i r s t  experiment concept 
used the  Saturn a p p l i c a t i o n  e l e c t r o ?  beam welding s y s t e m  " r ight  angle" 
conf igura t ion  as shown i n  f i z u r e  1 and w a s  t o  be launched i n  an unpres- 
su r i zed  area of the  spacecraf t  and operated i n  space vacuum. The weid 
specimens and 16-mill imeter motion p i c tu re  f i l m  were t o  be re turned  t o  
Earth f o r  evaluat ion.  The t o t a l  experiment package had a mass of 60.5 
kilograms (133 pounds) and occupied a volume of 0.09 cubic  meters (3.1 
cubic f e e t ) .  
importance r e l a t i v e  t o  t h i s  conceptual design and ope ra t ing  approach, e.g., 
opera t ing  and manipulating the  experiment system ou t s ide  the  Skylab 
during an ex t ravehicu lar  a c t i v i t y  (EVA) period. 
would have been made t o  de f ine  a l l  poss ib l e  hazards. 

Astronaut and mission sa fe ty  cons idera t ions  were of major 

A c a r e f u l  i n v e s t i g a t i o n  

2. MSFC Experiment 35 - Tube Brazing. Th6 conceptual  des ign  of  
MSFC's tube brazing experiment is shown i n  f i g u r e  3. This  des ign  was 
a l s o  completed by i a t e  1964. 
s t e e l  tubes ,  braze f i t t i n g s ,  exotherm packages, and an i g n i t i o n  ba t t e ry .  
The mass of the experiment w a s  3.6 kilograms (8 pounds) and occupied a 
volume of 0.006 cubic  meters (0.2 cubic f e e t ) .  Like the welding i n  
space experiment,  the  tube brazing experiment was t o  be launched and 
performed i n  an unpressurized area of t he  spacec ra f t .  

The experiment package contained s t a i n l e s s -  

Experiment ob jec t ives  of the tube braz ing  experiment were 
t o  develop and demonstrate t he  c a p a b i l i t y  €or jo in ing  tubu la r  s tee l  
assemblies i n  the  space environment by the  exothermic braz ing  tech- 
nique. 
c h a r a c t e r i s t i c s  of the braze  a l l o y ;  ou tgass ing  f a c t o r s  of  the proc- 
ess; the  e f f e c t s  of s to rage  i n  high vacuum and ze ro  g r a v i t y  on the  
performance of exothermic packages; and the  j o i n t  s t r e n g t h ,  meta l lur -  
g i c a l  p rope r t i e s  and leak  t i g h t n e s s  by subsequent ground eva lua t ion .  

Determination would a l s o  be made of  the flow and wet t ing  

C .  The Common Experimed F a c i l i t y  

Ey la te  1966, NASA Headquarters had given developmental approval 
t o  the  welding and brazing experiments and had assigned program exper i -  
ment numbers t o  them; M492 - Tube Jo in ing  i n  Space and M493 - Elec t ron  
Beam Welding. Addi t iona l ly ,  with t h e  advancement of the Apollo Appli- 
c a t i o n s  Pragram, a dec i s ion  was made to, conduct both experiments wi th in  
the pressurized environment of the  passivated S-IVB workshop. This  led 
t o  t h e  obvious requirement f o r  an experimental  work chamber t h a t  could 
be evacuated t o  the vacuum of space. However, the  e n t r y  envelope of the  
EVA hatch would not accommodate the  "r ight  angle" conf igura t ion  welding 
system with a work chamber a t tached .  l 'herefore,  Westinghouse was con- 
t r a c t e d  t o  develop a se l f -conta ined ,  " in- l ine"  e l e c t r o n  beam welder 
capable of performing the welding experiment and con t ro l s  f o r  i n i t i a t i n g  
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t h e  braz ing  experiment. 
modules, and experiment mounting provis ions would be b u i l t  by MSFC. 
The vacuum vent  l i n e  f o r  t h e  chamber would be  provided i n  the  S-IVB 
workshop. Figure 4 i s  a schematic of t h e  structural des ign  of the  
M492IM493 f a c i l i t y .  

The vacuum work chamber, welding and brazing 

1. Space Elec t ron  Beamunit .  F igure  5 shows the  completely 
se l f -conta ined  space e l e c t r o n  beam u n i t  t h a t  was designed and b u i l t  by 
Westinghouse. The battery-powered 2000 w a t t ,  20,000 v o l t  e l e c t r o n  beam 
s y s t e m  had a mass of approximately 45.4 kilograms (100 pounds). The 
weight increase  over t he  Sa turn  a p p l i c a t i o n  u n i t  w a s  the  r e s u l t  of 
i n t e g r a t i n g  t h e  c o n t r o l  provis ions and the  use of space-rated compo- 
nents.  Ba t t e ry ,  power-conditioning c i r c u i t s ,  e l e c t r o n  gun and l e n s  
w e r e  mounted i n  a cy l inder  76.2 cent imeters  (30 inches)  long by 30.5 
cent imeters  (12 inches) i n  diameter. The i n v e r t e r  i n  the  c e n t e r  
s ec t ion  of the  case was insu la ted  with s u l f u r  hexaf luor ide  (SF6) a t  
a pressure of 2.1 x lo5 newtons per square meter (30 pounds per square 
inch) gauge. 

a. Control  panel. The e a r l y  model c o n t r o l  panel ,  f i g u r e  6 ,  
contained a l l  c o n t r o l s  and d i sp lays  requi red  for the  ope ra t ion  of t he  
welding and brazing experiments. 
the e l e c t r o n  beam cur ren t  and lens  cu r ren t  t o  opt imize beam focus on 
the  work piece.  The high vol tage  output  of the  i n v e r t e r  power supply 
was maintained a t  20,000 v o l t s ,  regula ted  t o  3.200 v o l t s ,  with no 
adjustment required.  Meters monitored the  beam vol tage  and c u r r e n t ,  
and vacuum l e v e l  i n s ide  the  work chamber. Switches were provided f o r  
t he  high-voltage power supply,  the  magnetic l ens ,  the weld specimen 
d r i v e  motor, t he  exotherm f i r i n g  c o n t r o l s ,  and l i g h t s  t h a t  were re- 
quired f o r  the  two recording cameras. 

Direct c o n t r o l  w a s  provided t o  a d j u s t  

b. Ba t t e ry  package. The u n i t ' s  power s o w c e  was a Gemini- 
r a t ed  missile b a t t e r y  pack which provided up t o  100 amperes a t  a nominal 
28 v o l t s  f o r  approximately 10 minutes.  Included i n  the batteries'  
capac i ty  were the  power requirements f o r  t he  EB gun, exotherm f i r i n g ,  
l i g h t s ,  weld d r i v e  motor, and camera opera t ion .  

C. I n v e r t e r  power supply. The i n v e r t e r  power supply 
employed two s tages :  a sa turab le- inductor  power o s c i l l a t o r  and a 
2000 watt i n v e r t e r  cons i s t ing  of two banks of s i l i c o n  t r a n s i s t o z s .  
Each power t r a n s i s t o r  was sepa ra t e ly  fused so t h a t  f a i l u r e  of any one 
t r a n s i s t o r  would nc.t cause add i t iona l  f a i l u r e s .  

d. Gun system. The EB gun cons is ted  of an anode, g r i d ,  
and f i lament  as shown i n  f i g u r e  7. The anode was a t  ground p o t e n t i a l ;  
the  f i lament  and g r i d  operated a t  h high negat ive vol tage  r e l a t i v e  t o  
the  anode and were in su la t ed  from the anode by a g l a s s  envelope. The 
g l a s s  envelope a l s o  acted as a seal between the  SF6 pressur ized  power 
supply s e c t i o n  and the  high vacuum required f o r  t he  gun. The gun 
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f i lament  was a pure tungsten ribbon. The last s e c t i o n  of t h e  gun w a s  
the  magnetic l e n s  t h a t  was usad t o  focus t h e  beam a t  the  work piece.  
The a x i s  of t he  l e n s  was moved 19 millimeters (0.75 inches)  from t h e  
axis of t h e  e l e c t r o n  beam gun and two electromagnet ic  d e f l e c t i o n  z ig -  
zag c o i l s  were added t o  s t e e r  t h e  beam from the  former a x i s  t o  the  
latter. This  was requi red  t o  reduce the  p o s s i b i l i t y  of gun damage by 
d r o p l e t s  of metal being e j e c t e d  from the  molten weld pool and f l o a t i n g  
i n t o  the  gun elements. 

2, Vacuum Work Chamber. The vacuum work chamber was a t tached  
t o  t h e  EB gun end of t he  welder t o  provide t h e  con t ro l l ed  environment 
f o r  the  welding and brazing experiment performance. The chamber w a s  
a cy l inde r ,  33 cent imeters  (13 inches)  long and 30.5 cent imeters  (12 
inches) i n  diameter ,  wi th  a ha tch  at the  cy l inde r  end oppos i te  t h e  gun 
as shown i n  f i g u r e  8. The chamber contained two viewports ,  one f o r  
a s t ronau t  viewing and the  o the r  f o r  photography. Viewports were made 
of leaded g l a s s  t o  s h i e l d  from X-rays, 
meter vacuum por t  w a s  a l s o  provided f o r  connect ing t o  t h e  S-IVB work- 
shop vacuum vent  l i ne .  

A 7.5 Tentimeter (3 inch)  d i a -  

3. M492m93 Experiment F a c i l i t y .  The M492h493 experiment 
f a c i l i t y  cons is ted  of t he  descr ibed  " in- l ine"  e l e c t r o n  beam u n i t  and 
vacuun work chamber, and provis ions  f o r  i n s t a l l i n g  the  f a c i l i t y  in -  
s i d e  the  s-IVB workshop. The complete f a c i l i t y ,  f i g u r e  9 ,  had a mass 
of 64 kilograms (140 pounds) and occupied a volume of 0.074 cubic  
meters (2.6 cubic  f ee t ) .  Although the  ope ra t iona l  l oca t ion  f o r  the  
f a c i l i t y  was t o  be i n  the  pressur ized  spacec ra f t ,  t he  launch loca t ion  
was st i l l  i n  an  unpressurized a r e a  of t he  launch v e h i c l e ,  a t tached  t o  
a s t r u t .  Af t e r  S-IVB pass iva t ion ,  t h e  f a c i l i t y  would be r e t r i e v e d  
during an  ex t ravehicu lar  a c t i v i t y  and i n s t a l l e d  i n  the  workshop as 
shown i n  f i g u r e  10. 

By e a r l y  1968 the  evolu t ion  of t h e  o r b i t a l  workshop e l imina ted  the  
requirement f o r  t he  e x t e r n a l  launch of t he  f a c i l i t y ,  and both t h e  launch and 
ope ra t iona l  l oca t ions  were.moved t o  t h e  mul t ip l e  docking adapter  (MDA) 
of t he  spacec ra f t .  
requirement f o r  t he  vacuum vent  l i n e  was changed from the  7.5 c e n t i -  
meter (3 inch) diameter l i n e  t o  a 10 cent imeter  (4 inch) diameter  
l i n e ,  a maximum of 122 cent imeters  (48 inches)  long. This  vent  l i n e  
and i t s  va lves  would now be provided by the  MDA con t r ac to r .  

The f a c i l i t y  remained unchanged except t h a t  the  

Also by 1968, the  welding and braz ing  experiments had been 
developed t o  t h e  po in t  t h a t  an a d d i t i o n a l  s to rage  conta iner  became 
necessary.  This con ta ine r ,  f i gu re  11, housed both weld and exothermic 
stlmples and had a mass of 8.2 kilograms (18 pounds) acd occupied a 
volume of 0.013 cubic  meters (0.45 cubic f e e t ) .  

4. Experiment M492 - Tube Jo in ing  i n  Space. While the bas i c  
ob jec t ives  of the brazing experiment remained unchanged, the experiment 
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packaging concept was rev ised  t o  be cons i s t en t  with the  c o n s t r a i n t s  of 
the  vacuum work chamber. The bra-e specimens were p-ckaged i n  a c l u s t e r  
of e igh t  specimens, with the  c lus t e r  being capable 01 >eing i n s t a l l e d  
i n t o  the work chamber. Figures  12  and 13 i l l u s t r a t e  :lis packaging con- 
cept .  
f a c i l i t y  c o n t r c l  panel through an e l e c t r i c a l  connector i n  the  work 
chamber. 

The f i r i n g  of each exotherm specimen was c o n t r o l l e d  from t h e  

5, Experiment W93  - Elec t ron  Beam Welding. The weld samples  

Welding speed 
t o  be used i n  the vacuum work chamber were mounted on a 25.4 cent imeter  
(10 inch) diameter wheel as shown i n  f i g u r e s  13  and 14. 
was con t ro l l ed  by the  rate of r o t a t i o n  of the  wheel. 
r c t a t e d  by a d r ive  motor i n s t a l l e d  i n  the  work chamber, con t ro l l ed  by 
switches on the  c o n t r o l  panel. Thickness of the 'brake shoe" t y p e  of 
samples, f i g u r e  15* va r i ed  from 0.51 millimeters (0.02 inches) t o  9.5 
mill imeters (0.375 inches)  t o  g ive  weld condi t ions  equiva len t  t o  burn- 
through, over ,  under and optimum penet ra t ion  of t he  e l e c t r o n  beam. 

The wheel w a s  

D. Addi t iona l  Experimentation 

Throughout 1967, 1968 and e a r i y  1969 the development of  t he  
MG921M493 f a c i l i t y  proceeded and f i n a l l y  culminated wi th  the  cons t ruc-  
t i o n  of a f l i g h t  q u a l i f i c a t i o n  appara tus  ( f igu re  16). However, by mid- 
1966, preliminary s t u d i e s  were s t a r t e d  t o  explore  the  p o s s i b i l i t i e s  of 
pcrforn.ing a d d i t i o n a l  manufacturing i n  space experiments. These s t u d i e s  
were t o  show how the M492/M493 experiment f a c i l i t y  could be u t i l i z e d  as 
an early "materials processing i n  space'' f a c i l i t y .  In  e a r l y  1969, NGSA 
Headquarters approved th ree  a d d i t i o n a l  experiment t a sks  f o r  development, 
a l l  of which were t o  be performed i n  the  o r i g i n a l  f a c i l i t y .  The experi-  
mcnt, with f i v e  t a s k s ,  was a l s o  renamed a t  t h i s  t i m e  t o  M512 - Mater ia l s  
Processing i:i Space. A n  early concept of the  M512 f a c i l i t y  w i t h  t he  
f i v e  experiment tasks is  shown i n  f i g u r e  17. Modif icnt ions to the  bas ic  
f a c i l i t y  were mainly i n  the  form of c o n t r o l  c i r c u i t r y  f o r  the  new t a sks ;  
the e l e c t r o n  beam welder remained e s s e n t i a l l y  unchanged except f o r  t he  
requirement t h a t  "space-rated" components be used. The following para- 
graphs descr ibe  tht: 1968 concepts of the  experiments. 

1. Experimental Task 1 - Metals Melting. The metals melt ing 
task w a s  a modif icat ion of the  M493, Elec t ron  B e a m  Welding experiment,  
i n  which experiments on molten metal  would be performed. -Various metals 
and a l l o y s ,  each sample ranging i n  th ickness  from 0.5i mil l imeters  (0.02 
inches)  t o  6.4 mi l l imeters  (0.25 inches) ,  would be mounted on a r o t a t i n g  
f i x t u r e  i n  the vacuum chamber and the  e l ,  c t r o n  beam allowed t o  h i t  t h e  
convt'x s i d e  of t h e  sample as i n  the M493 experiment. The sample was 
designed so that t1.e c l e c t r o n  beam would not pene t ra te  through the 6.4 
mil l imeter  por t ion  , I  gould a c t u a l l y  separate the  metal i n  the  0.51 
mi l l imeter  por t ion .  llie e l e c t r o n  beam would make a nominal bead weld on 
p l a t e  during t h e  in te rmedia t r  7' t 0' the  sample. 
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Some samples f o r  mel t ing and c u t t i n g  would have Rape 
machined i n t o  t h e i r  c e n t e r s  t o  compare the  e f f e c t s  of mel t ing ii zero  
g rav i ty  when gaps o the r  than i d e a l  were present  between the  abu t t ing  
sur faces .  The s a m p l e  r o t a t i o n  speed, beam c u r r e n t ,  and focus cu r ren t  
were the va r i ab le  parameters t o  s tudy the  molten metals. 

2. Experimental Task 2 - Exothermic Brazing. The purposes of 
t h i s  t a sk ,  similar t o  experiment M492, were t n  develop a stainless-steel 
tube jo in ing  technique f o r  assembly and r e p a i r  i n  space; t o  s tudy and 
eva lua te  t h c  flow and c a p i l l a r y  a c t i o n  of molten braze material; and 
t o  demonstrate t he  f e a s i b i l i t y  of t he  exothermic r e a c t i o n  i n  space. 
I n  t h i s  study of c a p i l l a r y  a c t i o n  i n  space, 6.4 millimeter (0.25 inch) 
and 19 mi l l imeter  (0.75 inch) diameter tubes were t o  be joined by a 
gold-nickel  braze  a l loy .  The hea t  source t o  perform the  braze was t o  
be a n  exothermic material. The a s t ronau t  would load and unload t h e  
vacuum chamber and dedress  an i g n i t i o n  switch on the  f a c i l i t y  c o n t r o l  
panel. Some ten specimens were ta be brazed i n  space and re turned  t o  
Ear th  f o r  examination. 

3. Exper 'aental  Task 3 - Growth of S ingle  Crystals .  I n  t h i s  
f i r s t  s t e p  of c r y s t a l  growing i n  space,  k f f o r t s  were made t o  answer as 
many t echn ica l  ques t ions  as poss ib le  r e l a t e d  t o  the  f a b r i c a t i o n  of 
s i n g l e  c r y s t a l s  i n  space. 
s i n g l e  c r y s t a l  with high p o t e n t i a l  va lue  , t o  demonstrate the  capa- 
b i l i t y  of con ta ine r l e s s  l i q u i d  c o n t r o l ,  and t o  show t h e  e f f e c t s  of 
dens i ty  v a r i a t i o n s  i n  the  s o l i d i f y i n g  l i q u i d ,  i t  was recommended by 
a panel of i n d u s t r i a l  and un ive r s i ty  s c i e n t i s t s  t o  u s e  ga l l ium arsenide  
as the c r y s t a l  mater ia l .  

Since i t  w a s  des i r zd  t o  produce a unique 

The p a l l i u m  arsenide  would be heated t o  j u s t  below i t s  melting. 
po in t  i n  a furnace over a period of 2 hours .  
o r  tantalum f i lament  hea t ing  elements opera t ing  from 28 Vdc would supply 
the hea t .  
the  c r y s t a l  and hea t ing  elements t o  reduce the  amount of hea t  required.  
Temperature g rad ien t s  wi th in  the c r y s t a l  were t o  be very low. 

E i g h t  matched tungs ten  

Spec ia l  h igh-qual i ty  vacuum i n s u l a t i o n  would be used around 

As t he  specimen approached i t s  melt ing temperature,  t he  hea t ing  
energy would be reduced t o  a temperature holding leve l .  
element, element 1, would then ca r ry  increased power t o  melt t he  speci-  
men a t  t h a t  end. A s  t he  melt zone increased ,  element 2 would be i n -  
creased i n  power and element 1 reduced t o  a holding l e v e l  (the same a s  
elements 3 through 8). 
hea t  flow was o u t  of t he  seed end of t he  system. Thus, c r y s t a l  growth 
would be from the  seed and p r i m a r i l y  un id i r ec t iona l .  

The end hea t ing  

The i n s u l a t i o n  was arranged so t h a t  t he  primary 

As zone 1 s o l i d i f i e d  and zone 2 was melted,  hea t ing  element 3 
would be increased i n  power with elements 1, 2 ,  and 4 through 8 at the  
holding L t l v ~ ~ l .  This  sequence would be repeated as the  molten zone w a s  
moved along the specimen. Care would be taken not t o  completely m e l t  
e i t h e r  end of t he  specimen. Each end of the  specimen would be secured 
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i n  g raph i t e  so t h a t  sur face  t ens i cn  would support  t he  molten c r y s t a l  
i n  e s s e n t i a l l y  i t s  o r i g i n a l  diameter.  The t o t a l  growth process was 
est imated a t  100 hours,  and an  a s t ronau t  would be required t o  observe 
and a d j u s t  t he  hea t  inputs .  The c r y s t a l  would be re turned  t o  Ear th  
f o r  eva lua t ion .  

4. Experimental Task 4 - l i b e r  Whisker Reinforced Composites. 
This  experiment was t o  determine the  uniformity of d i spe r s ion  of s i l i c o n  
carb ide  whiskers i n  an aluminum-alloy mat r ix  when melted and s o l i d i f i e d  
i n  a zero-gravi ty  environment. The specimens f o r  t h i s  experiment were 
t o  be t h e  same s i z e  as the  tube assemblies  t o  be brazed i n  the exother-  
m i c  brazing experiment, and would be heated by similar exotherm packages. 
The i g n i t i o n  of the  exotherm, i n  the  f a c i l i t y  vacuum chamber,\would 
m e l t  the  aluminum matr ix  metal and cause encapsula t ion  and wet t ing  of 
the s i l i c o n  carb ide  whiskers i n s ide .  The samples would be returned t o  
Earth f o r  eva lua t ion .  

5. Experimental Task 5 - Spher ica l  Cast ing.  The purpose of 

It was a n t i c i p a t e d  t h a t  almost pe r f ec t  spheres  
t h i s  t a s k  was t o  f a b r i c a t e  s p h e r i c a l  shapes i n  the  absence of a s t rong  
g r a v i t a t i o n a l  f i e l d .  
could be obtained by al lowing a molten mass t o  s o l i d i f y  under con t ro l l ed  
condi t ions.  The d r iv ing  fo rce  f o r  t h i s  experimentat ion was t o  make pe r -  
f e c t l y  s p h e r i c a l  hollow b a l l  bear ings f o r  u s e  on Earth without f u r t h e r  
machining opera t ions .  

Based on t h i s  cons idera t ion ,  t i t an ium carb ide  w a s  s e l ec t ed  as 
the test material. Three permutations of t h i s  material were t o  be 
used : 

a. Melting of a s i n t e r e d  b a l l  of t i t an ium carb ide .  

b. Melting of a s i n t e r e d  b a l l  of 80 percent  t i t an ium 
carb ide  - 20 percent  coba l t  t o  form a sphere upon 
s o l i d i f c a t i o n .  

c .  Melting of a s i n t e r e d  b a l l  of t i t an ium carb ide  and 
cobal t  concaining a metal  co re ,  such as bismuth, 
so  tha t  upon s o l i d i f i c a t i o n  a hollow sphere would 
be formed. 

Since the  g r a v i t a t i o n a l  fo rces  found during o r b i t a l  maneuvers 
would be s u f f i c i e n t  t o  cause sample displacement ,  i t  was necessary t o  
pos i t i on  the sample  with r e spec t  t o  the  e l e c t r o n  beam hea t ing  source.  
This  would be accomplished by the  use of a support ing s t i n g  t h a t  f a s -  
tened the specimen t o  a r o t a r y  device ,  much l i k e  the metals  mel t ing 
motor, and posi t ioned the sample i n  the e l e c t r o n  beam's path. Severa l  
"specimen-sting" assemblies would be mounted on an adapter  t h a t  could 
be ro t a t ed  by the  metals melting d r ive  motor. 
melted and s o l i d i i i e d ,  the motor would be indexed t o  pos i t i on  the  next 

When one specimen had 
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sample i n  the  e l e c t r o n  beam's path and the  melt ing and s o l i d i f i c a t i o n  
repeated.  
a t i o n .  

The processed samples wouid be re turned  t o  Ear th  f o r  evalu-  

E. Addition of Flammabili ty S tud ie s  

In  mid-1969, NASA Headquarters d i r e c t e d  the  incorpora t ion  of 
experiment M479, Zero-Gravity Flammabili ty,  i n t o  t h e  M512 f a c i l i t y .  
This  experiment, involving the  burning of var ious  materials i n  near-  
ze ro  g rav i ty ,  required a complete redesign of the  vacuum work chamber. 
I n  conjunct ion with the chamber redes ign ,  M479 requi red  an  oxygen 
supply s y s t e m ,  water system, added s to rage ,  and a c o n t r o l  system. 
The added weight of these  changes a l s o  requi red  s t r u c t u r a l  changes 
t o  the  M512 f a c i l i t y  mounting system. 

1. F a c i l i t y  Mechanical Changes. The zerc-gravi ty  f lammabil i ty  
experiment requi red  a chamber wi th  a 38 cent imeter  (15 inch) diameter 
flame propagation area and a smooth i n t e r i o r  su r f ace  t o  a i d  i n  c lean-up 
opera t ions  a f t e r  tests. This  requirement necess i t a t ed  an enlargement of the  
e x i s t i n g  30.5 cent imeter  (12 inch) diameter chamber and removal of t he  
r o t a r y  d r i v e  mechanism f o r  t h e  metals melt ing and s p h e r i c a l  c a s t i n g  
tasks .  Addi t iona l ly ,  t h e  e x i s t i n g  chamber was designed t o  opera te  only  
with a vacuuni, whereas the  flammabili ty experiment requi red  i g n i t i n g  
materials i n  a 3.44 x 10 nzwtons pe r  square meter (5 pounds p e r  square 
inch) oxygen atmosphere. 

4 

To properly photograph the  flame propagation, a l a r g e r  viewport 
i n  the chamber would be required.  The e x i s t i n g  photographic system 
viewed the metals melt ing and sphere c a s t i n g  t a s k s  through a mir ror  
system which l imi ted  and confine? the  camera's f i e l d  of view. A modi- 
f i c a t i o n  t o  the vacuum l i n e  valve was a l s o  requi red  t o  slowly bleed 
the vacuum chamber during the  experiment to  slow t h e  process of flame 
reduct ion  by vacuum t o  a r a t e  which could be  eas i ly  fi lmed and analyzed. 

In  add i t ion  t o  a new vacuum work chamber, hardware had t o  be 
desigped t o  provide a 1.14 cubic meter (40 cubic  f o o t )  oxygen supply,  
a 0.34 kilogram (0.75 pound) water s u p p l y ,  and a sample s to rage  con- 
t a ine r .  A l l  support  hardware was t o  be mounted on a platform common 
with the  complete f a c i l i t y .  

2. F a c i l i t y  Instrumentat ion Changes. The h e a r t  of t he  M479 
zero-gravi ty  flammabili ty experiment was the  e l e c t r i c a l  c o n t r o l  and 
photographic systems. To combine t h i s  experiment with the  M512 
f a c i l i t y ,  a new con t ro l  s t a t i o n  had t o  be designed. 
s t a t i o n  would provide ope ra t iona l  c o n t r o l  t o  i n i t i a t e  each t e s t  of 
t h e  s e r i e s ,  photographic l i g h t i n g  and photographic recording.  The 
a d d i t i o n a l  requirements are ou t l ined  as follows: 

The c o n t r o l  

a. A cmple t z  redesign of the electr ical  wir ing  
sys tem wi th in  the vacuum chamber was necessary 
t o  accommodate M479. 
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b. A f l o o d l i g h t  was requi red  t o  provide s a f e ,  
adequate i l l umina t ion  of each specimen w a s  re- 
qui red  t o  opera t e  i n  both oxygen and vacuum and 
opera te  i n  both oxygen and vacuum and 
provide 24 x lo4 t o  32 x 104 candelas  pe r  
square meter (75 t o  100 lamberts) at  the  
specimen f o r  c o l o r  photography. 

e .  A redes ign  of a l l  photographic mir rors  t o  
permit removal by an a s t ronau t  and r e loca t ion  
of t h e  camera viewport was requi red  f o r  M479. 
Addi t iona l ly ,  the camera mounting mechanism 
was reconfigured t o  a l low the  use of lenses  
of d i f f e r e n t  f o c a l  lengths .  

d .  A pressure readout sensor  and two temperature 
sensors  (wal l  and atmosphere) were requi red  
i n  t h e  vacuum chamber. 

3. Impact of  M512 F a c i l i t y  Redesign t o  M512 Experimental Tasks. 
The requi red  changes t o  the  -12 f a c i l i t y  caused by the  incorpora t ion  of 
the flammabili ty experiment were a c t u a l l y  very b e n e f i c i a l  f o r  the M512 
experiment tasks .  While LO modif ica t ions  were made t o  t h e  e l e c t r o n  beam 
sys tem,  t he  en large3  and redesigned vacuum work chamber allowed s i g n i f i -  
can t  improvements t o  the  experiment tasks .  A hea t  s i n k  w a s  incorporated 
i n t o  the  chamber with a designed t,.ermal impedance for the  performance 
of the c r y s t a l  growth task .  Thd enlarged chamber allowed the  design 
of the sphere c a s t i n g  t a s k  t c  u t i l i z e  i t s  own indexing motor and per -  
p i t t e d  incorpora t ion  of r e l ease  mechanisms i n t o  the  sample a t t ach ing  
s t i n g s  t o  a l low the  molten specimens t o  f r e e - f l o a t  i n  the  chamber while  
so l id i fy ing .  The metals melt ing t a sk  concept was rev ised  from the  
"brake-shoe" type specimens t o  a f la t  d i s k  r o t a t e d  perpendicular ly  i n  
f r o n t  of the e l e c t r o n  beam. 
of the  M512 f a c i l i t y  showing the  redesigned work chamber, t he  f i v e  
experiment t a s k s ,  and experiment M479. 

F igure  18 i l l u s t r a t e s  the  i n i t i a l  concept 

F. M512 Design Evolution 

A t  t he  same point i n  t i m e  t h a t  the  M512 f a c i l i t y  was ur.der- 
going i t s  major redes ign ,  s e v e r a l  c o n t r a c t s  were awarded by MSFC t o  
eva lua te  the s c i e n t i f i c  merit of the  experiment t a s k s  and t o  recommend 
materials and procedures t o  be used i n  the  f l i g h t  experiments. Whittaker 
Corporation was cont rac ted  t o  s tudy the exothermic braze  t a s k  and also t o  
supply the  exotherm packages f o r  the  f l i g h t  experiment. Westinghouse was 
contracted t o  design and bu i ld  the  c r y s t a l  growth experiment. 
L i t t l e  Company s tudied  and made material recommendations f o r  both the  
sphere c a s t i n g  and composite c a s t i n g  experiments. 

The A. D.  

By e a r l y  1970, NASA Headquarters had ass igned  t h e  M512/M479 
experiments t o  Skylab; the  f a c i l i t y  was t o  be permanently i n s t a l l e d  i n  
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t h e  MDA. 
and by mid-1971 each experiment t a sk  was assigned a separate experiment 
number as follows: 

The experiment J e s ign  was s u b j -  ,ed t o  a series of revi-ws 

M551 - Metals Melting 
M552 - Exothermic Brazing 
M553 - Sphere Forming 
M554 - Composite Cas t ing  
M555 - GaAs C r y s t a l  Growth 

It must be noted t h a t  experiment M554, Composite Cas t ing ,  w a s  de l e t ed  
from the Skylab Program i n  June 1972, and rep laced  by t h e  M518 M u l t i -  
purpose E l e c t r i c  Furnace System which a l s o  used the  M512 work chamber 
and cont ro ls .  
f u l f i l l e d  by an i d e n t i c a l  experiment, M566, Aluminum-Copper E u t e c t i c ,  
performed in the  M518 system. 

The s c i e n t i f i c  o b j e c t i v e s  of t h e  M554 experiment were 

Numerous de ta i l  changes were made t o  the  M512 f a c i l i t y  and 
experiments p r i o r  t o  t h e i r  opera t ion  on Skylab. 
t i ves ,  concepts,  a..d hardware d e s c r i p t i o n s  f o r  each of t he  approvcd 
cxperimeuts as w e l l  a s  t he  f a c i l i t y  are discussed i n  d e t a i l  i n  Sec t ion  
I11 of t h i s  r e2or t .  

The f i n a l i z e d  objec-  

32 



SECTION 111. SYSTEM DESCRIPTION 

This  j e c t i o n  of t h e  M512 Developer 's  Report d e s c r i b e s  t h e  
mechanical, electrical and i n t e r f a c e  systems of t h z  f a c i l i t y  and 
a s s o c i a t e d  experiment hardware as they were flown on Skylab. The 
M512 hardware with few except ions was developed and b u i l t  at  MSFC and 
c o n s i s t e d  of both common f a c i l i t y  equipment and accessory hardware 
items used dur jng  t h e  performance of one or more of t h e  a s s o c i a t e d  
material sc ience  experiment:-. o r  purposes of  t h i s  r e p o r t ,  t h e  f a c i l i t y  
is considered t o  include a l l  provis ions  f o r  t h e  opera t ion  of a l l  o r  most 
of t h e  i n d i v i d u a l  experiments,  such as t h e  work chamber, power, vacuum, 
water supply,  c o n t r o l s ,  equipment s torage .  S p e c i a l  hardware i tems 
requi red  t o  perform a p a r t i c u l a r  experiment. (such as motors, mitroxs,  
s h i e l d ,  e tc  .) are included i n  t h e  i n d i v i d u a l  experiment d i scusr ions .  
Some overlapping is i n e v i t a b l e ,  i n  t h a t  some items were developed a3 
common equipment requi red  i n  more than one experiment operation. De-  
t a i l e d  d i s c c s s i o n s  of t h e  development of the a c t u a l  experiment material 
samples, beyond s i z e  and weight d e s c r i p t i o n s ,  are not with in  the  scope 
of t h i s  r e p o r t ;  they are covered i n  r e p o r t s  prepared hy t h e  i n d i v i d u a l  
experiment P r i n c i p a l  I n v e s t i g a t o r s .  

A. Mechanical Descr ip t ion  

The M512 Mater ia l s  Processing F a c i l i t y  end assoc-iaEed exper i -  
ments (figure 19) were hard mounted on two honeycomb mountins panels  
t h a t  were shcr-k mounted t o  longerons 4 and 5 i n  t h e  Skylab x u l t i p l e  
docking adapter  module ( f i g u r e  20). These longerons run p a r a l l e l  to  
t h e  MDA X-axis, which was t h e  d i r e c t i o n  of  t h e  S!cylsb launch t h r u s t  
vec tor .  The f a c i l i t y  was loca ted  a t  p o s i t i o n  IT. i n  t h e  forward MDA 
area, ad jacent  to the  a x i a l  docking p o r t  ( f i g u r e  21). 

1. M512 Materials Processinp F a c i l i t y .  The M512 Materials 
Processing F a c i l i t y ,  including txperiment equipment i n  its f l i g h t  con- 
f i g u r a t i o n ,  weighed 188 kilograms (414.2 pounds), with an  envelcpe of 
2.13 meters (84.0 inches) i n  length  by 0.39 meters (38.94 inches)  i n  
he ight  by 0.52 meter (20.0 inches) i n  depth. F igure  22 i s  a schematic 
of the  f a c i l i t y  systems. 

a. Object ivz.  The o b j e c t i v e  of t h e  f a c i l i t y  was t o  pro- 
vide a b a s i c  appara tus  and a comon s p a c e c r a f t  i n t e r f a c e  f r r  p e r f o r -  
mance of m e t a l l i c  m d  non-me+ i l l i c  materials processing experiments,  
u t i l i z i n g  the  advantages of t h e  near-zero g r a v i t y  and vacuum condi t ions  
a f forded  by t h e  Sicyiab workshop. 

b. Concept. The f a c i l i t y  approach provided the f l e x i b i l i t y  
t o  perform a series of experiments,  i n v e s t i g a t i n g  var ious  a r e a s  of 
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materials sc i ence ,  u t i l i z i n g  one comon experiment system. The l o w -  
g r a v i t y  environment w a s  r e a d i l y  a v a i l a b l e  i n  Skylab; however, expe r i -  
mentation r equ i r ing  vacuum condi t ionz  on previous space programs had 
been cons t ra ined  t o  ex t r aveh icu la r  opera t ions .  The IS12 f a c i l i t y  w a s  
designed t o ,  f o r  t he  f i r s t  t i m e ,  a l low experimentat ion under vacuum 
condi t ions  i n s i d e  a spacec ra f t .  

Data from the experiments were obtained from a n a l y s i s  of the 
re turned  material samples and s e l e c t e d  re turned  expe r imen t / f ac i l i t y  
hardware, motion p i c t u r e  records  of t he  t w o  e l e c t r o n  beam experiments 
and M479 (Zero-Gravity Flammability) p lus  comments of t h e  ope ra t ing  
crewmen. 

c. Hardware d e s c r i p t i o n .  The f a c i l i t y  cons i s t ed  of t he  
following major subsystems/assemblies: 
e l e c t r o n  beam subsystem, c o n t r o l  panel assembly, electrical power sub- 
system, pressure  subsystems, water quench subsystem, equipment s to rage ,  
and f ac i l i t y / expe r imen t  mounting assemblies.  

vacuum work chamber assembly, 

(1) Vacuum work chamber assembly. The work chamber 
was a 41.4 cent imeter  (16.25 inch) diameter  s t a i n l e s s  steel  sphere 
weighing 27.3 kilograms (60.0 pounds), with a hinged ha tch  ( f i g u r e s  
19 and 23). The use of stainless steel instead of l igh tweight  alwni- 
nun w a s  necessary f o r  t h e  added X-ray r a d i a t i o n  s h i e l d i n g  provided by 
steel. 
pressure  of 13.8 x lo4 newtons per square meter (20 pounds per square 
inch) and w a s  mounted t o  one of t he  honeycomb panels  t h a t  served as a 
hea t  s ink .  The i n t e r f a c e  with t h e  space vacuum environment was through 
a LO cent imeter  (4 inch) diameter vacuum vent  l i n e  suppl ied  by t h e  
spacecraf t .  One wall of t he  chamber i n t e r f a c e d  wi th  the  e l e c t r o n  beam 
subsystem ( f igu re  23) so as to a l low t h e  e l e c t r o n  beam t o  pass through 
the  cen te r  of tne chamber. I f  p a r t  o r  a l l  of t he  beam missed the spec i -  
men, the  beam would s t r i k e  a tungs ten  beam absorber plate permanently 
mounted i n  the  chamber w a l l  oppos i te  t he  e l e c t r o n  beam gun, thus pre- 
c luding  damage t o  the  chamber wall. 

The chamber w a s  capable of withstanding a maximum d i f f e r e n t i a l  

(a) Hatch assembly. The chamber ha tch  assembly 
was hinged and secured by s i x  Cal fax  f a s t e n e r s  ( f i g u r e  19). 
A O-rings formed the  s e a l  between the  ha tch  and the  vacuum chamber. 
The assembly a l s o  contained a viewport which i s  d iscussed  i n  subpara- 
graph ( e )  following: 

Two Viton- 

(b) Heat s ink .  The chamber wall contained a 
reces: ,z l  cav i ty  c a l l e d  the  h e a t  s ink ,  located a t  the i n t e r f a c e  w i t h  
t h e  mounting panel l abe l l ed  i n  f i g u r e  23. Figure 24 shows a c ros s -  
s e c t i o n  of the work chamber/honeycomb panel i n t e r f a c e  w i t h  the  heat 
s ink  c a v i t y ,  The purpose of the  hea t  s ink  was three- fo ld :  (1) t o  
house the experiment furnaces ,  M555 (Gal l ium Arsenide C r y s t a l  Growth) 
and -18 (Multipurpose E l e c t r i c  Furnace) , which operated a t  high 
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temperatures over extended time per iods ,  (2) t o  provide a t r i pod  
mounting base f o r  a l l  the  o t h e r  experiments (except w679) as shown i n  
f i g u r e  25, and (3) to  provide a thermal conduction path t o  the  honey- 
comb pane l s . fo r  removal of hea t  produced dur ing  experiment opera t ions .  
The hea t  s i n k  w a s  capable  of hea t  d i s s i p a t i o n  a t  the  rate of 150 watts 
per  hour whi le  maintaining a chamber "touch" temperature of 40.5% 
(1059). 
which w a s  bo l ted  d i r e c t l y  to  a s o l i d  aluminum r i n g  welded to  t h e  honey- 
comb mounting pane l  as shown i n  f i g u r e  24. The hea t -s ink  i n t e r i o r  s u r -  
f a c e  was h ighly  pol i shed  f o r  low hea t  abso rp t ion  which r e s u l t e d  i n  the  
h e a t  s ink  opera t ing  i n  vacuum much l i k e  a vacuum b o t t l e .  
f a c e  had a high emiss iv i ty  f i n i s h  f o r  r a d i a t i o n  t o  the  MDA w a l l .  
cond i t ions  e s t ab l i shed  h e a t  flow paths  as shown i n  f i g u r e  24. 
cess of t h i s  conf igura t ion ,  although not  q u a n t i t a t i v e l y  measured, w a s  
v e r i f i e d  by SL-3 P i l o t  Lousma during t h e  performance of t he  M518 exper i -  
ments when he descr ibed the  temperature behind the hea t  s i n k  as a cold 
cup of cof fee .  

The h e a t  s ink  w a s  a one-piece, 6061-T6 aluminum a l l o y  s h e l l  

The ou te r  s u r -  
These 

The suc- 

(c) E l e c t r i c a l  connector (56). The female end of 
an  e l e c t r i c a l  connector was provided on the  i n t e r i o r  work chamber w a l l  
( f i g u i e s  23, 24, and 25) and served as the  power o u t l e t  f o r  a l l  exper i -  
ments us ing  the  M512 f a c i l i t y  with the  except ion of t h e  M518 furnace  
f a c i l i t y .  
n e c t ,  socket- type r e f e r r e d  t o  as a zero-g connector .  

The e l e c t r i c a l  connector used on Skylab w a s  a quick discon-  

(d) Chamber l i g h t i n g .  The l i g h t i n g  system i n s i d e  
the  chamber cons i s t ed  of two lamps, t he  f l o o d l i g h t  and photo l i g h t ,  
operated by 28 Vdc from switches on the  c o n t r o l  panel. 

1 Floodl ight .  The f l o o d l i g h t  w a s  a 20 w a t t  
lamp mounted on the  o u t s i d e  of the  chamber w a l l  ( f i g u r e s  26, 27, 28, 
and 29) with a minimum ope ra t iona l  l i f e  of 300 hours.  The l i g h t  i l l u -  
minated the  i n t e r i o r  of the  chamber through a lead g l a s s  window. The 
lamp was used f o r  photographic i d e n t i f i c a t i o n  of t he  M479 samples, as 
a photographic r e fe rence  dur ing  M479 ope ra t ions ,  as a background l i g h t  
during the  M553 (Sphere Forming) experiment ope ra t ions ,  and f o r  genera l  
i l l umina t ion  of the chamber i n t e r i o r  when des i r ed .  The f l o o d l i g h t  was  
so posi t ioned t o  i l l umina te  the specimens without sh in ing  d i r e c t l y  i n t o  
the  a s t ronau t ' s  eyes.  A Vicor 7913 g l a s s  f l o o d l i g h t  s h i e l d  ( f i g u r e  30) 
was i n s t a l l e d  on the i n s i d e  of t h e  f l o o d l i g h t  po r t  as p ro tec t ion  a g a i n s t  
metal depos i t i on  and thermal shock during experiment opera t ions .  The 
s h i e l d  was i n s t a l l e d  p r i o r  t o  the  f i r s t  experiment opera t ion  and removed 
only f o r  c leaning  i f  required.  

2 Photo l i g h t .  The photo l i g h t  o r  bare f i la-  
ment l i g h t  was permanent ly-ins t a l l e d  i n s i d e  the  work chamber ( f i g u r e  23) 
and posi t ioned t o  i l l umina te  the  M551 (Metals Melling) weld samples at 
the  point  of e l e c t r o n  beam impingement f o r  photography. The lamp had 
an ope ra t iona l  u se fu l  l i f e  of 300 hours and was a modified bulb with 
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the  ou te r  g l a s s  cover removed t o  provide b e t t e r  i l lumina tAon s i n c e  
m e t a l l i c  s p l a t t e r  could not  coa t  t h e  g l a s s  cover.  However, without 
the g l a s s  cover,  the  lamp was extremely d e l i c a t e  and could o ~ l y  be  
operated under vacuum condi t ions ;  t he re fo re ,  t he  photo l i g h t  was e l e c -  
t r o n i c a l l y  in te r locked  with t h e  f ilameiit chamber vent valve t o  preclude 
opera t ion  i n  o the r  than a vacuum en' konment . 

(e) Optics .  The chamber ilicluded two sepa ra t e  
o p t i c a l  systems, one f o r  a s t ronau t  viewing and one s y s t e m  f o r  photography. 

1 Viewing system. The -Tiewing system ccns i s t ed  
of a 15.2 cent imeter  (6 inzh) diameter w;ndow i n  :he chamber ha tch  which 
allowed d i r e c t  viewing f o r  a l l  experiments except the  M551 experiment 
opera t ions ,  which required a two-mirror system t h a t  i s  discussed i n  sub- 
s e c t l o %  A.2 following. 

The hatch viewport window cons is ted  of two 0.64 cent imeter  (0.25 
inch)  thdck glass Fanes. One pane was leaded g l a s s  f o r  X-ray r a d i a t i o n  
sh ie ld in& equiva len t  t o  1.6 millimeters (0.0625 inch) of lead .  The 
second pzne vas nsfe ty  high s t r eng th  tempered g l a s s  f o r  f r a c t u r e  mecha- 
n i c s .  The small- volume between the  panes was vented t o  the  work chamber 
through a s e r i e s  of small holes  d r i l l e d  i n  the  mountiqg frame. This  
conf igura t ion  el iminated the  establ ishment  of a pressure d i f f e r e n - i a l  
between t h i s  volumc and the  work chamber dur ing  launc!i o r  experiment 
opera t ions .  During developmat  t e s t i n g  i t  was determ; ,ed t h a t  t he  
g l a re  of the electror!  beam opera t ions  made v i s u a l  observat ion almost 
impossible. A n e u t r a l  dens i ty  f i l t e r  was added t o  the  e x t e r i o r  of the  
hatch viewport. T k  f i l t e r  reduced l i g h t  i n t e n s i t y  t o  0.6; t he  f i l t e r  
assembly was permanently i n s t a l l e d ,  but designed with a hinge t o  a l low 
the as t ronaut  t o  u t i l i z e  the f i l t e r  a t  h i s  d i sc re t io r .  Nomenclature 
(Y CCSJ, X CCW, Y CW, X CW) was added t o  the  f i l t e r  a; .;mibly t o  a i d  t' : 
as t ronaut  i n  e l e c t r o n  beam alignment. The ha tch  viewport without t he  
n e u t r a l  dens i ty  f i l t e r  i s  shown i n  f i g u r e  19 and wjth the f i l t e r  i n -  
s t a l l e d  i n  f igu re  26. 

A metal p ro tec t ive  cover was i n s t a l l e d  €or  launch a s  shown i n  
This  cover was used only f o r  launch and was re-ved p r io r  f i g u r e  28. 

t o  the  f i r s t  experiment opera t ion .  

- 2 Photography system. The 7.6 cent imeter  
(3 inch) diameter camera por t  was located on t h e  lower h a l f  of :.he s p h e r i -  
c a l  chamber ( f igu res  23  and 28) with a ba)d ie t  adapter  e t tached  t o  the  
ex te rna l  chamber w a l l  ad jacent  t o  the por t  i o r  mounting the  16 n i l l i -  
meter d a t a  a c q u i s i t i o n  camera (DAC) . The camera bayonet adapter  bracket  
u t i l i z e d  a s l i d e  mechanisr with t h r c e  locking pos i t i ons  corresponding 
t o  p a r t i c u l a r  photographic requirements of each experiment. Each posi-  
t i o n  corresponded t o  a d i f f e r e n t  comhication oG l ~ i i s s s  and l ens  extenders  
t o  be u s e d  01. the  DAC. A r igh t -angle  camera mirror  3s a t tached  t o  thca 
end of t h e  lens  assembly, a l lowing thc camera t o  be mounted tangent t 1 3  

47 



t h e  chamber w a l l ,  as can be seen i n  the  Skylab i n f l i g h t  photo, f i g u r e  
31. TLe r igh t -angle  mirror asseDbly had t o  be centered on the  camera 
por t  window; the re fo re ,  s i n c e  the  t h r e e  l ens  assemblies  were of d i f -  
f e r en t  lengths ,  t h e  three  s l i d e  p o s i t i o n s  were required.  

The camera viewed the  cen te r  of ,he chamber through i t s  r i g h t -  
atitire mirror  f o r  a l l  experiment opera t ions  except e x p e r i a n t  M551, f o r  
which a twg-mirror system w a s  requi red  t o  allow photography of t h e  beam 
impingement on t he  specimen. 
de f l ec t ion  mir ror ,  which w a s  permanently mounted i n s i d e  the work cham- 
ber  ( f igures  23 and 25). The purpose of t h i s  mirror  wa,c to  r e f l e c t  t h e  
ca-Jra l ine of s ignc  to  the beam impingement on the weld sample. This  
m r r o r  w a s  made of fused s i l i ca  7940 with dimensions of 35 by 25 by 
5.5 m i l l i m e t e r s  (1.375 x 0.984 x 0.216 inches) .  Th complete a 5 1  
camera mirror system is discussed  i n  subsec t ion  A.2. 

One of t he  two mirrors w a s  t he  camera 

The camera viewport window w a s  constr i -c ted of 6.4 millimeter 
(0.25 inch) t h i c k  leaded glass f o r  x-ray r a d i a t i o n  sh ie ld ing  equiva len t  
t o  1.6 millimeters (0.0625 inch) of lead.  

A metal p ro tec t ive  cover w a s  i n s t a l l e d  for launch only,  similar 
t o  the hatch viewport p ro t ec t ive  cover previously discussed with the  
viewing system. 

( f )  Vacuum c leane r  por t .  The work chamber w a s  
designed with a dual-purpose port  loca ted  on the  lower por t ion  of t he  
cnamber near  the f lood l igh t .  This  port  w a s  used f o r  r e t r i e v a l  of the  
M553 spheres  (discussed i n  d e t a i l  i n  subsec t ion  A.4), rou t ing  of t h e  
M518 hermetic lead cab le ,  and genera l  c leaning  of t he  chamber i f  re- 
quired.  The vacuum c leaner  port  is shown i n  the  chamber e x t e r n a l  
photographs, f i g u r e s  27, 28, and 29, and i n t e r n a l l y  i i .  f igu re  25. The 
ex te rna l  assembly of t he  po r t  was designed t o  provide twc separate 
conneccions f o r  the var ious  operat ions:  

1 Vacuum c leane r  i n t e r f a c e .  The capped 
i n t e r f a c e  l abe l l ed  i n  f i g u f e  27 was used with the  spacec ra f t  vacuum 
c leaner .  For vacuum c leane r  attachment,  t he  threaded cap was removed 
and the  vacuum c leaner  quick disconnect  coupled with the l a r g e r  diameter 
s ec t ion  of t he  po r t .  

2 M518 hermetic cable  i c t e r f a c e .  The l a r g e r  
capped i n t e r f a c e  l abe l l ed  i n  f i g u r e  29 was designed t o  al low rou t ing  of 
the M518 hermetic cab le  from i t s  c m t r o l  panel through the  vacuum port  
t o  the M518 furnace i n s i d e  t h e  work chamber dur ing  M518 opera t ions .  
The large cap was removed, te thered  by a lanyard (not shown i n  f i g u r e  
29:, ana replaced by a s i m i l a r l y  designed M518 cap which allowed pene- 
t r a t i o n  of t h e  cab le  while  a l s o  r e t a i n i n g  vacuum i n t e g r i t y .  
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( 8 )  Pressure/ temperature  sensors .  One pressure  
and two temperature sensors  were b u i l t  i n t o  the  chamber and con t ro l l ed  
by swi tches  on the c o n t r o l  and d i sp lay  panel .  These senso r s  a r e  i l l u s -  
t r a t e d  i n  the system schematic ( f i g u r e  22). 

1 Chamber pressure.  The WORK CHMBR p o s i t i o n  
of the  INSTRUMENTATION PREYS switch s e l e c t e d  the  readout  of a p re s su re  
t ransducer  located i n  t h e  chamber a s  shown i n  f i g u r e  25. 

2 Chamber wz l l  temperature.  The CHMi3R WALL 
p o s i t i o n  of  t he  TEMP SOURCE swi tch  s e l e c t e d  a thermocouple located on 
the  r e a r  chamber w a l l  nea r  t h e  chamber e l e c t r i c a l  connector (J6). 

3 C'mmber a i r  temperature.  The CHMBR A I R  
p o s i t i o n  of the  TEMP SOURCE swi tch  s e l e c t e d  a thern.ocoup1e a l s o  loca ted  
near  e l e c t r i c a l  connector  (56) which measured the  chamber a i r  tempera- 
t u re .  

(2) Elec t ron  besm subsystFm. The e l e c t r o n  beam sub- 
systein cons is ted  of t h r e e  m a j D r  sec t ions :  b a t t e r y  sec t ion ,  head s e c t i o n  
power supply,  and head sec t ion .  Figures  32 and 33 i l l u s t r a t e  t he  b a s i c  
e l e c t r o n  beam subsystem hardware, except  t h a t  the c o n t r o l  panel  shown 
i n  b o t h  f i g u r e s  is a s e p a r a t e  subsystem discussed  i n  subparagraph (4) 
fo1-lowing. The e l e c t r o n  beam gun including e l e c t r o n i c s ,  f i l ament ,  
f i l amen t  vent  valve and chamber assembly, d e f l e c t i o n  and focus  c o i l s ,  
w a s  developed and de l ive red  t o  MSFC by the  Westinghouse Electric 
Corporat ion under c o n t r a c t  numbers NAS8-20678 and NAS8-26350. 
e l e c t r o n  beam gun was a 20 k i l o b o l t  system capab le  of producing a 100 
mil l iamperc beam from 28 Vdcbatzery power as d iscussed  i n  Sect ion I1 
of t h i s  repor t .  Westinghouse a l s o  designed and developed t h e  X-Y 
alignment c o i l s ,  a l though t h i s  hardware and the  housings f o r  the e l ec -  
t r o n  beam gun system hardware were b u i l t  a t  MSFC. 

The 

(a )  Bat te ry  sec t ion .  The M512 b a t t e r y  served a s  
the  power source f o r  the  e l e c t r o n  beam gun and M552 (Exothermic Brazing) 
experiment opera t ions .  The b a t t e r y ,  procured by MSFC from the  Eagle- 
Picher  Company, was a 90 day wets tand,  s i l v e r - z i n c  b a t t e r y ,  shown i n  
f i g u r e  34. The b a t t e r y  had a capac i ty  of 30 am ere-hours  a f t e r  a 90 
day wetstand a t  temperatures  not exceeding 29.4 C (85'F). 
tage range was 28 Vdc minimum t o  42.8 Vdc maximum, wi th  28 t o  31Vdc 
nominal, a t  100 amperes f o r  approximately 10 m i n u t e s .  The b a t t e r y  was 
sea l ed  i n  a s t a i n l e s s - s t e e l  b a t t e r y  case which was vented t o  space 
vacuum through redundant pressure  r e l i e f  va lves  t h a t  opened a t  10.3 x 10 
newtons per  square t e t e r  (15 pounds pe r  square inch)  gauge pressure  and 
c losed  a t  3.45 s 10 newtons per  square meter ( 5  pounds per  square inch)  
gauge pressure.  Figure 27  i l l u s t r a t e s  how the check valve l i n e s  were 
connected t o  a manifold from which another  l i n e  ran t o  an i n t e r f a c e  
connector  on the hard mounted MDA vent  l i n e  ( f i g u r e  33).  The MDA -lent 
l i n e  contained a hand-operated vent valve on ElDA panel 103 ( f igu re  35) 

8 Bat te ry  vol- 
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and terminated ou t s ide  t h e  HDA w a l l .  
and normally remained open u n t i l  a f t e r  b a t t e r y  discharge.  
vent  systgm w a s  capable  of withstanding a p res su re  d i f f e r e n t i a l  of 
15.5 x 10 newtons pe r  square  meter (22.5 pounds p e r  square  inch).  
b a t t e r y  control pane l  ( f i g u r e s  33, 34 and 36), loca ted  above the b a t t e r y  
case, contained two c i r c u i t  b reake r s  and an i n d i c a t o r  l i g h t .  
BAmW c i r c u i t  b reaker  (CB1) w a s  a lo0 ampere, push-pull b r e a k e r  which 
a c t i v a t e d  the b a t t e r y  c i r c u i t  when pushed in and drsconnected t h e  b a t t e r y  
from the c i r c u i t  when pu-ied out. The b a t t e r y  w a s  discharged as a s a f e t y  
cons ide ra t ion ,  a f t e r  N551, N552 and -53 were completed, tlarough the 
5 ampere BATTERY DISCBAIgGE c i r c u i t  b r e a k e r  (CB6). When this c i r c u i t  
breaker w a s  c losed ,  the D I S I i t l K E  l ight (U) i l lumfnated  and t h e  b a t t e r y  
discharged to  a resistor bank in the power heat s i n k  on t h e  moucting 
panel  shown i n  f i g u r e  28. 
the func t ions  of  the battery c o n t r o l  pane l  d i scussed  above, 

The vent  valve w a s  open a t  launch 
'pbe b a t t e r y  

The 

The XAIN 

"be system schematic ( f i g u r e  22) i l l u s t r a t e s  

(b) Head s e c t i o n  power supply. This s e c t i o n  of  
the electron beam system contained t h e  e l e c t r o n i c s  requi red  t o  conver t  
the low-voltage, high-current  b a t t e r y  ou tpu t  t o  a high-vol tage,  low- 
c u r r e n t  requi red  by  the e l e c t r o n  beam gun e l e c t r o n i c s .  
2 k i l o w a t t  power supply w a s  housed i n  a s t a i n l e s s - s t e e l  c a n i s t e r  which 
was p res su r i zed  with per f  luoropropane gas  (C3P8) t h a t  provided a d d i t i o n a l  
i n s u l a t i o n  aga ins t  h igh  vo l t age  arcing.  The i n s u l a t i n g  gas  w a s  changed 
from s u l f u r  hexa f lo r ide  (SF ) as a s a f e t y  cons ide ra t ion  due t o  a pSt3 ib le  
t o x i c i t y  problem w i t h  SF af a4very high temperature.  The c a n i s t e r  vas  
p re s su r i zed  t o  17.3 2 0.5 x 10 aewtocs pe r  square  meter (25 5 1 gounds 
p e r  square  inch) absolu te ,  and prooz-pressure t e s t e d  t o  36.5 x 10 newtons 
p e r  square  meter (53 pounds p e r  square inch) d i f f e r e n t i a l .  
p re s su re  w a s  monitored when t h e  a s t r o n a u t  placed t h e  INSTRUMENTATION 
PRESS swi tch  on t h e  c o n t r o l  pane l  t o  CSlR X3 p o s i t i o n ,  which d isp layed  
t h e  output  of a p res su re  t ransducer  located i n s i d e  the  c a n i s t e r .  Such 
a pressure  check w a s  mate p r i o r  t o  each e l e c t r o n  beam opera t ion ,  with 
a reading of 14.48 x 10 newtons pe r  square  meter (21 pounds pe r  square 
inch)  e s t a b l i s h e d  as a laver l i m i t  below which t h e  e l e c t r o n  gun could 
not  be operated.  

(c) b a d  s e c t i o n ,  I n  the  head s e c t i o n ,  t h e  output  
of t he  high-voltage i n v e r t e r  i n  t h e  p o w e r  supply s e c t i o n  %as r e c t i f i e d ,  
f i l t e r e d ,  and fed t o  t h e  e l e c t r o n  beam gun. The head sect i t ,n  contained 
a l l  the  components t h a t  opera ted  a t  a 20 k i l o v o l t  p o t e n t i a l .  
propane gas  was a l s o  used t o  provide a d d i t i o n a l  i n s u l a t i o n  a g a i n s t  a r c ing  
for these  cmponents .  

The head s e c t i o n  

The c a n i s t e r  

Perf luoro-  

1 Elec t ron  beam gun f i lament .  The e l e c t r o n  
beam gun f i lament  had an ope ra t iona l  u s e f u l  l i f e  of 30 minutes a t  100 
mil l iamperes ,  and 2.5 hours a t  50 mill iamperes  beam cur ren t .  The f i l a -  
ment was housed i n  the f i lament  chamber which was connected t o  the  work 
chamber by a 1.9 cent imeter  (3 .35  inch) diameter  valve.  
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2 FILAMENT CHAMBER VENT valve.  This valve 
(Eigure 37) was a hand-operated sh i i t t l e  valve and i s o l a t e d  the  f i lament  
chamber from the  work chamber. The valve was opened to al low evacuat ion 
of the  f i lament  chamber only a f t e r  t h e  INSTRUMENTATION PRESS gauge ind i -  
cated ze ro  pressure  i n  the  work chamber. 
before  the work chamber was repressur ized  with MDA atmosphere, the  f i l a -  
ment chamber vent  valve was closed to  Drevent f i lament  contamination/ 
burnout by the  3.55 x lo1 newtons p e r  sqvare meter (5 .5  pounds p e r  square 
inch) absolu te  MDA oxygen r i c h  atmosphere. 
nected t o  the  valve which served as a  system^ i n t e r l o c k  during normal 
opera t ions  t o  preclude the  inadver ten t  appl icLt ion  of  h igh  vol tage  when 
t h e  valve was closed ( i n s u f f i c t e n t  vacuum environment i n  the f i lament  
chamber). 

Af t e r  EB gun opera t ion  and 

A microswitch (S27) was con- 

- 3 Filament chamber vacuum measurement. The 
vacuum head was a convent ional  thermocouple vacuum measurement device 
t h a t  i nd ica t ed  pressure  i n  t h e  f i lament  chamber and d isp layed  i t  on the  
e l e c t r o n  beam PRESS gauge ( i n  t o r r )  on the  c o n t r o l  panel.  P r i o r  t o  
a c t i v a t i o n  of t he  e l e c t r o n  beam, the a s t ronau t  w a s  requi red  t o  in su re  
t h a t  the f i lament  chamber p re s su re  w a s  1.33 x newtons pe r  square 
meter (10-4 t o r r )  o r  less. 

4 Alignment c o i l s .  E lec t ron  beam alignment 
on the "X' and V" axes was accomplished with a series of e lectromagnet ic  
c o i l s  'ocated i n  the head sec t ion .  These c o i l s  were i n  a d d i t i o n  t o  the  
e l e c t r o n  beam gun de f l ec t ion  and focus  c o i l s  previously d iscussed  i n  
Section 11. Figure 38 is  a sketch of the  e l e c t r o n  beam coord ina te  
s y s t e m  diagram which appeared i n  the  a s t ronau t  ope ra t iona l  check l i s t .  
The diagram i l l u s t r a t e d  d i r e c t i c n a l  movement of  t he  e l e c t r o n  beam asso- 
c i a t e d  wi th  both clockwise and counter-clockwise adjustmt. ; :~ of the  
3E.W CONTROL, A L I G N  X and ALIGN Y th ree- turn  pc ten t iometers  on the  
con t ro l  panel. The point-of-view of f i g u r e  38 is "looking dowq the  beam" 
toward the specimen. Figure 26 shows similar coord ina te  system nomen- 
c l a t u r e  on the  n e u t r a l  d;rnsity f i l t e r  t o  a i d  the a s t ronau t ;  t h i s  system 
is the same a s  f i g u r e  38 r o t a t e d  90 degrees.  With the BEAM CONTROL, 
FOCUS ADJ, A L I G N  X, and A L I G X  Y p o t e n t i m e t e r s  se t  a t  n e u t r a l ,  t he  po in t  
of impingement of the e l e c t r o n  beam, 30.5 cent imeters  (12 inches)  from 
the forward face  of the X-Y alignment c o i l  assembly, was wi th in  a 1.27 
cent imeter  (0.5 inch) diameter c i r c l e  centered on the X-Y a l igrment  t o i l  
assembly cen te r  ax i s .  With the  FOCUS ADJ potent iometer  se t  a t  n e u t r a l  
and adjustments of the  ALIGN X and ALIGK Y potent iometers ,  the  e l e c t r o n  
beam impirigenent would t r a c e  an "F' on the  sample wi th  i t s  ex t r emi t i e s  
Lying between a 3.8 cent imeter  (1.5 inch) diameter c i r c l e  and a 6.35 
c c n t i n e t e r  (2.5 inch) c i r c l e  about the  X-Y alignment c o i l  assembly c e n t e r  
ax i s .  

(3)  Control  panel assmnbly. The c o n t r o l  panel ( f i g u r e s  
33, 40, and 41) included most of the  c o n t r o l s  and d i sp lays  required f o r  
the M512 f a c i l i t y  and a s soc ia t ed  experiment opera t ions ,  w i t h  a minimum 
opcration.il l i f e  of 2000 hours. The aluminum panel assembly was located 
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on top oi t be  e l e c t r o n  beam system a s s e d l y  and w a s  equipped wi th  a 
f r ic t ion-h inged  cover  which remained open when l if ted as shown i n  
f i g u r e  39. The c o n t r o l s  and d i s p l a y s  were grouped i n t o  subpanels  
( f igu res  4.0 and 41), corresponding t o  var ious  c o n t r o l  func t ions  and 
experiment operat ions.  
gauge, l i g h t ,  and r o t e n i a n e t e r  is included i n  the  electrical system 
desc r ip t ions  i n  subsec t ion  B. 

The func t ion  of each c i r c u i t  b reaker ,  switch, 

(4) Electrical pover subsystem. The 28 Vdc electrical 
p w e r  r equ i r eaea t  f o r  the P512 f a c i l i t y  aad expe r i cen t s  was provided by 
either of  NO sour=es - t h e  n512 b a t t e r y  or the spacrxaft Airlock 
Module power bus 1 (AM Bus 1). 

(a) Ba t t e ry  mer. The intezaal b a t t e r y  power 
system %as necessary to  -t the h i g h w a t t a g e  requirements dur ing  cper- 
ation of t h e  e l e c t r o n  beam gun (experiments n551, nSS3) and t b  high 
c u r r e n t  "spike" requirement of  the n552 i g n i t e r s .  Ba t t e ry  powe- was 
provided t o  the c o n t r o l  pane l  from the bst:ery concro: panel through 
the  connection shown i n  figure 34. 

(b) Spacecraf t  power. The spacec ra f t  p o u e r M 1 2  
i n t e r f a c e  wcs t h r o a h  connector  521, as sham i n  f i g u r e  39. 
clature HDA wIiiit i n  t he  figure ind fca t ed  the  MSL2 external power source  
which was i n  fact An Bus 1. routed  through the HDA. Spacecraf t  power was 
7.5 amperes a t  a nominal 28 Vdc; this source  w a s  used for  a l l  f a c i l i t y  
opera t ions  except  n551, MS52, a d  X553. 

The nomen- 

I Line f i l t e r .  A l i n e  f i l t e r  systern w a s  
designed t o  e l i m i c a t e  pove'; surges  ta t h s  M512 equipment. 
ca' components were housed i n  the  eluminum box ( f i g u r e s  26 and 33). 
Pout ~ from the l i n e  f i l t e r  was provided t o  t h e  c o n t r o l  pane l  through 
connection P28lJ28 and t o  the  2655 launch con ta ine r  as descr ibed  i n  the  
following paragraph - 

The electri- 

2 -G55 requirement. The K555 launch con ta ine r  
reqrrired 28 Vdc spacecraft-power when s tored  on t he  M512 f a c i l i t y  Fount- 
ing panel p r i o r  t o  M555 experiznznt operat ton.  This power w a s  suppl ied  
from the  l i n e  f i l t e r  through the  CRYSPAL CRWTH HEATING PAD AM BUS 1 
5 ampere c i r c u i t  breaker  (CBS), as can be  seen i n  f i g d r e  26. The N555 
s i n g l e  c r y s t ? ?  growth launch con ta ine r  power cab le  was designed t o  con- 
nec t  the  output  of i B 5  through connection P20/J20 ( f i g u r e  39) t o  t he  
M555 launch con ta ine r  throug;? connection P47/J47 on t he  con ta ine r  ( f ig -  
u r e  42). Pr io r  t o  the N555 launch con ta ine r  being s t o r e d  on t h e  f a c i l -  
ity, concector  P47 was connected t o  a dunmy recep tac l e  as shown i n  
f iguxe 26. 

3 Auxi l ia ry  v a c u a  gauge power cable .  This  
per the f i l amen t  chamber vacuum sensor  and gauge cable  was desisned L. 

during opera t ions  i,:ptrfments M555, M479, and M518. The vacdurr-sensing 
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s p s t e r  was r r 0 l r a - q  povered by the battery; €muever, a late r e q n i r e P n t  
for vactnm readout  for w555 and H479 necessitated tbe deweloprent of a 
cable to provide spacecraft power, since tk battery would be discbarged 
p r i o r  to  operation of those experiments. 

Ihe auldlfary power vacuol gauge cab12 was a junc t ion  box w i t h  
three come!ctiocis. The a s t r o n a u t  was required t o  f i r s t  d i sconnec t  tk 
P9/J9 corubectiolr on the M5l2 facility (ffgure 29) ,  which was tbe W-r- 
face bemeen the fi-t chaPber vacuul module and b o t h  b a t t e r y  po6iim 
and the f i l amen t  c-er vacutm gauge. 
was then connected t o  J9 (vacarn *le) and P9 (gauge cable) was cow 
wcted to a junction box connector  (353). 
crystal gravth launch c o n t a i n e r  parc?r cable m s  -ted to a junction 
box connector (3%) as shun i n  f i g u r e  27, thus copple t ing  a c i r c u i t  
t o  power the f i h e n t  cbaeber pres su re  gauge and vacuum module with space- 
craft power through (35. 

Ilre juoctfon box cable (-5) 

Fina l ly ,  tbe Wi55 single 

(c) Kisce l l sneous  cables, 
- 

1 16 millimeter camera cable, A "pfgtail" 

Cable M7 is shown i n  stope6 l o c a t i o n  in 
cable (W) p r o d d e d  power-to the 16 millimeter camera t h r m g h  connec- 
t i o w  PU)/Jl9 and Pl5/JU. 
figure 26. 

2 Flood l igh t  cable. C a b l e  IU8 provided parer 
to  the f l o o d l i g h t  through &mnect5oa Pl6lJ16 as shown fn figures 27 and 
28. 

3 Powr heat sink cable. C a b l e  W 9  connected 

This c i r c u i t  was used t o  d i s s i p a t e  
the power heat sink and coGect icm P12/J12 on the side of the c o n t r o l  
panel as shovn i n  figures 29 and 39. 
heat produced by c o n t r o l  pane l  power t r a n s i s t o r s  and to  d ischarge  'he 
H5 12 b a t t e r y  . 

( 5 )  Pressure subsystems. There were tu0 major pres su re  
subsystems, vacuum vent  and r e p r e s s u r i z a t i o n ,  that c o n t r o l l e d  t h e  pres-  
s u r e  environment wi th in  the  HS12 w r k  chamber and EB f i l amen t  chamber. 
The s u b s y s t m s  a t e  i l l u s t r a t e d  i n  the  system schematic,  f i p r r e  22. 

(a) MDA vacuum ven t  subsystem. The vacuum vent  
l i n e  wa6 HDA-furnished equipment, b u t  is b r i e f l y  d iscussed  because ;f 
i ts  importance t o  the  f a c i l i t y  operat ion.  The l i n e  w a s  a 10 cent imeter  
(4 inch) i n s i d e  diameter  s t a i n l e s s - s t e e l  Line wi th  redundant va lves  as 
shown i n  f i g u r e  43. The l i n e  passed through the  MDA walls and termin- 
a t e d  on the  HDA e x t e r n a l  cone a rea  as shown i n  f i g u r e  44. 
ven t  va lves  ( f igu re  45) were three-pos i t ion  hand-operated valves:  
f u l l y  open, f u l l y  c losed ,  90 percent  c losed  (VENT). 
-ional sequence t o  vent  the -12 f a c i l i t y  was t o  p lace  the  work chamber 
and bulkhead vent va lves  t o  OPEN in t h a t  order .  

The vacuum 

The normal opera- 

A f t e r  e v e r i s e n t  
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opera t ions ,  t he  va lvas  were placed i n  the CWSED pos i t i on  i n  the same 
order.  
crew s l e e p  per iods,  when t h e  work chaaber valve was l e f t  fully OPEN 
and t h e  bulkhesd v i l v e  was placed in VEHT as a s a f e t y  precaut ion.  

The VENT pos i t i on  was used only f o r  H518 operations dur ing  

(b) V e q t  Xxz f i l t e r  number 1. Vent f i l t e r  number 
1 ( f igu re  46) w a s  i n s t a l l e d  in t h e  vaculllll vent  l i n e  prior to experiment 
opera t ions  t o  t r a p  contaminants from experiments performed in t he  M 1 2  
f a c i l i t y .  
t a in ing  a 1200 mictm f i l t e r .  The frame included three detent b a l l s  
that secured t h e  f i l t e r  i n  the vent  l ine near  the chamber i n t e r f a c e .  

The f i l ter  w a s  cons t ruc ted  of an aluminum a l l o y  frame con- 

(c) Chamber r ep res su r i za t ion  subsystem. The 
chamber rep res su r i za t ion  system cons is ted  of a 0.6 cent imeter  (0.25 
inch) l i n e ,  a valve, and a 10 micron f i l t e r  used to r ep res su r i ze  the 
work &der wi th  HDA atmosphere after experiment operations. 
CB83IBEE BEPBESS valve w a s  a two-posit ion (OPEN and C W s e D )  hand- 
operated valve as shown i n  f i g u r e  26. 
t ed  in f i g u r e  47, with  t;he r e p r e s s u r i z a t i o n  l i n e  ?I512 work chamber 
i n t e r f a c e  shown i n  f i g u r e  48. 

The 

The e n t i r e  system is i l l u s t r a -  

( 6 )  Water quench subsystem. E x p e r b e n t  M479 requi red  
a system capable of dispensfng 0.06 liters (2 flu4.d ounces) of water 
thrn tgh  spray  nozzles  i n s i d e  the  charher u i t h i n  4 seconds a f t e r  ac t iva -  
t i o n  of t he  spray valve. The spray nezzle assemblies  were not  perman- 
e n t l y  mounted in the chamber and are d iscussed  as #479 hardware i n  sub- 
s e c t i o n  6 following. The canp le t e  system is i l l u s t r a t e d  in f i g u r e s  22 
and 47. Water f o r  t he  system w a s  obtained frrm o r b i t a l  workshop ( O W )  
water tank number 6 through an 18.3 teeter (60 f o o t )  OWS f l e l d b l e  water 
umbil ical .  Two water system l i n e s  in t e r f aced  the  M512 work chamber as 
shown in f i g u r e  48. 
the  equipment s to rage  con ta ine r  to  cover the water i n l e t  l i n e  i n s i d e  the  
chamber during a l l  experiment opera t ions  p r i o r  t:, M479. 

A water spray  connection cover w a s  provided in 

(a) SYSTpl PURGE valve.  The =STEM PURGE valve  
w a s  a hand-operated, two-position valve t h a t  was used t o  vent t he  a i r  
from t h e  water l i n e s  p r i x  t o  i n i t i a l  opera t ion  of t h e  water quench 
system. Once the system had been evacuated, the  PURGE valve was CLOSED 
and remained CMSED. 

(b) 3ATER SOURCE i n t e r f a c e .  Figures  43 and 49 
ahow the  connection between the  M512 water  quench system and t h e  OWS 
water umbil ical .  The M512 water queach system was designed co opera te  

d i f f e r e n t i a l  input  pressure  f r m  the  W S  water supply. 
wi th  a 30 .. 10 4 newtons pe r  square meter ( 4 2  pounds per  square inch) 

( c )  Water accrmulator.  The accumulator ( f i g u r e  5 0 )  
was a r e s e r v o i r  f o r  the  water requi red  f o r  each quench opera t ion .  
t he  WATER SPRAY valve was opened, the  0.06 l i t e r s  of water was forced 

When 
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i n t o  t h e  spray nozzle assemblies i n  t h e  vacuum chamber due t o  the  
pressure  d i f f e r e n t i a l  ac ross  t h c  accumlator p i s ton .  
t h e  accumulator, t he  p i s t o n  was manually pushed t o  t h e  bottom of the  
accumulator r e s e r v o i r  . 

P r i o r  t o  r e f i l l i n g  

(d) WATER ACCUMULATOR FILL valve. This hand- 
operated,  two-position va lve  allowed w a t e r  t o  be t r ane fe r r ed  from the 
lower t o  the upper p a r t  of t h e  water accumulator. A f t e r  t h e  accumu- 
lator r e s e r v o i r  w a s  f i l l e d ,  t he  FILL valve w a s  closed. 
tion, the water i n  the accumulator reservoir p lus  t h e  l i n e s  from the 
FILL valve t o  t h e  SPRAY valve t o  t h e  ieservoir equal led  the des i r ed  
0.06 liters of water. 

I n  tMs condi- 

(e) WATER SPRAY valve. This valve was a hand- 
operated,  two-position va lve  which, when opened, allowed cL? requi red  
amount of water t o  flow from t h e  accumulator reservoir and l i n e s  '.o t h e  
spray nozzles  i n  t h e  vacuum chamber. 

(7) Equipment s torage .  The M512 equipment s to rage  
con ta ine r  ( f igu res  19 and 51) was a l a rge ,  hinged aluminum box which 
contained experiment specimens f o r  M551 and M553 and accessory hardware 
items required t o  conduct t h e  a s soc ia t ed  M512 experiments. The contain-  
e r  had dimensions of 58.4 cent imeters  (23 inches)  wide by 73.7 cent imeters  
(29 inches)  high by 20.8 cent imeters  (8.2 inches)  deep, wi th  a weight of 
34.1 kilograms (75 pounds) empty. 
and t h e  numerous hardware items s t o r e d  wi tn in .  The door could be locked 
open with the  bracke t  and f a s t e n e r  assembly a t  the  top  of the container .  
The ind iv idua l  experiment items shown w i l l  be d iscussed  i n  later para- 
grapl 

F igure  52 shows t h e  opened con ta ine r  

of t h i s  s e c t i o n  dea l ing  wi th  each experiment. 

(8) Faci l i ty /exper iment  mounting assemblies. 

(a) F a c i l i t y  mounting panels.  The M512 f a c i l i t y  
and a l l  assoc ia ted  experiment hardware s t o r e d  i n  the  MDA were mounted 
on one of the  two aluminum-alloy-honeycomb f a c i l i t y  mounting panels.  
The panels  were i n s t a l l e d  side-by-side and shock mou..;ed t o  WIA longer- 
ons 4 and 5 ,  using a t o t a l  of 12 shock i s o l a t o r s .  

1 UFper mounting panel. The upper f a c i l i t y  
mounting panel had d i m e n s i k  of 148.1 cent imeters  (58.3 inches)  wide 
by 98.8 cent imeters  (38.9 inches)  high by 3.5 cent imeters  (1.375 inches) 
deep, and supported the L a c i l i t y  and a l l  experiment hardware except  t he  
equipment s torage  conta iner  rind the M518 furnace.  
i n s t a l l e d  i n  the MDA i n  f i g u r e s  53 and 54. 
t he  panel accommodated the hea t  s i n k  a s  shown i n  the cutaway view, 
f i g u r e  24. 

This panel i s  shown 
The l a rge  c i r c u l a r  hole i n  

2 Lover mmnting panel.  The lower f a c i l i t y  
mounting panel had d i m e n s i k  of 64.3 cent imeters  (25.3 inches)  A d e  by 
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98.8 centimeters f38.9 inches) h igh  by 1.9 cent imeters  (9.75 inches) 
deep, and supported the equipment storage con ta ine r  and the M18 iurnace, 
ar can be seen i n  f*gure  51. 
aunxting pade? a r e  shown in figure 54. 

E.n, of the shock i s o l a t o r s  for t h e  lower 

(b) Experiment mounting provieions.  The f a c i l i t y  
mounting panels provided s t o r a g e  loca t ions  €or s e v e r a l  item of e-peri- 
ment hardware that could not be s t o r e d  i n s i d e  the  equipment storage 
container .  

1 n479 pmvis iQns .  'phe n479 f i d i i i t y  
specimen storage container-was a n  aluminma con ta ine r  w i t h  dimensions 
31.4 cent imeters  (12.4 inches)  v ide  3y 31.4 cent imeters  (12.4 inches)  
high by 15.7 cent imeters  (4.75 inches) deep, loca ted  on t h e  upper momt- 
ing panel  ad jacen t  t o  t h e  water quench system valves, as shown i n  f i g -  
u r e  55. The container had a hinged door t h a t  opened downward as shown 
i n  f i g u r e  56, and s t o r e d  the 37 f lnmnnhi l i ty  specimen con ta ine r s  which 
are discussed i n  subsec t ion  6 of t h i s  s ec t ion .  
i n  t h e  bottom of t h e  con ta ine r  ( f igu re  55)  f o r  p re s su re  equa l i za t ion .  
The mounting ring ( f i g u r e  55) on the  s to rage  con ta ine r  door w a s  designed 
as a temporary s t o r a g e  loca t ion  f o r  the H5S1 and n5S3 motor assemblies ,  
which are discussed i n  subsec t ions  2 and 4 fo l l&ng .  
console pane l  a t t ached  to  t h i s  r i n g  with a s p e c i a l  H518 clamping assem- 
b l y  f o r  If518 operat ions.  
IIDLDEB TMpOBAwt S r O M E  l oca t ion ,  whic5 was designed t o  temporar i ly  
secure  t h e  M479 spec'men holder  (see subsec t ion  6) f o r  specimen changeout. 

A vent  p o r t  v88 i n s t a l l e d  

Also, the 11518 

Figure 43 shows t h e  N479 FUMABILITY SPECWN 

2 H552 provis ions.  Mounting provis ions  w e r e  
provided on the upper m o u n & g  panel  f o r  t h e  H5S2 exothermic 2ackagt: and 
its as soc ia t ed  cable .  Figure 29 shows the  twc-t2le mounting p l a t e  f o r  
the  package and the  ad jacent  dllnmy zero-g connector f o r  t h e  cable .  
Figure 45 shows the  package and cable  i n  t h e  s t o r z d  loca t ion .  

3 M5SS provis ions.  The -55  furnace was 
launched and s t o r e d  i n  a hTated launch con ta ine r  f o r  l ' l i c h  mounting pro- 
v i s i o n s  were provided on the upper mounting panel.  
adapter  w a s  designed t o  support  the  MSSS launch c o n t 2 : ~ e r  (see f i g u r e  19). 
Figures  26 and 27 show the  support  adapter  without thc  launch con ta ine r  
and f i g u r e s  20 and 42 show the  launch con ta ine r  i n  t he  stowed pos i t ion .  
Also,  a d u w y  zero-g concector  ( f igu re  51) was provided on the  !mer 
mounting panel f o r  tem?orary s torage  of the  M555 power cable  when re -  
quired.  

The H5S5 suppor t  

I 

4 M518 . .v is ions.  Younting provis ions  were 
i 
! provided on t he  lower m o u n h g  panel  f o r  s to rage  of the M518 multipurpose 

furnace,  a s  i l l u s t r a t e d  i n  f i g u r e  19 and shown i n  f i g u r e s  EO and 51. 

I - 5 Camera lens  temporary s inrage .  Figure 29 
shows the mounting provis ion on t h e  upper mounting panel  fcr temporar i ly  

I 
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secur ing  the  camera l ens  assemblies  when requi red  du r ing  experiment 
ope ra t ions  , 

2, Exrwrlment W51 - Metals Meltiq. 

a. Object ives .  The o b j e c t i v e s  of M55l were to s tudy  t h e  
behavior  of molten metals in f r e e  f a l l  a t  lou a c c e l e r a t i o n  levels. t o  
characterize t h e  s t r u c t u r e s  formed in metals melted and r a p i d l y  s o l i d i -  
f i e d  in free f a l l ,  and to test the possibility of j o i n i n g  metals by 
electron beam weldLng in upace. 

b. Concept. The e x p e r h n t a l  concept was to-beat metal t o  
its Pielting p o i n t  by rotating a metal sample through the path of m 
e l e c t r o n  beam gun as depic ted  i n  f i g u r e  57, then  allow the molten 
metal t o  r e s o l i d i f y  under low-gravity condi t ions.  
alumimun a l l o y ,  type 304 s t a i n l e s s  steel and pure  tantalum) were selecLc3 
as saaple materials. 

Three metals (2219 

c. Hardware desc r ip t ion .  Figure 58 i n c l c d e s  two v i e w s  
(photograph of mockup u n i t  and c ross - sec t iona l  drawing) of the opera- 
tional conf igu ra t ion  of  t h e  H551 hardware. 
is discussed i n d i v i d u a l l y  in t h e  fol lowing paragraphs. 
for  the  mir rors  w a s  changed late in the  program t o  conform wi th  astro- 
naut  preference;  bo th  -8 are giwen, where appl icable .  

Each r equ i r ed  hardware i t e m  
Nomenclatur? used 

(1) M 5 1  weld specimens. The t h r e e  sample weld speci- 
mens were s t o r e d  i n  the equipcnent s t o r a g e  con ta ine r  as shmn i n  f i g u r e  
52. The c ross - sec t iona l  th ickness  a t  the  r ad ius  of beam impingement 
var fed  t o  accoamodate d i f f e r e n t  ope ra t iona l  a spec t s ;  i.e., c u t t i n g ,  com- 
p l e t e  pene t r a t ion ,  partial pene t ra t ion  and d v e l l .  T h i s  sample design 
can be seen i n  the  photograph of f i g u r e  58. 
aluminum s a u p l ~ l s  vere 165 mil l ime te r  (6.5 inch) diameter  disks, gradu- 
a t ed  in th ickness  from O.€ millmeter (0.025 inch)  t o  o mil l ime te r s  
(0.25 i nch ) .  The tantalmn sample w a s  a 165 millimeter (6.5 inch)  d i m -  
eter d i s k  with a graduated th ickness  from 0.4 millimeter (0.017 inchj 
t o  1.6 millimeters (0.062 inch) .  The typ ica lM551 ope ra t iona l  sequence 
can he seen on the  rcturried f l i g h t  sample i n  f igu re  59.  The e l e c t r o n  
beam w a s  i n i t i a l l y  a l igned  using a tungsten t a r g e t  embedded i n  the 
specimen d i s k  shown a t  the 11 o'clock p o s i t i o n  in f i g u r e  59. The s a m -  
p l e  was then r a t a t e n  270 degrees  through the e l e c t r o n  beam, a t  which 
time the beam was terminated a t  a ho le  i n  the  sample. 
ro t a t ed  another  45 degrees ,  stopped and the beam r e i n i t i a t e d  t o  dwell  
f o r  a predetermined time period which d i f f e r e d  f o r  each material. 

The s t a i n l e s s  steel and 

The sample was 

t 

(2 )  b1551 e l e c t r o n  team weld motor. The weld motor 
assembly, also known as t1.e d r i v e  assembly ( f igu re  6 0 ) ,  was s to red  in 
the  equipr t s torage  conta!.ner ( f i g u r e  52) and cons i s t ed  of the no to r  
t o  drf.ve c spczimen disk, :he Frovis ions  for mounting the  sp?cimen 
d i s k  t r  e ti!o::or, t r i p o d  mounting base t o  i n t e r f a c e  with t h e  hea t  s ink  
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f lange ,  and an e1ectri:al connector. The sample d i s k  clamped to  the 
d r i v e  assembly and, when the  assembly w a s  placed in the  chamber, t h e  
sample d i s k  p o s i t i o n  was such that t h e  tungs ten  t a r g e t  w a s  approximately 
on the elec ' t ron beam axis. 'Lhe d r i v e  assembly included a 28 Vdc, 1760 
r evo lu t ions  per minute (qm) motor and gear-type speed reducer  (300:l) 
to  r o t a t e  the sample d i s k  a t  a l i n e a r  rate of a p p r o l d m t e l y  89 cen t i -  
meters per minute (35 inches  p e r  minute). 
s h a f t  speed of 2.6 rpm, the motor armature speed was reduced Sy running 
a t  an  actual input  vo l t age  of only 10 f 1 Vdc. The motor rece ived  power 
from the MS12 b a t t e r y  through the  zero-g connector  i n s i d e  the work cham- 
b e r  and w a s  c o n t r o l l e d  by a :bee-pos i t ion  swi t ch  on the control panel 
as discussed  in subsec t ion  B. 
was i n s t a l l e d  onto  the work chamber heat sink by three Calfax f a s t e n e r s  
as ahown in figure 58. 

To arrive a t  this octpuc 

This assembly (motor wi th  sample a t t a c b d )  

(3) X551 o p t i c a l  mirror systems. Figure  61 i l l u s -  
trates t h e  two mir ro r  systems used dur ing  W51 opera t ions .  The poin t -  
of-view of  t h e  b a s i c  drawing (lower cen te r )  is looking a t  the  EB gun 
from the beam absorber  p l a t e ,  w i th  t h e  fou r  mi r ro r s  labe l led .  Three 
of the  f o u r  mi r ro r s  can be seen i n  t h e i r  ope ra t iona l  conf igu ra t ion  i n  
f i g u r e  58 and t h e i r  s t o r a g e  Locations i n  f i g u r e  52. 

(a) Camera mi r ro r  system. Sec t ion  A-A of f i g u r e  
6 1  (upper r i g h t )  i l lus t ra tes  t h e  camera mirror system, c o n s i s t i n g  of 
t h e  M551 CAMERA MIRROR and the permaneatly-mounted camera d e f l e c t i o n  
mirrcr which allowed photography of t he  beam impingement on t h e  sample. 
As discussed earlier,  the  camera u t i l i z e d  a r igh t -angle  l e n s  which is 
evidenced by the  f a c t  that the  camera l e n s  assembly c e n t e r l i n e  is per- 
pendicular  t o  the  camera viewport c e n t e r l i n e .  This system can a l s o  be  
c l e a r l y  seen i n  f i g u r e  58. 

1 ?l!j51 CBMERA MIRROR. This assembly was a l s o  
known as t h e  CAMERA O P T I C E  ADAETER, as l a b e l l e d  i n  f i g u r e  58. 
assembly cons i s t ed  of a type 6061 aluminum a l l o y  mounting base ,  contain-  
ing a mi r ro r ,  which w a s  a t t ached  t o  the  i n s i d e  of  t he  camera viewport. 
The base had th ree  b a l l  d e t e n t s  and two alignment p ins  f o r  a t tachment  
and alignment. 
5 . 6  mil l ime te r s  (0.22 inch)  by 25 millimeters (0.98 inch) by 36 m2il i -  
meters (1 .4 inches) .  

The 

The mir ro r  was fused s i l i ca  7940 with  dimensions of 

- 2 Camera d e f l e c t i o n  mirror .  This  permanently- 
mounted mir ror  was previous ly  discussed i n  subsec t ion  1. 

(b) View mir ror  system. Sect ion B-B of f i g u r e  61 
(upper l e f t )  i l l u s t r a t e s  t h i s  system, which allowed the a s t r o n a u t  t o  
view the beam impingement po in t  f o r  a l ignment ,  focusing,  and c o n t r o l  of 
thc  beam during experiment opera t ion .  This  iystem cons i s t ed  of the M551 
HATCH VIEWPORT MIRKOR and the  M551 DEFLECTION MIRROR, which were i n s t a l l e d  
i n  the chamber by the as t ronau t .  Figure 58 shows only the M551 DEFLECTION 
MIRROR, s ince  the chamber ha tch  is opened. 
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1 MS51 HATCH VIEWPORT #IRRnR. This mir ro r  
a s s d l y  was also bown as-the VIEWPOBT O ~ I W  ~DBPTEB'~UX~ LS haun i n  
f i g u r e  62. The red - s t r iped  metal c l i p s  shown in figure 62 are pert of 
t he  p r o t e c t i v e  covers  used dur ing  grouad handl ing and removed prior t o  
launch. The 6061 aluminum base p l a t e  a t t ached  and a l igned  w i t h  t h e  i n -  
stde of t h e  hatch viewport in t h e  same m e r  as t h e  CAPS188 HIRXIR pre-  
v ious ly  discussed.  A l s o  t h e  egirror used i n  t h i s  assembly was i d e n t i c a l  
t o  t h e  CAMERA XIBBDR. 

2 S S 1  DKpLZCTI<w MIRROR. Pigure  63 shows 
t h i s  mirror assembly, aleo-bown as the  VIEW XUUtOB, with  its p r o t e c t i v e  
cover. The mirror was made of fused silica 7940, w i t h  dhmmsiona o f  4.8 
millimeters (0.19 inch) by 66 d l l h t e r s  (2.6 i d - e s )  by 83 dllimeters 
(3.25 i nd ie s ) ,  and mounted i n  an  aluminum bracket .  The bracket  included 
a iscessed area at one end to  avoid i n t e r f e r e n c e  in t h e  c h a h r  wi th  t h e  
coniccil eLeetron beam housing. 
t o  the ~'rrtrainum arounting base,  which  included t w o  CaLfax f a s t e n e r s  f o r  
attachment to  the  i n t e r i o r  chamber wail. 

The bracke t  w a s  a t t ached  by four screws 

(c) Photographic equipment. The 16 millimeter 
d a t a  a c k u i s i t i o n  camera (W),  a 100'millimeter lens, an  ex tender ,  and 
a r i g h t - a n g l e  mirror f o r  t he  100 millimeter lem were used f o r  photo- 
graphy of the  MSSl experiment. 
spacecraft and was not  a12 hardware. 

Th i s  equipment was furn ished  by the  

3. Experiment M552 - Exothermic Brazing. 

a. Object ives .  The o b j e c t i v e s  of t h i s  experiarent were t o  
eva lua te  brazing as a tube- jo in ing  technique f o r  t h e  assembly and r e p a i r  
OP hardware i n  space,  and to  s tudy the  spreading,  mixing and c a p i l l a r y  
a c t i o n  of molten braze material i n  Jear -zero  g r a v i t y .  

b. Concept. The experiment -.?as t o  produce fou r  s imulated 
j o i n t s  by brazing a metal s l e e v e  over a tube of similar material. The 
hea t  requi red  t o  m e l t  t h e  braze a l l o y  38s t o  be suppl ied  by exothermic 
(heat-producing) materials. The c learance  (gap) between t h e  s l eeves  
and tubes was t 3  be va r i ed  t o  produce optimum and e x t r e m  braz ing  
condi t ions .  

c. Harcbare d e s c r i p t i o n .  The M552 experiment cons is ted  of 
only the  M552 experiment package shown i n  f i g d r e  64. 
an  aluminum housing with dimensions of 17.1 cent imeters  (6.75 inctes) wide 
by 19.3 cent imeters  (7.61 inches)  high by 19.2 cent imeters  (7.5G inches)  
deep, conta in ing  four  specimens ( see  f i g u r e  6 5 )  t h a t  were success ive ly  
brazed. 
ing holes ,  and e l e c t r i c a l l y  in t e r f aced  the 56 connector a s  shown i n  f i gu re  
66. The experiment package cons t ruc t ion  is d iscussed  i n  the fol lowing 
paragraphs t o  a i d  understanding the  experiment func t ion .  The M52 expe r i -  
ment opera t ions  involved package i n s t a l l a t i o n  i n t o  the  M512 work. chamber 

This package was 

The package was a t t ached  t o  two of t h r e e  hea t  s i n k  t r ipod  mount- 
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and chauber evacuat ion  t o  space  vacuum (zero  p re s su re  on the work chamber 
pressure  gauge). 
c o n t r o l  panel TRIGGER switch. 
28 Vdc ( b a t t e r y  power) f o r  5 mil l i s econds  (14.4 joules per  pu lse) .  
Approximately 90 seconds were requi red  f o r  the complete r e a c t i o n ,  w i t h  
approximately 2 hours  and 45 minutes requ i r ed  f o r  sample cooling. 
sample i g n i t i o n  and cooldown w a s  a s e p a r a t e  opera t ion .  
temperature w a s  monitored by a t h e q c o u p l e  senso r  in the package that 
c losed  a c i r c u i t  a t  approximately 43 C (llO°F), l i g h t i n g  the EXP HOT 
l ight  on the c o n t r o l  panel. 

The sample i g n i t i o n  w a s  i n i t i a t e d  by a c t u a t i o n  of t he  
Each i g n i t i o n  pu l se  w a s  120 amperes a t  

Each 
The package 

(1) Exothermic braz ing  assembly. Each of t h e  fou r  
braze specimens cons i s t ed  of a tube, s l eeve ,  i n s e r t s  (spacers), and 
s i lver-coppe-- l i thium braze r ings .  Each specimen, t e s t i n g  a d i f f e r e n t  
c l ea rance  gap between t h e  tube and s l e e v e ,  w a s  pos i t ioned  i n  a separate 
c a n i s t e r  con ta in ing  the  exothermic material, i g n i t e r s  and i n s u l a t i o n .  
A cutaway of t h i s  assembly is shown i n  f i g u r e  67. 

(a) Braze specimens. Two of t h e  four  specimens 
contained pure n i c k e l  tubes  and sleeves. An i so tope ,  110-Silver wi th  
a h a l f - l i f e  of 253 days,  w a s  added t o  a s e c t i o n  of one braze r i n g  i n  
t h e  n i c k e l  specimens t o  enhance a n a l y s i s  of c a p i l l a r y  flow. The loca- 
t i o n  of t h e  i so tope  p e l l e t  p r i o r  t o  b e l t i n g  i s  shown i n  f i g u r e  68. 
o the r  t w o  tubes  and sleeves were type 304L s t a i n l e s s  steel ,  wi th  t h e  
tube p a r t i a l l y  s l i t  through t h e  c e n t e r  c ros s - sec t ion ,  but wi th  some 
s o l i d  por t ions  f o r  support  and t o  simulate a b u t t  j o i n t .  

The 

(b) Braze a l l q y  r i n g .  Each braze a l l o y  r i n g  
weighed 1.95 grams (OiO7 ounces) and was composed of 71.8 percent  
s i : v e r ,  28.0 percent copper, and 0.2 - 0.4 percent  l i t h i u m  by weight. 
The a l l o y ' s  mel t ing temperature was 76OoC (1410%). 

(c) Exotherm material. Three exotherm r i n g s  wi th  
a combined weight of 60 grams (2.1 ounces) were i n s t a l l e d  over t he  
s leeve  t o  provide the hea t  source r equ i r ed  t o  produce a Lrazed tube and 
s l eeve  j o i n t .  S u b s t a n t i a l l y  a l l  Df the  r e a c t i o ; ~  products were s o l i d ,  
and no e x t e r n a l  oxygen supply was requ i r ed  f o r  t he  r e a c t i o n .  The exo- 
therm ma te r i a l  i g n i t e d  at 1104°C ( 2 0 2 0 9 )  and produced 2721 j o u l e s  per 
gram (1.84 x 10" c a l o r i e s  per ounce). Approximately 90 seconds were 
requi red  for the  cxotherm t o  complete i t s  reac t ion .  The exotherm used 
i n  the M552 expeximent had the  following percentage composition by 
weight: 

A 1 uminuni 24.8 percent 
Boron 5.0 percent 
Titanium Dioxide 55.2 percent 
Vanadium Pentoxide 15.0 percent 

(d) I g n i t e r s .  Two i g n i t e r s ,  pos i t ioned  a g a i n s t  
t he  exotherm r i n g ,  were used  t o  i n i t i a t e  t h e  exotherm r e a c t i o n .  Although 
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FIGURE 67. BRUE AS!SEMBIX 

FIGURE 68. ISOTOPE WCATION 
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one i g n i t e r  is normally s u f f i c i e n t ,  t he  second cine was added t o  provide 
redundancy t o  the  system. 
(950%) and has t h e  fol lowing percentage composition by weight: 

This i g n i t e r  exotherm material reacts a t  51OoC 

Aluminum 14.8 percent  
Boron 7.7 percent  - 
Titanium 10.0 percent  
Vanadium Pentoxide 67.5 percent  

(e) Insu la t ion .  The exothermic material was 
surrounded wi th  F i b e r f r a x  ( f ib rous  aluminum oxide) i n s u l a t i n g  material, 
which contained t h e  h e a t  generated f o r  t h e  braz ing  process  and a l s o  pro- 
t e c t e d  the  o u t s i d e  conta iner  from overheat ing.  

( f )  Container.  Each braze assembly w a s  housed i n  
a th in-wal l  cy l inde r  approximately 7 cent imeters  (2.75 inches)  ou t s ide  
diameter  by 5 cent imeters  (2 inches)  long, made of type 321CRES and 
f i t t e d  wi th  two end covers .  

(2) Package housing. The aluminum housing, f i g u r e  69, 
which he ld  t h e  fou r  exothermic brazing assemblies ,  was  made i n  two 
ha lves  and a f t e r  i n s t a l l a t i o n  of t h e  exothermic assemblies  was bo l t ed  
toge the r  a long its median plane. A thermocouple temperature sensor  
w a s  bo l ted  onto t h e  top-half  po r t ion  of t he  housing, and electrical  
connect ions t o  t h i s  sensor  and t o  t h e  i p n i t e r  wires i n  t h e  exothermic 
packages were so ldered  t o  an i n su la t ed  te rmina l  board a t t ached  EO t h e  
t o p  h a l f  of the  housing. All electrical  connect ions terminated i n  the  
power connector on t h e  cover.  
vent  gases  generated by t h e  experiment t o  the  i n s i d e  of t he  work cham- 
ber .  
opera t ion .  

The cover a l s o  included a vent  cap t o  

It was capped dur ing  s to rage  and was opened during the  experiment 

4 .  Experiment M553 - Sphere Forming. 

a. Object ive.  The o b j e c t i v e  was t o  demonstrate zero-  
g r a v i t y  ai,d space vacuum e f f e c t s  upon s o l i d i f i c a t i o n  o f :  
at under-cooling not  poss ib le  on Earth; a n i c k e l - t i n  a l l o y  having a wide 
f r eez ing  range;  a n i c k e l - s i l v e r  a l l o y  having a narrow melt ing range 
which co res  on s o l i d i f i c a t i o n ;  and a nickel-copper  a l l o y  having a wide 
melt ing range,  but  l i t t l e  d i f f e r e n c e  i n  dens i ty  between the  two elements. 

a pure n i c k e l  

b. Concept. The experimental  concept was t o  success ive ly  
melt small metal samples, using the  e l e c t r o n  beam gun as a h e a t  source,  
and allow these  sampies t o  r e s o l i d i f y  under zero-gravi ty  condi t ions .  
The metal  sample was t o  be r e l eased  from i t s  holder  t o  f r e e - f l o a t  during 
r e s o l i d i f i c a t i o n ,  a l lowing examination of s u r f a c e  t ens ion  e f f e c t s  on 
the s o l i d i f i c a t i o n  processes .  Theore t i ca l ly ,  t h e  su r face  tens ion  f o r c e s  
should cause t h e  molten metal t o  t ake  a s p h e r i c a l  shape when s o l i d i f i e d .  
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c. Hardware desc r ip t ion .  The ind iv idua l  hardware i tems 
from t h e  equipment s to rage  con ta ine r  ( f igu re  52) requi red  f o r  t h e  M553 
ope ra t ions  are discussed  i n  t h e  fol lowing paragraphs.  

F igure  70 is a photograph of t he  M553 mockup u n i t  t h a t  shows 
the  pos i t i on ing  of t he  experiment equipment i n  t h e  chamber; however, 
t h i s  photograph of t he  mockup d i d  not  inc lude  a l l  the  a u x i l i a r y  equip- 
ment used wi th  M553. 
views of t he  M553 i n s t a l l a t i o n .  

The ske tches  shown i n  f i g u r e  71 provide o t h e r  

(1) M553 sphere  forming motor. The sphere forming 
motor, a l s o  known as t h e  M553 d r i v e  assembly, is shown i n  f i g u r e  72. 
The assembly pos i t ioned  and indexed t h e  specimen wheel as requi red  t o  
p lace  each specimen i n  t h e  pa th  of t h e  e l e c t r o n  beam f o r  mel t ing.  
The assembly cons i s t ed  of t h e  t r i p o d  mounting base t h a t  a t t ached  to the  
h e a t  s i n k  f l ange  and an indexing electric motor. The indexing motor was 
a 28 Vdc electric motor wi th  a gear- type speed reducer  (1OO:l). 
arrangement on t h e  output  motor s h a f t  operated a r a t c h e t  mechanism which 
advanced the  specimen wheel 24 degrees  220 minutes r o t a t i o n  per  index 
cycle .  The motor ope ra t ion  was c o n t r o l l e d  by a th ree -pos i t i on  switch 
on t h e  M512 c o n t r o l  panel ,  ope ra t ing  at 28 Vdc f o r  t h e  switch manual 
reset p o s i t i o n  and 10 21 Vdc f o r  automatic  opera t ion .  

A cam 

(2) Specimen wheel assembly. The experiment samp' :s 
were contained on two specimen wheels (one of which is shown i n  f i g u r e  
73). Each M553 specimen wheel was a pinwheel having 15 spokes or 
p o s i t i o n s  f o r  samples. 
samples, fou r  n i c k e l / l 2  percent  t i n  a l l o y  samples, four  n i c k e l / l  percent  
s i l v e r  a l l o y  samples, and two n icke l /30  percent  copper a l l o y  samples. 
The f i r s t  p o s i t i o n  contained t h e  tungs ten  t a r g e t ,  loca ted  i n  t h e  f i g u r e  
at t h e  3 o 'c lock  pos i t i on ,  which was used f o r  t h e  e l e c t r o n  beam gun 
alignment.  
a t t ached  t o  t h e  wheel by t h i n  c y l i n d r i c a l  metal rods  loca ted  a t  the  
f o u r ,  f i v e  and s ix  o 'c lock pos i t i ons .  
a f t e r  r e s o l i d i f i c a t i o n  u n t i l  c u t  from the  wheel by t h e  crewman. 
t h i r d  sample is shown removed i n  t h e  f i g u r e  t o  i l l u s t r a t e  t h e  mounting 
rod. The remaining 11 p o s i t i o n s  contained semples, each mounted t o  
a ceramic post  by a small metal rod  c a l l e d  a s t i n g ,  as shown i n  t h e  
c ros s - sec t ion  i n  f i g u r e  74. 
sample by a sp r ing ,  a l lowing the  sample t o  r e s o l i d i f y  i n  a f r e e - f l o a t i n g  
state.  Also,  t h i s  s t i n g  r e t r a c t i o n  opened switch c o n t a c t s  i n s i d e  the  
ceramic pedes t a l  t h a t  au tomat ica l ly  removed power from t h e  e l e c t r o n  
beam gun r e g u l a t o r  and d e f l e c t i o n  c o i l s  and stopped camera opera t ion .  
The specimen wheel assembly included a tapered ho le  i n  t h e  center of 
the hub t h a t  i n t e r locked  v i t h  the d r i v e  cone. 

Each sampIr xheel  contained f o u r  pure n i c k e l  

The next  t h r e e  pos i t i ons  contained small c y l i n d r i c a l  samples 

These samples  remained mounted 
The 

The s t i n g  was r e t r a c t e d  from t h e  molten 

(3) Sphere ca t che r .  The sphere c a t c h e r s  were small 
metal cups 3.8 cent imeters  (1.5 inches)  i n  diameter  and 5 cent imeters  
(2 inches)  long, with 144 small ho le s  d r i l l e d  i n  the  s i d e  and bottom. 
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a. Object ive.  The o b j e c t i v e  was t o  grcm single c r y s t a l s  
of ga l l ium a r sen ide  from s o l u t i o n  i n  near-zero gravi ty ,  in a n t i c i p a t i o n  
of producing Paterial of excep t iona l ly  high chemical and c r y s t a l l i n e  
perfect ion. .  

b. Concept. The h e a r t  of t h e  experireent was t h e  growth 
ampoula, a fused quar t z  tube conta in ing  the source, solvent, s i l i c o n  
dopant,  and seed. 
pur i ty  ga l l ium a r sen ide  (GaAs), wa8 to be dissolved in l i q u i d  ga l l ium 
metal at t h e  ho t  end of t h e  elongated ampoule, then transported by 
d i f f u s i o n  down the  ampoule, and f i n a l l y  depos i ted  011 a seed at the 
co lde r  end of the  ampoule. 
layer grown on a pure seed (ampoule l), a pure GaAs layer grown on a 
doped seed (ampoule 2), and a doped G a b  l a y e r  on a pure seed (ampoule 

In general, the source material, chunks of high-  

The experiment cons i s t ed  of a pure Gaas 

3) 

c. Hardware desc r ip t ion .  

(1) 24555 crystal grcwth package. The t h r e e  experiment 
ampoules were i n s e r t e d  i n t o  t h e  t h r e e  cavities of a c y l i n d r i c a l  furnace  
10 cent imerczs  (4 inches)  i n  diameter  by 29 centimeters (11.5 inches)  
i n  length ,  as shown in f i g u r e  80. The f s rnace ,  developed and b u i l t  by 
the  Westinghouse Electric Company, provided an i n s u l a t e d  housing for 
Lhe ampales end a separate ins t rumenta t ion  compartment f o r  t h e  protec-  
tive thermostats and t he  six thermcouple r e fe rence  junc t ions .  The 
e n t i r e  furnace,  inc luding  the  electrical r ecep tac l e  w a s  s ea l ed ,  bu t  
w a s  vented to  vacuum cond i t ions  i n s i d e  t h e  work chamber throLgh a 
rdanual vent  valvk on t h e  s i d e  of t h e  furnace.  The furnace  was i n s t a l l e d  
i n s i d e  the  hea t  s i n k  recessed c a v i t y  ( f i g u r e  81), and secured by t h e  
MS55/ta518 CRYSTAL G R O W T H ~ I P U R P O S E  FUBNACE CIAHPING RING shown i n  
f i g u i e  82. 
a t t ached  t o  the  t r i pod  mounting f l ange  of t h e  hea t  s i n k  with t h r e e  
Ca l f ax  f a s t e n e r s  as shown i n  f i g u r e  83, thus  e s t a b l i s h i n g  a hea t  con- 
duc t ion  path t o  t h e  M512 hea t  s ink.  A special thermal c o a t i n g  was 
used on the  furnace f l ange  t o  maximize the  con tac t  f o r  b e t t e r  conduc- 
t i on .  The furnace  was connected to the  work c h a m e r  power r e c e p t a c l e  
(56) by t h e  M555 power cable, thereby c r e a t i n g  t h e  i n t e r f a c e  f o r  power 
and d a t a  c t r c u i t s .  

The clamp ring f i t  over  t h e  furnace  f l ange  area and was 

(2) M555 launch conta iner .  The M555 furnace  was t o  be 
launched and s to red  i n  t h e  heated con ta ins r  developed and b u i l t  at l4SFC 
shown i n  f i g u r e  84. Tne launch conta iner  had dimensions of 46 centi-  
mters (18 inches)  by 20 cent imeters  (8 inches)  by 28 cent imeters  (11 
inches) ,  and weighed 9..1 kilograms (20 pounds) with t h e  furnace i n s t a l l e d .  
The furnace  was wrapped i n  a h e a t e r  blanket  t o  ensure t h a t  t he  temperature  
of t h e  furnace did not  drop  below 29% ( 8 5 9 ) .  Below t h i s  temperature t h e  
liquid gal l ium i n  the  ampoules could f r e e z e ,  degrading the  experimeat d a t a ,  
and poss ib ly  ruptur ing  the  sample ampoules. 
of 33 gauge nichrome wire ( i n s i d e  hea t - r eac t ive  tub ing) ,  s ea l ed  between 

The b lanket  was cons t ruc ted  











two sheets of rubber. The blanket received An Bus 1 spacecraft power 
through the W55 launch container power cable (see figure 42) when i n  
the W 1 2  storage location, and C l l  power when in the Carannnd M u l e .  
The electrical power was conveited to heat by the nichrome wire und 
transferred to the package by conduction and radiation. 
dissipated 6.5 watts maximm. 

The blanket 

6. Experient M79 - Zero-Gravity Plarmnabflity. 
a. Objective. The experiment objective to ignite 

various materials in a 3.45 x 104 newtons per square Pseter (5 pounds 
per square inch) absolute spacecraft atmosphere (-11~ 70 percent 
oxygen - 30 percent nitrogen) under eero-gravity conditions to observe 
the foliowing: 

(1) Extent of surface propagation flash-over to adjacent 
materials 

(2) Rates of surface and bulk flame propagation under 
zero convect ion 

(3) Extinguishment by vacuum or water spray and self- 
ext inguishmen t 

b. Concept. Ma?erial samples were electrically ignited 
iq the pressurized chamber (using cabin atmosphere). Individual. flam- 
mability test durations were from a minimum of 3 seconds to a maxL- 
m m  of over a minute. 

The flanmability process was recorded on 16 millimeter film in 
the visible (color) and infrared regions. Additional data were obtained 
from the recorded crewman's voice comments while performing the experi- 
ment. 
that could be missed by photography, such as drift rates of detached 
fuel specimens, sublimation products, overall energy profiles, environ- 
mental changes in the chamber, and water-spray patterns. A detatled 
crew observation log form for each test 
nent Crew Procedures and Log. 

The crevman was icvaluable in observing several test aspects 

was included in the HDA Experi- 

c. Hardware description. 

(1) Piamability sample. A typical f lammbility sample 
The sample materlal 

The sample was ignited by an dlectrically 

is shown in its storage configuration in figure 85. 
was supported by a metallic frame and the sample identified by a numbered 
tab (number 7 in the figure). 
heated nichrome filament which was powered through the connector on the 
right side of the photograph. Power was 28 Vdc from AM Bus 1, through 
the f lamnability subpanel of the M512 control panel. In all, 37 flew 
mability specimens were tested. Six different subatances were used as 
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sample materials: 
meters (2 5 / 8  inches by 3 510 inches) ;  nylon shee t ,  2.5 cent imeters  by 
2.5 cent imeters  (1 inch by 1 inch) ;  neoprene-coated nylon f a b r i c ,  6.7 
cent imeters  by 9.2 cent imeters  (2 5 / 8  inches by 3 5 / 8  inches) ;  poly- 
urethane foam, 0.6 cent imeter  by 0.6 cent imeter  by 5 cent imeters  (0.25 
inch by 0.25 inch by 2 inches) ;  bleached c e l l u l o s e  paper ,  6.7 cent imeters  
by 9.2 cent imeters  (2 518 inches  by 3 518 inches) ;  and Teflon f a b r i c ,  
6.7 cent imeters  by 9.2 cent imeters  (2 5 / 8  inches by 3 5 / 8  inches).  

aluminized Mylar f i l m ,  6.7 cent imeters  by 9.2 c e n t i -  

(2) FUMMBILITY SPECIHEN HOLDER. The PLtUMABILITY 
SPECIMEN HOLDEL ( f igu re  86) was t h r  A... Thanical and electrical i n t e r -  
&ace between the  f lammabil i ty  sampk and the  zero-& :onnector i n  t h e  
work chamber. The c o r r e c t  hardware :onfigurat ion is  shown i n  t h e  
sketch of f i g u r e  86. 
the  program f o r  24512 c i rcui t  p ro tec t ion ,  t he re fo re  it is no t  shown i n  a l l  
hardware photographs. 
i n  t he  approximate c e n t e r  of t h e  chamber, i n  t he  16 millimeter NE f i e l d -  
of-vrew as shown i n  f i g u r e  87. 

The l i n e  f i l t e i  (small box) w a s  added late i n  

The holder  conf igura t ion  pos i t ioned  t h e  specimen 

(3) Flammability specimen conta iner .  Each of 37 speci- 
mens was s to red  i n  a two-piece conta iner .  
one ha l f  of the  conta iner  ( f igu re  85)  and t h e  o t h e r  ha l f  was  a t tached  by 
Velcro. The 37 sample con ta ine r s  were s t o r e d  i n  the  flaxmuability speci- 
men s to rage  conta iner ,  as discussed i n  subsec t ion  A.l and shown in 
f i g u r e  56. 

The sample w a s  snapped i n t o  

(4) Water quench spray nozzle assembly. Figure 88 
shows t h i s  assembly, whif:i was i n s t a l l e d  i n  the  work chamber f o r  t he  
s i x  water quench sample opera t ions .  
water l i n e  from the  accumulator, which penetrated the  chamber w a l l .  
The nozzles  were o r i en ted  t o  spray both s i d e s  of t h e  sample. 
nozzle contained a check valve which operated wi th  a cracking p res su re  
of 13.8 2 0.3 E 10 
square inch)  d i f f e r e n t i a l .  

The assembly connected t o  the  

Each 

4 newtons per  square meter (20 2 0.5 pounds per  

(5) Heat s ink  cover. The M479 HEAT SINK COVER ( f igure  
89) was i n s t a l l e d  over the  work chamber hea t  s ink  during M479 opera t ions  
t o  prevent any combustion d e b r i s  from en te r ing  the  hea t  s ink .  The cover 
was constructed of an aluminum a l l o y  frame conta in ing  a wire c l o t h  f i b e r .  
The th ree  Calfax f a s t e n e r s  t h a t  i n t e r f aced  d i t h  the  t r i pod  mountjng holes  
i n  the heat s ink  f lange are shown i n  f igu re  87. 

( 6 )  Vent l i n e  f i l t e r  number 2. Figure  90 shows t h i s  
f i l t e r ,  which was i n s t a l l e d  i n t o  vent l i n e  f i l t e r  number 1 (see sub- 
s e c t i o n  A.1.c of this sec t ion )  f o r  the M479 opera t ions .  
2 was cons t ruc ted  of an aluminum a l l o y  frame -6nta in ing  a 220 micron 
f i l t e r  t o  prevent f i n e  combustion p a r t i c l e s  from being vented t o  space.  
The frame had th ree  de t en t  b a l l s  t h a t  secured f i l t e r  number 2 t o  f i l t e r  
number 1. The f i l t e r  a l s o  ac ted  as a 2.54 cent imeter  (1 inch)  diameter 
o r i f i c e  t o  r e s t r i c t  a i r  f low through the  vacuum vent l i n e  dur ing  the  14479 
vacuum quench t e ~ t s .  

F i l t e r  d e r  
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(7) Work chamber por t  s h i e l d s .  Glass s h i e l d s  s i e l a r  
t o  those provided for n553 o p e i a t i a n s  were also used dur ing  t h e  W+79 
operat ions 

(a) W79 CANERA FORT SHIELD. This  c w r s  port 
s h i e l d  shown with t h e  n553 s h i e l d  i n  f i g u r e  76 had t h e  same purpose 
and is  i d e n t i c a l  wi th  t h e  MS53 camera por t  s h i e l d .  

(b) n679 HATCH VIEwpowl SHIELD. This viewport 
s h i e l d  is ahoun with t h e  WS3 s h i e l d  i n  f i g u r e  77. The c o n s t r u c t i o n  
and instal la t ion is t h e  same as t h e  M553 s h i e l d ,  t h e  separate s h i e l d  
being r e q u i r e a  due to  possible meta l  depos i t ion  on tne n55-3 s h i e l d  
l i m i t i n g  l i g h t  transmission. 

(8) Photographic equipment. The 16 miZlimeter MC. 
a 18 m i l l i m e t e r  leiis. and a r igh t -angle  mirror f o r  t h e  18 millimeter 
lens were used f o r  photography of the H473 atperiments. 

B. Electrical System 

The d e s c r i p t i o n  of t h e  electrical  system i s  presented to  g ive  
a comprehensive view of t h e  c i r c u i t  theory and o p e r a t i o n a l  procedures 
p e r t i n e n t  t o  t h e  e l e c t r i z a l / e l r c t r o n i c  s e c t i o n s  of t h e  H512/l4473 f a c i l i t y  
and s;ccimen conta iners .  
by t h e  i n d i v i d u a l  experiments. 

The c i r c u i t s  are descr ibed  as the3 vere used 

i. Metals Melting aad Sphere Forming (Exprzimeuis Ay551 and 
M553). Eecause both t h e  metals melt ing end sphere forming experimcccs 
ased t h e  same c i r c u i t r y ,  d a t a  € o r  both have been placed toge:l:c:r i n  
t h i s  paragraph. This  c i r c u i t r y  was reqa i rad  f o r  the  i.ltctron hem gun. 

a. Func t FoTa 1 d e s c r i p t i o n  

(1) Ecrais meltL:x*;. The metals meltLig experiment w a s  
c a r r i e d  nut- like c c o ~ . s m t i ~ * ~ : i  i f 3  welding test .  sample d i s k  of vary- 
ing th ickness  was insrilird on the  d r i v e  motor jr. the vacuum work cham- 
ber .  71.c e l e c t r c  3:~s; vas it.'tfatec. - .: focused on the  tungsten t a r g e t  
iq tne s~ap'e, aid sainplr r . x i l  s t a r t e d ,  cadsing the  beam t o  melt t h e  
m c t n l  t o  s o w  depth along i t s  t r & c k .  Af te r  270 derrces of r o t a t i o n  t h e  
beam was terminated,  t h e  sample was ad\a.- - . x i i ; -  Lely 45 degrees  
anti t h e  bean r e ;  i r iarec '  t o  Zc)r,~i I mo!' . Yal. Af te r  a pre -  
sc r ibed  per iod L t i s r ,  tilo beam 7 'SS " .  .he sample removed. 

Sphere forpiilJ . . 's for  t h e  sphere forming 
cxperiment were :,.-!inted JIS a r o t a t i n g  ,.ljLder such t h a t  the samples formed 
the s p d ~ e s  of a k.,. s i ,  the  hub of which was connected t o  a r o t a t i o n  and 
pos i t ion ing  mechanism i n s t a l l e d  i n  the  M512 chamber. The samples were 
posi t ioned s e q u e n t i a l l y  i n  t h e  e l e c t r o n  beam and melted. 
samplcs w r e  r 2 s o l i d i f  i e d  whiie supported on s t ir.gs ; these required 

Somi: of the 
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manual te rmina t ion  of the  e l e c t r o n  beam. Others  were automat ica l ly  
r e l eased  from t h e i r  s t i n g s  when melted,  r e s u l t i n g  i n  eutollaatic termi- 
na t ion  of t he  beam. 

b. Theory of c i r c u i t  opera t ion .  P r i o r  t o  ope ra t ion  of t h e  
e l e c t r o n  beam c i r c u i t r y ,  t h r e e  c o n s t r a i n t s  had to be m e t .  F i r s t ,  t he  
metals melt ing motor or the  sphere forming motor with specimen wheel 
a t t ached  had t o  be i n s t a l l e d  i n  the  chamber and e l e c t r i c a l l y  connected. 
Second, the  FILAMENT CHAMBER VENT valve  had to  be opened, s i n c e  the  
va lve  w a s  in te r locked  with t h e  h igh  vo l t age  i n  such a way t h a t  t h e  h igh  
vo l t age  could no t  be turned on unless  t h e  valve was  i n  t h e  open pos i t i on .  
Thi rd  
x 
a r c i n g  of t he  e l e c t r o n  beam gun and oxida t ion  of t he  f i lament  when high 
vo l t age  w a s  appl ied .  With these  c o n s t r a i n t s  met, t h e  fol lowing d i scus -  
s i o n  presents  t h e  theory of opera t ion  of t h e  M512 f a c i l i t y  to perform 
the  metals melt ing and sphere forming experiments.  
f o r  a s impl i f i ed  e l e c t r i c a l  schematic.  

t he  pressure  i n  t h e  vacuum work chamber had t o  be lower than 1.33 
newtons per  square meter (1 x 10-4 t o r r ) ;  t h i s  w a s  to  prevent  

Refer t o  f i g u r e  9 1  

The WIN BATTERY c i r c u i t  breaker (CBl), when placed i n  the  ON 
pos i t i on ,  a p p l i e s  a nominal 36 Vdc t o  one te rmina l  of  t h e  BATTERY DIS- 
CHARGE c i r c u i t  breaker  (CB6) , to  one te rmina l  of t h e  POWER CONTROL BATT 
c i r c u i t  breaker  (CB2), and to  one s i d e  of power r e s i s t o r s  R35 and 836. 
R35 and R36, i n  parallel ,  drop the  b a t t e r y  vol tage  going t o  t h e  POWER 
FIL BATI: c i r c u i t  breaker  (CB3) to  approximately 30-32 v o l t s  when the  
EB gun f i lament  is drawing c u r r e n t  and the  high vo l t age  is not  on. 
When the  EB welder is welding, 835  and R36 are bypassed by a set of 
r e l a y  con tac t s  of r e l a y  K3. These r e s i s t o r s  compensate f o r  t h e  i n -  
creased ba t t ezy  vol tage  when the  EB welder is  not  welding, and t h i s  
same set of con tac t s  on K3 a p p l i e s  b a t t e r y  vol tage  t o  the  EB welder 
c o n t r o l  c i r c u i t s  and t o  t h e  high vol tage  power supply. 

Closing t h e  POWER FIL BATT breaker  completes t h e  c i rcu i t  t o  
the  toggle  of the  ELECTRON BEAM FIL/BEAM CONT switch (S12). 
t he  switch i n  the  ON pos i t i on  a p p l i c s  b a t t e r y  vol tage  t o  the  e l e c t r o n  
beam f i lament  c u r r e n t  r egu la to r  through two normally-open sets of con- 
tacts of r e l a y  K1. The o the r  pole (6) of switch S12, when placed i n  
the  ON pos i t i on ,  a p p l i e s  regula ted  vol tage  t o  the  focus  and d e f l e c t i o n  
c o i l  cu r ren t  r egu la to r s .  The toggle  (5) of t h i s  ha l f  of S12 g e t s  power 
through a jumper w i r e  i n  the metals melt ing package (J6-E t o  J6-D) or 
ihe  s t i n g  switching mechanism of t h e  sphere forming package, which con- 
nec t s  through normally-closed con tac t s  of relay K6 (not  energized)  t o  
the  toggle  of the  ELECTRON BEAN EXP ADV switch (S16). This  ha l f  of 
switch S12 ( i n  the  ON pos i t i on )  a l s o  a p p l i e s  power t o  the  toggle  of 
t he  ELECTRON BEAM H I  VOLT/CAM switch (S14), t o  the  l ens  d e f l e c t i o n  
s e c t i o n  of the  welder through a 26 Vdc r e g u l a t o r ,  and t o  the coi l  
of relay K7 through a normally-open set of con tac t s  of K7. 
BEAM HI VOLT/CAM swi tch ,  when placed i n  the  READY/RESET p o s i t i o n ,  a p p l i e s  
the  vol tage  a t  the  toggle  (5) t o  one s i d e  of the  c o i l  of r e l a y  K7. 

Placing 

The ELECTRON 

The 
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o t h e r  s i d e  of the  c o i l  goes through normally-closed c o n t a c t s  of K50L 
i n  the  welder t o  the  negat ive te rmina l  of t h e  ba t t e ry .  
t he  vol tage  a t  t h e  toggle  ( 5 )  of the  ELECTRON BEAM H I  VOLT/cAEI switch 
i s  fed  t o  one s i d e  of  t h e  c o i l  of K7 through a normally-open set of 
con tac t s  of K7. This  set of  con tac t s  and t h e  READY/RESET p o s i t i o n  of 
the  switch g ive  r e l a y  K7 a s e l f - l a t c h i n g  f ea tu re .  When i n  t h e  READY; 
RESET pos i t i on ,  toggle  vol tage  is  a l s o  appl ied  t o  one s i d e  of t he  
ELECT-WN BEAM READY l i g h t .  When r e l a y  K7 closes, a normally-open se t  
of con tac t s  app l i e s  ( i f  t he  ELECTRON BEAM POWER switch is i n  t h e  ON 
posiLion) the  b a t t e r y  nega t ive  te rmina l  t o  one s i d e  of the  co i l  of 
r e l a y  K 3 ,  to one s i d e  of t he  co i l  of r e l a y  K8, t o  t h e  "X" and "Y" 
d e f l e c t i o n  c o i l  c i r cu i t s ,  and t o  one s i d e  of  t he  ELECTRON BEAM READY 
l i g h t  through a normally-closed set  of con tac t s  of r e l a y  K8. 

When K7 closes, 

Af t e r  K7 i s  energized,  p lac ing  t h e  ELECTRON BEAM H I  VOLT/CAM 
switch (S14) i n  the  ON pos i t i on  p laces  the  toggle  vol tage  t o  one s i d e  
of r e l ay  K8, t o  one s i d e  of r e l a y  K3, and t o  the EB high vol tage  tu rn -  
o f f  c i r c u i t r y .  One of t he  normally-open set of con tac t s  of K3 is  be- 
tween the  toggle  of S14 and the  c o i l  of K3. 
l a tch ing .  Energizing K3 a c t i v a t e s  t he  e l e c t r o n  beam gun c i r c u i t r y  by 
applying unregulated b a t t e r y  vol tage  d i r e c t l y  t o  t h e  2 kW i n v e r t e r .  
Energizing K8 t u rns  of f  the  ELECTRON BEAM READY l i g h t  and starts t h e  
16 millimeter cau.zra. 

This  makes the  r e l a y  s e l f -  

The POWER CONTROL BATT c i r c u i t  breaker  (CB2), when placed i n  
the ON pos i t ion ,  app l i e s  36 v o l t s  t o  the  toggle  ( 2 )  of the  ELECTRON 
BEAM POWER switch (S3) ( i f  C B 1  i s  ON) and t o  t h e  BATT te rmina l  of t h e  
FLOOD LT switch (S19). With the  ELECTRON BEAM POWER switch (S3) OFF 
(and C B 1  ON and CB2 ON), 36 v o l t s  i s  appl ied  to  the toggle  of the  EXO- 
THERMIC POWER switch (S15). I f  S3 is  placed i n  the  ON p o s i t i o n ,  power 
is  removed from S15. This  arrangement is an i n t e r l o c k  so both exper i -  
ments cannot be a c t i v a t e d  a t  the  same t i m e .  

Placing the  ELECTRON BEAM POWER switch in the  ON pos i t ion  (with 
C B 1  ON and CB2 ON) p u t s  36 v o l t s  from the  b a t t e r y  t o  the  input  of a 26- 
30 v o l t  series vol tage r egu la to r .  The output  of the  r egu la to r  goes t o  
the  welder high vol tage  turn-of f  c i r c u i t r y ,  t o  one s i d e  of t he  c o i l  
r e l ay  K 1 ,  t o  the power input  of the vacuum module, t o  t he  BATT terminal  
of the INSTRUMENTATION POWER switch (S2), t o  t he  toggle  of the  ELECTRON 
BEAM F I L  CHMBR switch (S13), and to  the  toggle  of the  Filament Chamber 
In t e r lock  switch (S27). 

The second pole of t he  ELECTRON BEAM POWER switch,  when i n  the  
ON pos i t i on ,  connects a l l  c i r c u i t r y  t o  b a t t e r y  nega t ive  terminal .  

The INSTRUMENTATION POWER swi tch ,  when placed i n  t h e  BATT posi-  
t i o n ,  a p p l i e s  power t o  the ins t rumenta t ion  power supply module and t o  
the canera.  This  switch a l s o  app l i e s  the  ground t o  the  power supply 
and the  camera. 

120 



One output  of the  power supply module i s  connected t o  t h e  
c a n i s t e r  pressure t ransducer .  
the  CSTR X3 t e rmina l  of t he  INSTRUMENTATION PRESS switch (Sl). When 
t h i s  switch is placed i n  t h e  CSTR X3 pos i t ion ,  the  t ransducer  output  
i s  monitored by t h e  INSTRUMENTATION PRESS meter. When the switch is 
placed i n  the  WORK CHMBR pos i t i on ,  t h e  meter w i l l  monitor the  output  
of t he  chamber pressure  transducmx which a l s o  r ece ives  power from t h e  
power supply module. 

The output  of t he  t ransducer  goes t o  

The ELECTRON BEAM FIL CHMBR PRESS meter monitors t he  r e s su re  
i n  the  f i lament  chamber accu ra t e ly  i n  the  range of 1.33 x lo-' t o  1.33 x 
10-3 newtons per square meter (1 x 10-3 t o  1 x 10-5 t o r r ) .  

The ELECTRON BEAM BEAM CONTROL CUR ADJ c o n t r o l  is  a th ree - tu rn  
potent iometer  which goes t o  t h e  f i lament  s e c t i o n  of the  EB welder,  used 
t o  a d j u s t  the beam curren t .  

The Filament Chamber I n t e r l o c k  switch (S27) is  a c t i v a t e d  by 
opening t h e  FILAMENT CHAMBER VENT valve,  and i s  an  i n t e r l o c k  f o r  t he  
ELECTRON BEAM PHOTO LT switch.  When the  chamber i n t e r l o c k  switch i s  
c losed ,  the ou tpu t  of the 30 v o l t  r e g u l a t o r  is appl ied  t o  the toggle of 
t h e  ELECTRON BEAM PHOTO LT switch (S4), which when placed i n  the  ON 
p o s i t i o n  a p p l i e s  vo l tage  t o  t h e  photo l i g h t  located i n s i d e  the  s p h e r i c a l  
work chamber. The chamber i n t e r l o c k  switch a l s o  a p p l i e s  vo l tage  to  the  
toggle  of the  ELECTRON BEAM EXP ADV switch (S16). 

The ELECTRON BEAM FIL CHMBR switch (S13) is an  i n t e r l o c k  

The ELECTRON BEAM FIL CHMBR switch is open i n  t h e  INTLK 
swicch and is  wired i n  parallel w i t h  t h e  Filament Chamber I n t e r l o c k  
switch.  
NORMAL pos i t i on  and c losed  when i n  the  OVERRIDE pos i t ion .  

When the  ELECTRON BEAM EXP ADV switch has power t o  the  toggle ,  
placing the switch i n  the  MAN/RESET pos i t i on  a p p l i e s  f u l l  regula ted  28 
Vdc t o  the  metals melt ing package d r i v e  motor o r  sphere-forming package 
indexing motor. 
age on the  toggle  i s  appl ied  t o  e i t h e r  d r i v e  motor through the  motor 
c o n t r o l  r egu la to r .  

I f  t he  switch i s  placed i n  the  AUTO pos i t i on ,  t he  v o i t -  

The ELECTRON BEAM BEAM CONTROL FOCUS ADJ i s  a t h ree - tu rn  poten- 
t iometer  which acts as a t o l t a g e  d iv ide r  and c o n t r o l s  t he  focus c o i l  
cu r ren t  r egu la to r  loca ted  in s ide  the EB gun c a n i s t e r .  

The ELECTRON BEAM BEAM CUR meter and the  ELECTRON BEAM X5KV 
meter monitor t he  cu r ren t  and vol tage  of t he  welder when the  beam is  
on. 

The ELECTRON BEAM BEAM CONTROL ALIGN X and ALIGN Y potent io-  
meters are th ree - tu rn  potent iometers  which are part of two i d e n t i c a l  
d e f l e c t i o n  c i r c u i t s .  These c i r c u i t s  work such t h a t  the potent iometers  
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c o n t r o l  both t h e  p o l a r i t y  and t h e  magnitude of the  vo l t age  appl ied  
ac ross  t h e  d e f l e c t i o n  c o i l s .  
V1 d e f l e c t i o n  c o i l  and t h e  a l i g n  X network i s  connected t o  t h e  "IS*' 
d e f l e c t i o n  c o i l .  
d e f l e c t i o n  c o i l  r egu la to r .  

The a l i g n  Y network i s  connected t o  t h e  

Power i s  suppl ied to t h e  d e f l e c t i o n  c i r c u i t s  from the  

2. Exothermic Brazing (Experiment M552). 

a. Funct iona l  desc r ip t ion .  The exothermic package con- 
t a i n e r  was mounted i n  t h e  M512 work chamber and cons is ted  of four  
exothermic braze u n i t s .  Each exothermic braze u n i t  cons i s t ed  of a 
tube,  sleeve, two tapered inserts ( fo r  concen t r i c  pos i t i on ing  of tube 
and sleeve), two braze a l l o y  r i n g s  (copper, s i l v e r  and l i t h ium) ,  exo- 
thermic material, i n s u l a t i o n ,  two i g n i t e r s ,  ou t s ide  hoLsing, and t w o  
end plates. The metals jo in ing  (brazed sleeve j o i n t )  wa8 accom- 
pl i shed  when t h e  i g n i t e r  was energized by an e l e c t r i c  c m r e n t  from a 
28 v o l t  b a t t e r y  power source.  The f i lament  i n  the  i g n i t e r ,  when 
e l e c t r i c a l l y  energized,  heated up s u f f i c i e n t l y  t o  a c t i v a t e  t h e  i g n i t e r  
material, which i n  t u r n  f i r e d  [510OC 3- l O O C  (9509 + SO*)] t he  exo- 
thermic material. 
(20209  s u f f i c i e n t  t o  melt t he  braze a l l o y  r i n g s  t h a t  weFe 
contained wi th in  two grooves (one on each s i d e  of t h e  j o i n t )  i n  t h e  
s leeve .  The braze a l l o y  flowed by c a p i l l a r y  a c t i o n  between the  parts 
t o  be joined ( tube and sleeve) which were heated s u f f i c i e n t l y  t o  form 
a me ta l lu rg ica l  bond with t h e  braze a l l o y .  

The exothermic material developez hea t  [ 1 l W o C  4- 10°C 
50%)] 

b. Theory of c f i c u i t  opera t ion .  The a s t ronau t  w i l l  p lace 
t h e  exothermic package, c o n s i s t i n g  of the  four  braze u n i t s ,  i n  t he  
M512 chamber, c lose  t h e  ha tch ,  evacuate  the  chamber and ope ra t e  the  
switches on the  exothermic c o n t r o l  panel according t o  the  sequence 
s p e c i f i e d  i n  the fol lowing paragraphs. 
s impl i f i ed  e l e c t r i c a l  schematic.  

R e f e r  t o  f i g u r e  92 f o r  a 

With the  MAIN BATTERY (CB1) and POWER CONTROL BATT (CB2) c i r -  
c u i t  breakers  c losed  and t h e  ELECTRON BEAM POWER switch OFF, t he  f i r s t  
s tep is t o  place the  EXOTHERMIC POWER switch (S15) t o  t he  ON pos i t i on .  
This  a c t i o n  a p p l i e s  a vo l t age  ac ross  the  c o i l s  of relays K6 and K9 and 
causes  t h e i r  c o n t a c t s  t o  pick up. 
g i z ing  the  e l e c t r o n  beam c i r c u i t r y .  (Note t h a t  t he  c u r r e n t  path f o r  
K9 is completed through t h e  exothermic package thermostat) .  Since con- 
t a c t  K9 (1-2) is now open, the EXP HOT l i g h t  remains OFF u n t i l  the  tem- 
perature of t h e  exothermic package reaches 52OC (125%) causing the  
t h e r  nostat contac t  t o  open and thereby de-energ iz ing  K9. 

Opening K6 c o n t a c t s  prevents  ener -  

The second s t e p  is t o  place the  SPECIMEN s e l e c t  switch (S7) t o  
p o s i t i o n  1 and then place the  TRIGGER switch (S6) t o  the  momentary ON 
pos i t i on .  Subsequently,  a cu r ren t  p a t h  i s  completed through switches 
S6 ar?d S7 t o  i g n i t e r  EXO-1. This  c u r r e n t  f i res  the  i g n i t e r  and starts 
t h e  exothermic experiment. The a s t ronau t  monitors t he  EW HOT l i g h t  t o  
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assu re  t h a t  the  exothermic u n i t  a c t u a l l y  ign i ted .  The remaining exo- 
thermic u n i t s  (EXO-2, 3 and 4) are f i r e d  i .A iv idua l ly  i n  the same naanrler 
as EXG-1, except t h a t  the SPECIMEN select switch (S7) is placed t o  pos i -  
t i o n s  2, 3, alld 4 ,  respec t ive ly .  Between f i r i n g s ,  the  u n i t  is  given 
s u f f i c i e n t  time lapse  (about 2 hours) to  cool  the test con ta ine r  .hwn 
t o  approximately 43% ( 1 1 0 9 )  (EXP HOT l i g h t  goes OFF) before the  next  
u n i t  is f i r e d .  

3. GaAs C r y s t a l  Growth (Experiment HSSS). The ope ra t ion  of 
the  c r y s t a l  grouth experiment requi red  t w o  ind iv idupl  c i rcui ts .  The 
crystal  growth launch and stowage conta iner  w a s  used t o  maintain t h e  
crystal  growth furnace 's  temperature above 29% (85%) t o  prevent t h e  
l i q u i d  gall iurn i n  the  furnace from f reez ing .  The c i r c u i t r y  t o  accom- 
p l i s h  t h i s  w a s  contained i n  the  launch stowage conta iner .  The c i r c u i t r y  
i n  the  M512 f a c i l i t y  w a s  used f o r  ac .a1 experiment performance. 

a. M555 c r y s t a l  growth s to rage  conta iner .  

(1) Funct ional  desc r ip t ion .  The purpose of t h i s  con- 
t a i n e r  w a s  to  maintain the  temperature of the c r y s t a l  growth furnace 
above 29% (85%) pr io r  t o  experiment performance. This  was accom- 
pl ished bv supplying electrical  power t o  both the  furnace  hea t ing  
c o i l s  and a tieating blanket  i n  the  conta iner .  A v i s u a l  d idplay  w a s  
provided i f  t n e  furnace temperature dropped below 29OC (85%). 

(2) Theory of c i r c u i t  operat ion.  Refer t o  f i g u r e  92 
f o r  a simplrf  ied electrical  schematit-. The subsequent d i scuss ion  is 
based up n the assumption t h a t  AM-Bus-1 pa re r  or CM u t i l i t y  power is 
present ,  and switches and breakers  are i n  the  following pos i t ions :  

IO-TEMP TEST/LAMP TEST switch S28: OFF 
AM-BUS-1 breaker C55 :  OFF 

The s y s t e m  is energi-ed by c los ing  c i r c u i t  breaker CB5. When 
s w i t c h  S28 (LO-TEMP TEST/LAM TEST) is placed i n  t h e  LAMP TEST pos i t i on ,  
the LO TEMP lamp w i l l  be i l luminated.  This  is simply a func t iona l  check 
f o r  the M-TEMP lamp. With power appl ied  t o  the  c i r c u i t  t he  con tac t s  of 
r e l ay  K17 w i l l  be arracged and la tched  i n  the p o s i t i o n s  shown i n  f i g u r e  
92; a l s o  switch S28 w i l l  5e i n  the p o s i t i o n  shown i n  t h i s  schematic. 

Depending upon the temperature l e v e l  of t he  experiment furnace 
and the s t o r a g e  container, thermostats  S30, S29, S37 and the furnace ther- 
mostat  (105-120'F) w i l l  be either c losed  or opened, :hereby d e l i v e r i n g  or 
i n t e r rup t ing  powe. t o  the hea te r  elements i n s ide  the  experiment furnace 
as wel l  as t o  the hea t ing  blanket  which is wired i n  series with the  f u r -  
nace hea te r s .  I n  the  event t h a t  t he  furnace temperature ever  drops be- 
low 29OC (85?), the  con tac t s  of another  furnace thermostat  (85-100*) 
w i l i  c lo se ,  causing the r e l a y  c a n t a c t s  of K17A t o  be la tched i n t o  a new 
pos i t ion .  The LO TEMP lamp v i11  now i l l umina te  when switch S28 (LO-TEMP 
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TEsT/U\HP TEST) is  placed i n  LO-TEMP TEST pos i t ion .  
(+28 Vdc) is requi red  a t  KL7B to  reset relay K17. 
r e q u i r e s  ground support  equipment. 

A p o s i t i v e  vol tage  
This ieset c a p a b i l i t y  

b. M555 c r y s t a l  growth furnace operat ion.  

(1) Funct iona l  desc r ip t ion .  The c r y s t a l  growth f u r -  
nace contained th ree  l i k e  c r y s t a l  growth ampoules. Source material 
(gal l ium a r sen ide  po lyc rys t a l s )  w a s  d i s so lved  i n  l i q u i d  gallium s o l -  
vent a t  the  hot end of the  ampoule, t ranspor ted  by d i f f u s i o n  down the  
length  of t he  ampoule, and t i n a l l y  depos i ted  on a seed c r y s t a l  a t  t h e  
co ld  end of  t he  ampoule. The furnace was heated e l e c t r i c a l l y  a f t e r  
being i n s t a l l e d  i n t o  the  hea t  s i n k  of the M512 vacuum chamber. The 
furnace required hea t ing  f o r  approximately 100 hours t o  complete the  
c r y s t a l  growth process. 

(2) Theory of c i r c u i t  opera t ion .  Refer t o  f i g u r e  92 
f o r  a s impl i f i ed  e l e c t r i c a l  schematic. The subsequent d i scuss ion  i s  
based upon the  assumption t h a t  AM-Bus-1 power i s  present  t o  LNSTRUMEN- 
TATION POWER switch (S2) and the  toggle  of COM.?OSITE CASTING POWER 
switch (S25) and a l l  switches a r e  i n  the  following pos i t ions :  

COMPOSITE CASTING POWER, S25 = OFF 
CRSSTAL GROkTH POWER, SI0 = OFF 
INSTRUMENTATION BASE + METER/METER X10, S8 = MYTER X 1 0  
INSTRUMENTATION TEMP SOURCE, S9 = CHMBR W A L L  

INSTRUMENTATION POWER, S2 = AM BUS 1 
INSTRUMENTATION BASE TEMP OC, S 5  = o  

W i t h  switch S8 i n  the METER X10 pos i t i on ,  a coarse meter range 
is de-energized and no power is appl ied  t o  t h e  input  of t h e  23 v o l t  regu- 
l a t o r  c i r c u i t .  
nace h e a t e r s .  
s t a n t l y  suppl ied by the  power supply module t o  ope ra t e  re ference  junc- 
t i o n s  R J 1  and RJ2, a l l  thermocouple r e fe rence  junc t ions  mounted i n s i d e  
the  c r y s t a l  growth package and the work chamber pressure  t ransducer .  
These reference  junctio.is provide an output  s i g n a l  i n  m i l l i v o l t s  which 
is re ference  t o  0%. 

Therefore  no power is appl ied  t o  the c r y s t a l  growth fu r -  
A regula ted  vol tage  of _+ 10 v o l t s ,  however, i s  being con- 

With switch S 8  i n  the meter X10 pos i t i on ,  a c o a r s e  meter range 
of trom 0- 1000°C is  $isplayed on the INSTRUMENTATION TEMP meter ( M 4 ) .  
With switch S8 i n  BASE + METER pos i t i on ,  a nega t ive  bucking vol tage  of 
- 5  v o l t s  from the  power supply module is appl ied  t o  the temperature 
measurement a m p l i f i e r  (depending upon t h e  p a r t i c u l a r  p o s i t i o n  of t he  
INSTRUMENTATION BASE TEMP OC s rLtch  S 5 ) ,  caus ing  an a t t e n u a t i o n  of the 
scale on meter M 4  i n  steps of lOOOC from 0-9OOOC. 

The LNSTRUMEhTATION TEMP SOURCE switch (S9) and INSTRUMENTATION 
BASE TEMP OC switch ( S 5 )  being in  the  f u l l y  CCW pos i t i on ,  t he  thermocouple 

125 



output  s i g n a l  from re fe rence  junc t ion  RJ1 is being switched a c r o s s  
con tac t s  of S9 h - appl ied  t o  the  temperature ampl i f i e r .  IEJSTRUMENTA- 
TION TEMP meter 3 b ) ,  which is connected t o  the  ampl i f i e r  module, w i l l  
now i n d i c a t e  the  w a l l  temperature of the  work chamber i n  %. 
is c a l i b r a t e d  to  read i n  the  fol lowing ranges: 0-100-200-400-500-600- 

The e t e r  

700-880-900- lOOOOC . 
Having switched the  INSTRUMENTATION TEMP SOURCE switch one s t e p  

clockwise,  t h e  thermocouple output  from re fe rence  junc t ion  BJ2 is now 
being switched ac ross  d i f f e r e n t  c o n t a c t s  of S9 and app l i ed  to the  ampli- 
f i e r  module. INSTWMENTATION TEMP meter (U) w i l l  now i n d i c a t e  the  t em-  
pe ra tu re  of the  ambient air i n s i d e  t h e  work chamber i n  OC, 

A l l  o the r  clockwise s t e p s  of INSTRUISNTmION TEMP SOURCE switch 
(S9) w i l l  success ive ly  switch a l l  remaining s i x  thermocouple readouts  
coming from i n s i d e  the  c r y s t a l  growth furnace  to input  te rmina ls  of the  
ampl i f i e r ,  The processed and ampl i f ied  s i g n a l  w i l l  then be d isp layed  
by meter M4 v i a  output  te rmina ls  of the  ampl i f i e r .  

To apply power t o  t h e  c r y s t a l  growth furnace ,  CRYSTAL GROWTH 
POWER switch (S10) must be e i t h e r  i n  the  TEST o r  i n  t h e  ON pos i t ion .  
If t h i s  switch is i n  t h e  TEST pos i t i on ,  with COMPOSITE CASTING POWER 
OFF the  p o s i t i v e  s i d e  of AM-Bus-1 is being d i r e c t l y  suppl ied  t o  r e l a y  
K 1 8  c o i l  and through K 1 8  c o n t a c t s  t o  the  c r y s t a l  growth furnace.  The 
negat ive  s i d e  of AM-Bus-1 is being suppl ied  through con tac t  of S10 
(CRYSTAL GR0W.H POWER switch)  t o  K 1 8  and the c r y s t a l  growth furnace.  
The hea te r  i n s i d e  the  furnace i s  now energized.  

Turning the  CRYSTAL GROWTH POWER switch (S10) t o  the  ON p o s i t i o n  
(with COMPOSITE CASTING POWER switch (S25) i n  OFF) w i l l  apply the  posi-  
t i v e  s i d e  of AM-Bus-1 to  r e l a y  c o i l  K2. The negat ive  s i d e  of the  AM-Bus- 
1 is suppl ied thrcugh S25 and S10 (CRYSTAL GROWTH POWER switch! t o  r e l a y  
c o i l  K2. This  w i l l  energ ize  relay K2 and supply the  p o s i t i v e  s i d e  of 
AM-Bus-1 through i t s  now-closed con tac t s  4 and 6 ,  and 1 and 3, t o  the  
input  of the  23 Vdc regu la to r  c i r c u i t .  

The negat ive  s i d e  of t h e  supply vo l t age  is cor.nected t o  the  
nega t ive  s i d e  of the r egu la to r .  
an output  vo l tage  t o  the  p o s i t i v e  s i d e  of t h e  crystal growth f u r -  
nace. 

The 23 v o l t  r egu la to r  now w i l l  supply 

4. Zero-Gravity Flammabili ty (Experiment M479). 

a. Funct iona l  desc r ip t ion .  The ob jec t ive  o f  t h e  f l a w -  
b i l i t y  experiment was t o  e l e c t r i c a l l y  i g n i t e  f u e l  samples i n  an ambient 
spacec ra f t  environment and s tudy flame propagation under zero-gravi ty  
condi t ions  and the e f f e c t s  of water and vacuum extinguishment.  The 
func t ion  of the M512 f a c i l i t y  f lammabil i ty  c i rcu i t  (see f i g u r e  93) was 
to:  (1) t u r n  on and o f f  t he  f l o o d l i g h t  loca ted  in s ide  the  combustion 
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chamber, (2) t u r n  on and o f f  the SEQ REBDY light loca ted  on the control 
panel ,  (3) t u r n  the camera on and o f f  a t  t h e  proper  time, (4) t u r n  the 
sample i g n i t e r  on and o f f  and ( 5 )  i n d i c a t e  t o  the a s t r o n a u t  that the 
experiment'was completed by means of an e l e c t r o n i c  timer. 
of ope ra t ion  f o r  t h i s  c i r c u i t  was keyed i n  accordance with t h e  sequence 
requi red  t o  conduct the  f lammabil i ty  experiment. 

The mode 

There were s i x  r e l a y s ,  l abe led  K4, K5, K10, K12, K14 and K15. 
The con tac t s  of t hese  devices  were used to  sequence the  vol tage  used t o  
operate the  o the r  components. Also included i n  t h i s  c i r c u i t  were t h r e e  
lamps. 
bus t ion  chamber, before  t e s t i n g ,  f o r  t he  purpose of photo i d e n t i f i c a t i o n .  
The SEQ READY l i g h t  i l lumina ted  when t h e  f lammabil i ty  c i r c u i t  had been 
sequenced t o  the  s t e p  where the  experiment w a s  ready t o  i n i t i a t e .  
g i z ing  t h e  DATA START switch turned on t h e  i g n i t e r  and camera. 
TIME ELAPSED l i g h t  f l a shed  on and o f f  at the  end of t he  experiment. 
f o r  t h e  experiment was p r e s e t  by the  TEST TIME switch.  

The f l o o d l i g h t  i l l umina ted  t h e  test  specimen loca ted  i n  the  com- 

Ener- 
The TEST 

Time 

The 16 mil l imeter  d a t a  a c q u i s i t i o n  camera w a s  mounted on t h e  
M522 materials processing f a c i l i t y  and was used t o  photograph the  expe r i -  
ment opera t ion .  The camera, f o r  the  f iammabii i ty  experiment,  was con- 
t r o l l e d  (on or o f f )  by con tac t s  from r e l a y  K12. 
at 24 frames per second. 

Photography w a s  done 

Each i g n i t e r - f u e l  assembly cons i s t ed  o f :  a specimen, a plug, 
and an i g n i t e r  enclosed i n  a case with socket .  
w a s  made of nichrome wire, typeV,  having a r e s i s t a n c e  of 0.85 ohms 
per  inch.  
i g n i t e d  i n  the M512 chamber. 

The i g n i t e r  f i l ament  

The i g n i t e r - f u e l  assemblies  were used as f u e l  samples and 

b. Theory of c i rcu i t  opera t ion .  The f i rs t  observa t ion  t o  
be made when s tudying t h i s  c i r c u i t  i s  t o  note  t h a t  i t s  power source is 
from AM-Bus-1 28 Vdc supply. This  power source is  con t ro l l ed  by the  
ON/OFF FLAMMABILITY POWER switch (S21). 
pos i t i on  is the  f i r s t  s t e p  i n  the  opera t ion  of t h i s  c i r c u i t .  Subse- 
quent ly ,  t h i s  vo l tage  a c t i v a t e s  t he  16 h e r t z  o s c i l l a t o r  l oca t ed  on 
the  f l a m a b i l i t y  t iming module and the  5 Vdc r e g u l a t o r .  P o s i t i v e  
vo l t age  passes  through the  c losed  te rmina ls  5 and 6 of the  FLAMMABILITY 
SEQ READY/RESET switch t o  te rmina l  2 of the  FLAMMABILITY SEQ READY/ 
RESET and FLAMMABILITY SAMPLE I D  switches,  t o  te rmina ls  3 and 6 of 
relay K10, t o  te rmina ls  3 and 4 of Kl4, and t o  te rmina l  4 of K15. 
The o the r  pole of 521 supp l i e s  nega t ive  AM Bus vol tage  t o  the  c o i l s  
of K4, K10, K 1 2 ,  and K15; t o  J6-L; t o  te rmina l  4 of K5; t o  te rmina l  
5 of K4; t o  te rmina l  3 of K12; t o  the  t iming module; and t o  the  FLAMMA- 
BILITY SEQ READY l i g h t .  

Placing the  switch t o  the  ON 

The second s t e p  i n  ope ra t ing  the f lammabil i ty  c i r c u i t  is t o  
place the  FLAMMABILITY SAMPLE I D  switch (S20) ( sp r ing  r e t u r n )  t o  t h e  
ON pos i t i on .  This  a c t i o n  completes the  c i r c u i t  t o  t he  c o i l  of r e l a y  
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K10, causing K10 t o  be energized and its con tac t  t o  pick up. Contact 
K10 (4-6) c l o s e s  and completes the  c i r c u i t  t o  t he  c o i l  of K12. With 
t h e  c o i l  of K12 energized,  c o n t a c t s  IC12 (1-3) and K10 (1-3) complete 
the  c i r c u i t  t o  t he  f l o o d l i g h t .  Note t h a t  con tac t  K10 (4 -5)  opens t o  
prevent vo l tage  feedback t o  te rmina l  6 of the  FLAMMABILITY Sl?Q DATA 
START switch (S17). Contact  K12 (4-6) c l o s e s  and t u r n s  on t h e  16 
millimeter d a t a  a c q u i s i t i o n  camera. 
t o  i d e n t i f y  the  test specimen, the  FLAMMABILITY SAMPLE I D  switch (S20) 
is r e l eased  and t h e  c o i l  of K10 is de-energized,  con tac t  K10 (1-3) opens 
the  f l o o d l i g h t  c i r c u i t  ( the  l i g h t  goes o f f ) ,  and con tac t  K1C) (4-6) opens 
t h e  c i r c u i t  f o r  t h e  c o i l  of K12, de-energizing t h e  r e l a y  and subsequently 
turn ing  o f f  t he  d a t a  a c q u i s i t i o n  camera. 

When enough d a t a  have been taken 

The t h i r d  s t e p  is  to  s e l e c t  t h e  des i r ed  t i m e  i n t e r v a l  of t h e  
experiment by using t h e  FLAMMABILITY TEST TIME switch (S22). 

The lcourth s t e p  i n  opera t ing  t h i s  c i r c u i t  is t o  p lace  the  
FLAMMABILITY SEQ READY/RESET switch (S18) ( spr ing  r e t u r n )  t o  the  
READY pos i t ion .  This  a c t i o n  completes t h e  c i r c u i t  t o  t he  FLAMMABILITY 
SEQ READY l i g h t  and causes i t  t o  i l l umina te .  A c i rcu i t  i s  a l s o  com- 
p l e t ed  t o  the  c o i l  of K15, energ iz ing  the  relay, causing contac t  K15 
(4-6) t o  bypass swi t ch  S18 t o  t he  4-28 v o l t  supply. 

The f i f t h  and f i n a l  s t e p  i n  t h e  ope ra t ion  of t h i s  c i r c u i t  is 
t o  place t h e  FLAMMABILITY SEQ DATA ST-ART switch (S17) t o  t he  DATA START 
pos i t ion .  When t h i s  occurs ,  a cu r ren t  path is completed through con- 
t a c t  K5 (1-2) and the  i g n i t e r  is turned ON. In  a d d i t i o n ,  a vol tage  is 
present  ac ross  the  c o i l  of K4, causing con tac t  K4 (1-3) t o  C 1 0 8 e ,  thus  
bypassing switch S17; contac t  K4 (1-2) t o  open, thus  tu rn ing  the  FLAM- 
MABILITY SEQ READY l i g h t  o f f ;  and c o n t a c t  K4 (4-5) to  open, thereby reset- 
t i n g  the f lammabil i ty  t iming module t o  zero.  
START p o s i t i o n  a l s o  energ izes  K12 through c losed  c o n t a c t s  4 and 5 of 
K10, s t a r t i n g  the camera and present ing  negat ive  AM-Bus vo l t age  t o  the  
f l o o d l i g h t ,  and presents  -1-28 Vdc t o  t h e  c o i l  of Kl4 and t h e  FLAMMABILITY 
TEST TIME ELAPSED l i g h t .  
s i g n a l  from the  t i m e r  ene rg izes  relay K 5 ,  causing con tac t  K; (1-2) t o  
open the  i g n i t e r ' s  c i r c u i t  and con tac t  K5 (4-6) t o  c l o s e ,  thus  causing 
K 5  t o  become s e l f - l a t c h e d .  
FLAMMABILITY TEST TIME switch)  e l a p s e s ,  a 0.1 second s i g n a l  from t h e  
t imer tu rns  r e l a y  K14 ON and con tac t  K14 (1-3) c l o s e s ,  causing a 0.1 
second f l a s h  of the  f l o o d l i g h t  i n  the  chamber. Af te r  0.5 seconds have 
elapsed from the end of the  experiment,  an on/off s i g n a l  froil t he  timer 
f l a s h e s  the FLAMMABILITY TEST TIME ELAPSED l i g h t  a t  i n t e r v a l s  of 0.5 
seconds. 

P lac ing  S17 t o  t he  DATA 

Three seconds a f t e r  r e s e t t i n g  the  t imer ,  a 

When the  experiment t i m e  (chosen by the  

This  ends the  sequence of ope ra t ion  f o r  t he  f lammabil i ty  c i r -  
c u i t ;  the  c i r c u i t  is re turned  t o  i t s  o r i g i n a l  s tate by placing switches 
S17, S22, and S21 i n  t he  OFF pos i t i on .  
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5. Support ing E l e c t r i c a l  Systems. 

a. Ba t t e ry  d i scha rge  c i r c u i t .  

(1) Funct iona l  d e s c r i p t i o n .  The purpose of t h i s  c i r -  
c u i t  w a s  t o  d i scharge  t h e  b a t t e r y  t h a t  supp l i ed  power t o  the  M512 e l e c -  
t r i c a l / e l e c t r o n i c  c i r c u i t s  when the  M551, M5S2 and M553 experiments were 
completed o r  when the  a s t r o n a u t s  l e f t  Skylab. 

(2) Theory of c i r c u i t  opera t ion .  The c i r c u i t  i s  shown 
i n  f i g u r e  94 and c o n s i s t s  of a BATTERY DISCHARGE c i rcu i t  breaker  (CB6), 
a l i g h t ,  and d ischarge  and c u r r e n t - l i m i t i n g  r e s i s t o r s .  
TERY circui t  breaker CB1 c losed ,  t h e  d i scha rge  ope ra t ion  is i n i t i a t e d  
when CB6 is closed. 
resistors It39 and R40. 
b a t t e r y  power, bu t  i n  t h i s  c i r c u i t  are used to  l i m i t  t h e  c u r r e n t  through 
DISCHARGE l i g h t  L8. 
i l l umina ted  u n t i l  t h e  b a t t e r y  is v i r t u a l l y  discharged. When t h e  b a t t e r y  
is d ischarged ,  c i r c u i t  b reakers  CB1 and CB6 are then  opened. 

With MAIN BAT- 

The b a t t e r y  is mostly discharged through p a r a l l e l  
Resistors 837 and R38 d i s s i p a t e  some of t he  

L8 c o n s i s t s  of two redundant bu lbs  and remains 

b. Line f i l t e r  assembly. The purpose of t h i s  u n i t  was f o r  
f i l t e r i n g  any unwanted l i n e  t r a n s i e n t s  or r i p p l e  which otherwise might 
appear  at t h e  power i n p u t s  of t he  va r ious  experiment and c o n t r o l  modules 
of M512. It w a s  a l s o  designed t o  provide ample p r o t e c t i o n  a g a i n s t  any 
expected r a d i o  frequency i n t e r f e r e n c e  which could poss ib ly  upse t  and 
d i s t u r b  o the r  experiments feeding  from t h e  same 28 v o l t  bus, s i n c e  it 
was proven t h a t  while ope ra t ing  t h e  M551M553 specimen motors, t con- 
s i d e r a b l e  amount of i n t e r f e r e n c e  w a s  generated and appeared a t  va r ious  
power inpu t s .  On the  o the r  hand, t h i s  f i l t e r  a l s o  pro tec ted  the  M512 
experiments from r a d i o  frequency i n t e r f e r e n c e  being picked up and con- 
ducted i n t o  t h e  sys t em from some o u t s i d e  source. The l i n e  f i l t e r  con- 
s i s t e d  of chokes and c a p a c i t o r s  designed t o  f i l t e r  conducted, common 
mode, and l ine- to-ground noise  and t r a n s i e n t s .  

C. Experiment I n t e r f a c e s  

The Skylab i n t e r f a c e s  and s e r v i c e s  r equ i r ed  t o  opera te  the  
M512 f a c i l i t y  and perform t h e  a s soc ia t ed  experiments are desc r ibed ,  
and an assessment of the  performance of t h e  i n t e r f a c e  o r  s e r v i c e  is 
included i n  t h i s  subsec t ion .  

1. I n t e r f a c e s .  

a. Stowage. The launch stowage l o c a t i o n  f o r  a l l  M512 
f a c i l i t y  hardwart was i n  t h e  MDA. T a b l e  I summarizes t h e  pre-mission 
en*ii,ronmental requirements (C lus t e r  Requirements Specif i c a t i o , . )  and 
compares them wi th  t h e  a c t u a l  measured va lues .  A l l  requirements  were 
m e t  with one minor exception. The s l i g h t l y  lower p re -hab i t a t ion  
pressure  r e f l e c t e d  i n  the  t a b l e  d id  not  a f f e c t  t h e  M512 hardware. 
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A l l  hardware f o r  experiments M551, M552, M553 and M479 was launched 
e i t h e r  i n  the  M512 accessory c o r t a i n e r  o r  011 one of the  K512 mounting 
panels.  There were no stowage i n t e r f a c e  c o n t r o l  documents ( I C D )  f o r  
t h e  launch of t h i s  hardware. 

The t h r e e  M551 sample d i s k s ,  the M552 exothermic package, and 
the  two M553 sphere ca t che r s  ccn ta in ing  the experiment specimens were 
re turned  t o  Earth i n  Command Module (CM) 11.6 (SL-2). These stowage 
i n t e r f a c e s ,  con t ro l l ed  by I C D  13M13507, were success fu l ly  m e t .  

Although tkt  ,4555 experiment was not  performed on Skylab, ICD 
13M13507 a l s o  con t ro l l ed  t h e  launch of the  experiment s to rage  conta iner  
and the  r e t u r n  of tlie furnace i n  CM116. 

b. Mechanical. The M512 f a c l  . i t y  mechanical i n t e r f a c e s  
wi th  the  MDA were con t ro l l ed  by I C D  13M12161A. These i n t e r f a c e s  
included : 

M5:2 honeycomb panels t o  MDA longerons 4 and 5 
M512 vacuum vent  t o  MDA vacuum vent  system 
M512 b a t t e r y  vent  l i n e  t o  MDA vacuum vent  manifold system 
M512 l i n e  f i l t e r  j unc t ion  bos t o  AM power system cab le  

The d a t a  a c q u i s i t i o n  camera mechanical interface wi th  t h e  M512 
f a c i l i c y  was con t ro l l ed  by I C D  13M13546. 

The i n t e r f a c e s  of the i d i v i d u a l  experiments w i t k .  t h e  M512 
f a c i l i t y  are descr ibed elsewhere i n  Sec t ion  111. I C D s  were n o t  
app l i cab le  because t i n t e r f a c e s  were with the M512 f a c i l i t y  and 
n o t  t h e  MDA; f o r  i n t e r f a c e  documentation, the  M512-related exper i -  
ments were considered p a r t  of t h e  M512 f a c i l i t y .  

Based on the  crew voice comments and the  experiment crew de- 
b r i e f i n g ,  a l l  mechanical i n t e r f a c e s  werc success fu l ly  mct with t h e  
except ion of the M551 d c f l c c t i o n  mirror  i n t e r f e rence  wi th  the  e l e c t r o n  
bedm housing, discussed i n  Scctiori V I ,  wliicli d i d  not adverse ly  a f f e c t  
tlie experiment performance. 

c .  E l e c t r i c a l .  The M512 f a c i l i L y  e l c c t r i c a l  i n t e r f a c e  
wi th  the AM power bus was through a s ing le  connector and w a s  con t ro l l ed  
by I C D  40M35625. 
suppl ied  b>- AM-Bus-1 f o r  opera t ion  of M479 and ins t rumcnta t ion  didring 
M518 opera t ions .  Power t o  opera te  M551, M552, and M553 was suppl ied  by 
the M512 b a t t e r y .  
camera was con t ro l l ed  by I C D  40M35681. 

E l e c t r i c a l  power (7.15 amperes a t  nominal +28 Vdc) was 

The e l ec t r i ca l  i n t e r f a c e  for +!le d a t a  a c q u i s i t i o n  

A l l  e l e c t r i c a l  i n t e r f a c e s  were success fu l ly  met. 
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Although not launched, the e l e c t r i c a l  i n t e r f a c e  between the  
M555 s torage  conta iner  and CM116 was con:rolled by ICD 40M35753. This  
i n t e r f a c e  was rsqui red  t o  m i n t a i n  the  furnace above 29°C (85%) p r i o r  
t o  experiment operat ion.  
from AM B u s  1 during both the  s torage  and ope ra t iona l  modes. 

M555 would a l s o  have received e l e c t r i c a l  power 

d .  Instrumentat ion and communications. The M512 f a c i l i t y  
and r e l a t ed  experiments d id  not u t i l i z e  te lemetry.  

2 .  Service- .  The M512 f a c i l i t y  requi red  two s p e c i a l  s e rv i ces  
beyond the normal eiivironmental f a c t o r s  such as l i g h t i n g ,  temperatures,  
c t c .  The f a c i l i t y  required vacuum from two sepa ra t e  sources .  A vacuum 
of 1.33 x lo-’ newtons per  square meter (1 x 
10 cent imeter  ( 4  inch)  MDA vacuum system was requi red  f o r  the  e l e c t r o n  
beam gun opera t ion  and 6.7 x newtons per square meter (5 x 10-4 t o r r )  
was required f o r  the M518 experiment operat ions.  Experiment -52 requi red  
only a zero  pressure reading on t h e  work chamber pressure gauge and M479 
requi red  only the vacuum l i n e  va lves  be momentarily opened f o r  vacuum 
extinguishment and vent ing the products of combustion. Secondly, t he  
spacec ra f t  vaccum c ieaner  was used t o  i n i t i a t e  and maintain an a i r  Flow 
through the  work chamber For r e t r i e v a l  of the -53 spheres .  The des i r ed  
vacuum l e v e l s  wcre n i e t  p r io r  t o  a l l  experiment opera t ions  and the vacuum 
c leaner  operateJ  properly during M5.53, although the  M553 spheres  were not 
a f f e c t e d  by the  a i r  flow as  expected, mainly due t o  r e s idua l  magnetism 
i n  the sphere forming indexing motor. 

t o r r ;  through the  

The second se rv ice  requi red  by the  M512 f o c i l i t y  was spacec ra f t  
water .  The OWS water system was connected t o  the M512 water quench sys- 
t e m  f o r  M479 opera t ions .  The water s e rv i c ing  u n i t  umbil ical  mechanical 
i n t e r f a c e  t o  the f a c i l i t y  was con t ro l l ed  by I C D  13M13543. The water 
u m b i l i c a l  aeclianical i n t e r f a c e  was success fu l ly  m e t  al though the hand 
pump on L . . ~  water accumulator had t o  be used duriilg the a c t u a l  exper i -  
ment performance t o  spray water on the samplcs. This  is  discussed f u r -  
ther  i n  Sect ion V I .  
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SECTiON LV. VEKIF ICATION SUMMARY 

A .  Q u a l i i  c a t i o n  V e r i f i c a t i o n  

The M512 q u a l i f i c a t i o n  f a c i l i t y ,  AAP-2V, and a l l  assoc ia ted  
experiments underwent q u a l i f i c a t i o n  t e s t i i  g ,  accor i ing t o  tes t  spec i -  
f i c a t i o n  95M01900, frcm November 1971 through September 1972. Ver- 
i f i c a t i o n  t e s t s  were conducted a t  t h e  beginning of the  q u a l i f i c a t i o n  
program, a f t e r  unplanned even t s ,  following major hardware changps o r  
rep airs^ and a f t e r  t h e  complction of t he  q u a l i f i c a t i o n  tes t s .  The 
r e s u l t s  of t he  M512 and a s soc ia t ed  experiment q u a l i f i c a t i o n  tests a r e  
documented ir. q u a l i f i c a t i o n  t e s t  r epor t  70 TR1-95M10500-1. 

1. C&lification by T e s t .  T h e  experiment hardware was phys- 
i c a l l y  silbjc.c*ed l o ,  an8 passed, tile following q u a l i f i c a t i o n  t e s t s  : 

a. Vibrat ion 
b. Acoustic Noise 
c .  High Temperature 
d .  Low Ternperati*re 
e. Humidity 
f .  Electromagnetic IntrrLerence 
g .  Corona Discharge 

No shock t e s t i n g  was required bccausc the  M512 !lardwar :as i n s t a l l e u  
i n  t he  spacec ra f t  w i t h  shock i s o l a t o r s .  

2 .  Qual i f icat i .on by Analysis .  Analyses were performed t o  
v e r i f y  t h a t  t he  M512 f a c i l i t y  ana a s soc ia t ed  experiments mct t h -  
q b a l i f  i c a t i o n  l i m i t s  f c L  ; y~ 

a .  Oxygen como&tib i l i ty  
b. Fungus r e s i s t a n c e  
C .  Outgassing 
d.  S t r e s s  Corrosion 
e .  Flammability 
f .  Odor-offgassing 
g. Accelerat ion 

3 .  Hardware F a i l u r e s .  T1.e cxperirnent hcrdware sucLessful ly  
met a l l  q u a l i f i c a t i o r  c r i t e r i a .  A fcw component [ a r t s  were upgraded a s  
a r e s u l t  of the tes t s  and two hardware redesigns were -equired.  The 
f i r s t  modif icat ion added power input l i n c  e l e c t r i c a l  f i l t e r s  t o  a l low 

*Note r e fe rence  t o  many t e s t s  conducted throughout development o f  
experiment system, page 2 of t h i s  r c p o r t ,  

13.5 



t h e  M512 f a c i l i t y  t o  pass  t h e  electromagnet ic  i n t e r f e r e n c e  tests. 
second modif icat ion involved redes igning  the  f i 5 5  s to rage  con ta ine r ’ s  
hea t ing  blanket  t u  a l low the  M555 experiment to  pass i t s  low temperature 
test. 

The 

@.le problem t h a t  kept r ecu r r ing  throughout t h c  q u a l i f i c a t i o n  
!ests involve This  
problem maniL-..ed i t s e l f  by repea ted  a rc-outs  of t he  gun when f i r s t  
turncd on, causing daolage to  r e s i s t o r s ,  c a p a c i t o r s ,  diodes and t r a n s -  
formers i n  t h e  high vol tage  supply.  
r epa i r ed  a f t e r  each f a i l u r e ,  the cause of t he  f a i l u r e  could not  be 
diagnosed. It vas thought that the  f i lament  of t he  gun (at -20,OOC 
v o l t s )  w a s  arc’ng to  the  anode (ground p o t e n t i a l ) ,  but  even i n s t a l l i n g  
h igher  r a t e d  components d id  not  so lve  t h e  problem. 

Le e l e c t r o n  beam gun high vo l t age  power supply.  

Although t h e  damaged hardware was 

It vas not  u n t i l  December 1972 t h a t  i t  w a s  found t h a t  t he  cause 
of  t he  problem w a s  a grid-to-anode arc-out .  
designed, tested and found to e l imina te  the  problem. This  c i r c u i t  
modif icat ion was i n s t a l l e d  i n  a l l  M512 hardware. 

A modified c i r c u i t  w a s  

B. R e l i a b i l i t y  V e r i f i c a t i o n  

AllM512 hardware was designed so t h a t  i t s  p r o b a b i l i t y  of per- 
forming as intended was 0.997 o r  b e t t e r .  Based on the  f a i l u r e  modes 
and e f f e c t s  ana lyses ,  s i n g l e  f a i l u r e  pa in t  summaries, and the  f a i l u r e  
modes and c r i c i c a l i t y  e f f e c t s  ana lyses  performed on the  f a c i l i t y  and 
experime ‘ts, the  confidence l e v e l  p robab i l i t y  of t he  f a c i l i t y  and ex- 
p e r i k  c t s  performing the  requi red  func t ions  under t h e  d-f ined condi-  
t i o n s  a i  the  designated t i m e  for t he  s p e c i f i e d  opera t ing  period was 
as follows: 

1. M512 - 0.9974 
2. M551 - 0.999.511 
3. M552 - 0.999963 
4. M553 - 0.999509 
5. M554 - 0.999901 
6. a 5 5  - 0.998648 
7. M479 - 0.999 

C.  Acceptance V e r i f i c a t i o n  

P r i o r  t o  hardware d e l i v e r y ,  the  f l i g h t  unic  was subjec ted  t o  
acceptarxe t e s t i n g .  The procedures used to  perform these  t e s t s  were: 
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1. 7OTP1-95M10500 Materials Processing i n  Space 
Experiment M512 V e r i f i c a t i o n  
Test Procedure 

2. 83TPl-95M10001-900 a 1 2  Vacuum and Pressure  T e s t  Procedure 

3. 95Ml0900 M512 F a c i l i t y  and Hardware Electrical 
and O p t i c a l  Func t iona l ,  Acceptance, 
and Systems Checkout Procedures 

Two hardware modi f ica t ions  were requ i r ed  as a r e s u l t  Df t h e  
acceptance tests. 
t h e  work chamber ha tch ;  i t  w a s  found t h a t  s ix  clamps were requi red  to 
prevent leakage between t h e  ha tch  and work chamber. 
c a t i o n  r equ i r ed  redes ign  of t he  water quench metering system. 
o r i g i n a l  bellows des ign  of t h e  water quench system w a s  rep laced  wi th  a 
cy l inder -p lunger  type  water d i spense r  t o  improve t h e  r e l i a b i l i t y  of 
t!e system. 
ac  ce  p t ance t es t program. 

One involved t h e  a d d i t i o n  of t h r e e  sealing clamps t o  

The second modif i -  
The 

These redes igns  allowed s u c c e s s f u l  completion of t h e  

D. GrounG Support Equipment 

Numerous items of s p e c i a l l y  designed ground suppor t  equipment 
(GSE) were requi red  f o r  M512 assembly checkout, acceptance tests, and 
use r  s i te  t e s t i n g .  The fol lowing l is t  i d e n t i f i e s  t h e  major p ieces  of 
M512 GSE. 

9 5M108 10 
95M10820 
95Ml0850 
9 5M1087 0 
9 5M108 7 5 
95M10877 
9 5M1090 1 
9 5M109 3 0 
95M10980 
9 5M109 85 
95M11520 
9 5M11530 
9 5Ml1830 
9 5M1194 0 

HT15287 
253C372 

M512 Shipping Container  
M555 Shipping Container  
M512 Vacuiim System f o r  KSC Operat ions 
M512 Honeycorub Panels Shipping Container  
M512 Vacuum System f o r  McDonne11 Douglas Operat ions 
F l i g h t  Sample Shipping Container  
M512 Opt i ca l  Alignment F i x t u r e  
M512 E l e c t r i c a l  Checkout Box 
M512 O r b i t a l  Welder EB Gun Container Assembly 
M512 EB Welder Filament C a l i b r a t i o n  Unit 
M512 hi555 Thermocouple Simulator 
-55 Container  Checkout Unit 
M512 Power Housing Purge System 
M5;2/M555/M479 E l e c t r i c a l  Checkout Box 
M47Y Sequence Timer Checkout Box 
M512 Hois t ing  Tool 
EB Gun Removal Tool 
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SECTION V. MAN/MACHINE INTERFACES 

A major consideration in the design and development of the M512 
facility was the man/machine interface requirements. 
element in the success of the Skylab Program, and in particular of the 
materials processing experimentation. 
enhanced the system hardware performance and guaranteed achievement of 
nearly 100 percent of the planned Pxpcriment objectives. 
crews provided design inputs throughout the development program to in- 
crease the "workability" of the M512 facility systems, to save time in 
task performences, and most importantly to become perso2ally involved 
in the materials science research program and thereby aware of ;he impor- 
tance of the W 1 2  experimentation. The significance of this last state- 
ment became apparent in the first Skylab missiol? when it appeared that 
scheduling priorities might preclude the performance of a12 experiments. 
An interest in the program and a desire to operate the facility prompted 
Commander Conrad to request permission to perform the M512 experiments, 
even if it required that these experiment be done on his own "free time". 
A similar situation occurred on the last Skylab mission, when Commander 
Carr worked on his own time and late into his scheduled sleep periods to 
complete the M479 performances prior to the scheduled deadline for exper- 
imentation during final Skylab deactivation. These actions were the 
major impetus to the ultimate completion of all the M512 experimentation 
on Skylab. 

Man was a major 

The presence of the astronaut 

The flight 

The following paragraphs outline the man/machine requirements 
and crew involvement in the facility design and development phases. 

A. Design Requirements 

Concurrent with establishment of the Skylab dry workshop concept 
in 1969, a concerted effort was initiated to firmly define the manhachine 
interfaces. Prior to this time, there was no definition of astronaut 
design requirements. Specific crew system documentation was included in 
the following documents that established mandatory development criteria: 

1. MSFC RS003M00003 Cluster Requirements Specification 
2. MSFC 10M32447A Human Engineering Design Require- 

ments for AAP Experiments 
3.  MSFC 10M32158A Man/System Design Requirements 

for Orbital Workshop, Multiple 
Docking Adapter, Airlock Module, 
and Apollo Telescope Mount 

4 .  MSFC-STD-267A Human Engineering Design Criteria 
5 .  MIL-STD-1472 (DOD) Human Engineering Design Criteria 

for Military Systems, Equipment, 
and Facilities 

6. End Item Specifications 

138 



B. Design V e r i f i c a t i o n  

I n  .addi t ion t o  documented requirements,  s p e c i f i c  requirements  
evolved and were recognized as a r e s u l t  of a c t i v e  p a r t i c i p a t i o n  by 
f l i g h t  crew members i n  reviewing and monitor ing the  H512 des ign  progress.  
Frequent  formal crew reviews were he ld  a t  MSFC and c o n t r a c t o r  f a c i l i t i e s  
and included a t  least one prime crew member. C r e w  p a r t i c i p a t i o n  occurred 
both as des igna ted  crew review meetings and as crew review p o r t i o n s  of 
system des ign  reviews. 

The accumulative i n p u t s  from t h e  crew increased  t h e  e f f e c t i v e -  
n e s s  of t h e  f a c i l i t y  from a human f a c t o r s  s tandpoin t  and gave t h e  a s t r o -  
nau t s  the i n t e r i o r  arrangement and man/machine i n t e r f a c e s  they  des i r ed .  
The crew p a r t i c i p a t e d  i n  t h e  following M512 reviews: 

1. 
2. 
3. 
4. 
5 .  
6 .  

7. 
8. 
9. 

June 1967 
June 1968 
March 1970 
A p r i l  1970 
December 1970 
December 1971 

March 1972 
May 1972 
March 1973 

Astronaut  C r i t i q u e  of E lec t ron  Beam Gun 
M492hl493 Pre l iminary  Design Review (PDR) 
M512 C r e w  S t a t i o n  Review (CSR) 
M512 PDR 
M512 C r i t i c a l  Design Review 
MDA C r e w  Co artment F i t  and Funct ion 

Div is ion  
M512 CSR a2d C S 2  a t  MSFC 
AM/MDA C$2 a t  McDonne11 Douglas, S t .  Louis 
Skylab C F a t  KSC 

Reviews (C 2 T  F ) a t  Mar t in  Marietta, Denver 

Also, t h r e e  o p e r a t i o n a l  and two mockup systems were b u i l t  f o r  
crew t r a i n i n g  and procedures v e r i f i c a t i o n .  
a t  MSFC used the  o p e r a t i o n a l  q u a l i f i c a t i o n  u n i t  f o r  es tab l i shment  of 
crew procedures and a mockup u n i t  was provided f o r  HSFC crew system per -  
sonnel.  
were de l ive red  t o  JSC t o  be used €or crew t r a i n i n g .  I n  a d d i t i o n ,  an 
o p e r a t i o n a l  system was developed and used on KC-135 ze ro -g rav i ty  sim- 
u l a t i o n  f l i g h t s  f o r  procedural and des ign  v e r i f i c a t i o n .  

The development l abora to ry  

An opera t iona l  system and a mockup sys t em f o r  t h e  MDA t r a i n e r  
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SECTION VI. OPERATIONS ANALYSIS 

A. F l i g h t  Operat ions Summary 

This  summary p resen t s  d i scuss ions  of f a c i l i t y  and experiment 
ope ra t ions  and a n  eva lua t ion  o f  t he  hardware performance f o r  each 
Skylab mission dur ing  which they were operated. 

1. H512 Materials Processing F a c i l i t y .  

a. F a c i l i t y  opera t ions .  One crewman was requ i r ed  f o r  f ac -  
i l i t y  and experiment opera t ions .  Operat ion of three experiments (M.551, 
M553 and M479) requi red  cont inuous crew p a r t i c i p a t i o n ;  however, t he  
o t h e r  experiments '  ope ra t ions  were e s s e n t i a l l y  automatic  a f t e r  i n i t i a l  
setup.  
cluded i n  ind iv idua l  experiment paragraphs of t h i s  s ec t ion .  C r e w  pro- 
cedures  f o r  t he  f a c i l i t y  v e r i f i c a t i o n  and a l l  experiment sequences were 
included i n  the  MDA Experiment Check l i s t  and Log. The t y p i c a l  opera- 
t ional sequences f o r  an experiment u t i l i z i n g  the  f a c i l i t y  are sunanar- 
ized  i n  t h e  fol lowing paragraphs.  

A d e t a i l e d  d i scuss ion  of each experiment 's  performance is i n -  

The experiment prepara t ion  sequence was e s s e n t i a l l y  t h e  expe r i -  
ment equipment i n s t a l l a t i o n  and p repa ra t ion  of the f a c i l i t y  f o r  r x p e r i -  
ment opera t ion .  The procedure involved experiment hardware t r a n s f e r  
and i n s t a l l a t i o n  i n  the  work chamber with tne  requi red  f a c i l i t y  accessory  
hardware (e.g., mirrors, f i l t e r s ,  etc.). During experiment prepara t ion ,  
the  da t a  a c q u i s i t i o n  camera w a s  a t t ached  t o  t h e  camera mount on t h e  work 
chamber e x t e r i o r  f ace  f o r  those  experiment ope ra t ions  involv ing  photo- 
graphy. The c o n t r o l  and d i sp lay  panel switches were properly configured 
f o r  t he  p a r t i c u l a r  experiment opera t ion  and the  chamber r e p r e s s u r i z a t i o n  
valve was closed.  

The experiment ope ra t iona l  sequence included the  crew procedures 
requi red  t o  opera te  t h a t  p a r t i c u l a r  experiment.  The vacuum work chamber 
was vented t o  space vacuum and a f t e r  t he  des i r ed  vacuum leve l  was ob- 
t a ined ,  t he  crewman i n i t i a t e d  the  experiment performance. Following the  
experiment performance, the  chamber was r ep res su r i zed  by c l o s i n g  the  
two vacuum vent  valves  and then opening and c los ing  the  r e p r e s s u r i z a t  ion 
valve.  

The experiment te rmina t ion  sequence was t h e  removal and stowage 
of t h e  experiment and f a c i l i t y  hardware. The experiment samples and 
f i l m  were stowed €or  r e t u r n .  The f a c i l i t y  c o n t r o l s  and va lves  were 
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returned to pre-operational positions. 
closed and latched. 

The work chamber hatch was 

(1) SL-1/2 operations. The facility verification was 
performed at 1353 GMT, June 11, 1973, before any experiment performances. 
The facility verification was performed once during a mission and was 
essentially a post-launch inspection of the facility condition and switch 
configuration. 

The first experiment performed was M551 (Metals Melting) on 
June 12 and 13. Experiment M553 (Sphere Forming) performances were 
accomplished on June 13 through 15. Experiment M552 (Exothermic Braz- 
ing) was performed on June 15 and 16. Following the M552 Operations, 
the W12 battery discharge was initiated on June 16. 
experilnent timeline information is presented in the following indivi- 
dual experiment discussions. 

More detailed 

Experiment M555 (GaAs Crystal Growth) was planned to be per- 
formed during SL-1/2. However, the experiment was first postponed and 
eventually cancelled from the Skylab Program due to mission-level con- 
straints (see 4ubsection A.5 following). 

(2) SL-3 operations. The facility was not originally 
planned for use during the SL-3 mission. However, late in that mission, 
crew time became available and the M518 experiments, scheduled for SL-4 ,  
were performed on SL-3. 
associated experiments utilized the M512 facility. 

The &IS18 multipurpose electric furnace and its 

(3) SL-4 operations. Experiment M79 (Zero-Gravity 
Flammability) was performed on February 4, 5 and 7,  1974. For details 
on the M479 operational sequence, refer to subsection A.6. Several 
M518 experiments were resupplied and performed again on SL-4. 

b. Hardware performance. This paragraph includes the per- 

As an example, 
formance of facility subsystems and facility hardware items that were 
used during the operations of more than one experiment. 
the electron beam subsystem was used for M551 and M553 experiment ob 
tions ar,d is therefore evaluated in the W 1 2  facility section. 

a- 

(1) SL-1/2 performance. Experiment operations (W51, 
M552, M553) during the first Kission required the most extens!.ve use of 
the M512 facility subsystems and hardware during the Skylab Program. 
This operation of experiments M551 and M553 constituted the only elec- 
tron beam subsystem used during the Skylab Program. 
battery was utilized as the power source. Essentially all the hardware 
items (except the M479 items) stored in the equipment storage container 
were used at least- once during this mission. 

On SL-112, the M512 
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The f a c i l i t y  performed as designed with two exceptions: 

(a) Time-to-vacuum. Pre-mission t i m e  estimates 
were b a s i c a l l y  a n a l y t i c a l  i n  na tu re ,  s i n c e  a c t u a l  time-to-vacuum d a t a  
had never been obtained during a manned mission. 
minutes t o  reach t h e  d e s i r e d  pressure l e v e l  of 1.33 x newtons per 
square meter (1 x t o r r )  w a s  used t o  e s t a b l i s h  pre-mission experiment 
t ime l ines .  During t h e  f i r s t  chamber evacuat ion f o r  performance of -51, 
a p p r o x i m t e l y  2.5 hours were required t o  o b t a i n  t h i s  vacuum l e v e l .  
s u b s t a n t i a l  amount of outgassing w a s  expected dur ing  t h e  i n i t i a l  chamber 
evacuat ion;  however, t he  increased t i m e  may i n d i c a t e  t h a t  t h e  space vac- 
uum pumping a b i l i t y  of t h e  immediate Skylab environment w a s  no t  as e f f i -  
c i e n t  as p red ic t ed .  
M551 and is not  considered a f a c i l i t y  anomaly. 

An esrimate o f  30 

A 

The s i t u a t i o n  d i d  n o t  a f f e c t  the performance of 

A t  1500 GMT on June 12,  t he  crew s t a t e d  t h a t  they were "not 
g e t t i n g  any reading on the  f i l amen t  chamber p re s su re  meter", but  t h e  
work chamber pressure gauge showed a zero reading. The work chamber 
pressure gauge regisLered from 1 x lo5 t o  z e r o  Iiewtons per  square meter 
(15 t o  z e r o  pounds p e r  square  inch) p re s su re ,  and the crew later r e l a t e d  
t h a t  t h i s  gduge went t o  z e r o  immediately a f t e ?  t h e  vacuum vent va lves  
were opened. The f i lament  chamber p;essure gauge (vacuum gauge) r e g i s -  
t e r e d  from 6.7 x 10-1 to  1.33 x 10-3 newtons per square meter ( 5  x 
t o  1 x t o r r ) ,  u t i i : . z ing  a sensor  located i i :  t he  e l e c t r o n  beam f i l a -  
ment chamber, while  the  work chamber pressur*l sensor  w a s  located i n  the  
work chamber i t s e l f .  The vacuum gauge sensoL as located i n  t h a t  posi-  
t i o n  because ttic vacuum l e v e l  was more c r i t i c c l L  ,.I t h e  f i lament  chamber 
f o r  the  e l e c t r o n  beam gun a c t i v a t i o n / o p e r a t i o n  than t o  experiment opera- 
t i o n s  i n  t h e  work chamber. 

The f i lament  and work chambers were connected by a 1-9 cent imeter  
(0.75 inch)  diameter l i n e  with a valve (f i lament  chamber vent 
valve).  As a r e s u l t  of t h i s  conf igu ra t ion ,  a t i m e  l a g  was expected 
bctwren a zero pressure reading on the work chamber pressure gauge and 
Llie a c t i v a t i o n  of the fi lament chamber pressure gauge. This  proved t o  
~)t' :he case i n  t h i s  s i t u a t i o n  because, at  17G4 GMT on June 12, t he  
C ~ L W  s t a t e d  chat t he  f i lament  chamber pressure gauge "was j u s t  very 
slow comiiig on l ine" ,  bl;t t h a t  thc  proper pressure l e v e l  was obtcliried 
and M551 ope ra t ions  had begun. 

Each of the two subsequent pump-downs f o r  t he  remaining M551 
samples rcquircd approsimately 1 hour. The f i r s t  M553 speciinen 
w!icel was i n s t a l l e d  i n  the  work chamber p r i o r  t o  thc June 13 s l e e p  
period. The work chamber was evacuated during t h e  s l e e p  period t o  
e s t a b l i s h  a goad vacuum f o r  t h e  f i r s t  M553 opera t ion  e a r l y  i n  the  next 
crew workday. As a s a f e t y  precuat ion,  the vent valve conf igura t ion  
during s l c e p  per iods was one valve i n  the  f u l l y  OPEN pos i t i on  and the  
otiicar valvc i n  t l ic VEKT p o s i t i o n  (90 pcrccint c losed) .  On June 14,  t he  
crew statc'd t h a t  t ~ i e  vacurm gauge reading was 1.33 x 10-3 newtons p e r  
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-5 squa re  meter (1 x 10 t o r r ) ,  which was t h e  bes t  vacuum obtained i n  
t h e  chamber dur ing  t h e  Skylab missions.  

During the  M553 ope ra t ions ,  the  vacuum problem cont inued,  wi th  
extra  evacuat ions i n  excess  of 1 hour r equ i r ed  a f t e r  mel t ing only one 
o r  t w o  M553 samples. C r e w  c h e c k l i s t s  and t ime l ines  had been formulated 
with t h e  assumption t h a t  the  pressure i n c r e a s e  t h a t  or w r e d  during 
sample melt ing would be eas i iv  removed between sample ope ra t ions .  How- 
eve r ,  i t  appeared t h a t  t he  pressure continued t o  inc rease  t o  a point  
where the  crewman had t o  i n t e r r u p t  ope ra t ions  a f t e r  only a few samples 
t o  a l iow the  chamber vacuum t o  be r ees t ab l i shed  before  cont inuat ion.  
These longer and more frequent  de l ays  t o  r e e s t a b l i s h  t h e  d e s i r e d  vacuum 
impacted t h e  mission t ime l ines ,  and u l t i m a t e l y  led  t o  an e a r l y  termina- 
t i o n  of t he  second M553 specimen wheel t o  a s s u r e  s u f f i c i e n t  t i m e  for 
t h e  performance of M552. 

(b) ElecLron beam gun ope ra t ion .  The M512 e l e c -  
t r o n  beam gun f a i l e d  t o  t u r n  o f €  when  he READYIRESET switch was oper- 
a t ed  t o  terminate  opera t ions  a f t e r  the t h i r d  and last M551 sample on 
June 13. Th i s  anomaly a l s o  occurrcd i n t e r m i t t e n t l y  during t h e  M553 
performances. The s i t u a t i o n  was continuously monitored, malfunction 
i s o l a t i o n  a n a l y s i s  performed, and s e v e r a l  work-around procedures f o r -  
mulated. These procedures enabled success fu l  completion of a l l  M553 
s a m p l e s ,  except those not  processed due t o  t h e  timc-to-vacuum c o n s t r a i n t s  
j u s t  discussed.  See subsec t ion  B f o r  a d i s c u s s i o n  of the  EB gun 
anomaly . 

(2 )  SL-3 performance. The M518 multipurpose e l e c t r i c  
furnace system u t i l i z e d  the  M512 f a c i l i t y  during t h i s  mission. The 
M518 system i s  not eva1uatt .d i n  t h i s  r e p o r t ;  however, t h e  M512 f a c i l i t y  
involvemenL i n  the M518 ope ra t ions  w i l l  be discussed a t  t h i s  t i m e .  

‘liie ?“lit3 system operateci e s s e n t i a l l y  independently of t h e  M512 
f a c i l i t y  a f t e r  i n s t a l l a t i o n ,  w i t h   he only requircments on t h e  f a c i l i t y  
being establ ishment  of a proper vacuum and a c t i v a t i o n  of t he  f a c i l i t y  
vacuum gauge f o r  pressure v e r i f i c a t i o n .  

There was no requirement f o r  the  crew t o  record t h e  t ime-to- 
vaLuum f o r  the M512 o r  M518 experiments. However, t o  o b t a i n  a second 
d a t a  po in t ,  the  crew w a s  asked t o  record the time-to-vacuum €or experi-  
ment M562 ( t h e  second experiment i n  the  M518 s e r i e s )  The crew repor t ed  
t h a t  only 9 minutes were required t o  reach 6 . 7  x newtons pe r  
square meter (5 x t o r r )  as  compared t o  a premission estimate of 
apprnvimately 30 minutes. It  should be noted tha t  t h e  g r e a t e r  
amount o f  hardware outgassing would have occurred during the  i n i t i a l  
chamber evacuation ( a f t e r  the  i n s t a l l a t i o n  of t h e  M518 furnace) r a t h e r  
than between experiment o p e r a t i m s  (when t h i s  d a t a  point was taken) ,  
but t h e  i n i t i a l  ekacuation times wc,rt. not rccorded. 
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(3) SL-4 performance. The M512 f a c i l i t y  support  of 
M518 ope ra t ions  was t h e  same on t h i s  mission as on SL-3, and a l l  support  
requirements were m e t .  It i s  i n t e r e s t i n g  t o  note  t h a t  when t ime-to-  
vacuum was recorded on t h i s  mission,  45 t o  90 minutes were requi red .  

The las t  experiment opera t ion  performed was M479, ze ro -g rav i ty  
f l a m a b i l i t y ,  and the  f a c i l i t y  performed s a t i s f a c t o r i l y  dur ing  these  
opera t ions .  
d i scussed  with t h e  M479 experiment i n  subsec t ion  A.6. 

The problems a s soc ia t ed  with t h e  water  quench nozzle  are 

2. M551 Metals Melting. 

a. Experiment opera t ions .  Each experiment ope ra t ion  
involved mounting a sample d i s k  t o  t h e  M551 d r i v e  assembly and i n s t a l -  
l i n g  t h i s  i n  t h e  M512 work chamber. 

Phys ica l ly ,  t he  M551 experiment was performed i n  a convent ional  
The mel t ing  process  was accomplished by u t i l i z i n g  welding tes t  manner. 

t he  e l e c t r o n  beam as a hea t  source and r o t a t i n g  the  metal d i s k  through 
t h e  beam path. 
d i s k  was approximately 4 cent imeters  (1.5 inches)  from the  e l e c t r o n  
beam por t .  

The beam power w a s  about 1.6 k i l o w a t t s  and the  sernple 

The beam was i n i t i a l l y  a l igned  on a t a r g e t  which was a s m a l l  
The d i s k  w a s  then  r o t a t e d  piece of tungsten embedded i n  the  sample. 

and the  metal melted t o  some depth along the  beam's t r ack .  The molten 
metal a t  t he  t r a c k  c e n t e r  became superheated with a s t e e p  temperature 
g rad ien t  from the  cen te r  t o  t h e  edge of t he  molten metal pool. As t he  
d i s k  moved through the  beam, the  melted metal l e f t  behind s o l i d i f i e d  
very r a p i d l y  s i n c e  t h e  rest of  t he  plate served as an e f f e c t i v e  hea t  
s ink .  

Fv: i c  J i c g  t h i s  welding ope ra t ion ,  t he  sample d i s k  was advanced 
t o  a p r e L c x i t d  r \ s i t i o n  and the  beam allowed t o  impinge on one spot  
(dwel.!) . -..-i:hw: -ample r o t a t i o n ,  f o r  a predetermined t i m e  per iod.  
Motin:\ F i t  ;.::YE *?;re faken of t he  e n t i r e  mel t ing process .  

:ne YS5: f u n c t i m a l  o b j e c t i v e  (FO) performances a r e  summarized 
be low: 

F01 ( S t a i n l e s s  S t e e l )  - June 12, 1973, a t  1740 GMT 
F02 (Aluminum) - June 12 a t  2223 GlfT 
F03 (Tantalum) - June 13 a t  9030 GKC 

These t imes a r ?  approximate, based upon crew rea l - t ime comments, vo ice  
recorded d a t a  and the published f l i g h t  plan.  

b. Hardware performance . The M551 \hardware operat  ed a s  
designed w i t h  one except ion.  As the  crewman prepared the  chamber f o r  
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t h e  f irst  -51 ope ra t ion ,  he made the  fol lowing report: 

"I c a n ' t  account f o r  t h i s  because I know t h a t  i t  was f i t  
about t e n  times, but  t h e  mir ror  (IT551 d e f l e c t i o n  mir ror )  
over  the  e l e c t r o n  beam gun would not f i t  today because 
t h e  e l e c t r o n  beam m u s t  have s h i f t e d  dur ing  launch, t h a t  
is  the  only  th ing  t h a t  1 can th ink  o f .  Now is the re  any 
way t h a t  t h ing  can move around i n  t h e r e  o r  move i n  i t s  
adjustments ,  because the  mi r ro r ,  I got  the  mir ror  on i t  
and you can see through i t  OK by j u s t  using one screw 
(Calfax f a s t e n e r ) ,  but  i t  l acks  f i t t i n g  by a good one- 
eighth of an inch t o  the o the r  screw because i t  i n t e r -  
f e r e s  with the  e l e c t r o n  gun . . . I welded the  plate 
OK, i t ' s  a l l  r i g h t  . . . w e  took photographs of it." 

Malfunction a n a l y s i s  was immediately performed on the  q u a l i f i -  
c a t i o n  u n i t  a t  MSFC. 
any movement i n  t h e  e l e c t r o n  beam gun, but  r a t h e r  t h a t  t h e  f l i g h t  u n i t  
d e f l e c t i o n  mir ror  frame was improperly assembled. Th i s  assumption was 
proved c o r r e c t  by examination of t h e  photograph (see f i g u r e  95) taken 
by t h e  crew t o  record  t h i s  s i t u a t i o n .  The photograph shows t h a t  t he  
upper Cal fax  f a s t e n e r  i s  a l igned  as evidenced by the  b lack  alignment 
marks; however, the  lower Ca l f ax  f a s t e n e r  d id  not a l i g n  wi th  i t s  mount- 
ing ho le ,  as descr ibed  by the  crew. The reason f o r  t h i s  c l ea rance  
problem is t h a t  t h e  l e f t  edge of  the  mir ror  frame assembly is r e s t i n g  
a g a i n s t  t h e  e l e c t r o n  beam housing (center  of photograph); t h e r e f o r e ,  
the  lower Cal fax  f a s t e n e r  cannot be pos i t ioned  f a r  enough to  the  l e f t  
to  a l i g n  wi th  the  hole .  
the  mirror frame was designed t o  f i t  over t he  e l e c t r o n  beam housing 
t o  avoid t h i s  i n t e r f e r e n c e  problem. 

It was concluded t h a t  t h e  problem d i d  not  involve 

The notch machined i n t o  t h e  r i g h t  edge of 

The crew was c o r r e c t  when they s t a t e d  t h a t  s e v e r a l  f i t  checks 
had been performed; however, a f te r  the  f i n a l  M512 checkout a t  KSC, 
test mir rors  were rep laced  by the  f l i g h t  mi r ro r s .  The d e f l e c t i o n  
mir ror  frame had t o  be disassembled t o  accomplish t h i s  replacement,  
and the  frame was reassembled upside-down, o r  with the  notch f ac ing  
oppos i te  t he  e l e c t r o n  beam gun housing. This  s i t u a t i o n  was not  con- 
s ide red  an anomaly, s i n c e  a l l  M551 ope ra t ions  were completed w i t h  no 
problems. 

C r e w  observa t ions  of the  experiment performance were voice-  
recorded during the  mission. I n  a d d i t i o n ,  crew cvmments on the  
experiment were made dur ing  t h e  SL-1/2 Crew Debrief ing ( J u l y  6 ,  1973). 

3. M552 Exothermic Brazing. 

a .  Experiment opera t ions .  The M552 experiment ope ra t ions  
involved package i n s t a l l a t i o n  i n t o  the M512 work chamber and chamber 
evacuat ion t o  space vacuum (zero pressure on the work chamber 
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vacuum gauge). 
c o n t r o l  panel TRIGGER switch.  
f o r  the  complete r e a c t i o n ,  with approximately 2 hours and 45 
minutes requi red  for sample cool ing.  Each sample i g n i t i o n  and cooldown 
was a sepa ra t e  func t iona l  ob jec t ive .  A f t e r  package i n s t a l l a t i o n  and 
sample 1 i n i t i a t i o n ,  t he  crewman was only  requi red  to  returr l  a t  p r e -  
determined times t o  i n i t i a t e  t he  remaining samples. 

The sample i g n i t i o n  was i n i t i a t e d  by a c t u a t i o n  of the  
Approximately 90 seconds were requi red  

The M552 experiment ope ra t ion  was performed by the  SL-2 crew 
as a shopping l i s t  item and not  scheduled i n t o  the  SL-2 t imel ine .  
fou r  M552 samples were completed. 
were as follows: 

A l l  
The approximate completion t imes 

F01 - June 15, 1973 a t  1745 GHT 
F02 - June 16,  1973 a t  0300 GMT 
F03 - June 16, 1973 a t  0900 GMT 
F04 - June 16, 1973 a t  1200 GMT 

(Times noted above are approximate,  based upon crew real-time voice  com- 
ments.) 
and the  -12 b a t t e r y  discharge i n i t i a t e d  a t  2010 GMT on June 16. 

The crew s t a t e d  t h a t  the  M552 terui inate  c h e c k l i s t  was complete 

b. Hardware performance. The M552 exothermic package p e r -  
formed as designed with no d iscrepancies .  

4. M553 Sphere Forming. 

a.  Experiment opera t ions .  The f i r s t  specimen wheel (F01) 
was i n s t a l l e d  i n  the  work chamber p r i o r  t o  the  June 13, 1973 sleep pe r -  
iod.  The work chamber was evacuated t o  space vacuum dur ing  the  s l e e p  
per iod t o  e s t a b l i s h  a proper vacuum f o r  the  f i r s t  opera t ion .  

A t  1500 GPE, June 13, the  crewman repor ted  t h a t  he had performed 
the  i n i t i a l  e l e c t r o n  beam gun a l i  nment f o r  opera t ion .  
t he  vacuum had reached 1.33 x 10 
i n  the  work chamber, but t h a t  he had experienced d i f f i c u l t y  i n  performing 
proper alignment and t h a t  outgassing was causing the  vacuum l e v e l  t o  de-  
grade.  The poss ib le  outgassing cause was d iscussed  and i t  was concluded 
t o  be a normal s i t u a t i o n  due t o  the  tungs ten  t a r g e t  ou tgass ing  l e v e l .  
I n  add i t ion ,  any contamination i o n i z a t i o n  on the sphere forming assembly 
could a l s o  have caused vacuum degradat ion.  

He s t a t e d  t h  t -3 newtons per square meter (1 x lo-’ t o r r )  

The 16 mill imeter f i l m  coverage of the  opera t ion  began with the  
t h i r d  permanently mounted sample and i t  i s  not c l e a r  why the re  was no 
f i l m  coverage of the  tungsten t a r g e t  alignment and the  f i r s t  two sample 
melt ing opera t ions .  However, a f i l m  review of the f i r s t  specimen wheel 
d id  i n d i c a t e  t h a t  the  e l e c t r o n  beam was aimed too  c l o s e  t o  the  sample 
mounting s t i n g  i n t e r f a c e .  
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F01 opera t ions  were s t a r t e d  a t  1615 GMT, June 13. The crew, 
r epor t ing  (1701 GPE)  on the  f i r s t  specimen wheel ope ra t ion ,  d e - x i b e d  
the success fu l  completion of t he  f i r s t  t h ree  samples and s t a t e d  t h a t  the  
e l e c t r o n  beam gun au tomat i ca l ly  turned of f  a f t e r  second of the  nor- 
mal ly  5 second melt time on the f o u r t h  sample. The f l i g h t  f i lms  re- 
vealed t h a t  t he  e l e c t r o n  beam s t r u c k  the  ceramic Cast, which could ‘Lave 
melted the  nichrome wire i n s i d e  the  pos t ,  r e s u l t i n g  i n  automatic  e l e c t r o n  
beam cu to f f .  The crew r e i t e r a t e d  t h a t  t he  vacuum l e v e l  continued t o  
degrade during e l e c t r o n  beam gun opera t ion .  They s t a t e d  t h a t  whenever 
t h e  f i lament  chamber pressure  gauge reading approached 1.33 x lom2 newtons 
per  square meter (1 x loe4 t o r r ) ,  they would terminate e l e c t r o n  beam gun 
ope ra t ion  i n  accordance with t h e  c h e c k l i s t  and wait  f o r  the  pressure  
l e v e l  to  decrease.  

1 

Experiment ope ra t ions  on specimen wheel I were completed a t  ap- 
proximately 1300 G M l ,  June 14, and specimen wheel 2 ope ra t ions  were be- 
gun at approximately 1749 GMT, Jupe 14. Af t e r  completion of seven sam- 
p l e s ,  F02 opera t ions  were terminated a t  0022 G F D  June 15 t o  a l low time 
f o r  experiment M552 to  be performed. 

b. Hardware performance. The hardware operated e s s e n t i a l l y  
as expected, with two minor except ions.  The f i r s t  except ion involved 
t h e  sample release and e a r l y  beam c u t o f f  
graph 4.a. The second except ion concerned the  sample r e t r i e v a l  method. 
The crew repor t ed  dur ing  the  crew debr i e f ing  t h a t  t h e  samples t h a t  d id  
r e l e a s e  from the  wheel were found a t t ached  t o  t h e  motor housing in s t ead  
of i n  t h e  sphere ca tcher .  The vacuum c leane r  r e t r i e v a l  method d i d  not  
p u l l  any samples i n t o  the spherc ca t che r s .  The crew had t o  manually 
r e t r i e v e  a l l  the  samples and place them i n t o  the  sphere ca t che r s .  The 
most l i k e l y  cause i s  t h a t  t h e  motor c rea ted  et:ough magnetism t o  a t t r ac t  
the  f l c z t i n g  metal spheres .  

a l r eady  d iscussed  i n  para- 

5. M555 G a A s  C r y s t a l  Growth. 

NOTE: Experiment M555 was not  performed dur ing  the Skylab Program. 
This  d i scuss ion  i s  included f o r  information pe r t a in ing  t o  the  experiment 
and documents the  reasons why i t  was not  launched. 

a. Experiment opera t ions .  The ope ra t iona l  sequence would 
have involved the furnace removal from the launch con ta ine r  and i n s e r -  
t i o n  i n t o  the  M512 chamber hea t  s i n k  cav i ty .  The furnace was t o  be con- 
nected using the  zero-g connector ,  and experiment ope ra t ion  i n i t i a t e d  by 
a c t i v a t i o n  of a c o n t r o l  panel switch.  
(115 hours) would not hhve requi red  crew p a r t i c i p a t i o n .  

The subsequent ope ra t ion  t i m e  

(1) SL-1/2 opera t ions .  The  hardware was scheduled t o  
be launched i n  the  SL-2 Command Module and performed i n  the  M512 chamber 
dur ing  t h i s  mission. However, due t o  t h e  SL-1 launch anomaly, the  launch 
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con ta ine r  was removed from the  SL-2 CM t o  provide a d d i t i o n a l  lacnch 
space f o r  t h e  contingency equipment. 

(2) SL-3 opera t ions .  Approval was obtained f o r  launch 
and performance of M555 on thc SL-3 mission,  and t h e  launch con ta ine r  
was stowed i n  the  CM. However, a t  t h e  SL-3 F l i g h t  Readinesb Review on 
July 24, 1973, t he  con ta ine r  was de le t ed  t o  a l low e a s i e r  stowage of t he  
contingency r a t e  gyro "six-pack" hardware. 

(3) SL-4 opera t ions .  The hardware was included on a 
p r i o r i t y  list f o r  launch i n  t h e  SL-4 CM; however, t he  hardware was not  
launched on SL-4. The experiment hardware is c u r r e n t l y  s to red  a t  MSFC 
i n  t h e  event  t h a t  a f u t u r e  program may provide an oppor tuni ty  f o r  per- 
f ormance . 

6 .  M479 Zero-Gravity Flammabili ty.  

a. Expeilment opera t ions .  A t y p i c a l  M479 experiment opera- 
t i o n  involved the i n s t a l l a t i o n  of a sample on the  sample holder  and con- 
nec t ion  of t h i s  assembly t o  t h e  zero-g connector i n  the  work chamber. 
The work chamber had been f i l l e r '  wi th  cab in  a i r  and t h e  chamber r ep res -  
s u r i z a t i o n  valve was c losed .  Ti . sample i d e n t i f i c a t i o n  (ID) number w a s  
recorded on t h e  f i l m  by a c t i v a t i o n  of t he  SAMPLE I D  switch.  
i g n i t i o n  occurred when the  DATA START swi tch  was a c t i v a t e d  and the  camera 
au tomat ica l ly  r an  f o r  t he  t i m e  period preset on the  c o n t r o l  panel.  

Sample 

Sample extinguishment was accomplished by one of chree mzthods: 
self-ext inguishment  o r  sample burnout by i t s e l f ;  vacuum qcench or  open- 
ing of the  vent  l i n e  t o  space vacuum; o r  water quench (i.e., spray ing)  
of the sample w i t h  0.06 l i t e r  (2 ounces) of water. An a d d i t i o n a l  
ph tograph of the  sample was taken af ter  the  burnout o r  extinguishment 
was completed. 

The M479 opera t ions  began on Mission SL-4, February 4 ,  1974, a t  
1340 GMT. 
ever, due t o  o t h e r  p r i o r i t y  ope ra t ions ,  the crew was a b l e  t o  f i n i s h  
only samples 1 through 30 dur ing  t h i s  time. 

A l l  37 opera t ions  were scheduled du r ing  one crew day; how- 

Samplqs 1 through 12 cons i s t ed  of two samples of each material 
t h a t  were allowed t o  burn undis turbed t o  t e s t  fo r  se l f -ex t inguishment .  
Samples 13 through 18 cons i s t ed  of one sample of each material t h a t  
t e s t e d  the  vacuum mode of extinguishment.  
the  water quench extinguishment mode and the e f f e c t s  of war.er impinge- 
ment on the  sample. It was dur ing  sample 2 1  opera t ions  t h a t  the crew 
made the  fol lowing r epor t :  

Samples 19 through 24 t e s t e d  

"Okay, I ' m  t r y i n g  t o  do i t  r i g h t  now. I ' v e  doqe samples 
19 and 20, and the  water-quLnch system is not working 
properly . . . the  lower nozzle appears  t o  be completely 
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plugged. 
t r y  t o  unplug i t .  
d r i b b l e  r a t h e r  than a n ice  spray. 
I 've  gone back and complezely reserv iced  the  system 
again,  and w e ' l l  t r y  i t  over  again." 

And I j u s t  don ' t  have time to  mess with i t  t o  

So Khat I ' ve  done i s  
The upper nozzle  j u s t  sends ou t  a 

That report t :s =de a t  0119 GMT, February 5, and was the  las t  scheduled 
conversation with the crew t h a t  day. 

It was concluded from d a t a  given t h a t  a i r  may have been present  
i n  the  water system or umbil ical  and r e se rv ic ing  should c o r r e c t  t h i s  
s i t u a t i o n .  No malfunctian a c a l y s i s  was performed s i n c e  the re  w a s  no 
crew contact  a f t e r  t h i s  r epor t  was made. 

However, the  recorded tapes  received the  fol lowing morning re -  
l a t ed  t h a t  t he  crew continued t o  experience t h i s  problem with the  water 
system. 
19 through 24 anci samples 25 through 30 before  r e t i r i n g  a t  approximately 
0300 Gm, February 5. 
ported by the  mounts, t o  observe t h e  pa ths  and rates of f l o a t  as the  
sample material burned away from the specimen mount. 

The crewman reported tba: he f in i shed  water-quench samples 

Samples 25 through 30 were only p a r t i a l l y  sup- 

There were no plans to complete t e s t i n g  the  remaining seven 
samples; however, on February 7 ,  t ' e  crewman "nished t e s t i n g  the  
last samples on h i s  own t i m e .  T!ii;ie samples (samples 31 chr-ugh 37) 
t e s t ed  "flashover" between t w o  sample materip!. s t r i p s  t h a t  were sep- 
a ra ted  by gaps c -  various dimensions; 0.3, 0.6, and 1.3 cent imeters  
(1/8, 1/4 and l/i inches).  

The following l is t  summarizes the  sample ope ra t ion  times: 

Sample 1 - 1340 GMT, February 4 ,  1974 
2 - 1409 GMT, February 4,  1974 
3 - 1447 GMI, February 4 ,  1974 
4 - 1502 GMT, February 4 ,  1974 
5 - 1516 GMT, February 4 ,  1974 
6 - 1527 G M I ,  February 4 ,  1974 
7 - 1545 G M I ,  February 4 ,  1974 
8 - 1552 G M I ,  February 4 ,  1.914 
9 - 1600 Gm, February 4 ,  1174 

10 - 1927 Gm, February 4 ,  1974 
11 - 1942 GMI, February 4,  1974 
12 . 1952 GKC, February 4 ,  1974 
13 - 2021 GMT, F e t  u '  .; 4 ,  1974 
14 - 2028 GW, FeLL 4 ,  1974 

16 - 2051 G M I ,  February 4 ,  1014 
17 - 2117 GMT, February 4 ,  197$ 
18 - 2126 GMT, February 4 ,  1974 

15 - 2035 GMT, Fe! 3 .;. :v 4,  1974 
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19 - 0055 GKI, February 5, 1974 
20 - 0114 GKT, February 5, 1974 
21 - 0134 GHT, February 5 ,  1974 
22 - 0142 GMT, February 5, 1974 
23 - 0155 GMT, February 5, 1974 
24 - 0214 G M I ,  February 5, 1974 
25 - 0230 GMI, February 5 ,  1974 
26 - 0236 GMT, February 5, 1974 
27 - 0240 GMT , February 5, 1974 
28 - 0258 GMI, February 5, 1974 
29 - 0301 GMT, February 5, 1974 
30 - 0306 G M I ,  February 5, 1974 
31 - 0258 GMT, February 7,  19i; 
32 - 0303 GMT, February 7, 1974 
33 - 0306 GMI , February ?, 1974 
34 - 0310 Gm, February 7, 1974 
35 - 0314 GMT, February 7,  1974 
36 - 0319 GPE, February 7, 1974 
37 - 0323 GMT, February 7, 1974 

b. Hardware performance. A l l  M479 hardware performed as 
designed,  with t h e  except ion  of t h e  water quench syste,... There was no 
oppor tuni ty  t o  perform any water-quench malfunct ion i s o l a t i o n .  
the  fol lowing morning, the  problem w a s  d i scussed  wi th  the  Skylab water 
management personnel.  They s t a t e d  t h a t  t he  records  ind ica t ed  t h a t  t he  
water tank  t o  which the umbi l ica l  was a t t ached  had not  been pressur ized  
(with n i t rogen)  s i n c e  t h e  SL-1/2 mission. The SL-4 crew procedures d i d  
not  r e q u i r t  a check of t h i s  system because pre-mission planning 
upon t h a t  tank being pressur ized .  Therefore ,  i t  was concluded t h a t  i n -  
su f fLc ien t  tank pressure  caused the  water-quench problem. 

However, 

based 

The crew was a b l e  t o  work around the  problem t o  some e x t e n t  by 
u t i l i z i n g  the  accumulator hand w m p  loca ted  on the  water-quench accumu- 
l a t o r  top. This  accumulator ~ 9 . 7 ~  was designed t o  ' Issure t h a t  t h e  accum- 
u l a t o r  contained s a f f i c i e n t  water p r i o r  t o  t h e  f i r s t  water-quench oper-  
a t ion .  
o b t a i n  some water-quench da ta  on a t  least  two samples. This  problem was 
not  considered a hardware anonaly. 

The crewman's hand pump u s e  provided s u f f i c i e n t  water pressurtr t o  

B. Hardware Anomalies 

T h e  M512 e l e c t r o n  beam anomaly was f i r s t  repor ted  a t  0038 GMT 
on June 13, 1973, a f t e r  the  "dwell" sequence ( e l e c t r o n  beam f ixed  on 
one p o i n t )  on t h e  t h i r d  M551 sample, when Skylab Commander Conrau made 
the  fo ' lowing voice t ransmission (with some terminology co r rec t ions ) :  

"On t h e  t h i r d  p l a t e ,  when I got  t o  the  c r o s s  and was doing 
the  pooling (dwell) ,  a t  t he  end of t h e  amount of  t i m e  f o r  
t he  e l e c t r o n  beam gun t o  be on, I h i t  t he  r e a d y l r e s e t  switch 
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t o  t u r n  i t  o f f  and i t  would not t u r n  o f f ,  So I reached 
up and turned o f f  t h e  f i l /beam power switch.  
beam o f f ,  but  I could hear  something c l i c k i n g  away back by 
t h e  b a t t e r y ;  t h e  XSKV meter was s t i l l  on f o r  some reason. 
The only way I could g e t  t h i s  shut  o f f  w a s  t o  p u l l  t h e  main 

Plugged main b a t t  cb  back on and s u r e  enough t h e  XSKV w a s  
s t i l l  on. Turn on t h e  f i l /beam power switch and t h a t  
turned t h e  XSKV meter o f f .  About t h a t  t i m e ,  t h e  elec- 
t r o n  beam came on by i t s e l f ;  so I decided a r e l a y  was 
s t i c k i n g  o r  something. I pul led t h e  f i l  b a t  cb  t h i s  
time and reset i t ,  and t h a t  a c t i o n  reset every th ing  
t h a t  was wrong i n  there .  I f i n i s h e d  t h e  specimen." 

This  shut  t h e  

bat; Cb. 'n'ciit t:iXau&i wdlLCuiir.iiuii y ~ u ~ r d u r r s  - L ~ : L ' v .  

Malfunction i s o l a t i o n  t o  one component could not  be completed 
with t h e  d a t a  a v a i l a b l e  from t h i s  voice communication. A work-around 
procedure and a malfunction i s o l a t i o n  procedure were developed a t  MSFC 
f o r  upl ink to  t h e  crew a f t e r  t h e i r  s l e e p  period on June 13. Assuming 
t h a t  t h e  t h i r d  M551 specimen remained i n  the  chamber (per  f l i g h t  plan) ,  
i t  w a s  concluded t h a t  t h e  e l e c t r o n  beam gun condi t ion  could be d e t e r -  
mined on June 13 f o r  M551 te rmina t ion  and stowage. The fol lowing 
recommendations were made concerning implementation of t h e  procedures: 

1. Perform t h e  procedures on t h e  M551 specimen s t i l l  i n  t h e  
chambers. 

2. I f  che e l e c t r o n  beam gun opera tes  normally, proceed with 
M553 opera t ions  per  crew c h e c k l i s t .  

3. If the e l e c t r o n  beam gun malfunct ions,  proceed with mal- 
func t ion  i s o l a t i o n  procedures. I t  should be performed t o  
o b t a i n  t h e  information requi red  t o  suppor t  a proper deci-  
s i o n  on f u r t h e r  opera t ions  of t h e  M553 and M552 exper i -  
ments. 

However, when t h e  crew w c s  contac ted ,  Commander Conrad reported 
t h a t  he had a l ready  removed t h e  M551 sample and i n s t a l l e d  the  f i r s t  
M553 sample.  The procedures were rev ised  f o r  implementation dur ing  the  
M553 opera t  ion.  

Commander Conrad s t a t e d  t h a t  he had a l ready  begun with M553 
alignment. 
informed t h a t  M553 opera t ions  should be continued using t h e  normal crew 
c h e c k l i s t .  The e l e c t r o n  beam gun operated normally f o r  t h e  f i r s t  f i v e  
M553 sampl.-s on specimen wheel 1. The malfunct ion reoccurred a t  t h i s  
time and :function procedures were again formulated.  Commander Conrad 
continued t o  perform the M553 opera t ions ,  completing t h e  f i r s t  specimen 
wheel and seven of the  14 samples on t h e  second wheel. The malfunction 
occurred i n t e r m i t t e n t l y  and Conrad used a l t e r n a t e  procedures t o  shut  of€ 
the  beam a t  these  t imes.  

The e l e c t r o n  beam gun operated normally and t h e  crew was 
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1. Discussion of Elec t ron  Bsam C i r c u i t  Operation. There are 
t h r e e  means of de-energ iz ing  the e l e c t r o n  beam welder dc t o  dc power 
supply,  see f i g u r e s  96 and 97: ( a )  t h e  f a s t  c u t o f f  c i r c u i t ,  (b) r e l a y  

"off" s i g n a l ,  the f a s t  cu to f f  c i r c u i t  should normally switch o f f  +28 
Vdc b a t t e r y  power t o  the  power t r a n s i s t o r  d r i v e r  t ransformer and s t o p  
c u r r e n t  f low t o  the  main power t r a n s i s t o r  bases .  This  a c t i o n  is i n i t i -  
a t e d  i n  about 10 t o  20 microseconds a f t e r  t h e  de-energ iza t ion  s i g n a l  
(READY/RESET) is generated,  and t h e  -20 kV output  vo l t age  w i l l  start t o  
decay. Input  c u r r e n t  from the  28 Vdc b a t t e r y  is switched o f f  i n  about  
1 mi l l i second except  f o r  t he  b a s i c  o s c i l l a t o r  which draws 1.5 t o  2 
amperes. The f a s t  cu to f f  c i r c u i t  a l s o  opera tes  r e l a y  K501 which de- 
energ izes  r e l a y  K7 t o  open-c i r cu i t  t h e  c o n t r o l  c i r c u i t ,  de-energ ize  the  
c o i l  of r e l a y  K 3 ,  and completely remove a l l  power from the  b a s i c  o r b i t a l  
welder 28 t o  20 kV dc  t o  dc conver te r .  The except ion i s  the  e l e c t r o n  
beam gun f i lament  supply which is switched o f f  manually v i a  the  FIL/BEAM 
CONT switch.  
conver te r  i n  10 t o  20 mil l i seconds  t o  completely tu rn  o f f  t h e  power 
supply and o s c i l l a t o r .  O f  --wrse, opening the  MAIN BATTERY c i r c u i t  
breaker  removes a l l  b a t t e r .  
o s c i l l a t o r ,  and the  EB gun .lent supply.  The high vo l t age  28 t o  
20 kV dc t o  dc conver te r  e l e c t r o n i c  components can  be damaged due t o  a 
l a rge  rise i n  output  vo l t age  ( g r e a t e r  than -40 kV) i f  the  f i lament  power 
is removed and t h e  dc t o  dc conver te r  power i s  l e f t  on. The worst  case  
is i f  the  high v o l t  power supply is turned on without  having f i r s t  
heated up the  EB gun f i lament  f o r  a t  least a few seconds. I n  t h i s  case, 
a rc ing  w i l l  almost certa; .nly take place wi th in  the  h igh  vo l t age  power 
supply. I n  the  p a s t ,  t h i s  mode of opera t ion  has  caused permanent damage 
t o  high vol tage  components and could c r e a t e  a r c i n g  paths  from high t o  
low vol tage  su r faces  o r  te rmina ls .  

KJ, ana i c j  the -< ijh-rLxi c;;'cu;i 7"rea.&ei* ..--- :-:-:-.-:-rr ..c -.- u y u l r  & . . A C I O L I U L L  V I  u.. 

Relay K3 removes a l l  c u r r e n t  t o  t h e  28 t o  20 kV dc t o  dc 

r from the  c o n t r o l s ,  EB power supply,  

a. Fas t  c u t o f f  c i r c u i t  opera t ion .  >. :-I of the  f a s t  c u t -  

swi tch ,  Filament 
of f  c i r c u i t  i s  as fo l lows ,  r e f e r  t o  f i g u r e  96. 1 .c EB power s u p p l y  
is opera t ing  and the READY/RESET swi tch ,  FIL/BEAM C O h I  
Chamber Valve In t e r lock  switch,  0-. the  -53 s t i n g  i n t e r l o c k  switch ( see  
f i g u r e  96) a r e  opened, a pulse  is  generated on the  secondary of t r a n s -  
former T501 and a pulse is t ransmi t ted  t o  the  g a t e s  of s i l i c o n  con t ro l l ed  
r e c t i f i  rs ( S C R ' s )  4506 and Q108. 4108 s h o r t s  the  base of QlO9 t o  ground 
t o  switch off  power t o  the power t r a n s i s t o r  d r i v e r ,  and reduces the cur -  
r e n t  through the main r e l a y  K 3  con tac t s  from approximately 90 amperes 
t o  approximately 2 amperes. I n  the meantime, SCR 4506 has t r i gge red  and 
i n i t i a t e d  ene rg iza t ion  of r e l a y  K5C1 t o  de-energize r e l a y s  K 7  and K3. 

b. Backup cutoff '  c i r c u i t  opera t ion .  Should the  fas t  c u t -  
o f f  c i r c u i t  malfunction and f a i l  t o  i n i t i a t e  f a s t  c u t o f f  K3 opens and 
breaks about 100 amperes r a t h e r  than tile des i r ed  2 amperes. Also,  i f  
the  f a s t  cu to f f  and K 3  f a i l  t o  opera te  proper ly ,  the MAW BATTERY c i r -  
c u i t  breaker must be opened to  shut  of f  the EB power s u p p l y .  
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2. Problem on Skylab. With t h i s  bas i c  understanding cf  t he  EB 
c u t o f f  c i r c u i t  opera t ion ,  a review w a s  made t o  a s c e r t a i n  the equipment 
malfunctions from Commander Conrad's malfunct ion report of June 12,  a long 
with h i s  answers t o  ques t ions  posed a t  the  SL-112 debr i e f ing  held J u l y  6 ,  
1973. 
not t u r n  of f  t he  EB power supply,  and the  e l e c t r o n  beam continued. 
review of f i g u r e  97 i n d i c a t e s  t he  fol lowing most l i k e l y  candida tes  which 
could cause f a i l u r e  of the  EB power supply and beam t o  c u t  off  normally: 

Commander Conrad i n i t i a l l y  repor ted  t h a t  t he  READYIRESET switch d i d  
A 

1.a. No f a s t  cu to f f  i n i t i a t i o n .  

1.b. Relay K3 s tuck  closed.  

1.c. Poss ib le  READY/RESET switch m a l f u n c t i m  

1.d. K7 r e l a y  s tuck  c losed .  

1.e. K501 r e l a y  s tuck  c losed .  

1 . f .  Shorted capac i to r  C507. 

Next, Commander Conrad repor ted  t h a t  he turned o f f  L ~ C  FIL/BEAM CONT 
switch.  The e l e c t r o n  beam switched of f  s i n c e  the EB f i lament  was 
turned o f f ,  bu t  t he  EB power supply continued t o  cperate as  evidenced 
by a reading on the high-vol tage meter (Conrad c a l l e d  i: XSkV meter) .  
Had r e l a y  K7 been s tuck  closed o r  had the  READYIRESET switch con tac t s  
been s tuck  c losed ,  opening the  FIL/BEAM CONT 
moved power to  the  K3 r e l a y  c o i l  and de-energized the  EB power supply.  
This  s e r i e s  of events  reduces the  more probable malfunction causes  to: 

switch would have re- 

2.a. No f a s t  cu to f f  i n i t i a t i o n .  

2.b. Relay  K3 s t i c k i n g  closed (mechanical bind or  
con tac t s  welded). 

2.c. No f a s t  cu to f f  and capac i to r  C507 s imultaneously 
shorted but r e l a y  K3 OK. 

It is almost c e r t a i n  that f a s t  cu to f f  w a s  i n t e r m i t t e n t ,  as 
w i l l  Le expl3ined later.  Relay K3 could have been s tuck ,  but n e i t h e r  
failure of the fast cu to f f  c i r c u i t  nor a sticking relay would neces- 
s a r i l y  be the  source of t he  c l i c k i n g  sound Conrad repor ted .  
c l i c k i n g  sound near the  b a t t e r y  could have been r e l a y  K3, but only 
condi t ion  2.c., above, could even begin to exp la in  the  c l i c k i n g  unless  
a loose or shorted wire en tered  i n t o  the p i c tu re .  A loose wire seemed 
unl ike ly  based on later events .  
tiie only l o g i c a l  source of con t ro l  power t o  the c o i l  of re lay K3 i s  
through a shorted 0.1 pF blocking capac i to r  C507 and transformer T501. 
Both components a r e  located i n  the  WcsLLnghouse EB power supply. In 

The 

With the FIL/BEAM CONT switch open, 
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t h i s  ca se ,  r e l a y  K7 wouid be energized v i a  the  normally open contac t  of 
K3, t h e  READY/RESET switch,  K7's own normally open con tac t ,  and K501. 
This  condi t ion  could cause K3 relay t o  o s c i l l a t e  under p rec i se ly  the  
c o r r e c t  amount of shor ted  r e s i s t a n c e  of capac i to r  C507. I n  f a c t ,  t h i s  
theory was t e s t e d  on a breadboard EB u n i t ,  but i t  appeared to  be too  
c r i t i c a l  ir,  terms of the necessary r e s i s t i v e  value of C507 to be con- 
s idered .  Besides ,  the  next event  almost e l imina te s  t h i s  malfunct ion 
as a candidate  a l toge the r .  

The more probable source of t he  repor ted  c l i c k i n g  sound w a s  
e i t h e r  no ise  generated by main t ransformer T201 o r  high-vol tage a rc ing  
i n s i d e  the  e l e c t r o n  beam c a n i s t e r .  This  no i se ,  o r  a r c ing ,  would be due 
t o  the  high-vol tage supply output  becoming open-circui ted when the  FIL/ 
BEAM CONT switch was turned o f f .  Next, Conrmander Conrad opened the  
MAIN BATTERY c i r c u i t  breaker .  This  event turned o f f  everything.  How- 
eve r ,  upon r ec los ing  the MAIN BATTERY c i r c u i t  b reaker ,  t he  high-vol tage 
supply caw back on as ind ica t ed  by the high-vol tage meter. With the  
FIL/BFAM COhT switch open, t he re  is no way t o  re -energ ize  K7 o r  K3 
without  r epea t ing  the  normal s t a r t - u p  rout ine .  Yet, the -20 kV power 
supply resta d. The high vol tage  output  was then open-circui ted.  
This  restart  J i r t u a l l y  e l imina te s  poss ib le  cause 2.c because relay K7 
would not  be de-energized fol lowing complete power shu to f f  and a 
normally opera t ing  K 3  would be blocked from energ iz ing  the  EB power 
supply.  This leaves causes  2.a. and 2.b. as p r i m e  suspec ts .  

In  the next event ,  Commander Conrad turned on the FIL/BEAM 
CONT switch with the -20 kV power supply a l r eady  on. 
-20 kV meter then went t o  zero ,  bu t  soon the  e lec t rc ,  =am came on (and 
the meter had t o  r e t u r n  t o  -20 kV). It  is t h e o r i z e  the  unheated EB 
gun arced (shor ted)  LO t h e  anode when hea t ing  power -5 appl ied  (FIL/ 
BEAM CONT s w i t 2 h  c losed)  t o  the EB f i l amen t ,  causi i ,g  the  output  vo l tage  
t o  approach zero.  However, due t o  a n  i n a c t i v e  f a s l  c u t o f f  p r o t e c t i v e  
c i r c u i t ,  t h e  e l e c t r o n  beam vas f i n a l l y  e s t ab l i shed  when the  EB f i lament  
reaclwd opera t ing  t empera tu re .  T h i s  t i m e ,  Conrad pul led and r e s e t  the 
F I L  BATT c i r c u i t  breaker and t h r :  EB power supply turned o f f .  I f  
relay K3 had remained s tuck ,  t h i s  F I L  BATT c i r c u i t  breaker  cyc l ing  
would not  have turned o f f  the  -20 4 V  supply. Therefore ,  either noise  
or s i g n a l  due t o  the high-voltage e l e c t r i c a l  t r a n s i e n t  c r ea t ed  b j  
cyc l ing  the F I L  BATT c i r c u i t  breaker m u s t  have f i n a l l y  a c t i v a t e d  the 
f a s t  cu to f f  c i r c u i t .  
s t i c k i n g  relay K 3  t o  open normally. Later, dur ing  the  opera t ion  of 
M553, Commander Conrad s t a t e d  t h a t  the  EB sometimes turned off normally 
and sometimes required opening the  M A I N  BATTERY c i r c u i t  breaker .  It 
w a s  evident from the re turned  d a t a  a c q i i s i t i o n  16 mi l l imeter  fi?iu t h a t  
the  M553 i n t e r lock  switches loca ted  i n  the M553 p inh iee l  were working 
properly t o  cu t  off  the e l e c t r o n  beam when t h e  specimens melted. How- 
e v e r ,  those times relay K 3  s tuck  c losed ,  t he  e l e c t r o n  beam impingment 
point  was bcing t r ans fe r r ed  from the specimen t o  a tungsten protective 
p l a t e  behind the e l e c t r o n  beam l ens  c o i l .  This  t r a n s f e r  took place from 

Pe repor ted  the 

Relay K50L probably energized th i s  time, caus ing  
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t h e  moment the  specimen i n t e r l o c k  switch ( c i r c l e  A i n  f i g u r e  9 7 )  
r e l eased  u n t i l  the  MAM BATTERY c i r c u i t  breaker  w a s  opened. 
d i t i o n  occurred because release of the  i n t e r l o c k  switch normally (1) 
tu rns  o f f  the  EB gun, and (2) t u rns  o f f  the beam zig-zag and focus 
c o i l s .  This abnormal cond i t ion  was v e r i f i e d  on the  W12 q u a l i f i c a t i o n  
u n i t ,  and would undoubtedly r e s u l t  i n  cons iderable  tungsten outgassing 
near  the  EB gun f i l amen t  and the vacuum gaugs sensor.  Therefore ,  heat- 
ing of t he  tungsten p la te  i n  back of the  l ens  c o i l  would account f o r  
some of the  vacuum problems repor ted  during M553 operat ions.  This  
M553 repor t  from Ccni.id and the  above a n a l y s i s  i n d i c a t e s  t h a t  t h e  most 
probable  cause(s)  of  the e r r a t i c  t u rno f f  c i r c u i t  were: 

This con- 

3.a. E r r a t i c  f a s t  cu to f f  c i r c u i t  ac t iva t ion .  

3.b. Sof t  s t i c k i n g  o r  mechanical binding of K3 r e l a y  
main con tac t s .  

3. C i r c u i t  and Component Tes ts .  

a. Breadboard tests.  MSFC has t e s t e d  its EB power supply 
breadboard t o  sub jec t  t he  K3 r e l a y ,  a Hartman Company Model N419 per  
MSFC Spec i f i ca t lons  95M10111-1 and 40M38626, to  the  condi t ions  imposed 
by a non-act ive f a s t  cu to f f  c i r c u i t  (i.e., t he  r e l a y  breaking 100 
amperes, induct ive) .  This  condi t ion  has  been t e s t e d  f o r  2000 on-off 
cyc le s ,  a t  least 10 times the  number of opera t ions  of the  f l i g h t  u n i t  
r e l a y ,  with no f a i l u r e .  
were ins t rumenta l  i n  the  i n i t i a l  development of t h i s  family of r e l a y s  
f o r  MSFC, and of course,  with the  Hartman Company. But no one has  been 
a b l e  t o  pin-point  the  f a i l u r e  mode. This  r e l a y  f a i l u r e  w a s  random i n  
na ture  and cannot always be dupl ica ted  on the  bench even i f  the  r e l a y  
were a v a i l a b l e  f o r  tes t  and ana lys i s .  There has  been only one o the r  
such  Hartman NA19 relay f a i l u r e  on t h i s  program and t h a t  was during 
i n i t i a l  EB power supply t e s t i n g  a t  Westinghouse. That f a i l u r e  was 
t raced  t o  the u s e  of i r o n  washers on the main relay te rmina ls ,  c r e a t -  
ing overheat ing and f i n a l l y  contac t  s t i c k i n g .  Of course,  the  proper 
hardware was i n s t a l l e d  i n  the f l i g h t  hardware. This f a i l u r e  a t  
Iiestinghouse occurred during maximum dura t ion  t e s t i n g ,  and w a s  u l t i -  
mately respons ib le  f o r  t he  vendor adding the f a s t  cu to f f  c i r c u i t  t o  
tu rn  o f f  the power t r a n s i s t o r s  p r i o r  t o  r e l a y  K3 opening. S i g p i f i -  
can t ly ,  i t  was a l s o  found t h a t  the  EB breadboard f a s t  cu to f f  c i r c u i t  
f a i l c d  t o  func t ion  about a t h i r d  of t he  time due t o  marginal s i g n a l  
l e v e l s  t o  s i l i c o n  con t ro l l ed  r e c t i f i e r s  (SCRs) 9506 and 4108. On 
seve ra l  occasions,  i t  was recommended t h a t  the f a s t  cu to f f  c i r c u i t  
needed improvement. B u t  u n a v a i l a b i l i t y  of e l e c t r o n  beam power supply 
hardware a t  the  time prevented the necessary t e s t i n g  t o  de f ine  the  
proper modif icat ion.  Tes t ing  of the  newly completed EB breadboard led 
t o  the be l i e f  t h a t  t he  e l e c t r o n i c s  f i x  is not complex, but would r equ i r e  
a i e w  a d d i t i o n a l  components. This  modif icat ion was inves t iga t ed  i n  the 
event i t  was needed f o r  the M512 f l i g h t  backup u r i t .  

Meetings have been held with personnel who 
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b. M512 f l i g h t  backup u n i t  tests.  A l l  of t h e  above 
even t s  and t e s t i n g  occured p r i o r  to  Martin Marietta NDA-OCP-S-30'02 
t e s t i n g  of t he  M512 backup u n i t  i n  J u l y ,  1973. Since v e r i f i c a t j  . ' I  of 
t h e  f a s t  c u t o f f  c i r c u i t  operat ion had been by bench tests i n  p r i o r  
checkout ope ra t ions ,  i t  was decided t o  add a f a s t  c u t o f f  o p e r a t i o n a l  
v e r i f i c a t i o n  test t o  t h e  OCP-S-3G002 test procedure. The test  was 
accomplished by connecting a memory osc i l loscope  a c r o s s  t h e  b a t t e r y  
(B3- t o  B-) and one-shot t r i g g e r i n g  t h e  scope with t h e  turnoff  s i g n a l  
pulse.  

T e s t  r e s u l t s  of t h e  backup u n i t  EB gun and power supply were 
completely normal. F i l e  "On-Off" f o o t p r i n t  c y c i e s  were performed, s i x  
"On-Off" weld c y c l e s  on M551 were normal, and s i x  "On-Off" M553 c y c l e r  
were s a t i s f a c t o r y .  F a s t  c u t o f f  worked every t i m e  and t h e  EB equipment 
funct ioned f l awles s ly .  A s  f a r  as t h e  tes t  procedure was concerned, i t  
was a perfe-.t success.  However, i t  was noted on t w o  or t h r e e  occasions 
the re  was K 3  r e l a y  bounce about 3.5 t o  4 mil l i seconds  a f t e r  i n i t i a l  K 3  
opening. A hLgh c u r r e n t  was sometimes drawn during bounce, mainly due 
t o  re-charge of 1000 +F capac i to r  C407 (see f i g u r e  9 7 ) .  Relay bounce 
unfor tuna te ly  i s  normal, but  i t  po in t s  up t h e  p o s s i b i l i t y  t h a t  c a p a c i t o r  
C407 should be moved t o  t h e  same connection po in t  as c a p a c i t o r  C34;  
namely, upstream of r e l a y  K 3 .  I n i t i a l  charging c u r r e n t  of C407 is  i n  
t h e  neighborhood of 580 amperes. Th i s  high c u r r e n t ,  which is  wi th in  
r e l a y  s p e c i f i c a t i o n  l i m i t s ,  can cause r e l a y  K 3  con tac t  a r c i n g  and 
p i t t i n g  which could eventua l ly  r e s u l t  i n  con tac t  s t i c k i n g .  It is 
f u r t h e r  suggested t h a t  t h i s  condi t ion could have been r e spons ib l e  f o r  
t!ie = o f t  s t i c k i n g  of t h e  f l i g h t  u n i t  K 3  r e l a y  con tac t s .  To exp la in ,  
s o f t  s t i c k i n g  of r e l a y  c o n t a c t s  can be c rea t ed  when the  con tac t s  expe r i -  
ence heavy a r c i n g  dur ing  i n i t i a l  c l o s u r e  (or  opening) and bounce. There 
is  an e x t r a  licavy cu r ren t  drawn f o r  a s h o r t  period of time i n  the  case 
of charging a 1000 UF c a p a c i t o r  through a low r e s i s t a n c e  c i r c u i t .  In 
t he  s p e c i f i c  case of t h e  M512 c i r c u i t ,  t h e  charging cu r ren t  of C407 
through relay K 3  main c o n t a c t s  i s  about 580 amperes peak ( 2 . 9  Vdc ba t -  
t e r y  s h o r t  c i r c u i t  vol tage)  divided by (0.002 ohms Batt  + 0 . 0 0 3  ohms 
wir ing,  conncctors ,  and r e l a  ). T i m e  cons t an t  f o r  t h e  charging i s  
(5 x ohms) x (1.0 x farads)  equa l s  5 x 10-6 seconds f o r  2/3 
f u l l  charge.  So t r a n s i e n t  c u r r e n t s  i n  excess of 100 amperes last a t  
l c a s t  5 microseconds, but t he  r e l a y  has  a 600 ampere c u r r e n t  breaking 
r a t i n g  of 50 t imes,  minimum, with no l i f e  degradarion. However, i f  
tiigh c u r r e n t s  p e r s i s t ,  this rncrgy l e v e l  can be s u f f i c i e n t  t o  cause 
no t i ccab lc  p i t t i n g  of t he  con tac t s  due t o  metal t r a n s f e r .  During normal 
El3 ?:%'rations, t h e  c o n t a c t s  warm up from hea t  d i s s i p a t i o n .  Then,  when 
t!iv con tac t s  must open 100 amperes induc t ive ,  as i n  the  event f a s t  c u t -  
o f f  f a i l s ,  the a rc ing  s i t u a t i o n  i s  aggravated and becomes more c r i t i c a l  
on tsnsuing bounce (s )  when the b a t t e r y  attempts i o  recharge capac i to r  
C407.  
a l l y  occurred. 
Conrad, c u r r e n t  through r e l a y  K3 went t o  ze ro .  The c o n t a c t s  could then 

I t  is on c o n t a c t  bounce(s) t h a t  s o f t  s t i c k i n g  may have actu-  
When the MAIN BATTERY c i r c u i t  breaker  was opened by 
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coo l ,  a l lowing t h e  metal binding them to  change s t r e n g t h  c h a r a c t e r i s t i c s  
and f i n a l l y  break loose.  Bench tests, q u a l i f i c a t i o n  tests, and develop- 
mznt tests of f l i g h t  conf igu ra t ion  hardware simply never sur faced  EB gun 
K3 r e l a y  as a s i g n i f i c a n t  p o t e n t i a l  problem. 
relay c losu re  on a h igh ly  capac i t i ve  load is  not  t h e  i d e a l  des ign ,  due 
t o  r e l a y  a r c i n g  dur ing  opening and c los ing  bounce. In  the  i n t e r e s t  of 
poss ib le  r a d i o  frequency i n t e r f e r e n c e  problems, t he  e x i s t i n g  c i r c u i t  
was f i n a l i z e d  as t he  b e s t  comprmise.  It w a s  d e s i r a b l e ,  f o r  r a d i o  f r e -  
quency i n t e r f e r e n c e  supress ion  purposes,  to  keep capac i to r  C407 loca ted  
as close as poss ib l e  to  t h e  EB power t r a n s i s t o r  bases. But s i n c e  qua l i -  
f i c a t i o n  t e s t i n g  later su r faced  no marginal r a d i o  frequency i n t e r f e r e n c e  
l e v e l s  due to  EB eqtiipment ope ra t ions ,  c a p a c i t o r  C407 could be moved, i f  
phys i ca l ly  poss ib l e ,  t o  the  same loca t ion  as 1000 WF 

S t i l l ,  i t  is  known t h a t  

capac i to r  C34. 

It is  a l s o  l i k e l y  t h a t  r e l a y  K3 may have been binding mechani- 
c a l l y .  In f a c t ,  t he  prototype model 95M10111-1 r e k y  ai4 bind mechani- 
c a l l y  i f  not  mounted on a f l a t  sur face .  However, t o  compensstt: f o r  
t h i s  problem, the  r e t u r n  mechanism magnets were s t rengthened and t h e  
mounting su r face  f l a t n e s s  was s p e c i f i e d  as a requirement.  These two 
c o r r e c t i v e  a c t i o n s  seemed to  have been a s a t i s f a c t o r y  s o l u t i o n ,  and no 
mechanical bindipg malfunct ions of t h e  Hartman 95M10111-L r e l a y  had 
been experienced s i n c e  the  prototype model. Whether t he  a c t u a l  cause 
of ' r e l ay  K3 s t i c k i n g  c losed  was e l e c t r i c a l  o r  mechanical w i l l  probably 
remain unknown. About t h e  b e s t  that can  be determined without an ex- 
haus t ive  s tudy  is  d e f i n i t i o n  of  t h e  probable causes .  Spec i f i c  causes  
of hardware d e f i c i e n c i e s  are n e a r l y  impossible  t o  p o s i t i v e l y  d e f i n e  
without  having t h e  malfunct ioning hardware on hand t o  analyze.  The 
a l t e r n a t i v e  would be a r a t h e r  l a rge - sca l e  tes t  program Nei ther  so lu -  
t i o n  seems practical. 

4. Conclusions.  It is concluded t h a t  t h e  reason f o r  i n t e r m i t -  
tent c u t o f f  of M512 e l e c t r o n  beam power supply dur ing  SL-112 w a s  an 
i n t e r m i t t e n t  fas t  c u t o f f  c i r c u i t  i n  combination wi th  a s t i c k i n g  
Hartman, type  N419, 100 ampere r e l a y  p e r  95M10111-1. It h a s  been 
determined on a c i r c u i t  breadboard t h a t  the  i n i t i a t i n g  s i g n a l  f o r  f a s t  
c u t o f f  
drawings. There i s  no doubt t h a t  r e l a y  K3 was s t i c k i n g  o r  binding. 
Whether t he  r e l a y  malfunct ion was due t o  con tac t  s t i c k i n g  (welding) o r  
mechanical binding has  not been d e t e r d n e d .  T e s t s  of t he  M512 f l i g h t  
backup u n i t  i nd ica t ed  t h a t  l oca t ion  of the capac i to r  C407 t o  the  b a t t e r y  
s i d c  of r s l a y  K3 main con tac t  would reduce arc c u r r e n t s  b r i d i n g  K3 con- 
tacts  during r e l a y  opening and c los ing  opera t ions .  On the  o the r  hand, 
the  i d e n t i c a l  breadboard of t he  t roubled  c i r c u i t  has  been cycled "on- 
of f"  approximately 2000 times with no malfunct ions.  F i f t y  percent  of 
thesc  cyc les  were under the  worst  cond i t ions ,  wherein the  f a s t  c u t o f f  
was Qurposely bypassed so the  relay con tac t s  would be subjec ted  t o  maxi- 
mum a r c i n g  cond i t ions .  It i s  the re fo re  concluded, based on a l l  p r i o r  
t e s t i n g ,  t h a t  the  f l i g h t  u n i t  r e l a y  malfunct ion was a one-time anomaly, 
aggravated by an i a t e r m i t t e n t  fast  c u t o f f  c i r c u i t .  R e l a y  o p e r a t i o n a l  

i s  marginal  i n  pulse  power when wired according t o  Westinghouse 
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s p e c i f i c a t i o n s ,  though pushed to  near  l i m i t s ,  are not  exieeded dur ing  
C407 charging o r  dur ing  ope ra t ion  of the  EB welder. This  r e l a y  has  a 
600 ampere i n t e r r u p t i o n  r a t i n g  of 50 times without  con tac t  damage and 
a 150 ampere ' r a t ing  f o r  10 minutes;  t h e r e f o r e  i t  should be s u f f i c i e n t l y  
rugged f o r  i t s  job. c i r c u i t  i s  r e l i a b l e ,  
t h e r e  is no need t o  be ove r ly  concerned about the  K3 Hartman r e l a y .  

I f  t he  EB welder f a s t  Cutoff 

C. Experiment Data 

T h i s  subsec t ion  i d e n t i f i e s  t h e  d a t a  and hardware r e tu rned  t o  
Ea r th  from Skylab f o r  t h e  M512 f a c i l i t y  and a s soc ia t ed  experima..ts. 
No at tempt  w i l l  be made t o  i n t e r p r e t  t he  s i g n i f i c a n c e  of the d a t a .  

1. M512 Materials Proccssing F a c i l i t y .  

a. SL-112. A l l  phys ica l  hardware, r e l a c i v e  t o  the  M512 
f a c i l i t y ,  r e tu rned  on t h i s  a i s s i o n  was a s soc ia t ed  with ind iv iLJa1  ex- 
periments.  However, t h e  crew eva lua t ion  of t h e  f a c i l i t y  des ign  was 
voice-recorded dur ing  t h e  mission and w a s  f u r t h e r  d i scussed  dur ing  the  
SL-112 crew d e b r i e f i n g  on J u l y  6 ,  1973. 
dur ing  two t e l e v i s i o n  ep isodes ,  once dur ing  the  M551 opera t ions  and 
aga in  dur ing  the  MDA crew "tour". 

The M512 f a c i l i t y  w a s  shown 

b. SL-3. No M512 hardware was planned f o r  r e t u r n  on SL-3; 
howevex, as a r e s u l t  of crew c o m e n t s  made dur ing  the  SL-2 crew de- 
b r i e f i n g s ,  t h r e e  M512 items were approved f o r  r e t u r n  on SL-3. 
SL-2 crew had d iscussed  the metal depos i t i on  o r  p l a t i n g  t h a t  occurred 
on hardware items i n s t a l l e d  i n  the  chamber dur ing  performance of 
experiments M55: and M553. The fol lowing -12 accessory items were 
the re fo re  r e tu rned  f o r  eva lua t ion :  

The 

(1) M553 camera p o r t  sh i e ld .  

(2) M553 hatch viewport s h i e l d .  

c .  SL-4. A l l  phys ica l  da t a  re turned  on SL-4 per ta ined  t o  
experiment M479. 

2 .  M551 Metals Melting. The fol lowing M551 d a t a  were re turned  
on SL-1/2: 

a .  Three -51 sample d i s k s .  

b. Approximately 200 f e e t  of 16 millimeter type Sol68 co lo r  f i l m  
of t he  -51 opera t ions  (po r t ions  of magazines C I O l  and CI03).  

c .  One 35 millimeter photograph of t he  M551 d e f l e c t i o n  mir ror  
i n s t a l l a t i o n .  
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3. M552 Exothermic Brazing. The only phys ica l  da t a  re turned  
was the M552 exothermic package. C r e w  observa t ions  and cormnents were 
made during the  mission and a t  the  SL-1/2 Crew Debrief ing.  

4. M553 Sphere Forming. 

a. S L - L I L .  All 14 samples from specimen wheel 1 were 
re turned  f o r  eva lua t ion .  The 14 samples (7  processed, 7 unprocessed) 
inc luding  specimen wheel 2 weze re turned  f o r  eva lua t ion .  
200 feet of 16 m i l l i m e t e r  type  SO168 co lo r  f i l m  of t he  M553 opera t ions  
were re turned  (po r t ions  of magazines C I O 1 ,  CI03, and CI07). C r e w  obser- 
va t ions  were voice  recorded d a r i n g  t h e  mission and scme crew comments 
were made dur ing  the SL-1/2 C r e w  Debrief ing.  

Approximately 

b. SL-3. Specimen wheel 1 was re turned  f o r  eva lua t ion .  

5. M479 Zero-Gravity Flammabil i t r .  The fol lowing M479 d a t a  
was re turned  on SL-4 f o r  eva lua t ion .  

a .  Four r o l l s  of 16 mi l l imeter  f i l m  d a t a  (one i n f r a r e d ,  
t h ree  v i s i b l e - c o l o r ) .  

b .  The remains of f u e l  specimens 2 (nylon),  8 (nylon) ,  
11 (paper) ,  and 26 (nylon).  

c .  Telev i s ion  coverage of sample 2 before  and a f t e r  
i g n i t i o n  and samples 16 and 17 test sequences.  

d. Extensive crew observa t ions  (voice-recorded dur ing  
the  mise .on) and the crew comments made a t  the  SL-4 
Crew Debrief ing held on March 4 ,  1974. 
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SECTION V I I .  CONCLUSIONS AND RECOMMENDATIONS 

The most s i g n i f i c a n t  conclusions and recommendations drawn 
from the  development and i n f l i g h t  ope ra t ions  of the  M512 Mate r i a l s  
Processing i n  Space f a c i l i t y  and a s soc ia t ed  experiments are presented 
i n  t h e  fol lowing paragraphs. These observa t ions  relate o ~ l y  t o  bard- 
ware performance, i n t e r f a c e s  and o p e r a t i o n a l  procedures;  s c i e n t i f i c  
r e s u l t s  of t he  experiments a r e  not  w i th in  the  scope of t n i s  r e p o r t .  

A. M512 Design Cons idera t ions  

It i s  concluded t h a t  t h e  M512 f a c i l i t y  and a s soc ia t ed  expe r i -  
ment hardware success fu l ly  m e t  t L i r  objec .- -:.-e a r e ,  however, 
c e r t a i n  des ign  cons ide ra t ions  and recomrr Lie made. 

1. Vacuum Measuring Techniques 

Conclusion - The vacuum measurinb tec;:ni 1 qployed i n  ' 
M512 f a c i l i t y  was considered marginal ,  at ; , I : s ~ .  Kepeated proLlems 
dur ing  grJund ope ra t ions  and t h e  incons is tency  i n  the  rzpor ted  t i m e -  
to-vacuum by t h e  Skylab '-'o-ws v e r i f y  t h i s  concj is ion.  
measuring system p r w i d e d  a n  i n d i c a t i o n  of t h e  q u a l i t y  of the "acuum 
i n  the  f i lament  chamber by a meter loca ted  on the  c o n t r o l   pa..^;. The 
meter was sca l ed  t o  i n d i c a t e  from atmospheric pressure  t o  1.33 x 
newtons per square meter (1 Y t o r r ) .  A vo l t age  was app l i ed  t o  a 
small hea t ing  element i n  t n e  f i lament  chamber which hea ted  a nearby 
thermocouple by convection. 
couple depended upon the  vacuum i n  the  chamber. 
i n  t he  chamber was p ropor t iona l  t o  the  output  vo l tage  of t h e  tkiernio- 
couple. This  small vo l tage  was ampl i f ied  t o  d r i v e  the  meter on the  
c o n t r o l  panel.  

The M512 vacuum 

The amount of hea t  rece ived  by t h e  thermo 
Therefore ,  t h e  vacuum 

Recommendation - Future  des igns  of vacuum measuring systems 
should cons ider  the  use  of o the r  measuring techniques,  such as an 
i o n i z a t i o n  gauge. This  t y p e  of r e l i a b l e  device was considered for 
a p p l i c a t i o n  i n  the  M512 f a c i l i t y ,  but could not  be incorporated 
i .cause of s ize  l i m i t a t i o n .  

2. Location of Elec t ron  Beam Gun. 

Conclusion - The 1oca';ion of the e l e c t r o n  beam gun i n  i t s  
sepa ra t e  f i lament  chamber was not  conducive t o  maintenance of an ade- 
qua te  vacuum l e v e l  a t  the  gun. Ttie M512 f a c i l i t y  u t i l i z e d  a sepa ra t e  
vacuum work chamber and the  gun 's  f i l ament  chamber, connected by only 
a 1.9 cent imeter  (0.75 inch)  diameter openLnt The e l e r t r o n  beam gun 
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- 2  w a s  designed ~9 opera te  a t  a maximum pressure  of 1.33 x 10 newtons 
per square meter (1 x t o r r ) .  Pressure  s i g n i f i c a a t l y  h igher  than  
t h i s  l e v e l  could cause pun arc-out  u, shor t ing ,  even tua l ly  resul i ikig 
i n  f a i l u r e  of the  high-vol tage e l e c t r o u i c s .  

Reconnuendations - Future  appara tus  u t i l i z i n g  en  electron beam 
gun should l o c a t e  the  g:m as close t o  i ts  vacuum sos rce  as poss ib le .  
A l l  a i r  flow restrictio:s should be e l imina ted .  The s e l e c t c d  l o c a t i o n  
should also cons ider  the  preventior! of contamination or the  gun's f i l a -  
ment. 

3. Trout leshcot ing  and L i i n t a i n a b i L i a .  

Conclusion - Skylab demonstrated the  a b i l i t y  of a s t r o n a u t s  to  
Severa l  experiment r e p a i r s  were made 

although s p e c i f i c  g r o m d  r u l e s  e s t a b l i s h e d  
.sd i n f l i g h t  uaintenance as a des ign  consid-  

perform i n f l i g h t  mais tenaice.  
during t h e  Skylab miss:.#. 
early i? tile program m 
e r a t i o n .  
telemetrl-  o r  crew d i sp lays  t h a t  d i r z c t l y  ind ica t ed  the  d e s i r e d  funct ion.  

Experiment trt, .Urdshooting was made d i f f i c u i t  by l a c k  of 

Recommendations - Design manned space : l ight  hardware t o  f a c i l i -  
t a te  i n f l i g h t  mair?t.-nance. 

Provide te lemetry channels o r  crew status indi .ca turs  which g ive  
d i r e c t  readout of specifLC parameters d e s i r e d  t o  a i d  i n  t roubleshoot ing  
hamdare  malfunctions and verifyi1.g proper opera t ion .  

4. ElectrGn Beam Alignme%. 

Conclusions - The as t ronau t  view angle ,  c o n t r o l  l oca t ion ,  and 
actual beam modement axes made i t  extremely d i f f i c u l t  'D a l i g n  the 
e l e c t r o n  beam on a t a r g e t .  
aiignment on the f i r s t  M553 specimen wheel where, on numerc.us occas ions ,  
th-. beas  s t r u c k  the  specimen's ceramic suppor t ing  pedes ta l .  

T h i s  proved e s p e c i a l l y  tr.x during the  beam 

Recomendet-ions - A s impl i f i ed  method of beam alignment i s  
rcqii ircd,  e s p e c i a l l y  i f  alignment i s  c r i t i c a l .  M553 requi red  a l ignaen t  
bl,i1e !liewing perpendicular ly  t o  the  beam's a x i s .  
using a l i ne -o f - s igh t  p a r a l l e l  t o  the  beam is recommended. 

A method of alignment 

5. Oprics and Photography. 

Conc1l;sion - 'ihc: photographic mir ror  system used t o  a l low phoLo- 
giaphy of the M551 welding sequences l imi tzd  the  f ie ld-of-view L f  t he  
camera t o  8 s i g n i  I I: degree.  

Recomncndation - The tisc) cf mirrors  should be avoided wne:.e an 
 restricted f i e l d - o l - v i e t ;  i s  s i r e d .  Mirrors  a l s o  r ep resen t  a d d i t i o n a l  
s u r f x c s  T hich can become r ~ ~ j t a n i n a t e d  by v t a l  depos i t i on  o r  o-her  
fore ign  sourcc?s. 
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B. Spacecraft Interfaces 

1. Vacuum Measurements. 

Conclusion - The quality of vacuum surrounding an orbiting 
spacecraft is still an unknown quantity. The large variation in the 
time-i vacum as detcrmined during the three Skylab missions raises 
the questictn as to whether "space vacuum" will be adequate for future 
manufacturing in space or material science investigations. 

Recommendation - External vacuum sensors should be incorporated 
into future spacecraft to accurately determine the quality of vacuum 
available. The detrimental effect of the "contamination cloud" surround- 
ing an orbiting spacecraft could then be evaluated for its impact on 
future manufacturing in space or material science investigations. 

2. Telemetry. 

Conclusion - The lack of available spacecraft telemetry prevented 
ground monitoring of the operation of the M512 facility. Numerous 
attedpts were made to obtain telemetry data channels to monitor t.ie per- 
formance of the facility. 
availability of data channels. Troubleshooting and malfwztion analyses 
of ?he electron beam anomaly would have been easier and defintely more 
conclusive if facility performance indicators had been available on the 
ground. 

Zach request was rejected based on the un- 

Recommendation - Provid? telemetry channels to give direct read- 
otit of required hardware parameters. 

3. Spacecraft Electrical Power. 

Conclusion - The use of a battery to power the electron beam 
welder severely constrained the operational lifetime of this hardware. 
Ti. capacity of the battery (30 ampere-hours after a 90 day wet-stanj) 
limited the number of scientific investigations that coula be conducted. 

Recommendation - The use of spacecraft electrical power to 
operate the welder would have allcwed operational flexibility, permittii-., 
the use of the welder on all three Skylab missions rather than being con- 
strained to just the first .zission. Additionally, a considerable w i g h t  
saving and sinplified dlectrcjnic circuits would have been realized. 

C. Mission In: erfaces 

1. Crew Trainin&. 

Conclusion - The time all3we.i for crew training using the M512 
hardwdLe was not adequate. The M512 facility and associated exptriscnts 
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were extremely complex. C r e w  t r a i n i n g  se s s ions  d e a l t  mainly wi th  the 
mechanical a c t i o n s  of the crew t o  perform the  experiments,  s u f f i c i e n t  
t r a i n i n g  time was ava i l ab le  f o r  hardware ope ra t iona l  theory.  

Recommendation - Provide s u f f i c i e n t  time f o r  crew t r a i n i n g ;  
p a r t i c u l a r  emphasis ?: ould be place 1 on the  theory of hardware opera t ion .  

2. Rea l -Time ' ~ i s s i o n  Support .  

Conclusion - The procedures u t i l i z e d  t o  o b t a i n  information from 
the  f l i g h t  crew o r  provide information t o  t h e  f l i g h t  crew dur ing  the  
missions was extremely cumbersome. 
crews from the  Huntsv i l le  Operat ions Support Center  (HOSC) was nonexis t -  
e n t ;  the  paperwork i m o l v e d  and the  approvals  r t l u i r e d  t c  reques t  o r  
r e l a y  information were overwhelming. Attempts t o  ob ta in  a d d i t i o n a l  
information dur ing  the  -12 anomaly m e t  with no success .  
shoot ing procedures prepared a t  MSFC were not re layed  to the  crew. 

A t imely i n t e r f a c e  with the  Skylab 

Even t rouble-  

Recommendation - Mission support  personnel opera t ing  from a 
hardware developmcnt cen te r  must have d i r e c t  access  t o  the f l i g h t  con- 
t r o l l e r s  a t  the mission c o n t r o l  cen te r .  The in te rmediar ies  involved 
i n  the Skylab mission support  opera t ions  only bogged down t h e  system. 
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APPROVAL 

SKYLAB MATEEIALS PROCESSING FACILITY 
EXPEIllhiRNT DEVELOPER’S REPORT 

3Y 
P. G. Parks 

The information i n  t h i s  r epor t  has  been reviewed f o r  s e c u r i t y  
c l a s s i f i c a t i o n .  
Defense or A t o m i c  Energy C-ission programs has  been made by the  MSFC 
Secur i ty  C l a s s i f i c a t i o n  O f f i c e r .  
determined t o  be u n c l a s s i f i e d .  

Review of any information concerning Department of 

This r e p o r t ,  i n  i ts e n t i r e t y ,  has been 

This  document has  also been reviewed and approved f o r  technica l  
accuracy. 
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